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1 - INTRODUCTION

Although their soundboards are traditionally made 
from European softwoods such as spruce or cedar, 
there has been a long standing and widespread belief 
that the other components of high quality classical 
guitars must be constructed from tropical hardwoods. 
Indeed, most builders and players alike consider 
the now archetypal tropical hardwoods - rosewood/
mahogany for backs and sides; ebony/rosewood for 
fingerboards and bridges; mahogany/spanish cedar 
for necks - as the preferred, if not the only choice for 
instruments of the highest tonal quality.

Whilst some non-tropical woods have found acceptan-
ce as backs/sides in certain niche applications - most 
notably cypress for flamenco guitars and maple for the 
more affordable “student” classical models - experi-
mentation with other, alternative non-tropical woods 
has remained largely neglected. Prior to the first 
‘LGRP-study about tonewoods1, there had been no 
reliable, scientific investigation into the suitability of 
non-tropical species such as alder, ash, cherry, plane, 
birch, poplar, chestnut etc. for classical guitar building.

The results of the ‘LGRP-study about tonewoods’ did 
not supply any empirical evidence to support the idea 
that the tropical hardwoods used in guitar making are 
in some way tonally superior to non-tropical alternati-
ves. On the contrary, when guitars made from tropical 
wood were pitted against guitars made from non-tropi-
cal wood in a series of blind tests, experienced players 
and listeners were unable to register a clear prefe-
rence for either set of guitars (tropical/non-tropical) 
and could not reliably distinguish between either wood 
group at anything other than chance levels. 

The ‘LGRP-study about tonewoods’ provided clear 
evidence that the acoustic properties of non-tropical 
woods make them viable alternatives to tropical woods 
when used to make the backs, sides, necks, bridges 
and fingerboards of classical guitars. However, to be 
considered as complete alternatives to tropical hard-
woods, non-tropical woods must also display similar 
mechanical qualities, to be able to withstand the stres-
ses placed on them and remain stable over time. 
The woods used to make classical guitar necks are 
particularly subject to important mechanical demands. 
They have to resist the tension supplied by the strings 
over decades, without the aid of  supporting truss 
rods. This made them a necessary and obvious focal 
point for further investigation and study.

2 - ABSTRACT

2.1. About the tests

The aim of this research was to establish whether 
non-tropical wood species posses the necessary me-
chanical properties to be regarded as viable alternati-
ves to the traditionally used tropical varieties.

We tested samples whose dimensions closely resemble 
those of real guitar necks  in order to find out if they 
would be strong enough to remain within an acceptable 
range of deformation:
(a) when under a degree of stress equal to that applied 
by 6 classical guitar strings, (b) with the tension applied 
parallel to the grain as with a real guitar, (c) in different 
hygrometric conditions, as guitarists sometimes travel, 
(d) over a ‘long’ period.

This paper presents the amount of gradual deformation 
per sample/species over the “longer” term. The alter-
native wood species are compared to the traditionally 
used tropical wood varieties.

The results provide an idea as to which species could 
be seen as alternatives. Because we did not have a 
sufficient number of samples of certain species, the 
results for those species are subject to interpretation 
and may be — though not necessarily — representative 
of that species in general.

The testing period began one year prior to the publi-
cation of this paper (April 2017). We will continue to 
carry out measurements for several years to come. The 
results will be published  yearly at: www.leonardo-gui-
tar-research.com

2.2 Concise summary of main findings

Compared to traditionally used species such as ma-
hogany and spanish cedar, some of the non-tropical 
species we
tested displayed a similar degree of stability and stiff-
ness over time.

There were 4 mahogany samples and 3 spanish cedar 
samples in the test. These samples showed an aver-
age deformation of around 0,25mm or less (but did not 
exceed 0,30mm). Poplar, spruce, lime, walnut, cher-
ry, maple and beech all displayed a similar amount of 
average deformation to that of the tropical species. The 
implication thus far is that these non-tropical woods can 
be regarded from a mechanical standpoint as viable 
alternatives. 

Of course, the tests must be continued, and additional
species, as well as a larger number of samples per spe-
cies, have to be added in order to get a more complete 
database and a deeper understanding of the subject.
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3 - METHOD

3.1 -  Design of the test set up

3.1.1 Studied material

We used 28 samples of 13 different wood species (fig2 p5)
Some species were represented by 2, 3 or 4 samples, others 
by only one. In accordance with tradition, the majority of 
samples were ‘quarter sawn’. However, within some groups 
of species, certain samples were ‘flat sawn’ for reasons of 
comparison.

The samples were cut from well seasoned wood.
The blocks were cut into blanks measuring 450 x 54 x 21mm. 
The blanks were then left to acclimatise in a workshop for 3 
months. The samples were regularly checked and any defor-
mation caused by changing hygrometric conditions was
‘corrected.’ Thus, the final thickness of the blanks prior to
setting up the test was 20mm.

The 28 samples were weighed and then ordered according to 
their density (from light to heavy). See fig1/fig 2, on p.5, which 
also shows whether the wood is flat or quarter sawn.

3.1.2 Measurement procedure

Within the guitar builders’ community there is an ongoing 
discussion as to the best way to measure the deformation 
of wood blanks being tested as guitar necks. Some builders 
claim that, if a blank is measured with the tension perpendi-
cular to the grain, the result, in both the long and short term is 
different from that when the tension runs parallel to the grain. 
For example: when measuring the deformation of mahogany 
and spanish cedar with the load applied perpendicular to the 
grain in the centre  of the sample, the mahogany tends to be 
‘stronger’ than the spanish cedar. Empirical observation on 
real guitar necks, however,  often shows that with the tension 
applied parallel to the grain - as is the case with guitar strings - 
the spanish cedar tends to display greater strength and
stability than the mahogany.
We opted to use the ‘parallel’ method as we wanted, (a) to
simulate conditions which were as real as possible, and (b) 
take the empirical evidence into account.

3.1.3 -  Mechanical set up
3.1.3.1 Setting up the samples

The design of the test set up is shown on p.5. On the left in 
fig.3 we see the set up that was used to establish the pitch 
of the 1mm Ø steel cable, whose vibrating length of 34cm 
corresponds to the distance between nut and 12th fret on a 
real guitar, and whose tension — applied by the 37kg weight 
— is equal to the pull of 6 nylon strings. The pitch of the cable 
under these conditions was 440Hz. This frequency provided 
us with a reference against which all samples could be subse-
quently set up in an identical manner. Each neck blank sample 
was provided with a nut and bolt to clamp the ‘string’ at one 
end. 

At the other end, a Fender-type tuner for electric bass-guitars 
was installed, allowing the string to be tuned to the desired 
pitch of 440Hz. The string was supported by two ‘nuts’ made 
from hard plastic (polymethyl methacrylate) whose base was 
dimensioned in such a way as to prevent it from being pushed 
into the surface of the wood by the downward pressure
exerted by the string. A headless nail was glued to the top of 
the hard plastic to act as a nut, providing the string with two 
‘sharp” vibrating points equivalent to the nut and saddle on 
a real guitar. The ‘nuts’ were set at a distance of 34cm from 
each other, which corresponds to half of the scale length of a 
standard or to the length of a real neck (see fig.3 p.5). A small 
wooden ‘foot’ was fixed to the underside of the neck blank 
to provide clearance for the tuning peg. The tension of the 
“string” was checked and corrected weekly (hourly the first 
day and daily the first week).

3.1.3.2 Making the measuring device 

The measuring device was made from a core of poplar
plywood. A layer of compact laminate was glued to each face 
of the plywood in order to obtain a stable construction.
A groove was routed in the bottom edge of the device to 
provide clearance for the string, a hole was  drilled through the 
centre and a measuring gauge installed.(see fig.3 p.5).

3.1.3.3  Applying the measuring device

Before using the measuring device on a wood sample it first 
had to be calibrated in order to guarantee accuracy. The 
calibration procedure involved extending the ‘feeler’ of the dial 
calliper 3 mm below the base edge of the device, placing the 
device on a perfectly flat surface so that the ‘feeler’ retracted 
back inside the housing, and then setting the needle of the 
gauge to zero. Once the measuring device had been calibra-
ted, it was lowered over the string and into place between the 
sample’s two nuts (see fig.4.p.5). The amount of deformation 
indicated by the dial of the gauge was recorded and entered 
on a spreadsheet. The device was checked for flatness before 
each measuring session, but remained stable throughout the 
entire year).

3.2 - Collecting and processing the data.

An excel spreadsheet was set up so that the data could be 
easily converted into graphs. (see p.8, p.9, p.10)

3.2.1 Intervals of measurement

To follow what happened over the first year, the samples 
were measured every day for rthe first 3 days and after that 
approximately every 2 weeks. After 10 months all samples 
were completely relieved of tension for 12 hours before being 
brought back up to pitch. We wanted to “see” what happens to 
a neck when changing a set of strings. 4
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(fi g 4) schematic view of the test set up and the measuring device
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Cedar (3)
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Apple (2)
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5
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8
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259
259
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266
274
278
278
280
285
286
295
289
300
307
308
312
314
319
331

(fi g 2) samples numbered in order from
 light to heavy.

(fi g 1) all wood samples being weighted 

(fi g 3) schematic view of a guitar and a test sample
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4 -  RESULTS
4.1 Graphs for each wood species, indicating the amount of deformation over one year.

The vertical axis shows the samples’ deflection measured in tenths of a millimetre. The horizontal axis shows the inter-
vals when the measurements were taken. Measurement 1 was taken with no tension applied, measurement 2 was taken 
on day 1, measurement 3 on day 2 and measurement 4 on day 3. Thereafter, a measurement was taken approximately 
every two weeks. After 10 months the tension on all samples was removed and then re-applied on the same day (measu-
rements 26, 27 and 28). The measurement intervals cover a time period of one year from April 2016 to April 2017.
A broken orange line at 0.25mm on the vertical axis indicates a hypothetical limit of desirable deformation, comparable 
to that of a comfortably playable classical guitar neck. (A deformation of more than 0.5mm between the nut and fret 12 
makes setting the guitar’s “action” difficult  and has a negative impact on the instrument’s playability).
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(fi g 5) 

11

4.2 Other results

 - Of the 28 samples tested, 15 displayed a deformation which remained below the “critical” 0.25mm line 
throughout the year. These were: 1 of 3 cedars, both linden samples, 3 of 4 mahoganies, all 3 walnuts, 1 of 
2 cherries, 1 of 2 planes, 3 of 4 maples and the beech sample (see fig.5 on this page)

 - 2 samples exceeded the critical l ine very briefly (during conditions of high humidity) and by a very small 
amount – 0.025mm. These were: 1 of 4 mahoganies and 1 of 4 maples.

 - 11 samples clearly exceeded the 0.25mm line, some temporarily and some for most of the time. A quarter 
sawn apple sample gradually deformed from 0.275mm to 0.5mm

 - The highest deformation peaks for all samples (with the exception of pear and apple) occurred after
approximately 2 to 3 months when humidity rose to between 70 and 80%. Almost all samples straightened 
back up as the humidity returned to about 50% after 4 to 5 months.

 - At the end of 10 months, when tension was released and then re-applied on the same day, most samples 
immediately returned to the level of deformation they had displayed prior to tension release and remained 
relatively stable over the following 2 weeks.

 - The sets of cedar, mahogany, maple and apple consisted of both quarter sawn and flat sawn samples.
All of the flat sawn samples displayed a level of deformation which was lower than or equal to that of their 
quarter sawn counterparts within the set.

 - Differences in performance of samples of the same species within a set were sometimes more pronoun-
ced than differences in performance between samples of different species.

 - Some samples appeared to perform better over time (3 of the cedars being the extreme) and others 
seemed to perform worse over time (the 2 apples and the pear being the extreme). Within certain sets of 
species, all of the samples appeared to be relatively stable over time.
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5. CONCLUSIONS and further work.

The results of this study show that non-tropical wood species can be a viable alternative to the traditionally 
used tropical varieties. However, the behaviour of a particular piece of wood, be it of tropical or non-tropical 
origin, is relatively unpredictable: a specific piece of wood can be more or less stable over time, and even 
when it is stable it can deform beyond what luthiers require.
The status accorded to established species such as cedar and mahogany is not necessarily a guarantee of 
stiffness or stability. For example: 2 of the 3 cedar samples were flat sawn from the same board, where they 
were adjacent. One might have expected that they would behave similarly, but they did not: cedar 3 performed 
very well whereas its neighbouring sample, cedar 2, regularly exceeded the 0.25mm line and was noticeably 
less stiff. Similarly, the two quarter sawn plane samples from the same board displayed varying degrees of 
stiffness.

 - On the other hand it seems as if the results recorded within a few weeks or a month are consistent with 
those recorded at the end of the year. Time will tell if this trend continues. If it does, it would be very helpful 
to luthiers if a tool and method could be developed to enable a rapid assessment (within one month) of the 
suitability of a given neck blank. If such an assessment could take place in humid conditions it may well avoid 
nasty surprises later, as our results have shown that most samples regain their straightness as conditions 
become drier.

 - The results also show that the flat sawn samples performed very well. Their performance was equal to or 
better than that of the quarter sawn samples. This seems to contradict the generally accepted idea in classi-
cal guitar circles that necks have to be made from quarter sawn wood. This issue requires further investi-
gation and questions have to be posed as to how or why such misconceptions come into being. 
“Lutherie construction relies heavily on quarter sawn wood, and a number of references indicate that this is 
because wood is stiffer when oriented this way. There is surprisingly litt le data available on this subject but 
what there is indicates that this is not so, at least along the grain. Cross grain stiffness is another thing alto-
gether, though.” (Citation of R.M. Mottola on http://www.liutaiomottola.com/myth.htm).

 - The results of this study provide an idea as to which species may potentially be used as alternative neck 
woods. For some of the species our sample numbers were quite limited, and care must therefore be taken 
when interpreting their performance. To obtain more reliable data about the qualities of particular species in 
the future, we recommend the testing of at least 10 samples per species.
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