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A WOODWORKER'S GUIDE TO WOOD 
(aka Les Miller)  

 

Woodworking is carried out using the world's most important renewable resource and what a 

resource it is.  We build with it; burn it, make boats with it, make paper from it, recover 

chemicals from it, saw it, chip it, pulp it, refine it.  We even eat it!  

 

The attraction of woodworking is surely due as much to our never ending amazement at this 

complex and fascinating natural material, as it is to the objects we create.  

 

Like other elements of nature, trees are separated into a variety of botanical 
groups. The particular group from which timber is produced is called exogen, 
meaning outward grower or growing layer upon layer.  
 
The growth layer forms immediately under the bark resulting in the tree being too 
big for its bark which then splits and falls off on to the ground. New outer bark is 
formed and the process continues. It is the layer just beneath the inner bark, 
producing new girth cells, that causes the tree to show annual growth rings as seen 
on the end grain. 
 
Trees are miracles of survival. For example, if its situation is one of dire distress, 
the tree makes one last effort and produces an abnormal number of reproducers 
(flowers, nuts, fruit, ie. seeds) before it dies.   
 
During its normal life, these seeds may fall to the ground and fail to germinate but 
in this instance, the sheer number of them makes it highly probable that at least 
one or two seedlings will germinate and survive to eventual maturity. So the 
process continues. 
 
The effect of bush fires on the life of trees is another example of particular interest 
to Australians. If the fire is sufficiently fierce, it will of course, completely consume 
the tree and end its life however unlike plantations of pine forest which are often 
destroyed, the Australian Bush Is more resilient. Completely denuded of foliage by 
fire, the native tree will often generate leaf growth through the bark from the 
stored food deep inside, the effect being to completely cover the trunk and 
branches with new growth leaves. 
 
While these leaves are fine and very young, they become the food production 
factory of the tree. This spontaneous growth is a survival mechanism; the tree 
could not wait for normal growth to produce a new crown or it would surely die of 
starvation, so it commits all its remaining store of food to the production of a 
growth surge that enables it to maintain life and then reestablish its growth pattern 
for complete recovery. 
After some years, the tree will have a new, mature crown, new unburnt bark and 
give no outward indication of the bushfire. Yet, when it is felled and converted for 
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timber, there will be clear evidence in the ring of blackened cells showing the 
damage to the growth rings formed in the couple of years before the fire.  If the 
tree is injured by another tree falling against it, this could cause a pocket of gum or 
some overgrown grain or any one of a dozen other defects that the tree eventually 
grew over. 
 
A close study of a cross section of a tree will disclose a great deal of information 
about the life of the tree - the years of drought, of abundant growth, bush fires and 
storm damage, all being identified by the size, shape and colour of the growth 
rings.  We must however start further back in the growth cycle if we wish to really 
understand more about this amazing material we call wood. 
 
When seed germinates; very fine roots reach into the soil seeking out moisture and 

minerals essential for 
the tree's sustenance.  
As the tree matures, the 
roots become larger and 
stronger, securing the 
tree to the ground.  
Local conditions govern 
the magnitude of the 
root structure.  
 
In soft soil, the roots 
are deeper, in wind 
areas, the root pattern is 
broader. Nature creates 
a balance between the 
size of the crown (with 
its resulting stress on 
the roots) and the size 
of the root pattern, a 
good rule of thumb 

being that the roots extend out to the extremities of the 
crown. 
 
While the roots continue to mature, the fine root hairs that determined the original 
root pattern continue to multiply in order to seek out the nutrients and moisture 
which are the 'raw materials' the tree uses to manufacture its own food. These 
materials are carried by osmosis into the waterstream of the tree, into the sapwood 
(which makes up the outer layers of the tree) and on up through the branches and 
twigs to the leaves.  It is here in the crown that the tree manufactures its food. 

Figure 1 Tree Growth 
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The combination of 
mineral laden 
moisture, carbon 
dioxide from the air, a 
chemical substance in 
the leaves called 
chlorophyll, and sun-
light, causes 
photosynthesis - the 
technical name for 
the process which not 
only provides the 
trees food, but also 
consumes carbon 
dioxide and releases 
oxygen.  A hectare of 
healthy trees uses 
about 25 tonnes of 
carbon dioxide and 
releases about 20 
tonnes of oxygen a 
year. 
 
The food is now 
carried down the tree 
by the fluid flow 

within the inner layers 
of the bark (the 

phloem) where it feeds the new cell production (in the cambium).  The cambium  is a 
continually dividing layer immediately under the inner bark. Here, the tree 
produces new phloem cells on the outside and new sapwood cells on the inside.  This 
is how the tree grows in girth and why trees are classified as exogens. 
 
Once a cell is formed it stays in that position for the whole life of the tree.  If a fencing spike 
was driven into the trunk of a young tree one metre above the ground and then 20 
years later the tree was felled there would be no sign of the spike on the outside.  
The sawyer would discover it exactly where you left it, one metre above the ground 
buried in the timber toward the centre of the tree (probably with devastating 
results.) 
 
Some of the food is distributed to the inner parts of the stem to sustain it and to 
store food in bundles of radial cells called medullary rays - food storage for lean 
seasons of less moisture or less sunlight. 

Figure 2 Photosynthesis 
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In some hardwoods (eg. Silky 
Oak, Beef Wood, Wheel-of-
Fire, Casuarina, Beech), these 
rays are very large and can be 
clearly seen without a 
magnifying glass. While 
visible on the back sawn (ie. 
tangential) surface, they are 
most prominent on the quarter 
sawn (ie. radial) face. In such 
woods, the rays produce a 
reflective pattern, capitalised 
upon by cabinet makers, that 
we refer to as medullary ray, 
fleck, or more commonly, 
silver grain. Not only do these 
rays store and distribute food, 
they are important in binding 
the tree radially, contributing 
largely to the strength and 
elasticity of hardwoods.  
 
STRUCTURE OF WOOD 
The terms hardwood and 
softwood may be misleading 

as botanically they refer to the cell arrangement not to the property of hardness, 
consequently some hardwoods may be relatively soft.  The vessels, fibres and 
tracheids, have the length of their cells running in the direction of the axis of the 
tree.  Medullary rays are present in both groups of timbers. 
 
SOFTWOODS 
Softwoods or non pored woods, have one type of cell only -Tracheids. These cells 
carry the sap and support the tree. The texture in softwood is usually uniform due 
to the minute size and regular arrangement of these cells, but variations may be 
caused by seasonal growth. The tracheids in softwood are about half the diameter 
of a pin. The Medullary rays in softwood are narrow and not easily seen. 

Figure 3 Cross Section 
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HARDWOODS 

Hardwoods, or pored woods, 
have two types of cells.  Thin 
walled vessels or pores which 
carry the sap and thick walled 
fibres to support the tree.  In 
hardwood the vessels are about a 
quarter the diameter of a pin and 
the fibres are approximately one 
eighth the size of the vessels. 
 
The medullary rays may vary 
considerably in size, so that in 
some timbers they are readily 
seen (Silky Oak) while in others 
they are indistinct (Pacific 
Maple). 
 
PROPERTIES OF TIMBER  
The arrangement and types of 
cells together with varying 
quantities of starch, sugars, 
tannins, gums, resins, oils etc, 
give different types of timber 

their special properties and characteristics. 
 
Density.  This property depends on the size of the cells, thickness of the walls and 
the amount of substances, such as gum or resin present 
 
Hardness and softness. Hardness and softness are dependent on the cell size and 
the wall thickness.  In softwood the cells are large and thin walled; in hardwoods 
the smaller, thick walled cells are densely packed and often contain resins. 
 
Durability .  Durability refers to the resistance of wood to various diseases and 
decay through the inclusion in its cells and cell walls of chemicals which resist 
fungus growth and insect attack 
 
Strength.  Strength depends on the type of cells and the cell structure.  Long, thick 
walled cells that are closely packed (as in hardwood) increase wood strength. 
 
Ease of Working. Ease of working is governed by the regularity of the cell 
formation and structure as well as the hardness of the timber. 

Figure 4 Cell Structure - Hardwood & Softwood 
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Colour.  Colour in timber occurs as the chemicals move through, discoloring the 
sapwood.  As the sapwood becomes heartwood tannins and lignins are locked in 
the cells and further discoloration takes place.  Thus heartwood is usually darker 
than sapwood. 
 
Figure.  Decorative markings on the surface of timber are formed by structural 
features of the wood, variations in natural colour and irregularities such as knots, 
burls, crotches and eyes.  Where the timber has pronounced growth rings a cut can 
be made tangentially producing a figure called òflower grainó.  Radial cuts on 
timber with large medullary rays will give "silver grain".  Other types of figure are: 
fiddle back, ribbon grain, wavy grain, stripe and birds eye, etc. 
 
CONVERSION OF TIMBER  
LOGGING  
The tree to be felled is selected and marked.  Clearing may be necessary to allow 
the tree to fall.  In felling a tree a belly is cut on the side in which direction the tree 
is to fall, taking into account natural lean and branches.  A cut is then made slightly 
above it on the other side. This cut is made above the buttress root system as low 
on the trunk as possible to get the bulk of the timber.  The stump may be used for 
veneer cutting. 
 
The limbs and crown are removed, using a power saw or axe and the log is sawn 
into manageable lengths depending on the girth.  In some cases, the log is 
debarked immediately. 
 
TRANSPORT 
The log is snigged by a tractor to where it is loaded on to a timber jinker by  
bulldozer or winch.  Where a mill is nearby the log may be dragged directly to it. 
 
CONVERSION  
In Australian hardwood mills, it is usual to "break down" the logs with a band head 
saw or a Canadian saw.  The band saw, having a blade up to 15" wide and a 
capacity of 6', is capable, with a log carriage, of a very high output.  The two 
circular saws in the Canadian saw are mounted vertically above one' another to 
give greater capacity than can be obtained with a single saw.  Flitches from these 
saws are then converted into marketable sizes on a breast bench or with band 
resaws. 
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LIVE SAWING  (Flat or Slice Cut) 

Live sawing is suitable for rapid conversion and gives the highest recovery from a 
log at the lowest milling cost. Logs are fed into the saws without any turning or 
recutting other than that necessary for edge trimming. 
 
Live sawing is not suitable for milling timber of varying sizes and quality.  Heavy 
seasoning degrade is encountered in the form of cupping, warping and unequal 
shrinkage.  Boards produced in this manner are used for palings, crates, boxes and 
cheap structural timber. 
 
BACK SAWING (Tangential or Slash Cut) 
In this method, the timber is cut 
so that the widths are tangential 
to the growth rings; this 
necessitates frequent turning of 
the log.  Because of this, faults 
may be readily cut out and 
varying qualities of timber 
converted, however, some 
timber is wasted.  Boards milled 
in this manner season rapidly 
but tend to cup away from the 
heart 
 

Timbers particularly suited to 
conversion by back sawing are 
those having distinct growth rings.   

Figure 5 Live Sawing 

Figure 6 Back Sawing 
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Red cedar, King William pine, Alpine Ash, etc., are treated in this manner to obtain 
flower grain for decorative purposes.  With Oregon and hardwoods greater 
strength is obtained.  Back-sawn timber is used for tabletops, tool handles, bearers 
and Joists, girders, etc: 
 
QUARTER SAWING (Radial Cut) 
In quarter sawing the timber is cut 
so that its width is in the direction 
of the medullary rays.  As in back 
sawing, frequent turning of the log 
is necessary but more timber is 
lost through waste.  However, the 
seasoning degrade is reduced to 
the extent where this loss becomes 
a relatively unimportant factor. 
 
Where a decorative effect is 
sought in timbers that have 
prominent medullary rays the face 
of the board must be as nearly 
parallel to the rays as possible.  This gives a silver grain figure from oaks, maples, 
etc. 

 
Timber cut this way dries 
more slowly than that cut 
by other methods. 
 
Quarter sawn timber is 
used for floorboards, 
decking, mouldings, 
wooden stock planes, etc 
 
 
 
 
 
 

COMPARISON OF BACK SAWING AND QUARTER SAWING 
The terms 'back sawing' and 'quarter sawing' refer to methods of converting a log 
into boards.  Without getting too technical, a back sawn board can be considered 
as being cut tangentially, ie tangential to the growth rings. Conversely, a quarter 
sawn board can be seen as being cut radially, as close to parallel to the meduIIary 
rays as is  

Figure 7 Quarter Sawing 

Figure 8 Back & Quarter Sawn features 
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practicable. The differences in grain bonding and varying amounts of shrinkage in 
these two conversion methods makes an understanding of them important. 
 
Considering the conversion method can help in timber selection.  The tough edge 
of the growth rings provide a hard wearing surface and when coupled with the 
reduced shrinkage across quarter-sawn boards, makes them ideal for floor boards.   
 
Similarly, the reduced shrinkage of quarter sawn stock, coupled with the 
characteristic bland grain, makes it well suited for drawer sides, under table frames 
and interior mouldings where sectional stability is essential.  
 

Tasmanian Oak is always quarter sawn due to its tendency to check (separate along 
the grain) on the back sawn face.  Silky Oak and other timbers with prominent 
medullary ray figure are often quarter sawn to display the beautiful silver grain 
caused by the rays. 
 
The strength of the growth rings across the width in back sawn timber resists 
bending.  There is not the same tendency to separate into layers under load as may 
occur in a crushed quarter sawn board.  Hence, construction beams should be 
made from back sawn timber while the handles of tools such as axes and hammers 
utilise the same characteristics of strength and flexibility. 
 
The effect of sawing tangentially to the growth rings also means that back sawn 
timber has a very attractive slash grain popular for table tops (care taken to 
minimise the natural cupping effect by alternating the heart side of the pieces in 
the table top). 

Figure 9 Conversion Type and End use #1 


