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Preface

Timber is a great natural raw material that has always been friendly to
the world’s environment. It has been utilized since mankind first walked
on the planet. It has served as a source of fuel and to build shelters from
the elements. Long before this, as prehistoric forests were progressively
buried under rocks and sediments, they became the source of the large
deposits of coal that now exist. The mining of these deposits is currently
providing a major source of mankind’s need for energy in many countries.
Some of the species of trees from prehistoric times fifty million years
ago such as the maidenhair tree [Ginkgo Biloba] and the Macrazamia
bushes are still around today. They are often referred to as living fossils.
Fossils of ginkgo leaves and leaves of other prehistoric plants can still be
discovered in sedimentary rocks where the ground has been excavated.
For example, fossils of the leaves of gingko biloba can be uncovered
in one Brisbane quarry. The source of the photo of Ginkgo Biloba was
the Oxford Encyclopedia of trees of the world and this is thankfully
acknowledged. The photo of the Macrazamia came from the author’s own
garden.

Over the centuries going back before the time of the Pharaohs, timber

Macrazamia

Ginko Biloba



has been widely used in building and for a wide range of other uses.
One of the major attractions is its ease of workability so that all types of
craftsmen can fashion it into a myriad of projects. It is also a good thermal
and acoustic insulator. The great voyages of discovery in the fifteenth
to seventeenth centuries were made in ships made out of timber. Men
like Christopher Columbus and James Cook depended on the strength
of timbers like English Oak and European Oak to venture on the world’s
great oceans. The great galleons and warships of a few centuries ago
were also made of timber. However, it is of interest to note that over 200
years ago the demand for desired species such as English Oak became
so great that the forests began to be badly depleted. As a result, the first
steps at conservation came into being and the harvesting of species like
English Oak had to be strictly controlled.

Apart from its strength and durability the decorative appearance of
large numbers of different species has and still is favoured in all kinds of
uses. The utilization of these decorative properties can be found in the
interior fit outs of the world’s great cathedrals where the strength of the
timber is also utilized in much of the basic structures. The world heritage
listed Sydney Opera House is a modern prime example of decorative
and acoustic use of wood in that the interior largely features the use of
brush box plywood. A more recent Australian structure is the Canberra
Arboretum building where glue laminated timbers has been used in its
roof structure. To conserve the resource of scarcer decorative species
the slicing and peeling of veneers is now widespread worldwide. By using
veneers glued to various types of substrates rather than solid timber the
limited resource is greatly expanded.

Over the last century steel, concrete and masonry have made major
inroads into uses which were traditionally covered by timber. In spite of
this, the use of timber is ever increasing with a myriad of uses which
range from a basic construction material to its use for conversion into
other products such as board, plywood and paper. In some countries it
is still very much the only fuel used for heating and cooking and meal
preparation. In more recent times the development of cross laminated
timber has resulted in the use of timber in medium rise multistory
buildings, a market previously the preserve of steel and concrete. To cope
with this demand, timber plantations have and continue to be established.
While these are predominately softwood species, some are hardwood
plantations. One of the major advantages of using timber is that it is a
renewable resource. For it to remain so depends greatly on mankind’s
responsible and proper management of the world’s existing forests and
the continued development of forests of plantation timbers.



Introduction

With such a great natural resource available for so many different
applications it is only sensible that the timber be used correctly and
efficiently and that the resource not be wasted. To achieve this it is
essential that users understand the product and that architects and timber
designers also be knowledgeable on the many technical implications
involved in the use of timber. They are then better equipped to ensure
success in the multitude projects they work on. This list of projects in
which timber can be used is immense. For example, it can range from
major structures through to domestic housing and associated items such
as floors, decks and other outdoor structures. Another large use of timber
is in furniture manufacture and it is regularly used in craft activities like
wood turning.

The purpose in writing this book, after encouragement from a well-
known Central Queensland architect, was to commit to written form timber
information the author had been fortunate to acquire through formal
education and many years experience in different roles in the industry.
Firstly, it would be interesting and helpful to users of timber and also those
involved in the design phase. Secondly, it would, by providing essential
information, help ensure timber and associated board products are used
correctly and so help prevent problems occurring. Thirdly, as others
gradually succeed the current small group of people highly qualified in
timber technology, it would be an added source of technical information.
The current small group provdes an essential service to the industry
at large by providing information to designers and users, investigating
site timber problems when they occur, preparing explanatory literature,
assisting in the development of new standards, plus many more technical
needs. In writing this book, it also became apparent that many critical
sections where specific essential information was needed had to be
covered. One example of this is the relationship of timber with moisture
and the many aspects of this relationship. There are also several other
critical sections that needed to be included. Thus, the original intent of
the book, that it just be an interesting read for designers and users, was
changed so that all this critical and essential information is covered.
Hence the title The Essential Guide to Timber. It is hoped by careful study
of relevant sections and frequent reference to the book that it will go a
long way to achieving the efficient and correct use of timber.

By studying timber from the aspect of cell structure an explanation
of many properties of timber becomes apparent. In particular the close
relationship between timber and moisture becomes clear. Also, it gives



an insight into why different species have different properties such as
differences in decay resistance and resistance to termites and insects. An
endeavour is made to not only provide the necessary factual information
but also explain the reason why.

While much information about timber can be found by accessing the
internet it is only as uncoordinated pieces of information. However, in
studying the book all the information is grouped together so that it is easy in
reading it to pass from one subject to associated subjects. While the book
is essentially a ‘textbook’ every effort has been made to not write in typical
textbook style. The book has been written in simple understandable free
flowing language illustrated with plenty of photographs and a number of
diagrams. The purpose in doing this was to make it easily understood and
try and ensure that as wide a range of timber users as possible might be
able to easily comprehend all the subjects covered. The great majority of
all the photographs were taken by the author. For copyright reasons the
source of other photographs and the diagrams have to have the approval
of the company or person responsible. This has proved to be extremely
difficult as many of the companies and people no longer exist. Where
possible this approval has been secured.

Over recent years many changes have occurred in the timber industry.
One of these has been a change in methods of marketing. Once timber
was only available from timber merchants with staff specially trained in
timber knowledge to disseminate information about timber. While timber
merchants with staff trained in timber knowledge still operate, the current
situation is that much of timber is now being mass merchandised with
few people on hand with timber knowledge. The book therefore serves
another useful purpose. If the buyer is unsure of what timber or species to
purchase reference to the relevant section in the book can certainly help.
The appendix is useful in this regard as it lists a wide range of different
timbers with the different properties of each.

However, while the above comments are pertinent the author freely
acknowledges that many architects, designers and builders have acquired
a wide range of essential knowledge about timber over many years so
they have little trouble in specification or purchasing the correct timber for
the specific applications. However, it is still possible that some sections of
the book can add further to their knowledge.

While access to essential knowledge is essential in the successful
use of timber it is the author’s opinion that this concept basically applies
to all types of human endeavour. With this knowledge the necessary
planning can be then carried out to enable projects to proceed. Whether
it be putting a man on the moon or constructing major works like dams,
bridges and skyscrapers. The key to all this is having easy accessibility
to all of this relevant essential knowledge and then using it. Many of the



major catastrophes that have occurred over the years have resulted from
not having this essential knowledge or intentionally or unintentionally not
using it. Failure of many bridges around the world, fires in the facades
of high-rise buildings, collapse of multistory buildings in some countries,
failure of tailing dam walls associated with mining operations are just a
few examples in recent years. Many of these resulted in considerable
loss of life. It is still happening. Needless to say the timber construction
has not been immune to construction problems but generally without
such dire consequences. For the interest of readers a few case studies of
where timber problems have occurred have been included in Chapter 11.

Some 50 years ago the Department of Forestry in NSW realized that
due to lack of information designers and users were not capitalizing on
the availability of the great range of excellent NSW hardwoods available.
One of their officers, Keith Bootle, who had a great depth of timber
knowledge was commissioned to produce a book giving the necessary
information. As well as information on NSW hardwoods, Keith also took
the opportunity to include a lot of other information in the book including
technical information about timber. This book served a real need and was
widely read. The book was revised some 17 years ago. However, progress
in the timber industry continues and there have been many important
developments since then as for example cross laminated timber, changes
in milling practices and new or revised Australian standards.

In producing the Essential Guide a somewhat different approach to that
adopted in the NSW Forestry publication has been taken. As mentioned
previously considerable importance is placed on the how much the cell
structure of timber is integrated into so many of the properties of timber.
Readers are encouraged to study the text so they not only have access
to all of the various properties of timber but also understand the reason
‘why.” The guide also includes chapters on the range of board products
especially plywood and veneers, glue laminated products and also a
chapter devoted to working with timber. In short, the Essential Guide is
quite different in many ways from the excellent NSW Forestry publication
that was produced many years ago. It is also intended that it be equally
suitable for use in any Australian state.

The author was encouraged to put this book together by a well-
known central Queensland architect Mr. Brian Hooper. Mr. Hooper won
awards for the design of a well-known timber structure in Barcaldine in
central Queensland called the Tree of Knowledge. Because there are
some 3600 pieces 125mm x 125mm pieces of hardwood hanging from
supports above and the public are free to walk underneath there was
a real need to check for any dangerous splits and checks particularly
around the support points that could cause these very heavy pieces of
timber to drop. On one of the early visits to the site with Mr. Hooper the
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author to his surprise found himself explaining all kinds of basic terms and
technical details about timber that he thought most architects knew. He
was assured this was not the case and he felt that many of his associates
were in the same position. He suggested that, as he felt the author had
acquired considerable knowledge on this subject, he commit it to writing
in the form of a book.

This discussion then also helped the author better understand
after carrying out hundreds of on-site inspections over many years
throughout Queensland and in northern New South Wales why timber
problems had arisen. These requests emanated from a wide range of
sources particularly Government Building authorities who are the usual
arbiters when disputes arise. The reason why problems occurred was
that, in spite of the best of intents, the architect, designer or builder did
not have enough of an understanding of the properties of timber or the
recommended procedures for the project in hand. In providing all this
essential information in an easily readable book for all to use, it is hoped
it will provide a quick handy source of this essential information.

In setting about the project, it was realized that with the great
diversity of subjects and the sheer amount of information involved, no
one person would be adequately qualified and that a lot of help would
be needed. This has been freely supplied and has come from a wide
range of sources including Australia’s major millers, foresters, specialists
in the timber industry, timber industry associations and major machinery
manufacturers.

When considering the many uses of timber, it is also considered
important that the community at large look favourably on using timber as a
construction material rather than steel or concrete particularly as timber is
a renewable resource. In addition, by so doing they also ensure the health
of the timber industry which is a major contributor to Australia’s economy.
This favourable perception by the community depends very much on the
correct use of timber in its many applications. This in turn depends on the
designer, the builder, the user and the timber supplier having a thorough
understanding of timber and its many properties. Hopefully in some small
way the Essential Guide can make a contribution.

Lastly great care and attention has been taken that as far as possible
what has been written is correct and to this end the author is indebted to
a number of highly qualified people in the timber industry for checking
various sections of the subjects covered.



Preview of Chapters

The determination of what subjects should be included was difficult. The
amount of information that it would be possible to include is immense
and beyond being included in one book of a reasonable size. A list of
subjects which it was felt would cover the book’s objectives viz to give
readers a thorough knowledge of timber was selected. Included in the list
also were subjects such as plywood, board products and glue laminated
products because of the essential role they now frequently play in the
timber construction process.

It was felt that a quick review of what is covered in each of the chapters
would be helpful so that before becoming very familiar with the guide the
reader can quickly find the best chapter or chapters for reference.

Chapter 1: Trees

Although this is not essential reading it was considered that as it is the
source of the product by having some knowledge of how trees fit into the
plant kingdom would be helpful. The chapter also covers the essential
difference between hardwoods and softwoods which many using timber
do not accurately understand.

A simplified explanation of photosynthesis, the role of CO, in the
growth of a tree and how a tree grows is included.

Chapter 2: Timber Mill Operations

Having a knowledge of what goes on in the timber mill is very useful in
understanding what the buyer’s expectations should be as regards quality
and delivery. The chapter also covers a little bit of interesting history over
what used to be and the advances that have taken place over the years.
The current situation is now that most timber mills are now a very highly
sophisticated operations with computer-controlled milling and handling
and in the case of plantation pines automatic optical scanning for grading
of both the product being produced and the logs before milling. This is
included in some detail.

Chapter 3: Seasoning and Grading of Timber

This chapter is divided into two sections. The first covers seasoned and
unseasoned timber and details the advantages and disadvantages of
each and where they are used. There is also a section on the different
methods of seasoning. The second section lists the four main standards
used in grading hardwoods and softwoods including a brief outline of what
is included in each standard and methods of grading. The chapter finishes
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with a complete list of current standards as advised by the Standards
Association and includes what each applies to. Also listed is where copies
of the standards can be obtained.

Chapter 4: The Structure of Timber

This is an important chapter as it explains the cell structure of a piece
of timber, the different types of cells and the different organic chemicals
involved in the cell structure plus other chemicals found in the cells
and of what importance these are. It also explains which parts of tree
where the cells are formed. The difference between cells in the truewood
[heartwood] and the sapwood and why there is a difference is explained.
Also covered is the important difference in cells found in softwoods and
hardwoods. Having a knowledge of the cell structure of timber gives a
better understanding of the different properties of timber.

Chapter 5: The Properties of Timber

Like Chapter 4 this chapter explains a great amount of information that
every designer or user should thoroughly understand. It covers the more
important properties such as density, strength, hardness, toughness and
appearance. Chapters 6, 7 and 8 cover other important properties such
as decay resistance and timber’s relation to moisture. Strength subjects
like modulus of rupture [MOR] and modulus of elasticity [MOE] are
covered as well as other strength factors. The classification of strength
groups and how they relate to stress groups plus the terminology of MGP
are explained. There is also a section on how timber dimensions affect
load carrying capacity. Finally, hardness, toughness and appearance
[colour, grain, texture and figure] are covered. There is much to study and
understand in this chapter.

Chapter 6: Timber and Moisture

This chapter covers the close relationship between timber and moisture
content and how it is entirely different to metals. Some of the factors
covered include definition of moisture content and methods of measuring
it. The various moisture meters in common use and principals of
operation are listed. The next section leads to the percentage of moisture
in timber as sawn and examples of typical moisture contents of various
species. The concept of fibre saturation point and how this is associated
with the cell structure is explained. Next is the relative difference in
shrinkage as timber seasons between length, breadth and length. The
concept of equilibrium moisture content [EMC], what it means, how it is
calculated and its importance in using seasoned timber is explained. The
movement of seasoned timber with changes in atmospheric conditions
is also covered as is the term unit shrinkage. Lastly typical shrinkage of
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a range of common timbers from unseasoned [green] to seasoned are
listed. Understanding all the points in this chapter is very important in the
successful use of timber.

Chapter 7: Degradation of Timber

The degradation of timber in service is split into two sections. Firstly, is the
decay by fungi and a section on timber preservation. Fungal attack covers
how it happens and conditions necessary for it to occur. The different
types of fungi are listed and described. The concept of classes of decay
resistance with listings for the different timbers is set out. This includes
the in ground and out of ground resistance of more common species.
Also in this first section is a very comprehensive section on preservative
treatment including the chemicals used, methods of treatment and the H
[hazard] listing H1 to H6.

In the second section other factors which lead to attack of timber are
covered including insects, termites, marine organisms, weathering by
exposure to the elements and finally a short section on fire. Each section
is covered in detail as for example in the case of termites the different
types, termite resistant timbers, the Australian Standard and methods of
prevention. This is a very informative chapter and covers many situations
where mistakes are made in the construction process.

Chapter 8: Working with Timber

This chapter has two objectives, firstly to assist those with a limited
knowledge about the regular tools used in woodwork viz. saws, planers,
moulders and routers. It sets out the different terms used and what they
mean. Secondly, in the section on turning it covers the factors that have
to be covered when turning. There is also a list of regular timbers used
in turning along with their properties. Lastly, there is a short section on
health and safety as it applies to sawdust and sander dust. This also
includes a list rating a number of regularly used species.

Chapter 9: Fabricated Timber Products

This is a comprehensive coverage of the range of board products available
viz. plywood, particleboard, fibreboard, hardboard and bamboo composite
board. The section covers the method of manufacture, grades, properties,
the range of products commonly available plus the reaction of each with
moisture. There is also a special section on decorative veneers, how they
are produced, their application and illustrations of popular veneers.

Chapter 10: Glue Laminated Timber Products

In this chapter is the range of typical products made by glue laminating



solid timber or veneers into typical timber sizes. It covers the traditional
laminated beams plus newer products such as laminated veneer lumber
[LVL] and Cross Laminated Timber [CLT]. Methods of manufacture,
properties and uses are covered. Also included in this chapter is the very
important subject of Finger Jointing.

Chapter 11: Case Studies — Examination of Situations Where
Problems Occurred

This chapter gives readers the opportunity to review actual case histories
where serious problems occurred and refer to the pertinent chapters in
the guide relating to the problems involved. By studying the cases and
working out why the mistakes occurred hopefully it will help readers in
ensuring they do not become involved in similar situations.

Appendices 1 and 2

The two appendices list some 22 commonly available Australian
hardwoods, six Australian softwoods and eight imported timbers. In
addition to the botanical name, some 12 properties of are listed such
strength group, density, shrinkage green to dry, durability etc. This
provides a quick and easy ready reference for use by readers.

Subjects Not Covered

Firstly, although some elementary principles on timber strength and
deflection were covered in Chapter 4, no in-depth attempt has been
made to include timber engineering detail as this is a major discipline
in its own right which really requires basic engineering qualifications.
Secondly, details of recommended procedures for all types of timber
construction could not be included. These procedures cover such items
as the light timber framing code covering house construction, the laying
of timber floors, construction of decks, pergolas and carports, exterior
cladding, fencing, timber landscaping walls and many more. The number
of different procedures available and the scope of the procedures qualify
them as a major publication in their own right. Some of these procedures
can be referenced from the National Construction Code - Building Code
of Australia, others from some of the relevant Australian Standards
such as AS1684, the Timber Framing Code, from the Wood Solutions
organization or from the State Timber Marketing Associations. With a
knowledge of information contained in the Essential Guide it does give an
insight into why many of the requirements set out in the procedures are
necessary. The guide is also useful in explaining terms in the guides that
may not be clearly understood.
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Progress in Timber Technology

The science and engineering of timber has come a long way over the
last few decades and a great deal of research is still being carried out.
For example, the development of glued cross laminated timber [CLT] and
techniques to use it in multistory buildings represented a major advance.
This is covered in Chapter 10. The development of water based acrylic
finishes has also been a great step forward particularly with outside
finishes. It has greatly extended the life of the paint film and in so doing
has not only ensured a longer lasting satisfactory appearance but also
reduced the cost of exterior maintenance of timber.

Preservation oftimber has also seen greatadvances andimprovements
in safety of the products used for preservation.

Guide Preparation and Disclaimer

In the preparation of this Essential Guide a great amount of care has been
taken in include all the information that was considered essential and to
further try and ensure the text is as accurate as possible. The help of
recognized authorities in the different subjects has been sought to check
over what has been written. The list of those who assisted has been
acknowledged in the Bibliography and without their help the book could
not have been completed. However, with all the variables that can occur
in the use of timber, often unknown, no legal liability can be accepted if
problems arise with the use and/or interpretation of the great amount of
information documented in this Essential Guide.

Getting the Most Benefit in Using The Guide

Obviously, every reader will have their own ideas on how to gain most use
and benefit from the Essential Guide particularly as different readers will
be viewing from a different perspective. Hopefully perusing the preview
of each of the chapters above will help the user to quickly access the
information required. However, in using the Guide it will frequently be
found necessary to use information from more than one chapter. It is
also hoped that it will serve as an educational tool. Over a period of time,
by progressive use of the various chapters of the Essential Guide, it is
sincerely hoped that the innocent dissemination of incorrect information
about timber properties can be corrected and that all readers will gain a
better understanding of timber as this is the reason the book was written.
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Chapter 1: Trees

Whether it be a beautiful grand piano, a residential deck, a medium rise
building constructed using timber or even landscaping sleepers the timber
was there to use because many years ago a tree was planted or a seed or
cone dropped. In brief as everyone knows trees are where timber comes
from.

The purpose of this chapter is to give a little understanding of trees
and how they fit into the plant kingdom. However, it is not proposed to
delve deeply into the botanical aspects of trees and their growth as this is
a vast subject in its own right as well as being incredibly complex.

In brief and simple terms an attempt will be made to just cover the
following subjects

+ The classification of plants and where trees fit in
+ The basics of tree growth
+ The various parts of the tree.

The Classification of Trees and Plants

In the botanical kingdom there are two main classes of plants viz.
gymnosperms and angiosperms. The division is based on whether the
seeds are not covered [naked seeds] as in the gymnosperms or covered
[vessel seeds] as in the angiosperms. Fertilisation to produce the seed
in the angiograms is carried out in flowers rather than in cones so the
angiograms are also known as the flowering plants. Pollination in the
gymnosperms from the male cone to the female cone is brought about
by wind whereas in the angiosperms flowers it is carried out by insects
particularly bees. The importance of bees is illustrated in California where
once a year the apiarists from across the U.S.A. bring their bees across
to ensure fertilization of the almond groves. This also happens in many
other countries as in Australia where beehives are trucked in to Victoria,
primarily from Queensland, to fertilise the large groves of almond trees.
In the plant kingdom there are less than 1000 gymnosperms known
but hundreds of thousands of angiosperms. As far as trees are concerned
common examples of gymnosperms are conifers such as the pines, firs,
spruces, cedars and redwoods where the seeds are developed in the
cones. Typical examples of angiosperms are the Australian eucalypts, the
American and English oaks and the wide variety of trees in the tropical
rainforests of the world providing timbers such as meranti, mahogany,
merbau etc., The highly prized ornamental street tree, the Poinciana, is
a great example of seeing how the seeds are enclosed in seed pods. In
fruit bearing trees such as citrus and the stone fruits the seed is covered
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in the fruit.

The angiosperms are further divided into two major groups viz.
Monocotyledons [one shoot plants] where the seed sends produces only
one leaf as it germinates and Dicotyledons where two leaves arise from
the seed. Monocotyledons include such tree like plants as palms and
grass trees and more obviously grassy plants such as the bamboos, the
grasses and grain crops such as wheat and corn. Dicotyledons include
all the hardwood tree species of which the Australian eucalypts are a
notable example. In botanical terms the gymnosperms such as the pines,
spruces, firs, cedars and redwood are classified as softwoods. Trees in
the angiosperm class are designated as hardwoods. This classification
bears no relation to the relative hardness or softness of the timbers
produced. For example, some botanically classed hardwoods are quite
‘soft’ e.g., balsa and some pines classified as softwoods are relatively
‘hard.’ To determine hardness of a species, reference has to be made to
timber hardness tables that have been produced and these have nothing
to do with botanical classification.

Trees can then be illustrated as follows

Gymnosperms Angiosperms
The Softwoods The Hardwoods
[Conifers And Yews] Dicotyledons
Pines Spruces & Firs Hardwood Trees

Cedars & Redwoods Eucalypts
Cycads Oaks Ashes, Etc.

As noted above in the plant kingdom the grain crops such as wheat,
barley and rye etc., and the various grasses fall into the monocotyledon
classification

The Basics of Tree Growth

The processes that take place in the growth of a tree are incredibly
complicated and really only understood by very qualified botanists and
experts in the field. However, it is helpful if those involved in the use of
timber have a general idea of how a tree grows. A very highly simplified
version follows. Obviously as the tree grows the height increases,
branches are developed the diameter increases and the root system has
to increase in size to anchor the tree and provide the extra nutrients from
the soil.

Three Sections of a Tree

The main three sections of a tree are as follows.
The crown, branches and the associated foliage
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The trunk

The root system

The crown, the ends of the branches and the associated foliage is
where the solar energy of the sun is converted to chemical energy by
photosynthesis in the leaves or needles. Carbon dioxide in the atmosphere
plus moisture from the air and brought up from the ground from the roots
are changed into complex food materials such as sugars and starch.
These materials are required for development into cells required for the
growth of the tree. In this area the topmost shoots extend the length of the
trunk and more branches may develop. It is also the area where flowers
develop and fertilisation and seed production happens. It is this area
that the genetics of the individual species are stored. The presence of
chlorophyll in the leaves is considered essential for photosynthesis. When
it is considered that a single leaf can have well over a million cells and
in deciduous trees all the leaves are replaced annually some concept of
the incredible and complicated processes that are involved in tree growth
can be imagined.

The trunk provides the structural support for the tree and also it is
where moisture and nutrients are conducted up and down from the roots
and the crown. The length of the trunk increases through continuous cell
production in the crown and not by increase in the length and size of cells
already in the trunk. The diameter increases by laying down of new cells
on the outer perimeter of the trunk.

This means that if a piece of metal is hammered in to the trunk at a
specific height, is progressively covered by increase in trunk diameter and
many years later the tree is being milled the piece of metal will be found in
exactly the same position above the ground where it was originally fixed.
Of course, when milling this is not good for the saw and a understandable
reluctance of sawmillers to take logs from areas where houses have been
constructed.

Lastly, the roots serve to anchor the tree to the ground and provide
essential nutrients and moisture from the soil. The necessary extension
of the root system as the tree grows in size occurs by new cell production
with photosynthesis products drawn down from the crown and moisture
and nutrients taken up from the soil. The fine root hairs that develop on
the roots are an important part of the root system and the processes that
occur.

It is also a critical area where moisture, nutrients and other essential
elements involved in the cell process such nitrogen, phosphorous,
potassium etc., are taken from the soil and conducted upwards. Various
types of fungi and microorganisms in the soil surrounding the roots assist
in the take up of these essential chemicals from the soil.
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Source of Timber

From the point of the timber user, the trunk is the source of the timber to be
milled. However not all zones through the trunk are used in milling timber
only the sapwood and truewood. However, for some uses, for example in
wharf piles, the whole log including the outer bark layer is used.

A cross section through the trunk shows all these zones. This also
provides an understanding of the processes that take place in the living
tree and how the tree grows and increases in size from a tiny sapling to a
forest giant. The sections are [from the outside in]:

The outer bark

The inner bark

The cambium layer

The sapwood

The truewood [sometimes referred to as heartwood]
The inner heart or pith

In strictly botanical terms the terms xylem and phloem refer to the
specialized cells within the sapwood zone that function to move water,
sugars and nutrients up and down.

Medullary Rays

Cuter Bark
Sapwood
Inner Bark
. Heartwood
Cambium
Pith

Tree Cross-section
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The Quter Bark

This serves to protect the tree and its underlying critical layers from
physical damage. As the tree expands in width this bark becomes too
small for the underlying wood and has to be gradually replaced.

The Inner Bark

This is one zone where nutrients and moisture derived from the soil are
moved upwards to the trunk and crown to be used in the production of
new cells for tree growth .

The Cambium Layer

This layer of cells is responsible for the increase in diameter of the trunk.
In this layer more cells are produced which initially have flexible walls
allowing them to gradually expand in size until they reach maturity. When
this occurs the secondary cell walls are laid down and stiffened with
substances such as cellulose. They then take no further part in physically
increasing the diameter. Another layer of flexible cells grows outside of
these and so the process goes on.

It is interesting to observe that in spring and early summer when
cell development is favourable the size of the cells can be larger than in
autumn and winter giving rise to the terms early wood and late wood and
the concept of annular rings. This also can be used to assess the age
of the tree. If this layer of cells in the cambium is destroyed e.g., by ring
barking, the tree will die.

The Sapwood

This is the part of the trunk where nutrients and moisture can continue
to move up and down the tree from the crown and ends of branches.
However, it is composed of mature cells which in themselves do not
increase the diameter of the trunk but are continually being added to by
succeeding layers of mature cells coming from the cambium layer.

The Truewood

As the tree increases in size the cells in the inner part of the sapwood
progressively become filled with gums, resins and other substances and
can longer serve to move nutrients for cell production up and down the
tree. It is then called the truewood [or sometimes the heartwood] These
materials in the cells often confer the ability to resist decay and attack by
insects etc., both by being toxic to wood destroying organisms and by
reducing the permeability of the wood to moisture movement.
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The Inner Heart or Pith

This is a collection of cells which were originally present in the first stages
of the growth of the tree. In mature trees e.g., eucalypts this inner heart
contains an interior set of ‘heartwood compounds’ making this zone more
vulnerable to decay and invasion by termites.

The processes that take place in using the carbon dioxide, oxygen,
the moisture in the air and from chemicals and moisture in the soil plus the
energy from the sun to produce the cell structure of the tree are extremely
complex. The processes of fertilisation of the seed, the involvement of the
gene process are also incredibly complex as are the mechanisms by which
nutrients move up and down the tree through the cell structures. Because
this book is primarily about the properties of timber and its use, a complete
understanding of photosynthesis and the botanical processes that occur
has not been attempted, only a few simple explanations. However, as
a definition photosynthesis can be defined as the process where light
energy from the sun is changed into chemical energy to produce a range
of chemical products which are then used in the development of plant cell
structure. For those wanting to venture deeper into plant physiology many
excellent books exist [e.g., Plant Physiology by Taiz and Zeiger.]

The sapwood and the N
truewood in the trunk of the tree @ kR,
are the primary source of the
timber used in commerce. The
relative proportion of sapwood
to truewood in the tree varies
greatly according to the species
and the age of the tree. Young
rapidly growing trees have a
greater percentage of sapwood
when compared with old f
matured trees. As an example
of the latter the log from an old
matured grey ironbark tree up
to one metre in diameter will
generally only have an external
sapwood band of about 20mm
to 25mm wide. Many conifers
e.g., pines tend to contain much
more sapwood.

Mountain Ash
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Heights and Ages of Australian Trees

It is interesting to look at the heights and ages of the trees in Australia
and some interesting facts are found. Some Australian trees such as the
Ashes in Victoria can range up to 100 metres or more. The Mountain Ash
[eucalyptus regnans] is the tallest hardwood tree in the world. Generally,
when fully grown most eucalypts are around 80 metres. However, none
are as tall as the giant redwoods in California, which are up to 120 metres
tall and the trunk at the ground level can have a circumference of 10
metres. The redwoods are classified as softwoods.

Australia has many very old trees. The curtain fig trees can be up
to 1000 years old and the Mountain Ashes 400 years old. The oldest
known trees are some specimens of Huon Pine in Tasmania which are
considered to be close to 4000 years old. Where trees are being grown
for production into timber, as for example the plantations of pine forests,
these are normally harvested in well under 50 years. The source of the
photo is the very excellent book A Field Guide to Eucalypts by Brooker
and Kleinig (1999).

Factors Influencing Tree Growth Rates
The main factors influencing the rate of growth of trees are:

hours of sunshine [for photosynthesis]
rainfall

soil fertility

temperature.

The tropical rainforests provide a good example of favourable growing
conditions and growth of species suited to this environment is rapid. It is
of interest to note that many rainforest soils are relatively shallow so that
buttressing is common to give the tree more anchorage. Buttressing is
where roots extend upwards and are joined to the trunk. In some other
species like figs tendrils extend down from the trunk and into the ground
to give further support to the trunk giving the ‘curtain fig effect’.

The conifer forests of North America provide a good example of how
the influencing factors affect the size and rate of growth of trees. The giant
Redwoods of California have favourable growing conditions — adequate
sunlight, temperature, rainfall and good soil conditions. However, in
areas closer to the Arctic Circle such as northern Canada and across into
Siberia the rate of growth is very slow and overall tree heights are greatly
reduced. This is due to lower annual hours of sunlight, greatly reduced
temperatures and ground frozen for lengthy periods. Tree species that
can survive under these conditions need to be conservative, safe and
steady growers.
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