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1. INTRODUCTION 

Wood has long been the most important construction material in Japan. In fact, 45% of the common houses in the country are 

constructed by using wood. The Horyu-ji temple, built in A.D. 607, is the oldest wooden construction of the world (Fig. 1a), 

and its dark-colored wooden frame is regarded as a venerable object reminiscent of its long history. The well-preserved 

construction proves that aged wood remains incredibly durable when appropriately maintained and protected from 

weathering and biological attacks. 
Musicians and artisans also usually prefer instruments made of aged wood (Fig. 1b) over those made from recent wood, as 

aging is believed to improve the stability and acoustic quality of the instruments. In this case, aging is not a negative 

senescence but a positive “treatment” that improves the quality of wooden products. 

At the same time, researchers generally accept that a few hundred years of aging slightly improves the stiffness and hardness 

of wood but significantly reduces the shear strength and toughness (Kohara, 1952, 1954a; Hirashima et al., 2004a, 2004b, 

2005; Yokoyama et al., 2009). The mechanism of wood aging is still under debate: the improved performance of the aged 

wood has not been convincingly explained, though its brittleness can be explained by the degradation of polysaccharides and 

the crosslinking of lignin (Yokoyama et al., 2009). The improved quality of old musical instruments is also questionable, 
because of the limited information about the acoustic or vibrational properties of the aged wood. 

Artificial aging is an important topic in wood engineering. This process allows for the reliable lifetime prediction of wooden 

structures and it may enable us to fabricate quality musical instruments without waiting for hundreds years. Various thermal 

treatments have been proposed to accelerate aging, but complete reproduction of naturally aged wood has not yet been 

realized. In this paper, the recent progress in wood aging and the unanswered questions related to this process are introduced 

to stimulate further detailed discussions on this topic. 

 

 
Figure 1.  Horyu-ji temple built in 607 (a) and an old Italian violin (b). 

 

2. BASIC STRUCTURE AND PROPERTIES OF WOOD 

2.1 Structure of wood 

Here, we focus on the structure and properties of coniferous wood as it is widely used in construction and to fabricate 

soundboards of musical instruments. Figure 2 illustrates the structure of typical coniferous wood in different scales. The 

coniferous wood has a honeycomb structure in which the tubular tracheid cells are aligned in the longitudinal (L) direction 

(Fig. 2b). Each cell wall has a multilayered structure (Fig. 2c) in which the oriented cellulose fibers (microfibrils) are 

embedded in an amorphous matrix comprising substances such as hemicelluloses and lignin (Fig. 2d). Such a multilayered 



and fiber-reinforced structure is found in all wood species; however, the shape of the cells and the thickness of the cell walls 

vary widely even within the same species. The fiber-reinforced and honeycomb structure is responsible for the lightness and 

excellent strength of wood in the L direction (Mark, 1967). 

 
Figure 2.  (a) Three different directions of wood; (b) honeycomb structure of wood cells; (c) 

multilayered structure of the wood cell wall (S1, S2, and S3); and (d) fiber-reinforced structure in the cell 

wall; M, middle lamella; P, primary wall. 
 

The major components of dry wood are cellulose (50%), hemicelluloses (20–30%), and lignin (30–20%). Cellulose is a high-

molecular-weight linear polymer, and it is highly crystallized into ordered strands called microfibrils. The microfibrils play 
an important role in the mechanical properties of wood as a reinforcement fiber (Mark, 1967; Forest Products Laboratory, 

1987). Hemicelluloses are mixtures of polysaccharides that consist of different kinds of monosaccharides. The 

hemicelluloses, associated with a part of cellulose, are in the amorphous state and oriented to some extent along the 

microfibrillar axis (Åkerholm and Salmén, 2001). These amorphous polysaccharides are responsible for the strong cohesion 

between the crystalline fibers and the amorphous matrix. Lignin, a three-dimensional phenyl–propane polymer, is a major 

component of the cell wall matrix. It is chemically stable and less hygroscopic than the other matrix components. 

When wood is used under ambient conditions, water should be considered the fourth component. The moisture content of air-

dried wood is approximately 10% at 50–60% relative humidity (RH). The amorphous matrix polymers adsorb moisture, 
which affects most of the wood properties (described later). 

2.2 Mechanical properties of wood along the grain 

Since wood has a honeycomb structure, it shows strong anisotropy and its mechanical properties depend strongly on its 

density () (Gibson and Ashby, 1997). In general, Young’s modulus of a honeycomb structure is described by the following 
equation, 
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where Es and s are Young’s modulus and the density of the cell wall material, respectively, and k is a constant reflecting the 
shape of the cells. The constant n reflects the density dependency, and it is 1 for the L direction and 3 for the direction 

perpendicular to the L direction. Eq. (1) can roughly describe the characteristics of wood: 1) Young’s modulus in the L 

direction (EL) is almost proportional to ; 2) EL is greater than the corresponding values in the radial (ER) and tangential (ET) 

directions; and 3) such a strong anisotropy is more pronounced with decreasing . In the R direction, the n value ranges from 
1 to 2 depending on the radial alignment of the cellular structure (Palka, 1973). Similar density dependency and anisotropy 

are observed in the other mechanical properties of wood, such as strength. To calculate the EL value of wood, in particular, 

Eq. (1) can be modified as 
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where Ew and w are Young’s modulus and the density of the wood cell wall, respectively. w is almost constant (1,400–

1,500 kg/m3), whereas  ranges from 300 to 600 kg/m3 for commercially available coniferous wood. The variations in Ew 
reflect the microstructure of the wood cell wall. Since the wood cell wall is reinforced by the oriented microfibrils (as shown 

in Fig. 2c), the mechanical properties of wood depend on the volume fraction () and the orientation angle () of the 

microfibrils.  does not vary widely in mature wood cells; however,  in the thickest S2 layer varies widely, from 0 to 50. 

Consequently, Ew varies from 10 to 50 GPa depending on the value of  , as shown in Fig. 3a (Norimoto et al., 1986). 

Obviously, a smaller  results in better mechanical performance in the L direction. On the other hand, an extremely large  



(>30) is found in woody tissues associated with leaning boles and crooked limbs, and such “reaction wood” is usually not 
used to produce structural parts and soundboards. 

Moisture content is also an important factor that affects the mechanical properties of wood. The moisture content is 

approximately 10% under air-dry conditions but it increases to ca. 30% at 100% RH. Moisture sorption results in the scission 

of hydrogen bonds between the matrix polymers, thereby reducing the rigidity and strength of the wood cell wall. 

Consequently, most of the mechanical performances of wood deteriorate with an increase in the moisture content. As shown 

in Fig. 3b, the E value of wood can be approximated by a linear function of moisture content at approximately 10% (Obataya 

et al., 1998, 2003). Because of the presence of fiber–matrix structure in the wood cell wall (Figs. 2c and 2d), the moisture 
dependence is more pronounced in the R and T directions than in the L direction.  

 

Figure 3.  Plots of Ew vs.  for Japanese cypress wood (a) and the effects of moisture content on EL and 

ER of Sitka spruce wood (b). 
 

2.3 Vibrational properties of wood along the grain 

The vibrational properties of wood are usually determined by the flexural vibration method (Hearmon, 1958). The sound 

velocity (V) or specific dynamic Young’s modulus (E’/ = V2) of a wooden plate is calculated from the resonance frequency 

of its flexural vibration. The damping property of wood is generally evaluated by the mechanical loss tangent (tan) or the 
internal friction (Q-1), which in turn can be calculated from the half width of the resonance curve or decrement curve at the 

resonance frequency. 

For effective sound radiation, soundboards should have high acoustic conversion efficiency, defined as V/ tan. Theoretical 

calculations have predicted that at a low , high E’/ (= V2), and low tan, the amplitude of sound radiated from wooden 
soundboards is increased (Yano and Matsuhisa, 1991); this prediction has been proved experimentally as well (Ono, 1996). 

In the L direction, V and tan (VL and tanL, respectively) are independent of  but strongly dependent on  (Norimoto et al., 

1986). Consequently, VL and tanL show a negative correlation (see Fig. 4a) (Norimoto et al., 1986; Obataya et al., 2000a). 

This is a general trend found in many wood species (Ono and Norimoto, 1984). This correlation also suggests that a smaller  
is preferred for effective sound radiation, i.e., louder sound.  

 

Figure 4.  Plots of tan vs. VL (a) and those of tanS/tanL vs. E’/G’ (b) for Japanese cypress (open 

circles) and Sitka spruce wood (filled circles). The dashed lines indicate the calculated values. 
 

The quality of a soundboard is determined not only by loudness but also by tone quality. The tone quality of a soundboard 

depends on its frequency response. Since dry wood polymers are in the glassy state, their viscoelastic properties remain 

almost unchanged over the audio frequency range. However, the flexural vibration of wood shows clear frequency 

dependence: E’ decreases and tan increases steeply with increasing frequency. Such an “apparent” frequency dependence 



results from the shearing deformation in the flexural vibration (Nakao et al., 1985). As shown in Fig. 4b, the ratio EL’/GL’ 

(8–26) is much larger than that of isotropic materials (2–3), and tan in shear (tanS) is 2–4 times greater than tanL. Such a 

strong anisotropy results in a slight shift of the resonance frequency and a marked increase in tanL at higher frequencies; 

therefore, the increased tanL damps the high-frequency flexural vibration of the wooden soundboard. Theoretical and 
experimental studies have clarified that high EL’/GL’ and ER’/GR’ ratios of wood are responsible for the soft “woody” tone 

(Yano and Matsuhisa, 1991; Ono, 1996) as well as the characteristic transient response (Ono, 1999). The E’/G’ ratios are 

independent of  in both the L (Ono, 1980) and R (Yano and Yamada, 1985) directions. Thus, it can be safely stated that a 
large anisotropy is essential for better tone quality of wooden soundboards. 

3. EFFECTS OF AGING ON WOOD PROPERTIES 

To study wood aging, many Japanese researchers use wood samples obtained from ancient temples. Note that in Japan the 

timber for religious constructions was usually harvested from special forests, carefully dried, and strictly classified; further, 

the complete history of such timber was clearly recorded. In addition, such religious constructions were well protected by the 

believers from war, fire, weathering and biological attacks. Therefore, minimal defects (irregular grain, stain, etc.) are present 

in such wood samples. Because of these reasons, researchers prefer to study wood samples from religious constructions. 

3.1 Chemical changes due to aging 

The cellulose content and crystallinity do not significantly vary between the aged and recent Japanese cypress wood (Kohara, 

1954b; Fengel, 1991); however, slight rearrangement of the elementary fibrils may occur during prolonged aging, i.e., aging 

for up to 1,300 years (Tsuchikawa et al., 2005; Inagaki et al., 2010). In Japanese red pine wood, the crystallinity and crystal 

width of the cellulose fibers remain almost unchanged even after 300 years of aging (Noguchi and Obataya, 2013). On the 

other hand, the hemicellulose content decreases significantly, probably because of hydrolysis (Kohara, 1954b). 

Depolymerization of hemicelluloses is the main reason for the degradation of the mechanical properties of wood. Although 
the lignin content also decreases during long-term aging (Tsuchikawa et al., 2005), the degradation of lignin is slower than 

that of polysaccharides (Kohara, 1954b). In addition, the aging may induce an increase in the degree of crosslinking of lignin 

(Yokoyama et al., 2009). 

3.2 Hygroscopicity of aged wood 

According to Yokoyama et al. (2009), after aging for 800 years or longer at 20C and 60%RH, the equilibrium moisture 
content (EMC) of Japanese cypress wood decreases from 9.2% to 7.7–8.6% and remains almost unchanged in the early stage 
of aging. Hirashima et al. (2004a) have reported that 290 years of aging do not affect the EMC of Japanese red pine wood. 

These results suggest that the hygroscopicity of wood is reduced only upon prolonged aging. The reduced hygroscopicity of 

the aged wood is usually explained by the decomposition of hemicelluloses, the most hygroscopic component of wood. 

Moisture sorption and desorption result in swelling, shrinkage, and various undesirable deformations such as curving and 

twisting. In addition, the stiffness and strength of the wood decrease with an increase in the moisture sorption in general. 

Thus, the reduced hygroscopicity of the aged wood directly improves its dimensional stability and indirectly enhances its 

mechanical performance. 

3.3 Mechanical properties of aged wood 

It is generally accepted that aging improves the compressive performance of wood in the L direction (Kohara, 1952; 

Hirashima et al., 2004b). Hirashima et al. (2004b) tested Japanese red pine wood aged for 270–290 years and corrected the 

experimental results after considering the density variations within the wood samples. They concluded that the compressive 

Young’s modulus and the compressive strength were improved by 51–59% and 19–49%, respectively. 

On the other hand, the bending properties of the aged wood are still debatable. Kohara (1952) has reported that the bending 
Young’s modulus and the bending strength of Japanese cypress wood improve after aging for 300 years. However, Kohara 

did not consider density variations within his wood samples. As the mechanical properties of wood strongly depend on its 

density, density variations should always be taken into account while considering the effects of aging. Yokoyama et al. 

(2009) have recently conducted more precise measurements for calculating the variations in density, moisture content, and 

microfibril angle in wood samples. From the corrected results (shown in Fig. 5), they concluded that aging has negligible 

impact on the bending performance of wood. 

The scattered plots in Fig. 5 suggest that long-term aging (>1,200 years) does not improve the bending performance of wood. 

However, the EL and L values of wood aged for 500–900 years are significantly greater than those of recent wood, implying 
that the bending performance can be improved by aging for a few hundreds years. This fact is consistent with another result 
reported by Hirashima et al. (2004a): Japanese red pine wood shows significant increase in the bending Young’s modulus 

(27–42 %) and bending strength (11–17%) after 270–290 years of aging. In this case, the differences between the aged and 

recent wood samples are not due to density variations. From these results, it is safe to conclude that although the bending 

performance of wood is slightly enhanced after a few hundred years of aging, it does not significantly decrease even after 

1,000 years of aging. 

At the same time, aging makes wood fragile to impact bending and tensile loading. For example, Japanese cypress wood 

absorbs 40% lesser energy during impact bending after 300 years of aging (Kohara, 1954a), and Japanese red pine wood 



absorbs 22–27% lesser energy after 270–290 years of aging (Hirashima et al., 2005). Similar degradation has also been 

observed in the rupture energy in static bending (Yokoyama et al., 2009) as well as for tensile strength (Hirashima et al., 

2004a). These results suggest that the aged wood is more brittle and less tough than recent wood, especially under tensile 

loading. 

 

 
 

Figure 5.  Bending Young’s modulus (EL) and bending strength (L) of Japanese cypress wood in the L 

direction, plotted against the age of wood (Yokoyama et al., 2009). Original data were re-plotted with 

permission from Dr. Yokoyama. 
 

Tsuchikawa et al. (2005) analyzed the crystallinity and accessibility of aged and recent cypress wood and concluded that the 

cellulose microfibrils are loosely arranged after aging for 1,000 years. If bundled cellulose microfibrils undergo a similar 

loosening, the toughness of the wood will significantly decrease. Meanwhile, Yokoyama et al. (2009) suggested that the 
reduced toughness of the aged wood was due to the depolymerization of hemicelluloses as well as the crosslinking of lignin 

during aging. Since the hemicelluloses are responsible for strong fiber–matrix cohesion in the wood cell wall, their 

decomposition possibly reduces the toughness of the fiber-reinforced wood cell wall. In addition, the crosslinking of lignin 

may increase the brittleness of the lignified part, especially in the middle lamella (M, in Fig. 2c)  joining adjacent wood cells. 

These interpretations sound reasonable because aging reduces the strength of the wood, particularly in the R direction. 

3.4 Vibrational properties of aged wood 

Figure 6 shows the VL, tanL, and EL’/GL’ values of Japanese red pine wood plotted against the aging time (Noguchi et al., 

2012; and Noguchi and Obataya, 2013). The aged wood shows slightly higher VL and smaller tanL. No clear trend is 
recognized in EL’/GL’, but this ratio does not decrease during aging. These results suggest that the aged wood gives more 

effective sound radiation without degrading the tone quality. 

 

 
 

Figure 6.  VL, tanL, and EL’/GL’ of Japanese red pine wood plotted against the aging duration. 

Filled circles, results of a previous study (Noguchi et al., 2012); open circles, recent unpublished data 

(Noguchi and Obataya, 2013); bars, standard deviations. 
 

The reduced tan of the aged wood is attributable to the increase in the crosslinking of lignin. However, it is still difficult to 

explain the slight increase in VL. The VL value reflects Young’s modulus (E’/ = V
2
) of the wood cell wall, and it is 

determined by the volume fraction of the cellulose microfibrils () and their inclination angle (). Noguchi et al. (2012) had 

speculated on the reason for the crystallization of cellulose, and concluded that the increase in  was responsible for the 
increase in VL. However, this speculation has been recently challenged on the basis of X-ray diffractometry (XRD) analysis, 

which indicated that the  and  values of aged and recent wood samples are almost the same (Noguchi and Obataya, 2013). 
Similar results have been obtained by near infrared (NIR) spectroscopy and XRD (Tsuchikawa et al., 2005; Inagaki et al., 

2010). Therefore, the enhanced stiffness of the aged wood cannot be attributed to changes in crystalline cellulose alone. 

Now, we reconsider the structural changes in the amorphous components during aging. Among different amorphous 

components, polysaccharides are the most important, and they are responsible for the strong fiber–matrix cohesion. During 



aging, these polysaccharides show alternate moisture sorption and desorption, accompanied by swelling and shrinkage. Such 

a hygroscopic stimulation might improve the orientation of the polysaccharides and enhance the stiffness of the wood cell 

wall. Otherwise, the rearrangement of the polysaccharides may involve “hornification” to make the wood cell walls rigid. 

Hornification results from the irreversible hydrogen bonding between polysaccharides, which makes paper less flexible 

during recycling (Kato and Cameron, 1999). 

In any case, we do not have sufficient information about the structure and conformation of amorphous wood polymers, 
though the crystalline region of wood cellulose has been studied in detail. For better understanding of wood aging, further 

investigations focusing on the amorphous region of the wood cell wall must be carried out. 

4. EFFECTS OF HEATING ON WOOD PROPERTIES 

4.1 Heat treatment of wood for property enhancement 

Heat treatment helps in modifying wood without using complicated equipment and harmful chemicals. Since the 1950s, 

various heating methods have been proposed to improve the dimensional stability (Seborg et al., 1953; Hillis, 1984; Bekhta 

and Niemz, 2003; Dubey et al., 2011) and durability (Kamdem et al., 2002) of wood. Heat treatment is sometimes called 

“accelerated aging” (Millett and Gerhards, 1972) because the brittleness, reduced hygroscopic stability, and the dark color of 

the heat-treated wood are similar to those of naturally aged wood. Matsuo et al. (2010, 2011) studied the kinetics of the heat-

treatment process and proposed that the color of the aged wood can be successfully reproduced by heating the wood in an 
oven (dry heating). However, perfect reproduction of aged wood has not yet been realized, because the mechanical and 

acoustic properties of heat-treated wood are still different from those of naturally aged wood (described later). 

4.2 Chemical changes due to heat treatment 

In the early stage of heating, a part of wood cellulose crystallizes, especially in the presence of moisture, and is 
depolymerized upon prolonged heating (Bhuiyan et al., 2000). This fact suggests that heating is intrinsically different from 

aging, because the cellulose crystallite remains unchanged during aging (Tsuchikawa et al., 2005; Inagaki et al., 2010; 

Noguchi and Obataya, 2013). On the other hand, hemicelluloses and a part of cellulose are depolymerized by heating, 

particularly in the presence of moisture (Mitchell et al., 1953; Kubinsky and Ifju, 1973). Such decomposition of 

polysaccharides is similar to that observed during long-term aging. Lignin is relatively stable to heating, but crosslinking 

occurs upon heating under dry conditions (Tjeerdsma et al., 1998; Wikberg and Maunu, 2004). 

The thermal degradation of wood is frequently evaluated by the weight loss (WL) due to heating. In Fig. 7, the time for 

5%WL is plotted against the reciprocal of heating temperature (1/T) (Stamm, 1956; Millett and Gerhards, 1972; Obataya et 
al., 2002, 2006). In “dry heating,” the wood is first dried and then heated in the absence of moisture (0%RH), whereas in 

“steaming,” the wood is heated in saturated water vapor (100%RH). Steaming always results in faster degradation than does 

dry heating because the hydrolysis of polysaccharides is remarkably accelerated in the presence of moisture. In other words, 

the moisture or relative humidity is an important factor that determines the performances of heat-treated wood; however, only 

fragmented data are available to corroborate the effects of heating at moderate RH (20–90%). 

 
Figure 7.  Time for 5% weight loss (WL) due to heating plotted against the reciprocal of heating 

temperature (1/T). Open symbols, dry heating; filled symbols, steaming. 
 

4.3 Hygoscopicity of heat-treated wood 

The most important advantage of heat treatment is the reduction in hygroscopicity, i.e., improvement of the dimensional 

stability (Bekhta and Niemz, 2003; Dubey et al., 2011). The reduced hygroscopicity of heat-treated wood is usually 
explained by the loss of hygroscopic hemicelluloses (Hillis, 1984) and the crosslinking of lignin (Tjeerdsma et al., 1998). 

Though both the dry heating and steaming reduce the hygroscopicity of wood, their effects are qualitatively different: dry 

heating results in greater reduction in EMC at higher RH, whereas steaming gives the opposite effect (Obataya et al., 2002). 



Probably the swelling of wood is effectively restricted by an increase in the lignin crosslinking due to dry heating, whereas 

such a restriction is not induced by steaming, where the wood is heated in fully swollen state. The moisture sorption 

characteristics of the aged wood are similar to those of dry-heated wood rather than steamed wood (Obataya, 2007), but 

again, little is known about the effects of heating at moderate RHs on the hygroscopicity of wood. 

4.4 Mechanical properties of heat-treated wood 

Figure 8 shows the bending Young’s modulus, bending strength, and maximum tensile strain of heat-treated wood as a 

function of WL due to heating (Millett and Gerhards, 1972; Obataya et al., 2006). Young’s modulus of wood often shows a 

slight increase upon short-term heating. Such a stiffening is attributed to the reduced hygroscopicity (Obataya et al., 2000b, 

2006) and/or crystallization of cellulose (Kubojima et al., 1998). The strength of the wood is reduced by heating, mainly 

because of the decomposition of hemicelluloses (Millett and Gerhards, 1972; Hillis, 1984). The significant reduction in the 

maximum tensile strain indicates the brittleness of the heat-treated wood. These changes are similar to those resulting from 
long-term aging as a whole. 

Strictly speaking, however, the effects of heating and aging are qualitatively different. Despite the significant crystallization 

of cellulose, the bending strength of wood always decreases on heating but remains almost unchanged or rather increases 

during aging, as shown in Fig. 5. This fact indirectly proves that the amorphous region plays a greater role in the mechanical 

performance of heat-treated wood and naturally aged wood than does the crystalline region. 

 

 
 

Figure 8.  Bending Young’s modulus (EL) and bending strength (b) of cypress wood along the grain 

plotted against loss in weight (WL) due to heating. Open symbols, dry heating; filled symbols, steaming. 
 

4.5 Vibrational properties of heat-treated wood 

Kubojima et al. (1998) tried to improve the acoustic quality of Sitka spruce wood by heating it in dry nitrogen gas. They 

found that the specific dynamic Young’s modulus (E’/) increased after a few hours of heating at 160–200C, as shown in 

Fig. 9. However, this treatment also induced a marked increase (10–20%) in tan in the L direction. In addition, the increase 
in specific dynamic shear modulus (GL’) was greater than that in EL, i.e., the EL’/GL’ ratio decreased upon heating. These 

results indicate that the acoustic conversion efficiency and the tone quality of wood are not improved but degraded by dry 

heating, even when the oxidative degradation is prevented. Kubojima et al. (2000) also reported that E’/ decreases and tanL 

increases when green wood is heated in a closed system ( steaming). Therefore, heat treatment is still considered risky for 
wood used to fabricate musical instruments. 
 

 
 

Figure 9.  Relative values of specific dynamic Young’s modulus (E/) and mechanical loss tangent 

(tan) of heat-treated Sitka spruce wood in the longitudinal (L) and radial (R) directions as a function 

of heating time (Kubojima et al., 1998). Selected data was re-plotted with permission from Dr. 

Kubojima.  
 



4.6 Future attempts for the reproduction of aged wood 

Heat treatment is a useful method to improve the practical performance of wood, such as dimensional stability and durability, 

and is beneficial for reproducing the color of aged wood (Matsuo et al., 2010, 2011). However, it is still difficult to reproduce 
the mechanical and vibrational properties of aged wood by the conventional heat treatment methods, i.e., dry heating and 

steaming, as already described. 

Since the chemical changes in wood components are very sensitive to moisture, heating at moderate RHs may be more 

conducive for accelerating the aging process. Hygroscopic stimulation, i.e., alternate moistening and drying on mild heating, 

is another promising method to accelerate rearrangement and hornification in amorphous wood polymers. 

5. CONCLUSION 

 Long-term aging improves the compressive Young’s modulus and compressive strength of wood along the grain. 

The bending Young’s modulus and bending strength of wood remain unchanged or increase slightly during aging. 

On the other hand, wood becomes brittle and less ductile during aging: the impact bending strength and tensile 
strength are significantly reduced. These changes are mainly due to the decomposition of polysaccharides and the 

crosslinking of lignin in the wood cell wall. The crystalline cellulose remains almost unchanged during aging. 

 Aged wood shows higher sound velocity and lower damping than does recent wood, and hence gives better sound 
clarity when used for making soundboards of musical instruments. The reduced damping is attributed to the lignin 

crosslinking; however, there is no convincing explanation for the enhanced sound velocity. 

 Heat treatment is a useful method to reproduce the brittleness and the dark color of aged wood. However, the 

improved stiffness, reduced damping, and enhanced anisotropy achieved by natural aging cannot be reproduced by 

conventional heat treatments. Appropriate moisture conditioning may be necessary for true acceleration of aging.  
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