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Foreword
W

hen I began working as a furniture
maker I knew little of trees, their
varieties, their adaptability to a wide range
of climates, their life cycle or their history.
My interest really focused only on the
wood in front of me and what my employer expected me to do with it. At that
early stage in my career I quickly learnt
to recognise a board of English oak, but I
found it harder to recognise a live oak tree
in a hedgerow.
As my skills in the trade improved I realised living trees, their felling, conversion
and other factors affect how wood behaves
as we work it and how it performs in service. I set about increasing my knowledge.
I quickly discovered many facts such as
the range of influences affecting the character and form of the living tree: its species, the climate it experiences, the nature
of the soil, its elevation above sea level,
the competition it faces for space etc. I
became hooked, and as the years passed

I found the study of trees and wood more
engrossing. They are for me fascinating
life forms, and I have come to regard them
as things of wonder and great beauty. My
approach to the subject is widely focused,
a different point of view perhaps to one
conceivably employed by a specialist wood
scientist or a timber technologist investigating specific characteristics or fields of
study.
My interests were piqued by an eclectic
mix, including trees and history, trees and
social affairs, environmental issues and
political issues related to trees and forests;
all of these topics, and more, are supplemental to the essential knowledge woodworkers need to understand and work the
material successfully. I have always felt, as
a furniture designer, and not a wood scientist, I had the luxury to explore the subject
of trees and wood quite widely. It’s true,
as woodworkers, we need to know how
wood expands and contracts across the
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grain when it takes on or loses moisture,
and it’s helpful to know how to calculate
the likely range of movement; but knowing only the dry technical elements of the
subject divorces us from the essential role
trees and forests, and the wood and other
products we got from them play. Trees
and wood have all played a role in mankind’s ability to survive and develop, our
religions, our economies, the rise and fall
of empires and city states, our medicine,
our diet and so on. I have found my exploration into the wide range of subjects
associated with trees and wood gives me
a rounded knowledge affecting my ability
to work wood with confidence, and helps
me discuss related matters such as politics,
envrionmental issues and human history
affected by trees and wood both with customers, and new and experienced woodworkers. I believe others will find similar
benefits through reading this book.

A small stand of Scots Pine, Peebles, Scottish Borders.
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A Guide to Abbreviations Used in this Book
Acronym/Abbreviations		
Meaning
AH: 				Absolute Humidity
ATFS:				American Tree Farm System
Cites:				
Convention on the International Trade in Endangered Species
CoC:				Chain of Custody
EMC: 				
Equilibrium Moisture Content
EU:				European Union
F1F:				
FAS One Face Grade
FAS:				
First & Second Face Grade
FSC:				Forest Stewardship Council
FSP:				Fibre Saturation Point
Glulam:				
Glued laminated timber (aka lumber in North America)
ISO:				
International Organization for Standardization
ISPM 15:			
International Standards For Phytosanitary Measures No. 15
LVL:				Laminated Veneered Lumber
M&T or M and T:		
mortice and tenon
MC: 				Moisture Content
MDF:				Medium Density Fibreboard
MOE:				Modulus of Elasticity
MOR:				Modulus of Rupture
Mpa:				Megapascal
No 1C:				
Number 1 Common Grade
No 2AC:			
Number 2A Common Grade
OSB:				Orientated Strand Board
Pa:				Pascal
PEFC:				
Programme for the Endorsement of Forest Certification
PEG:				Polyethylene glycol
PSI:				
Pounds per square inch
PSL:				Parallel Strand Lumber
Q-F2X:				Oak (Q) [Quercus] strip/square-edged timber (F), of second quality (2),
				
with sapwood on one edge (X) [Example of European appearance grading
				of hardwoods]
RH: 				Relative Humidity
SFI:				Sustainable Forest Initiative
SFM:				Sustainable Forest Management
SI:				
International System of Units: abbreviated from the French Système
				international d'unités
SM:				Surface Measure
SZ:				Shrinkage Zone
Tangential/Radial (tangential to radial shrinkage ratio)
T/R:				
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Coping with Wood Movement:
Dimensional Change, Distortion, Moisture Cycling
& Stress Release (Kickback)

T

his is probably the topic most
vexing for woodworkers. How
often have you seen a door panel
shrunk so much there’s a gap between it
and the frame mouldings, or it’s cracked
from top to bottom? You are sure to have
seen architraves (door facings) where once
tightly mitred joints have developed gaps
on the inside corners. Wood tabletops,
flat when made, are sometimes hopelessly
concave as seen from above and now are
more akin to a skateboard park than an
eating surface. Then there are solid-wood
tabletops with two or three splits in them
where at either end they are attached solidly to cross-grained clamps (aka breadboard ends).
All of these faults and failures can be attributed to the way wood reacts to moisture by expanding as it gets wetter and
contracting as it dries. If the woodworker fails to work with the expanding and
contracting hygroscopic nature of wood,
failure is almost certain to follow. For instance, in the case of the cracked tabletop
with the clamped ends described above,
the woodworker may have mistakenly
glued the clamp on solidly, or the maker
could have made mortice and tenon joints
where the mortices in the clamped end
were too short in the length. This would
prevent the tenons on the end of the
planked top from moving side to side as
the top expanded and contracted over the
seasons.

Figure 7.1. Wooden four-panel architectural door illustrating wood shrinkage.
This door faces south and gets a beating from the sun in the summer. The heat-absorbing black paint
covering the outside does not help it. The reddish stain varnish on the inside door face stops short of
the right-hand edge of the panel revealing the bare pink wood underneath, and the bottom corner of
the panel has shrunk so much it’s pulled out of the groove in the muntin (vertical divider) meant to hold
it in place, and light shines through.
Evidently the door was painted and varnished whilst the wood had a higher MC and the panel was
wider – most likely in late winter or early spring. The opposite edge of the panel from the visible crack
is effectively glued to the left-hand stile moulding by the paint and varnish. The pink line of unvarnished panel and the gap appeared in July after about a week of clear skies and high heat from direct
sunlight. The wood was “cooked” by the sun, driving down the wood MC leading to the wood shrinkage
with quite dramatic results.
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The cause of the gaps described in the
mitred corners of the door architrave is
wood shrinkage. Typically in new house
construction, the installation of doors,
skirting (base) boards and other trim
takes place before heating and cooling
systems are installed and operational. The
wood installed is often fairly wet at about
18 percent to 20 percent MC. Occupation
of the house means the climate control
system is switched on, which then dries
the interior, including the wooden parts.
The installed architrave loses moisture
and shrink across the width. The outside
corner of the mitre is fixed and, as the
wood contracts, it shrinks from the inside
edge toward the outside edge, causing the
joint to open up.
The concave tabletop mentioned at the
beginning may not be due to an error
when it was made, but caused by moisture
cycling, a subject discussed further in section 7.13.
Knowing approximately how much
movement a particular species of timber
exhibits during service is of great benefit
to the woodworker. It means we are able
to assess the allowance required to prevent
drawers binding in humid periods of the
year. Wide panels of solid wood expand
and contract across the grain as the seasons change, and we can calculate how
much tolerance is required for a tabletop
to prevent it splitting.
Even quite narrow sections of wood
move appreciably, and this is one contributing factor in joint failures that occur over time due to moisture cycling. For
example, most of us are familiar with door
frame mortice and tenons with gaps at
the shoulder line. Sometimes joint failure
extends to the point where the door sags
down from the hinged side. When this
occurs, a common result is the leading
edge at the bottom, opposite the hinged
stile, drags on the floor in the case of architectural doors or, in cabinetry, across
the inside upper face of the cabinet bottom.
Upon examination it’s often seen that
pegged mortice and tenons show the peg
or dowel sitting proud of the surrounding
frame. Similarly, through-wedged mortice
and tenons will show the end of the tenon
and the wedges above the surface of the
surrounding wood. At other times of the
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CHAPTER V11

Useful Rules of Thumb About
Wood, Water & Movement Values

T

wo useful descriptions of the relationship between wood, its moisture content, and the typical percentage change in its size in response to changes in
moisture content.
Rule No. 1 (below) uses universally understood percentages factors.
Rules 2 to 6 all state the same thing but use different systems of measure to say
it. Pick the statement that best suits you. For example, in the U.S. No. 4 will probably be most apt.
1. Changing wood MC by between 3 percent and 4 percent causes it to shrink or
grow approximately 1 percent across the grain.
2. 10 ft³ of wood gets wetter or drier by 1 percent MC when 3.2 Imperial pints of
water are added or removed from it.
3. 10 ft³ of wood gets wetter or drier by 1 percent MC when 1.82 litres of water are
added or removed from it.
4. 100 board feet of wood gets wetter or drier by 1 percent MC when 3.2 U.S.
liquid pints of water are added or removed from it.
5. 100 board feet of wood gets wetter or drier by 1 percent MC when 1.51 litres of
water are added or removed from it.
6. 1 cubic metre of wood gets wetter or drier by 1 percent MC when 6.36 litres of
water are added or removed from it.
The above rules are not absolutely accurate in all circumstances, as is discussed
in other parts of the text, but they are nevertheless useful.

year the end of the wedges and tenon sit
below the outside surface of the morticed
part.

7.1 Dimensional
Change & Stability

The difference between tangential movement and radial movement due to moisture gain or loss can be a source of troublesome wood. Certain woods are known
to be stable and others are the opposite.
Stable in this case refers to how much a
piece of wood distorts as it shrink. Figure
7.5 provides a clue to working out which
species fall into which category. The first
piece of information to look for when assessing if a wood is likely to be unstable
is large tangential and radial shrinkage
factors. Secondly, the ratio of tangentialto-radial shrinkage also provides a clue.
Radial shrinkage is always less than tangential shrinkage.
In the group of stable woods is American mahogany with small tangential
shrinkage of 5.1 percent and a similarly
small radial shrinkage factor of 3.7 per-

Figure 7.2. Shrinkage across the
width of the stile in this architectural
door has caused the through-tenon
to protrude beyond the stile’s edge.

cent as measured from 30 percent to 0
percent MC (green to oven dry). The tangential-to-radial (T/R) shrinkage ratio is
also low at 1.4 found by the sum:
Tangential shrinkage factor / radial
shrinkage factor = tangential to radial ratio. The sum therefore is, 5.1 / 3.7 = 1.4
(Hoadley1, 2000, p 116).
In the second table of unstable timbers,
beech exhibits high-shrinkage percentages for both tangential and radial movement, along with a high T/R ratio.
Generally speaking, timbers with a T/R
ratio close to 1:1 tend to be more stable.
The tangential and radial shrinkage factors might both be large or both be small,
but it’s the ratio between the shrinkage
factors that gives the best clue to stability. In other words, if shrinkage is large in
one direction (tangentially) but small in
the other (radially) there is a large differential shrinkage pattern, meaning uneven
transverse sectional shrinkage as viewed
from the end of a board, and this leads to
greater distortion, i.e., instability. If the
amount of transverse shrinkage is very
similar in both directions the shrinkage is
more even and much-less prone to distortion and is therefore likely to be stable.
Although tangential and radial shrinkage factors vary significantly from species
to species, and T/R ratios are also similarly varied, there are some useful average applicable numbers. Taking all species into account, the average shrinkage
of wood dried from green to oven dry is
approximately 8 percent tangentially and
about 4 percent radially. The average tangential to radial (T/R) ratio taken from
figures drawn from all timbers is 1.8.
Shrinkage in timber length is very small
at 0.1 percent (except when dealing with
reaction wood or immature wood as discussed earlier).
An interesting feature of dimensional
change across the grain of wood is that
wood dried from green to kilned dry at
6 percent or 7 percent MC changes more
dimensionally than it does when the
wood subsequently takes on moisture.
This is a form of hysteresis. For example,
take a tangentially cut piece of wood dried
from green to 15 percent MC whereupon
the drying process is paused. Let’s say
the width measures exactly 400 mm (153/4") at this MC. Further drying of the

wood to 6 percent MC could result in the
width finishing at 398 mm (~15-11/16"),
a reduction in size of 2 mm (~3/32"). If
the wood is then returned to the conditions that originally brought the wood to
15 percent MC it will be found on measuring it probably hasn’t quite reverted
to 400 mm (15-3/4"). It may actually
measure 399.5 mm (~15-23/32"). This
phenomenon, known as a hysteresis loop,
occurs when the wood dries from a high
moisture content to a low moisture content followed by subsequent moisture regain, particularly so during the first cycle
of moisture loss and regain. Subsequent
moisture loss and regain results in more

consistent dimensional changes (also see
section 6.12.1).
(Note: Further discussion of hysteresis
can be found at sections 6.3, 6.12.1, 6.13
and 8.2).

7.2 Calculating
Wood Movement

The shrinkage of wood across the grain
as it dries from the fibre saturation point,
i.e., 30 percent MC down to 0 percent
MC, is what most woodworkers need to
be able to calculate and understand. This
drying from 30 percent MC to 0 percent
MC is what I call the “Shrinkage Zone.”

Figure 7.3. The end clamp or breadboard has restricted the shrinkage of the 36" (915 mm) wide beech
top of this upholsterer’s bench. Two splits, show and the clamp overhangs the edge of the main top by
approximately 3/8" (10 mm).

Figure 7.4. Close-up of the clamp in figure 7.3 overhanging the main
top.

Coping with Wood Movement
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Shrinkage Factors For a Collection of Stable Woods
Wood/Timber

Approx. Percentage
Shrinkage from Green
to 0 Percent MC
Tangenial

Ratio of Tangenial
to Radial Shrinkage,
(T/R)
Radial

Mesquite, e.g., Pro2.6
sopis glandulosa and
Pjuliflora aka Texas
Ironwood

2.2

1.1

Mahogany, American, Swietenia
macrophylla.

5.1

3.7

1.4

Greenheart, Ocotea
rodiaei

9

8.2

1.1

Hop-hornbeam,
British English;
Hophornbeam, U.S.,
Ostrya carpinifolia.
Sometimes known as
ironwood.

10

9

1.1

Shrinkage Factors For a Collection of Unstable Woods
Wood/Timber

Approx. Percentage
Shrinkage from Green
to 0 Percent MC

Ratio of Tangenial
to Radial Shrinkage,
(T/R)

Tangenial

Radial

Lauan, Shorea
contorta

8

3.8

2.1

Keruing,
Dipterocarpus soo.

10.9

5.2

2.1

Oak, Northern Red,
U.S., Quercus rubra
(aka Quercus borealis)

8.6

4

2.2

Beech European,
Fagus sylvatica

10.7

5.8

2.2

Madrone, Pacific,
Arbutus menziesii

12.4

5.6

2.2

Elm, American, Ulmus americana

9.5

4.2

2.3

Oak, overcup,
Quercus lyrata

12.7

5.3

2.4

Figure 7.5. Shrinkage factors for a small selection woods. The above table is an extract from the muchlarger table listing the shrinkage factors of timber species found in the Appendix: Shrinkage Factors for
a Selection of Wood Species.

Conversely wood expands in width as it
gains moisture in the Shrinkage Zone
(SZ) from 0 percent to 30 percent MC.
Above 30 percent MC wood (as has already been discussed) is relatively stable.
Most shrinkage, expansion and distortion
of wood occurs within the SZ (Shrinkage
Zone).
Dimensional change across the grain as
wood dries or moistens, both tangentially
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and radially, is not a linear progression. If
it were, the amount of shrinkage or expansion occurring over a specific band of
moisture content within the “Shrinkage
Zone” would be the same. For example,
if 2 mm of shrinkage occurs across the
width of a board originally 200 mm (~8")
wide as its moisture content reduces from
20 percent to 14 percent MC, then a similar board of the same species, also 200

mm wide should correspondingly narrow
by 2 mm as it dries from 14 percent to 7
percent MC because the MC reduction in
both cases is 7 percentage points.
It’s my observation from working and
handling wood over the years that shrinkage factors are non-linear. Where 100
percent of all the shrinkage occurs over
the full range of the Shrinkage Zone (in
an exactly linear progression) it would be
fair to assume a third of the shrinkage occurs between 30 percent and 20 percent
MC, another third happens between 20
percent MC and 10 percent MC, and the
final third occupies the range between 10
percent MC and 0 percent MC, or oven
dry. What I’ve observed is approximately
75 percent of all the shrinkage occurs between 20 percent MC and 0 percent MC.
The remaining 25 percent of wood expansion and contraction takes place between
20 percent and 30 percent MC. This ties
in rather neatly with the fact the majority
of any distortion occurring in wood happens between approximately 20 percent
MC and 5 percent MC. Distortion in this
instance refers to the amount of warping,
e.g., cupping and twisting a piece of wood
exhibits as it dries, and not to the amount
of shrinkage.
Although it’s my experience wood expansion and contraction is not a linear
progression, I’ve always found it safe to
calculate wood shrinkage as if it is. In support of this, the shrinkage factors given
in tables, graphs and charts listing wood
species movement in response to moisture content change are not exact. Similarly, graphs and tables provide only approximate EMC percentages for wood at
a specified atmospheric RH. We therefore
shouldn’t treat the results of any shrinkage or expansion calculations as precise.
Where we need to make allowance for
changes in dimension it’s safest to err a
little on the generous side anyway. To reiterate points made before, when a piece
of furniture is made for a particular house
or location, it’s safest to assume the piece
may be moved to very different conditions
later in its life, e.g., from a damp coastal
location to an arid setting, either hot or
cold. Long-term storage in either very dry
or comparatively damp facilities are also
possibilities in the life of a piece of furniture, as is shipping furniture overseas, e.g.,

a family moving from the relatively damp
west coast of the British Isles to hot and
dry Arizona.

7.3 Sample Wood Expansion &
Contraction Calculations

When estimating the likely dimensional
change in a piece of wood in service I always use 0 percent to 30 percent change
in MC as the basis for calculations. The
amount of shrinkage given in the wood
expansion and contraction table in the
Appendix: Shrinkage Factors for a Selection of Wood Species relate to this range
of moisture content. If you use other
sources for shrinkage factors, be careful
of the derivation of the given numbers.
Ernest Joyce (1980, p 111), for example,
gives shrinkage factors for a selection of
species as they dry in conditions between
90 percent RH and 60 percent RH. These
RH numbers mean the wood only varies
in moisture content from roughly a maximum of 20 percent MC and approximately 11 percent MC at the low end. This is a
bit less than one-third of the total shrinkage that could occur in the moisture content range of 30 percent MC to 0 percent
MC. The following formula estimates the
likely change in wood dimension across
the grain in what I describe as the Shrinkage Zone (SZ) i.e., in the wood MC range
of 0 percent to 30 percent.
(D x S) x (MCC/FSP) = D1 where:
D1 = Dimensional change.
D = Initial width.
S = Maximum percentage of wood
shrinkage possible from 30 percent to 0
percent MC. (Enter either the tangential
movement factors or the radial movement factors found in the Appendix. For
example, when calculating tangentially
cut wood movement use the tangential
shrinkage factors given in the table.)
MCC = Moisture content change. A
calculation within the above formula is
required – see the examples below.
FSP (Fibre Saturation Point), i.e., 30
percent.

Another way of expressing the formula is: (initial width of plank x maximum
shrinkage percentage possible) x ((highest
wood MC – lowest wood MC) / FSP) =
dimensional change.
To use the formula remember to divide
percentages by 100 and enter the result of
this sum at the appropriate place. As examples enter 11 percent as 0.11, and write
7.7 percent as 0.077.
Sample calculations follow below with
text made bold and colour coded so it’s
easy to see the source of the numbers in
the sum.
Example 1.

Panel made of tangentially cut European
beech planks.
Tangential shrinkage factor for European beech in the Shrinkage Zone (SZ)
(0 percent to 30 percent MC) = 10.7 percent. See the Shrinkage Factors table in
the Appendix.
1. Initial panel width = 1,000 mm
2. Initial wood MC = 14 percent
3. Final wood MC = 8 percent
To work out the final size of the panel
calculate: (1,000 x 0.107) x ((0.14 – 0.08)
/ 0.30) = 21.4 mm.
To complete the sum, subtract the
shrinkage from the original panel width,
i.e., 1,000 – 21.4 = 978.6 mm.
With a scientific calculator, enter the
functions and numbers as written in the
sample formula above. If working with a
basic calculator, or pencil and paper, break
the formula down into its two constituent parts, i.e., first figure (1,000 x 0.107)
= 107. Then calculate (0.14 – 0.08)/0.3 =
0.2. Lastly calculate, 107 x 0.2 = 21.4
The following additional examples further illustrate the formula.
Example 2.

Panel made of radially cut European
beech planks.
Radial shrinkage factor for European
beech in the SZ (0 percent to 30 percent
MC) = 5.8 percent.

1. Initial panel width = 1,000 mm
2. Initial wood MC = 14 percent
3. Final wood MC = 8 percent
Calculate: (1,000 x 0.058) x ((0.14 –
0.08) / 0.30) = 11.6 (mm)
Lastly, 1,000 mm – 11.6 mm = 988.4
mm at 8 percent MC.
Example 3.

Take a panel made of tangentially cut
American mahogany planks.

Tangential shrinkage factor for American Mahogany in the SZ (0 percent to 30
percent MC) = 5.1 percent.
1. Initial panel width = 39 inches
2. Initial wood MC = 7 percent
3. Final wood MC = 12 percent
Calculate: (39 x 0.051) x ((0.12 - 0.07) /
0.30) = 0.33 (inches)
Finally, calculate 39" + 0.33" = 39.33"
(~39-21/64") If you incorrectly arrived at
38.67" take another look at the initial and
final wood MC values given at Nos. 2 and
3 above.
Example 4.

A board of radially cut American mahogany.

Radial shrinkage factor for American
mahogany in the SZ (0 percent to 30 percent MC) = 3.7 percent.
1. Initial board width = 9 inches
2. Initial wood MC = 6.5 percent
3. Final wood MC = 14 percent
The calculation has been omitted in
this final example because the formula
should now be familiar, but the answer is
a change in dimension of 0.083", or approximately 5/64". The final board width
equals ~9-5/64".
Spreadsheets such as those that can
be made using Microsoft’s Excel programme, are useful because creating a
series of sums in a worksheet will do the
calculations. If you set up a user-friendly
spreadsheet for yourself, all that’s required
is to have cells where you can change values and numbers as required, and the re-
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sults can help a maker come to technical
and design decisions.
Once you’ve understood the general
principles of wood movement in response
to changes in atmospheric RH, the
knowledge has applications in a range of
circumstances. For example, you can build
furniture and make allowance for seasonal
dimensional changes of the material in response to seasonal changes in RH.
A realistic scenario is to take a look at
an American white oak panel finished on
all faces and edges with a film-forming
polish such as lacquer or varnish. Polishes
form a partial barrier to water vapour and
slow down the rate of moisture exchange
between the wood and the surrounding
air, although they don’t stop it. The wood
will move, but the polish barrier will extend the natural hysteresis (delayed reaction to altered conditions) of wood even
further. Let’s say the panel forms part of
a piece of furniture in a British house.
In late October it’s MC, checked with a
moisture meter, reads 11 percent.
This moisture content is about right for
the time of year. Internal RH figures for
a typical British house shows average RH
at that time of year is typically 55 percent or 60 percent. Fifty-five percent RH
equates to a wood EMC of roughly 10.5
percent.
August through October are the months
when RH is highest in British houses. The
driest month is March, when RH hovers
close to 40 percent RH. As autumn and
winter progress, the wood will gradually
dry out to approximately 7.5 percent MC.
All that is required now to create calculations like the ones shown earlier is to
calculate changes in panel width. Let’s say
the panel width is 410 mm. The maximum
movement factors for American white
oak are 10.5 percent tangentially cut and
5.6 percent radially cut.
Let’s also say the panel is made of four
boards just over 100 mm wide. Each
board shows roughly equal amounts of
radially cut and tangentially cut wood
as seen by looking at the end grain. The
amount of dimensional change that will
therefore occur will be approximately in
the middle of the range between the 10.5
percent tangential movement and the 5.6
percent radial movement attributable to
American white oak, i.e., ~8.05 percent.
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The calculation is: (410 mm x 0.0805)
x ((0.11 - 0.075) / 0.30) = 3.85 mm. The
panel width will vary between about 406
mm during the late spring and expand
back to approximately 410 mm by mid to
late autumn.
Applying calculations such as these are
useful prior to and during construction of
furniture in the workshop. If you know the
moisture content of the wood purchased
for a job, and know roughly the RH value
of your workshop or storage facility at the
time you store or work the wood, you can
calculate several useful numbers. You can
work out what MC your wood will finish at over a given period if your pile is
stickered up, allowing air to circulate. This
might suggest you slow down the movement of moisture into or out of the wood
by close stacking the pile to prevent air
circulating freely.16
You can calculate the likely dimensional
change of your wood over time within the
workshop as you work it. And you can
make educated assessments of the likely
dimensional change of wood after delivery of the piece of furniture to your customer. For example, if during the period
when the furniture is made, the wood has
an initial MC of 10 percent and the RH
in your workshop hovers around 60 percent, and you know the final destination of
your piece is a strictly climate-controlled
museum where RH is kept constant at 35
percent MC, it almost certainly makes
sense to fit traditional handmade dovetailed drawers guided by runners and
kickers just a little tight – the drawers will
shrink in height in service.
Built-in furniture attached to the wall
can justifiably use man-made board for
the plinth or toe kick. A solid-wood
board attached with screws in sloppy
holes to the front of the plywood plinth
makes a durable and attractive face. It allows for wood movement and works well.
Man-made board is dimensionally stable
compared to solid wood, and using it for a
plinth means the top of the cabinet stays
at the same height all the time. On the
other hand, a 6" (150 mm) wide solid
English oak plinth with the grain running
horizontally expands and contracts approximately 3 mm (1/8") if the moisture
content of the wood changes seasonally
by the quite large amount of 7 percent,

e.g., from 5 percent to 12 percent MC, or
7 percent to 14 percent MC. This movement doesn’t seem much, but if the plinth
supports a wooden bathroom sink unit
above which an “upstand”, aka backsplash,
is attached to the wall, then the potential
for a gap forming is obvious.
Similar assessments or calculations are
useful if you’re making traditional solidwood drawers guided by runners and
kickers, which are the horizontal frames
built into a carcase. Some workers aim for
what’s often called a “piston fit” drawer,
which is basically a drawer with very little
side-to-side or top-to-bottom tolerance
within the drawer opening. It could be the
case that one or more drawers in a cabinet
is, or are, very tall requiring wide pieces
of wood for the drawer front, sides and
back, perhaps 200 mm to 250 mm wide
(8" to 10"). This suggests a drawer made
out of wood at 7 percent MC fitted to its
opening with little or no vertical tolerance
during winter in a climate-controlled
workshop in Britain will swell and in all
likelihood jam during late summer or autumn. It’s difficult to make a tall, closetolerance “piston fit” drawer that will
work as intended all through the year. If
the drawer is made to work as a piston fit
item during autumn months then, by the
following spring, after the wood shrinks
it will be somewhat sloppy. This, though,
is preferable to a drawer which is piston
fit during the late British winter or early
spring but swells and sticks in the summer
and autumn.

7.4 Distortion – Warping,
Cupping, Bowing etc.

Apart from the expansion and contraction of wood, particularly across the grain,
woodworkers must take into account that
there are many and varied ways wood
movement can cause problems. For example, there are differential shrinkage
factors between radially cut and tangentially cut boards of the same species. Joining radially cut planks to tangentially cut
planks to make a panel usually results in
ridges at the join lines. There are problems
that occur when released stresses affect a
board, such as cupping, bowing and winding, aka twisting. Frame-and-panel doors
are more likely to warp when the framing

most common forms of board distortion,
but there are specific factors that exacerbate any tendency a board has toward
cupping, edge bending or crookedness,
bowing and winding or twist. The major
factors are juvenile wood found at the
centre of a log, twisted grain, cross grain,
sloped grain, compression wood and tension wood.
The original position of the plank within the log has a significant influence on
warping characteristics. During the first
20 or so years of a tree’s life, it lays down
juvenile wood. Juvenile wood is always less
stable than wood laid down during the
tree’s maturity. Juvenile wood experiences
greater movement factors in all directions
than mature wood. So, for example, in fig-

ure 7.9 it is likely that board F will exhibit
greater warping than plank A because it
is closer to the tree’s heart and includes a
greater proportion of less-stable juvenile
wood. Plank F is also more likely to bow
toward the centre of the tree than Plank
A because of the increased longitudinal
shrinkage factor that juvenile wood exhibits. Plank A, on the other hand, has
edges equidistant from the log core with
the growth rings centred between the
board’s two edges – it is less susceptible to
crook and uneven cupping because of this.
A quartersawn plank such as B, where one
edge is located very close to the juvenile
core of the log, risks becoming crooked
as the juvenile core shrinks more than the
mature wood laid down nearer the bark

Figure 7.7. Warp is the general term indicating

3. Bowing shows as an end-to-end bend along
the length of the wide face of a plank, and cast is
another name sometimes used for this condition.
As with crook, the bow most often faces toward
the heart of the tree. Another common cause is
improper stacking of the wood during drying or
storage where the bow is induced by poor stickering, particularly when the wood is wet and flexible, i.e., stickers aren’t set vertically exactly one
above the other. This results in uneven pressure
with the load on lower boards localised between
stickers. In this case the bowing can face either
way, i.e., toward the bark side or towards the
tree’s core.

Figure 7.6. Twisted trunks suggest
the possibility of spiral grain that can
cause a board cut from it to twist or
wind. (See also figure 13.8.)

is made of tangentially sawn wood compared to using radially cut material. Surface checking caused by improper drying
of the wood may be invisible during construction of a piece of furniture, but due to
shrinkage reveals itself after the piece goes
into service.
Warp is the result of differential shrinkage between opposite faces of a board or,
similarly, differential shrinkage between
opposite edges of a board. The result is cup,
bow, crook or winding – these are not the
only terms used to describe various forms
of warp, and alternative terms are introduced in the following text. Where there
occurs differential shrinkage in more than
one plane, a single plank might exhibit all
the faults, i.e., it’s cupped, bowed, crooked
and twisted or “in winding.”
Illustrated at figures 7.7 and 7.8 are the

distortion of some sort in a plank. The following
sub-categories more precisely describe warp.
1. Cupping across the width is the most common
warp that shows in tangentially cut boards and
the concavity normally faces the bark side of the
tree.
2. Spring, crook or edge bend means the edge of
the board is not straight. The concavity usually
faces toward the tree’s pith and is the result of
differential shrinkage along the length of the
grain, particularly due to the larger shrinkage
factors that juvenile wood at the core of the tree
exhibits.
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Figure 7.8. “In winding” or twist. Differential shrinkage, usually in all three
planes – tangential, radial and longitudinal, causes the plank to resemble a
propeller. Very often a contributory cause is reaction wood, either compres-
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sion or tension wood, or juvenile wood. Another common cause of the fault
is spiral grain.

Figure 7.10. A knot at one edge of a board

Figure 7.11. End splitting is the result of rapid

causes kink. Knots, especially large knots, are a
disruption of the grain pattern and cause distortion and warping.

moisture loss along the grain at the end of a
plank. Planks dry out and shrink nearer the ends
before the rest of the board and the result is end
checking or end splitting.

Figure 7.12. End splitting in air-dried English
oak.

Figure 7.9. Large arrows indicate the largest direction of movement – tangential – following the direction of the growth rings. The small arrows indicate the smaller radial movement.
The board at A cups toward the bark side as the growth rings shorten during drying.
At B, the board remains much the same width but gets thinner as the growth rings contract during drying. Also note how close to the juvenile core one edge of the plank is: it is likely to crook towards the
tree’s pith.
Planks cut as at F show shrinkage characteristics somewhere between boards A and B. Usually they
cup toward the bark-facing side in the middle of the width and tend to “diamond” toward the edges.
If they also come from close to the juvenile core of the tree, they frequently bow in their length toward
the core. Wide planks from this part of the tree often cup quite severely, and if they are flattened by,
for instance, feeding through a thickness planer, they can crack open along the centre length on the
boards’ bark side.
At C a square-sectioned piece shrinks by “diamonding” and at D a circular dowel tends to shrink into
an elliptical shape.
E shows a pair of boards where their edges are not equidistant from the core of the tree and, like the
radially cut plank, B, these planks are liable to suffer spring, crook or edge bend where the inner edges
– facing each other – develop a concavity. The tangentially cut plank, A, where its edges are equidistant from the tree’s core, is unlikely to become crooked.

Figure 7.13. Round dowels shrink into elliptical profiles as growth rings contract along their
length. Figure 7.14 illustrates a pine dowel that
has shrunk tangentially within the circular hole
bored into hard maple.
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Figure 7.14.

Figure 7.15. Diamonding occurs in square or rectangular-sectioned parts where
the end grain is roughly diagonal to the square end.

Figure 7.16. This offcut from the end of an ash plank cups toward the bark side. It’s split at the end and there are small checks in
the end grain.

Figure 7.17. Notice how the cupping in this mahogany board is concentrated in the centre portion where tangential end
grain shows. Toward the edges where the end grain gets closer to vertical to the board’s face, the shrinkage more closely
follows a radial pattern. The outer edges remain relatively flat but get thinner.
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Figure 7.18. This mahogany plank is twisted or in winding. The far right corner of the plank
rests on the table saw surface and the near left-hand corner sits approximately 30 mm (13/16") above it.

Figure 7.20. (far left) An English
oak square cant cracked on the
face, twisted and bowed. It’s all
juvenile wood as the pith is clearly
visible in the centre at the end of
the cant.

Figure 7.19. Crook or edge bend is well illustrated in this American black walnut plank, as is
end splitting. It’s likely this plank came from a
quite small log and the edge bend is a response
to reaction wood. Another more likely cause is
that the plank is from a bent log. It’s certainly
cut out of line with the general grain direction
– notice how the cupped tangential end grain
and the arching grain pattern resulting from this
cut curves along the length of the plank. Also
note how the rift grain on the right of the plank
sweeps inward from the right-hand edge. In earlier times only large trees were felled to produce
American walnut and cherry boards, i.e., trees
greater than about 380 mm (15") diameter, but
this no longer seems to be the case. At the time
of writing, walnut and cherry trees only 10" or 12"
(250 mm to 350 mm) diameter are being felled.
In the American grading system the critical width
for valuable boards is 6" for most species. Both
walnut and cherry are common with premium
prices for boards only 4" wide.

Figure 7.21. A 4" (100 mm) wide
tangentially cut American black walnut
plank with wave-like bowing. Poor stickering during either drying or storage
leading to uneven weight distribution is
a possible cause.
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Figure 7.22. A damp cloth placed on the upper surface of this small ash plank for two days caused it to cup toward the
tree’s core. The off-centre curved end grain reflects the board’s off-centre cupping. Subsequently the board was allowed
to dry for a month, but even after this time it didn’t return to its original flat state. This image illustrates how uneven
moisture distribution to either face of a board causes distortion.

of the tree.
Boarding or planking up small logs
causes more warping than planking up
large logs because of the greater proportion of juvenile wood in a small log. Cutting boards out of crooked logs, boards cut
around a large branch, and sawing boards
at a marked angle to the grain direction

in the log all cause problems. The appearance and patterns may be attractive, but
these cuts produce planks where the grain
is short, runs out sharply on one face or
edge, or the grain reverses: all these patterns increase the likelihood of instability
leading to warping.

7.5 Wood Movement & Joinery

Making furniture throws up all sorts of
interesting construction quandaries for
the furniture maker. For instance the dimensional changes and distortions that
are sometimes barely noticeable or important in a single piece of wood can lead to

Figure 7.23. At 1, three boards make up a panel. From left to right the three boards are radially cut, rift/radially cut and tangentially cut. Below, at 2, arrows
indicate the greatest direction of shrinkage that always follows the growth rings, along with the resultant size and end-section profiles of the individual
boards. The sketch rather over-emphasises the movement and shrinkage, but the indicated steps between each plank do occur. Sometimes the steps barely
register to the touch; at other times they are clearly visible.
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Figure 7.24. Radially cut planks arranged in different ways, along with the end result caused by differential shrinkage. At top, the heart of one plank joins the
bark edge of the next, resulting in steps at the joint line. Below, alternating heart-to-heart and bark-side to bark-side edges reduces or eliminates the steps.

unsatisfactory results when two or more
pieces are joined. In another example, solid-wood panels made of several pieces occasionally develop ridges at the glue lines.
There is more than one cause of this, one
of which is glue creep17. Although creep
can be the cause, another significant explanation is mis-matched end grain patterns in the arrangement of the boards
(see figures 7.23 and 7.24).
Figures 7.25, 7.26 and 7.27 illustrate
potential joinery faults requiring consideration before creating corner morticedand-tenoned frames to reduce the chance
of steps forming at the joint line. If dowels or biscuits replace mortice and tenons
for frame joinery, similar considerations
apply. Stepped joint lines lower the quality of high-quality doors so they’re best
avoided, and there’s usually no choice but
to have the faces of the rail and stile flush
with each other. But where a rail meets a
leg in a table frame it’s often possible to
set the front face of the rail slightly back
from the face of the leg to create a reveal.
Cupping of the rail won’t bring any part
of its front face proud of the leg face, and
the shadow line is often attractive.

7.6 Built-up Laminations

It’s sometimes necessary to create larger
square- or rectangular-sectioned parts

Figure 7.25. A radially sawn rail joined to a tangentially cut stile leads to a step, aka, “lipping”
at the shoulder line. This is usually a less than
satisfactory aesthetic choice in addition to the
movement factor mismatch because the wide
faces of each rail have different grain patterns.

Figure 7.26. Tangential to opposing tangential
mortice and tenon arrangement. Opposing the
tangential end grain cupping of a rail and stile
can lead to lipping, gaps and steps forming at
the joint line. A haunch at the top edge of the
tenoned rail would help resist the lipping.
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Figure 7.27. Radially cut parts for both the rail
and stile. Radially cut wood is the most stable
and the least likely to warp. Shrinkage in thickness is equal in both parts so the joint line is
most likely to stay tight and the faces remain
level. This cut of wood used for door parts leads
to the most stable and strongest framing to
hold wood or glass panels. The wide faces show
straight, parallel grain which (in some timbers)
is rather plain and, in others, many oaks for
example, it reveals characterful medullary rays.

Figure 7.28. Traditional drawer construction. When traditional hand-dovetailed drawers are discussed
the usual advice is to use quartersawn material for the sides and back. Note the accompanying sketch
pencils in the dovetail layout of a traditional drawer. This, the argument goes, provides the most stable
material with lower shrinkage factors than tangentially sawn wood. But what about the drawer front:
Should the material be quartersawn or tangentially cut? Quartersawn timbers with their straight parallel grain showing on the wide face aren’t always aesthetically suitable for a project.
Depending on the species, the visibility, or invisibility, of the medullary rays is a consideration. Quartersawn oak is highly figured. Quartersawn American mahogany isn’t. There are valid reasons for a
designer or maker to choose tangentially sawn wood for the drawer fronts, e.g., for a particular look.
Dovetailing tangentially sawn fronts to quartersawn sides can lead to significant discrepancies in the
shrinkage factors. If the drawer is tall the differential shrinkage between the side and front could, in
theory, cause splitting and other problems in the side pieces when the front swells. In practice I’ve
not come across this setback with my own work, but I have seen antiques where failures of one sort or
another have occurred. In the U.K., quartersawn oak is a traditional material for drawer sides. Teamed
with tangentially sawn American mahogany fronts, the shrinkage factors for both are about the same,
i.e., from 30 percent to 0 percent MC in both timbers, 5.3 percent shrinkage for radially sawn English
oak and 5.1 percent for tangentially sawn mahogany. It’s definitely worth considering these factors
when you’re making choices regarding your drawer-making material.
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out of smaller pieces. A typical scenario
is a need for something like 85 mm (33/8") square section stuff for table leg
blanks later shaped, profiled or turned.
If 100 mm (4") thick rough-sawn wood
isn’t available, two pieces of 50 mm (2")
thick stuff can often substitute. Machine up two pieces of wood the required
length, about 90 mm (3-1/2") wide by 46
mm (~1-13/16") thick, and glue the wide
faces together. Similarly there are many
woodworkers who build a workbench for
themselves and want a 3" to 4" (75 mm to
100 mm) thick top of beech or maple. The
only way this is normally achievable is to
glue together the 3" to 4" (75 mm to 100
mm) wide faces of several 1" to 2" (25 mm
to 50 mm) thick boards. In this circumstance, one area to pay special attention
to is the orientation of the growth rings
at the end of each board. Where the end

grain shows every plank tangentially cut
as in figure 7.30, there are arrangements
that work with the natural shrinkage of
the wood, and arrangements that work
against this movement.

7.7 End Grain Orientation
& Panel Glue-ups

At some point almost every woodworker
faces the need to make wide panels out
of narrow timber. There are several good
reasons for edge joining narrow boards to
make wide slabs.
•
•

•

The selected timber is only available in narrow planks.
The machinery available can only
cope with modest sizes, assuming
of course stock is prepared with
machinery rather than hand tools.
It may be that cutting wide pieces

Figure 7.29. The rail of this table under-frame is set back from the leg, creating a reveal. It adds visual
interest and, if the rail cups, the face won’t sit proud of the leg’s face.

into smaller sections and rearranging the order uses the grain more
attractively.
• Edge joining narrow planks sometimes provides a means for controlling, predicting and (to some extent)
reducing the effects of warping.
• Preparing a long and/or wide board
to a specified thickness might be
impossible, i.e., getting a warped
piece flat where both sides are parallel leaves the material too thin for
the job.
Some movement of joined panels will
almost certainly happen due to variations
in atmospheric RH. This applies to both
air- and kiln-dried timber.
How you should arrange the planks is
often a subject for heated debate. I use all
the layouts illustrated in figures 7.31, 7.32
and 7.33, and it depends on the circumstance. For instance, the most attractive
grain might all be on either the heart side
or the bark side of tangentially cut boards,
and if I’m making a tabletop I will use the
material this way, i.e., figure 7.32. For a tabletop arranged thus, I usually incorporate
a heavy slot-screwed bearer on the underside. Similarly, if a cabinet side is housed
across the grain (dadoed in the U.S.) to
accept a shelf or something similar, I often choose the same arrangement because
then, at worst, I only have a wide cupped
piece to hold flat on the workbench prior
to running over it with the router. This is
often preferable to dealing with a series of
ripples. I tend to use the layout in figure
7.31 most commonly when the strips are
narrow, say 50 mm or below, or in cabinets
where opposite cabinet sides are linked
with tenoned or dovetailed rails.
It’s also a useful option to try and arrange all the grain so it rises toward one
end when viewing the panel from the narrow edge, although this is often not possible because the grain orientation varies
so much. If successfully achieved, this
results in reduced tear-out when planing
the final glue-up, whether by hand or machine, i.e., you can plane in one direction
without tear-out. Sometimes sacrificing
this consideration over appearance is a
valid choice.
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Figure 7.30. The pros and cons of
various arrangements to laminate
thick parts out of smaller parts.
The consequences of shrinkage
after glue-up – column 1 – are
shown to the right – column 2.
At A, tangentially cut planks
joined bark face to pith face cup
in tandem leaving a ridge on the
top face. Importantly, the glue
line should remain tight and the
piece should survive over the
long term.
Row B shows pith face to pith
face glue-ups tend to open at the
outer limits of the glue line. Once
a glue line starts to open like this
it tends to keep opening.
C, bark face to bark face parts try
to cup away from each other at
the middle of the glue line. This
glue-up should survive better
than the one at B.
D, bottom pair. Two parts each
very close to radially cut – quartersawn – show the least distortion and provide the best chance
for long-term success.
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7.8 Wide Boards

There is always the thorny issue of what to
do with very wide planks. Should they be
ripped into narrower strips and re-glued,
or left as one whole piece? I’ve never found
any hard-and-fast rules to suit every case.
The nature of the job determines the decision. Take, for example, a very wide plank,
say 20" (500 mm) wide with striking grain
pattern and other figuring, perhaps kiln
dried to 7 percent or 10 percent MC. If it
has remained stable and flat during storage since in RH varying between about
40 percent and 60 percent there is no
particular reason to think it will become
unstable as a furniture part and put into
service in a typical house. With suitable
cross bracing and means to hold it flat in
the structure, a viable choice might be to
keep it whole. Without large machinery
to do the flattening and squaring this decision could result in a lot of hand work
with planes, but hand work is sometimes
very much worth the effort.
Where I have to join up narrow planks
to make up wider panels I tend to use random widths. I willingly glue up stuff 175
mm (7") wide and wider if I am able to
incorporate suitable bracing. However, if
I decide I want the boards to be around,
for example, 80 mm (3-1/8") wide each, I
try to keep them all no more than about
10 to 15 mm (3/8" to 5/8") either side
of this figure, i.e., 60 to 100 mm (2-3/8"
to 3-7/8"). This tactic prevents just one
board standing out as markedly different
from the rest, and I happen to like a little
irregularity anyway.
There are times when I machine stuff
all to exactly the same width. This applies
particularly when making a cabinet in
which the top does not overhang the side
to disguise any offset joint lines. Offset
panel edge joint lines running around the
side to the top, and back down the other
side in a cabinet with, for example, mitred
corners are usually visually disconcerting.

Figure 7.31. Joining tangentially, or flat-sawn, planks with the end grain arranged as at 1 results in a
washboard effect as at 2, which is an exaggerated approximation.

Figure 7.32. Cupping of panel in one direction due to arranging the bark side of the growth rings all
toward one face.

7.9 Chatoyance Considerations

When deciding the arrangement of
boards there is yet another factor to consider, and in this case its relevance centres on how wood takes polish, which
then refracts and reflects the light hitting
the surface. Chatoyant comes from the

Figure 7.33. Joining quartersawn planks to make up a panel. Typical movement in quartersawn stock
where the material merely becomes a little thinner because of the even shrinkage experienced.
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Figure 7.34.

Figure 7.35.

Figure 7.36.

Figure 7.37. Chatoyance. Figures 7.34 and
7.35 – Australian silky oak; figures 7.36 and
7.37 – lacewood. Chatoyance causes these
two wood species to take on rather different
and illusory appearances when viewed from
different angles.
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French and means to shimmer, to describe
iridescence, or a changeable lustre. Woodworkers commonly use the term “chatoyance” to describe the different appearance
of a polished piece of wood when viewed
from different angles. It’s especially noticeable in woods with striking figuring,
e.g., the prominent medullary rays of
quartersawn Australian silky oak (which
is not an oak at all as it is a member of the
Proteaceae family, genus Cardwellia, species sublimis). Lacewood, the name given
to the European plane, Platanus hybrida,
that is quartersawn, is another example of
a wood illustrating chatoyance very well,
as do many others (see figures 7.34, 7.35,
7.36 and 7.37). The appearance of the polished wood depends upon which way the
severed fibrous tubular vascular tissues of
a board intersect the wood surface, and
how light behaves as it passes through the
polish and is reflected and refracted back
toward the viewer.
A good analogy to describe these reflective and refractive properties is to think
of a pet with short shiny fur. Look at the
pet’s fur with the hair tips all pointing
away from you and the pet’s coat seems
smooth and glossy. From the other direction, with the end of each hair pointing toward you, the coat seems rougher
with a lower sheen. This explains why
the stiles and rails of frames all polished
exactly the same look different. The rails
may look lighter than the stiles, or visaversa. Turn the frame 90°, and the light
and dark members reverse. Similarly, examine something such as a polished fiveplank solid wood tabletop from one end
and three boards might look light and two
boards dark. Turn the tabletop 180° and
you’ll almost certainly notice the two dark
boards are now light, and the three lighter
boards are dark.
All this discussion and the image samples shown here suggest there are times
when it’s important to try and account
for how the assembled and polished panel will look when complete. Will there
be dark and light patches? Will just one
plank in your proposed arrangement
stand out as light and shiny whilst the
others are dark? Turn the arrangement
around 180° and will that same plank look
dark whilst the others appear lighter and
shinier? Similar issues arise when deal-

ing with figures with descriptions such
as quilted, pommele and fiddleback, and
the same questions occur with veneers. In
the case of veneers there are bookmatch
patterns, quartered, reverse quartered,
diamond patterns etc. How will they look
when the polish finishes the job off ? One
method to get some idea of the appearance of the end result is to wet the surface
of the wood or veneer with a solvent such
as alcohol or white spirits, aka, mineral
spirits, as this technique often reveals, or
at least partially indicates, the likely final
appearance.

7.10 Edge Joinery

When joining narrow boards to make
up wider slabs the traditional approach
is the plain edge or butt joint. This is a
good place to start because it helps with
understanding other methods. As is the
case with every joint, proper preparation
means reduced risk of failure. The idea is
to prepare two edges abutting perfectly all
along the length so no pressure is required
to close a gap. In practice, this is difficult
to achieve and most workers aim for a
“sprung” joint.
The sprung joint has an evenly graduating gap produced tight at the ends and
widest at the centre point of the joint line.
After preparation very gentle hand pressure should be enough to close up two adjacent boards. A method I quite frequently
use to test if the joints are properly made
is to close up the joints of several prepared
boards laid edge to edge simultaneously
with one centrally located cramp. If all the
joints close fully on both faces and along
the boards’ length, the joints are good. In
theory you could slacken the cramp, run
glue along the prepared edges and finally glue up the panel. In the distant past
I have done exactly this on occasion and
got away with it, particularly if I was using
hide or Scotch glues. This works because
these glues are well known for their ability
to glue assemblies using the “rub joint”. I
no longer follow this practice nor advise
others to do so for there is a good chance
the joint will fail due to insufficient application of pressure to the full length of the
joint. You might even end up with visible
glue lines, a sure sign the joint was not assembled tightly enough, and this is a good

Figures 7.38 and 7.39. The same “wavy” grained cherry board
photographed from opposite ends to illustrate “chatoyance”. Follow
the direction of the diagonal stripe indicated by red arrows. It’s the
same grain feature but notice how, in figure 7.38, the curl in the
grain shows as a dark line diverging around a patch of light-coloured
wood near the edge. In figure 7.39 the diagonal stripe is light coloured and surrounds a dark island. Look at the images closely and
you’ll notice more dark and light reversals of the same patches of
wood.

indication of probable joint failure in the
future.
The sprung joint helps counteract the
comparatively volatile width expansion
and contraction of the last 50 mm to 100
mm (2" to 4") of a plank’s length. The end
grain of timber adsorbs and gives up moisture the quickest. During glue up of the
sprung joint, the ends are closed just a little
tighter than the middle, and this helps to
compensate for the disparate movement.
In addition to this, custom and practise
show us that where the two joined edges
are convex at glue-up the joint usually fails
fairly quickly. In this situation, bringing
the edges together requires firm clamping
pressure at both ends to close the gap. The
joint will close, but both ends of the joint
are under tensile stress and want to open
up. As soon as a slight opening begins at
the very extremity of the joint it’s likely
serious failure will soon follow – a gap of
anything up to a few inches long extending toward the middle of the length develops in just days. The worst case is complete failure of the joint.
The sprung joint on the other hand is
much more durable. When formed correctly, both ends of the joint should re-

main tight. Even with the greater volatility of expansion and contraction at the
ends of a plank, a gap doesn’t form. I use a
zip (zipper) as an analogy to explain what

goes on. Close a zip and lock the tab at
the end and the zip stays closed. Pull up
the zip and leave the tab unlocked and the
zip gradually opens.
The basic sprung edge joint provides
the largest possible matching long grain
glue surfaces. If we accept the premise that the strongest glue joint between
two pieces of timber is long grain to long
grain, then anything reducing the maximisation of such a joint in tabletops, panels etc., weakens it.
Adjoining boards in a tabletop can, and
do, drift out of line in the thickness and
form a step. Even the weight of a TV or
computer monitor will do it with a foot
placed next to a glue line and left in place
for long enough. This is the case with
PVA glues or the similar aliphatic resin
emulsion types that creep (see this chapter’s endnotes).
For the reason just described, and in
many other situations, many woodworkers like to include an alignment aid or reinforcement of some kind into the basic
sprung joint, e.g., biscuits, dowels, loose
tongue etc. They all reduce the strength
of the plain edge joint, but compensate
for this loss through increased glue line
length and mechanical locking. The alignment aids and machined edge joints work

Figure 7.40. The gap is somewhat exaggerated here for clarity. When joining boards up to about 800
mm (32") long the ideal gap at the mid-point should be about the same thickness as a very fine wood
shaving. Longer edge joints tolerate a slightly wider gap. A gap such as this will close with little or no
more pressure than you’d need to hold something like a downward-facing telephone directory with
fingers and thumb either side of the spine.
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best when the joined edges are as carefully
and meticulously prepared as if doing a
basic sprung edge joint.
There is a further wood movement factor to consider in edge joinery. Waterbased glues such as PVA, hide glue, urea
formaldehyde etc., all introduce water to
the glue line. This water is very localised,
but it does cause wood to swell, creating a
slight ridge at the line itself, frequently no
more than 6 mm to 10 mm (1/4" to 3/8")
wide. If you glue up a panel with PVA
glue at 9 a.m., take it out of the clamps
at 12 p.m. and immediately get to work
preparing the panel for polishing, and actually follow up with polish you’re likely
to encounter a problem. A week or two
after polishing you’ll notice a slight furrow tracking every glue line.
If you’ve used a series of glued-in biscuits to reinforce the joints it is possible
you’ll see a slight furrow, and evenly
spaced roughly elliptical-shaped depressions matching the position of each biscuit. The chances are you’ll get away
with this error on vertical panel surfaces
because there is often little or no light
glancing off the visible face. But you won’t
with tabletops, and the glossier the polish the more the furrows and depressions
stand out. Biscuits are manufactured of
compressed beech wood, and they work
in part by swelling with the water introduced during the gluing up procedure.
This makes them fit tightly in the slot and
can exacerbate any swelling caused by water alone.
Sufficient time is needed between introducing moisture to the wood, which
will cause it to swell, and preparing the
surface of the wood for polishing. The
wood around the joint line needs two or
three days to lose the added moisture and
shrink down to match the level of the rest
of the surface. I like to leave edge joined
panels at least three days to settle, and a
week is better still.
Only biscuits have been discussed in
this section, but similar considerations
are required when using other edge joint
reinforcement or alignment aids, e.g.,
dowels or loose tongues. Non-water based
glues such as epoxy resin or polyurethane
types don’t cause the same problems, but
these glue types aren’t always appropriate
for the job in hand.
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7.10.1 Rub Joints
& Cramping Pressure
Scotch glue, aka hide glue, is made of the
gelatinous-like material found in animal
skin, bones, connective tissue, tendons
etc. Manufacture of the glue is through
prolonged boiling of these tissues until
the “brew” forms the essential gelatinous
liquid. It is then dried and sold as pearls,
blocks or cake. To use the glue it is softened in water and heated until it is thin
enough to spread with a brush.
Rub joints are a traditional joint utilising one of the properties of Scotch or hide
glues. Joints are put together by applying
glue to one or both parts of the mating
faces and rubbing the two parts together until the glue starts to “grab.” At this
point the assembly is left alone to set. This
works in solid-wood panel edge joinery,
fitting corner blocks to chairs, the application of mouldings to furniture etc.
If the technique is used in solid-wood
panel glue-ups I like to also use a few sash
cramps. I set them up ready for use, do the
rub joint and, after a few minutes, apply
the cramps and tighten them up. I do this
because as the glue and wood either side
of the joint dries it loses moisture and the
joints can end up microscopically “gappy.”
The cramps ensure the joint lines are tight
and gap free.
Modern adhesives undergo numerous
scientific tests, as do modern formulations
of traditional woodworker’s glues such
as Scotch or hide glue. Contemporary
manufacturers of modern glues or adhesives recommend cramping pressures for
their glues at assembly. Manufacturers of
one popular aliphatic resin emulsion glue
recommend a cramping pressure of 100
lbs per square inch for softwoods and up
to 250 lbs per square inch for hardwoods
(Franklin International, 1999, p 1). The
lesson for woodworkers is that we should
cramp up solid-wood panels with a sash
cramp set roughly 50 mm in from each
end of a panel with the rest of the cramps
spaced approximately 150 mm to 200 mm
(6" to 8") apart, and alternate the cramps
on the bottom face and the top face of the
assembly, e.g., three cramps on the bottom
face and two on the top of a panel roughly 700 mm (28") long. Alternating the
cramps top and bottom helps counteract
the panel bowing that setting cramps all

to one side causes. Additionally we should
tighten the cramps as tightly as we reasonably can by hand to achieve the required pressure. Is this tight enough? It is
unlikely a woodworker can exactly match
the cramping pressure recommended by
the manufacturer, but if you tighten up
the toggles or bars on the cramps as hard
as you can it is my guess you are unlikely
to exceed the recommended pressures.

7.11 Storing a Panel
Between Glue-Up & Use

A fairly common problem I see aired in
woodworking forums and the question
pages of both print and online woodworking magazines is this:
A woodworker has carefully edge jointed, glued, assembled and cramped up, and
then put to one side, a solid-wood panel
made of narrower planks. Whilst the glue
fully cures, and to give the glued-up panel
time to settle, the woodworker continues with other tasks. On retrieving the
panel the woodworker finds the panel is
cupped across the width. The question
aired is usually framed along the lines of,
“What did I do wrong?” or “Why did this
happen?” The cupping is reported as being a single concavity toward one face of
the panel no matter which way the end
grain is arranged (see figures 7.31, 7.32
and 7.33). Figure 7.44 illustrates the end
result, although the cause of the cupping
in this antique mahogany drop-leaf table
top is due to another factor, i.e., moisture
cycling over a long period, discussed in
greater detail in sections 7.13 and 7.14.
Further prompting of the questioner for
the sequence of events usually reveals the
woodworker made up the panel and then
laid it flat on their workbench or leaned
the panel against a wall. The probable
cause of the problem then becomes apparent. It is usually due to moisture uptake or moisture loss from one face and
not the other. This occurs because one
face is exposed to a change in atmospheric
RH and possibly significant temperature
change, whilst the other face is not. For
example, if the panel is rested directly on
the top of a workbench, the face resting
on the workbench is quite well-protected
from changes in RH whereas the exposed
face is not. At the end of a work session

if the heater or air-conditioning is turned
off, and the workshop is not well climate
controlled, this could lead to a quite rapid
change in RH values and temperatures,
and in both cases either upward or downward. The end result is the upper exposed
face of the panel either adsorbs or desorbs
moisture quite quickly. The sheltered face,
the one resting on the workbench, does
not, or does not to anywhere near the
same extent.
In every case the effect is the concave
side is drier than the convex side. Either
the concave face has shrunk, or the damper face has expanded, causing the panel
to cup primarily across the width. The
cupping can occur overnight or it might
take a few days. The worst-case scenario
is a panel glued-up and left for weeks,
months or even years, and the cupping
has had time to become set and therefore
probably intractable as far as effecting a
cure. If the cupping occurred overnight it
is often possible to correct it by spreading
damp wood shavings on a flat surface and
laying the concave face over the shavings.
The moisture transfers from the shavings
to the concave face of the panel and it
expands, thus straightening the panel. A
similar method is to lay the concave face
on slightly damp grass on a warm sunny
day. The sun dries out the convex face and
moisture is added to the concave side. Yet
another trick is to use a plant sprayer and
spray some water on to the concave face
to add moisture to the wood. There is no
certain cure once the curve has developed,
but I have found these tricks work quite
often.
The real answer is to prevent this cupping from happening in the first place,
and the best way to do this is to ensure
air can get all around a glued-up panel so
what affects one side affects the other side
equally. This means laying the glued-up
panel on stickers on a flat surface so the
air can circulate and avoiding localised
heat spots, e.g., ensure the panel is not
sitting directly underneath a heating panel or hot lights – it is also a good idea to
rotate the panel on the stickers from time
to time. An alternative and equally effective approach is to seal the panel as tightly
as possible after glue-up and the glue is
properly cured. A good way to do this is to
shrink wrap it in a plastic film so there is

minimum contact between the panel and
exterior conditions. If shrink wrapping is
not possible, wrapping the panel in layers
of plastic sheeting and sealing it as tightly
as possible with tape works rather well.

7.12 Mitres & Movement

Mitres used in joinery develop gaps at
the joint line as the wood expands and
contracts through the seasons. The wider
the pieces of wood, the longer the mitre,

and these two factors – combined with
the amount of overall movement caused
by expansion and contraction – mean the
gaps formed are more prominent. Mitred
narrow stock such as that used as protective lipping on veneered tabletop edges
show little or no gap at the mitre, but wide
architectural door facings, aka architraves,
often show significant gaps. In architectural work this is one good reason to cut
the vertically running architraves square
at the top end with the horizontal piece

Figure 7.41.

Figure 7.42. Two squares of solid European beech mitred and biscuit jointed together. The mitres
radiate from the square’s centre. The wood was about 8 percent MC when this test piece was made.
Beech was used because it has a high movement factor in response to moisture content changes. The
left piece was put above a radiator to dry more. The right piece placed in an unheated and uninsulated
garage. In the 17 days between the two photographs, Dec. 20 to Jan. 5, the shrinkage and expansion of each piece is evident in the gapped mitres. The piece set above a radiator, lower left, lost 2
percentage points of MC falling to 6 percent, and the piece kept in the garage, bottom right, gained 6
percentage points of MC in rising from 8 percent to 14 percent. At the end, the two square pieces had
each changed width from their original 313 mm at the beginning to 310 mm, bottom left, and 320 mm,
lower right.
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butted down tight on top of the square
ends. Fixing the top horizontal piece with
nails near the bottom edge causes the top
edge of the horizontal piece to move up
and down, leaving the joint tight.
The only really logical way to make
large tabletops to display diamond or sunburst grain patterns, and to avoid the gaps
at the join lines that shrinkage and expansion reveals when solid wood is used, is
to employ veneers over a stable ground,
e.g., MDF, plywood, chipboard (particle
board) etc. A circular solid-wood lipping
made of short parts mitred at suitable
points around the edge protects the veneer, and problems with wood movement
are minimal if the job is thought through
and constructed skilfully. On the minus
side, this form of construction, although
it opens up all sorts of decorative possibilities only veneers can provide, may lead
to alternative problems, e.g., veneers lifting from the groundwork, or scar damage
penetrating through the veneer to reveal
the ground below.

scribed are similar to the problems external joinery frequently encounters. After
several years, garden benches, farm gates
and oak garden gates often start to sag
from the hinge stile, creating a parallelogram. Not even the metal reinforcing
strap attached to the top rail of the gate in
figure 7.43, nor the original draw-bored
and dowelled construction saved it from
sagging. Exterior joinery takes a real beating over the seasons. It’s rained on, baked
by direct exposure to sunlight and frozen

in the winter. The joinery has to cope
with the widest range of RH the climate
throws at it. It’s not surprising the tenons
are crushed, particularly the narrow sections at either end of the mortice as they
swell and shrink through the seasons. Of
course, once a gap forms around the joint
line an opening is created allowing fungi,
wood-eating insects and bacteria in that
destroy and eat away the wood. Many
timbers have a reputation for their “durability” in exterior situations, and Euro-

7.13 Moisture Cycling

Moisture cycling has all sorts of effects on
wood. Most of us have experience of loose
hammer heads or axe heads on the end of
the wooden shaft. Often there is a steel
wedge at the end of the shaft. The first
thought is to perhaps blame the looseness
on the wood wearing out with use. This
may be a contributory factor, but another
candidate is moisture cycling. The wood
cells swell as they take on moisture during humid periods which makes the head
even tighter. But the hole in the hammer
or axe head is of a fixed size and doesn’t
give. The wood cells around the circumference of the shaft become crushed and distorted and collapse. Consequently, during
a following dry period, the wood shrinks
drawing the circumference of the shaft
away from the inside of the hole in the axe
or hammer head. Driving the steel wedge
into the end of the shaft tightens the head
again, but now the already-crushed cells
around the perimeter of the shaft are tight
within the hammer head hole. Subsequent moisture gain of the wood crushes
even more cells and, over time, the head
becomes permanently loose.
The effects of moisture cycling just de-
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Figure 7.43. A sagging gate caused through-moisture cycling at the joints.

Figure 7.44. A cupped antique mahogany drop-leaf tabletop. The MDF straightedge placed above indicates cupping of about 12
mm (1/2") over the 510 mm (20") width of the main top.

pean oak, the type used to make this gate
is one such wood. Durable in the timber
trade indicates a life expectancy of about
20 to 25 years with ground contact.

7.14 Moisture Cycling
in Table & Cabinet Tops

I don’t remember how many cupped solidwood tabletops I’ve seen. In the vast majority of the cases the concavity is across
the width of the boards and faces upwards
(see figure 7.44). The arrangement of the
end-grain orientation doesn’t seem to
make a significant difference. If the wood
is tangentially sawn the cupping of the
growth rings in narrow board glue-ups as
seen from the end may be alternated, or all
facing bark side either up or down. When
quartersawn wood is used the same cupping occurs. So what causes this cupping?
After much thought I concluded moisture cycling is the main culprit. Let’s take
a realistic scenario. It was common in the
British Victorian era to make large heavy
pine, oak, sweet chestnut, beech or sycamore kitchen tables for staff to prepare
food in grand country houses. For hygiene reasons, and at least once a day, it
was normal to scrub the tabletop with hot
water mixed with a little vinegar or salt,
and then left to dry.
Each application of water to the top
surface and the subsequent drying is a
moisture cycle. The wood cells near the
top surface of the wood adsorb a little water and swell, then dry and shrink again
– the underside of the tabletop always
remained relatively dry as it was never
soaked with so much water. Because the
tabletops were fixed down to stout rails
in the under framing they weren’t able to
cup upward freely – convex side up. The
dry underside, and the rails and/or bearers
holding the top flat resist each swelling

of the cells on the top side. The result is
the cells near the upper surface gradually
distort and collapse. Once they have collapsed they will never again, under normal circumstances in service, revert to
their original shape and the upward facing
concavity becomes permanent. The fixings
holding the top to the rails, or aprons in
North American parlance, give way under
the stress. The alternative, if the fixings
don’t fail, is a split or splits in the top with
the possibility of two multiple cupped
parts. Permanent cupping can take many
years show to itself, or it may take only a
few weeks or months. Even wiping down
tabletops with water-porous finishes, e.g.,
waxed, oiled or damaged film polishes
with a damp cloth every week or two, can
cause permanent upper surface concavity.
In a similar description of the cause of
cupped tabletops (Flexner1, 2007, p 1, and
Flexner2, 2008, pp 16-17) Flexner uses
the term “compression set” to describe the
permanently distorted cells. Kirby (2008,
p 19) disagrees with Flexner’s description
of the cause of the cupping so commonly
seen in tabletops, and the name compression set given to it by Flexner. Kirby
states, “... the explanation of compression
in Flexner’s column … is a loose explanation of what is known as permanent set.”
Yet Kirby then goes on to describe essentially the same condition of compressed
and distorted cells using the examples
of legs driven into solid wood chair seats
and compressed ends of wooden hammer
shafts loose in the hammer head.

7.16 Stress Release in Wood
During Ripping: Kickback

7.15 Water Damage: Surface
Checking & Cupping

Figure 7.45. Graphic illustration of moisture cy-

Sustained localised exposure to water
usually results in localised checking. The
cause of the water could be any one of
a number of possibilities, but a good ex-

ample is an occasional roof leak that only
reveals itself during heavy rain. The leak
in this case doesn’t cause major flooding,
but it does result in a drip resulting in a
small puddle on a flat wooden surface.
The water lies on the surface long enough
to cause localised swelling of the wood
cells under the puddle. The surrounding
wood remains dry, so the cell walls of the
swollen wood collapse and distort permanently. Later the dripping that caused the
puddle stops. The wood dries out and surface checks appear as the distorted cells
pull away from each other. The surfacechecked area will approximately match
the limits of the puddle.

Kickback is something all woodworkers
should study and take every step to avoid.
Ripping operations on the table saw are

cling resulting in permanent cupping across the
board’s width. The cells near the upper surface in
the lower sketch become distorted and shrunken
through constant wetting and drying. This pulls
the board concave on the upper side.
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fraught with danger if safety issues are
underplayed, ignored or you are unaware
of the potential causes of accidents. The
safest method of ripping wood on a table
saw is to use a power feeder. Many woodworkers don’t have one, but strategies are
available to reduce the chances of mishaps
such as kickback and to prevent fingers,
etc., from making contact with the blade.
The short set rip fence is the normal
ripping set-up in Europe. European rip
fences typically have a straight extrusion
of aluminium easily adjusted fore and aft.
Once this is set, it’s fixed with locking
levers to the casting riding on the saw’s
front rail. The Delta Unifence in the U.S.
is of this pattern, and the style is also seen
in the U.S. on European imports, e.g.,
Felder, Altendorf, Martin etc. For ripping
operations, the front end of the fence is
set long enough to hold the wood being
cut against the blade to a point only just
beyond that where the front downward
chopping teeth finish the cut. The European-style fences are not “short” as such.
They are as long as typical American-style
“long” fences – the same length as the
saw’s table. A secondary benefit of setting
the European fence “short” for ripping as
just described is it creates a long infeed
fence to guide boards into the saw blade.
A fixed long fence has greater potential
to cause kickback than the short set fence
just described. Take a piece of wood being
ripped where internal stresses are released
and the kerf opens up after the cut. Here,
the piece being dimensioned on the right
of the blade attempts to bow away from
it. It’s prevented from doing so by the
part of the fence extending all the way to
the outfeed end of the saw table. On the
other hand, the ‘short set’ European-style
rip fence doesn’t trap the bowed wood,
and the bowed part does bend away from
the saw blade. With a long fence setting
a piece that bows open after the cut is

Endnotes
16

Close stacking, aka dead stacking: packing a pile of
timber tightly reduces airflow considerably for boards
in the centre of the pile. Changes of relative humidity
do, of course, affect outer planks and board ends. Manufacturers of wood products such as wooden floorboards
shrink-wrap their close-stacked product with plastic to
isolate the product even further from the atmosphere.
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Figure 7.46. Water damage. Long-term exposure to water has caused damage to the polish
and localised checking to this pine tool box.
The cause of the long-term water exposure was
the plastic food storage box used as a pond for
sharpening stones. For perhaps as long as 20
years I had habitually kept my water pond on top
of my portable tool chest and lifted it on and off
to get out and use the stones. Inevitably, after
each use of the stones, a little water ended up on
the underside of the water pond, and this water
was trapped between the bottom of the plastic
container and the wooden chest.

forced tighter against the sawblade. This
bending, if powerful enough, causes the
wood to make firm contact with the all
important up-cutting rear-rising teeth of
the blade. If the saw is operated with neither a splitter (or riving knife) nor a crown
guard, the likelihood of kickback occurring is high.
Naturally, if released internal stresses
result in the kerf closing after the cut
the wood will pinch on the blade, again a
likely cause of kickback, and a splitter or
riving knife and over-blade guarding goes
a long way to preventing kickback.
There are other methods popular in the
U.S. for reducing the chance of kickback.
Most of these are two-part after-market
devices. One part attaches to the saw table
and the other is fixed to the rip fence. It
seems likely their design is inspired by the
fact that most North American users of
table saws leave the saw blade fully exposed when in use, i.e., with the splitter
and above-blade guarding removed. The

17

Creep: Some glues remain slightly elastic even after
their full cure. Polyvinyl acetate (PVA) glue and the
similar aliphatic resin emulsion formulations are wellknown ‘creepers’. Under stress the glue line gives and
parts move out of alignment. For example, bent wood
laminations glued with PVA tend to straighten out
long after their removal from the bending form. Where
the bend is slight and the stress on the glue line is also
similarly small the springback and long-term creeping

Figure 7.47. In a similar scenario to the water
damaged toolbox at left, this piece of beech, the
top of a cabinet, held a potted plant. In this case
the plant was over-watered several times over a
period of a few weeks. The excess water ran over
the edge of the container and was trapped under
it. The wood is surface checked as a result.

Figure 7.48. Water damage is evident in this
workbench top. During rebuilding of the workshop this workbench was stored outside under a
plastic sheet. The sheet tore and split in the wind
and the bench was rained on several times. The
upper side of the edge-joined boards swelled in
response, but the central tool well on one side
and the apron on the other restricted each edge
of the panel.

aftermarket North American anti-kickback devices usually have either fingers or
neoprene rollers to hold the wood down
to the table and tight against the fence.

is often insignificant. Severe bends where stress occurs
in both the glue line and within laminations themselves
show greater tendency to ‘springback’ or straighten.
Another form of creep involves moisture cycling, again
with PVA and aliphatic resin emulsions. In this second
version both the wood and the glue in a joint swell as
they take on moisture. The wood later shrinks as it dries
but the glue doesn’t and sits above the joint line. Where
this happens to a solid-wood glued up tabletop the re-

sult is a line of small pimples along the glue line that is
just perceptible to the finger tips although, quite often,
the pimples are also visible. I’ve occasionally seen the
‘row of pimples’ fault where rather wet planks, 13 per-

cent MC or so, were edge joined to make a panel which
later shrank as the wood adapted to internal house conditions by drying to roughly 8 percent MC. Glues that
never really cure hard and always remain a little elastic

allow a little movement in the joint. It is worth bearing
these creep characteristics in mind when working on
projects and selecting a different glue when it is judged
that creep might cause a problem.
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