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Building Guitars with Torrefied Spruce
Introduction 

For centuries, spruce has been the preferred material for 
instrument soundboards. Among its many varieties, Italian 
Alpine spruce from Val di Fiemme, often referred to as 
the “Stradivari forest”, has achieved near-mythical status 
among violin and guitar makers. Its appeal lies in a rare 
combination of low weight, high stiffness, and excellent 
acoustic responsiveness.

Traditionally, spruce is air-seasoned for many years before 
being used in instrument making. This slow aging process 
is believed to stabilize the wood and gradually improve its 
tonal performance behavior. Even after long seasoning, 
however, wood remains hygroscopic: if the environment’s 
humidity changes, it absorbs and releases moisture, 
changing its dimensions and mechanical properties. For 
instrument makers, coping with this behavior has always 
been a challenge.

Thermal treatments, often referred to as torrefaction, 
have been developed to address these issues. These 
processes aim to accelerate aging, reduce moisture 
sensitivity, and improve dimensional stability. Many 
luthiers describe torrefied wood as lighter, more stable, 
and more “responsive”. Until recently, these impressions 
were largely based on experience rather than systematic 
measurements.

This article explores what happens to spruce soundboards 
when they undergo thermal treatment, focusing on 
measurable changes in mechanical and acoustic properties 
and what those changes imply for the sound of a guitar.

The Thermal Treatment Process

The thermal modification process considered here, 
involves heating spruce boards to approximately 160 °C 
in a sealed chamber with extremely low oxygen content. 

This oxygen-free environment is essential. In an oxygen 
free environment, the wood does not burn or char, but 
instead undergoes controlled physical and chemical 
transformations.

The process unfolds gradually over several hours. 
Temperature is raised slowly and held at its peak for 
a specified amount of time. After cooling, the wood is 
carefully re-humidified and reaches a new equilibrium with 
ambient air. At the end of the process, the treated spruce 
has a lower moisture content than untreated wood and is 
noticeably darker color. Many instrument makers find this 
color change appealing.

Importantly, torrefaction does not destroy the wood’s 
cellular structure. Instead, it selectively removes and 
alters certain components, such as resins and volatile 
extractives, while leaving the overall architecture of the 
wood intact.

How the properties of spruce change with thermal 
treatment

In the present study, 12 spruce boards were selected, 
producing 12 bookmatched pairs and a total of 24 
wood samples. The boards were divided into three air-
dried groups, aged 2, 5, and 20 years. Many different 
measurements were carried out on the soundboards, both 
before and after the heat treatment, to determine the 
effects of torrefaction on factors which would affect the 
sound and stability of the soundboards. 

One of the most consistent effects of thermal modification 
is a small reduction in density. On average, treated spruce 
becomes about 3% less dense. This mass loss is mainly 
due to the evaporation of resins, extractives, and residual 
bound water within the wood.

At the same time, stiffness increases slightly, by 
approximately 5%, both along the grain and across it. 
At first glance, this may seem counterintuitive. Lighter 
materials are often assumed to be weaker. However, in 
wood, stiffness depends largely on the structure of the cell 
walls rather than on moisture or resin content.

Figure 1: Two book matched spruce plates for guitar showing 
the difference in color after the thermal treatment. Left: pristine 
wood, right: thermally modified wood. Photo Courtesy Wood ’n’ 
Tones (https://woodntones.com).

Figure 2: Example of time-temperature cycle of the thermal 
modification process.
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From an acoustic standpoint, what really matters is not density or stiffness alone, but how efficiently vibrations are 
converted into sound. A useful indicator of this efficiency is the Sound Radiation Coefficient (SRC, also referred to as the 
Radiation Ratio). This parameter increases when wood becomes both lighter and stiffer.

Thermally modified spruce shows a clear improvement in this respect, with an average increase of about 7%. In practical 
terms, this suggests that a soundboard made from treated 
wood can radiate sound more efficiently than an untreated 
one, potentially producing more volume for the same 
vibrational input.

The most significant change induced by thermal treatment 
concerns damping, also known as internal friction. Damping 
determines how quickly vibrations decay in the soundboard.

Measurements show that thermally modified spruce exhibits 
a substantial reduction in damping, on the order of 20%. 
This means that vibrations persist longer before fading away. 
Acoustically, lower damping is often associated with greater 
sustain, clearer resonance, and a more immediate response. 
However, reduced damping is a double-edged sword. While it 
can enhance projection and sustain in a complete instrument, 
it also affects the string-to-soundboard interaction, making 
the instrument more prone to wolf notes (see later).

Error bars in Figure 3 show that thermal treatment does 
not affect all boards in the same way, even though the 
observed variations are significant. On the other hand, no 
clear relationship emerges between seasoning time and the 
changes in the material’s properties.

Inside the Wood: A Microscopic View

X-ray microtomography offers a window into the 
microscopic changes caused by thermal treatment. These 
images reveal several subtle but important transformations.

One of the most striking observations is the emptying of 
resin canals. In untreated spruce, these canals are partially 
filled with dense resin while, after treatment, they are 
empty. This change helps explain both the reduction in 
density and the decrease in damping, since resin is a viscous 
material, contributing to energy dissipation.

Simulating a Guitar Soundboard

Numerical simulations, a computer-based technique giving realistic results, were used to determine whether the 
observed changes would reflect on a real guitar. A 3D model of a classical guitar soundboard was drawn, and the wood 
properties of pristine and thermally treated wood were assigned to the soundboard and bracing. The results of the two 
configurations were then compared.

The simulations show that the natural vibration patterns of the soundboard remain essentially unchanged if considering 
pristine or thermally treated wood, while their frequencies shift slightly upward. This shift is consistent with the 
combined effects of reduced density and increased stiffness. Consequently, the tonal balance of the instrument is largely 
preserved. Across the full spectrum, the average sound level increases slightly. The most noticeable differences occur 
near the resonance frequencies (the region of the peaks in Figure 6). Since damping is lower, resonance peaks become 
stronger, leading to a louder response at specific frequencies. 

The reduction in damping deserves special attention. While it does not dramatically alter the general frequency 
response, and therefore the instrument’s tone, it does make the soundboard resonate for a longer time, thus enhancing 
the sustain. At the same time, it makes the guitar more sensitive at its natural resonances.

Figure 3: Variation of density, longitudinal stiffness (EL), quality 
factor Ql (inversely proportional to the damping) and Sound 
Radiation Coefficient (SRC) of the soundboards after the thermal 
treatment.

Figure 4: X-Ray microtomography of a spruce sample: a) pristine 
wood, b) thermally modified wood. The resin canal on the right 
is empty after the thermal treatment.



65

In practical terms, this means that unwanted resonances, such as wolf notes, may become more noticeable when a 
played note coincides with or is close to a natural mode of the soundboard. These effects are localized and frequency-
specific, affecting only certain notes rather than the entire range of the instrument.

It is worth noting that real guitars include many additional sources of damping, such as varnish, air coupling, the sides 
and back, and even the player’s body. These factors can partially mitigate or mask the intrinsic reduction in damping of 
the wood itself.

Conclusions

Thermal modification changes spruce properties in a predictable fashion. The wood becomes lighter, stiffer, and there is 
significantly less damping. As a result, it radiates sound more efficiently and sustains vibrations longer, while preserving 
its essential anisotropic behavior.

When used in a guitar soundboard, these changes do not radically transform the instrument’s voice. Instead, they subtly 
enhance sound radiation and emphasize resonances, particularly close to natural frequencies. Depending on the design 
of the instrument and the goals of the maker, this can be either an advantage or a challenge.

Beyond acoustics, one of the most important benefits is reduced hygroscopicity, which translates into greater 
dimensional stability as humidity conditions change.

Ultimately, thermally modified spruce should not be viewed as a shortcut to “aged” wood, but as a distinct material with 
its own acoustic personality, one that offers new possibilities, and new considerations, for contemporary guitar making.

Figure 5: The first ten modes of vibration of the guitar soundboard calculated 
by Finite Element Analysis.

Figure 6: Variation of Sound Pressure Level for a guitar soundboard 
realized with pristine and thermally modified wood.


