
Ring shake, which is the major obstacle to the economic exploitation of chestnut 
wood, is assumed to be very common because of the particular weakness of its 
wood, that in the radial direction might be particularly weak compared to other 
species (Fonti et al., 2002a). In fact the wood structure of chestnut is formed in such a 
way that makes it, compared to other wood species, specifically susceptible to 
tangential failure (Fig. 2). The earlywood zone, which has plenty of large vessels, 
represents a naturally weak zone and can consequently easily fail. Some species, 
as beech, cope with this weakness due to numerous and large wood rays, which 
through a high radial tensile strength are able to reinforce the earlywood zone 
(Beery et al., 1983; Mattheck et al., 1994; Badel and Perré, 1999; Burgert et al., 1999; Burgert and Eckstein, 2001; 
Burgert et al., 2001). But this is only partially the case for chestnut wood, which is 
characterized by small and thin uniseriate wood rays and thus cannot offer great 
resistance to failures developing in the tangential plane.

Results indicate that ring shaken wood 
denotes smaller earlywood vessels (Fig. 5) 
and a higher amount of wood rays proportion 
(Fig. 6) than the unshaken one. Although 
differences are not always statistically 
significant, the trend is clearly evident in each 
plot. 

More detail about the studies on earlywood 
vessels and radial rays are given in Fonti et al. 

(2002b) and Fonti and Frey ( 2002).

* = significant differences in mean.

Patrick Fonti1, Nicola Macchioni2, Bernard Thibaut3  Juergen Sell4

1 WSL Sottostazione Sud delle Alpi, CH-6504 Bellinzona; 2 IVALSA - CNR,  I-50136 Firenze; 3 LMGC - UM II,  F-34095 Montpellier; 4 EMPA,  CH-8600 Dübendorf 

Biomechanical adaptation of the wood structure
of European chestnut to growth stresses

The material of the study consists of wood discs sampled from the basis of shoots of three over-aged chestnut coppice plots located in the southern 
part of the Swiss Alps (Bedano, Gerra, Novaggio). All together 60 wood discs were sampled, 10 shake-free and 10 strong ring shaken discs from each 
plot.

Fig. 2: Example of ring shake developing 
across the earlywood vessels.

Fig. 1: Example of ring shake in 
chestnut wood.
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Anatomical characteristics were surveyed using a digital image device.

Fig. 3: Example of an analysed 
image. Coloured point correspond to 
the recognised earlywood vessels.

Fig. 4: Example of an analysed 
image. The red shapes of the 
foreground image represent the 
recognised rays.

Earlywood vesselscharacteristics were 
measured for each annual ring along a 
radius through images captured directly 
on the cross-section of the polished 
discs (Fig. 3). 

Measured characteristics:
number of vessels, mean and total 
vessels area

Radial rays characteristics were 
measured using a LTSEM on 6 
tangential wood sections sampled 
regularly distributed along the same 
radius used for earlywood measurement 
(Fig. 4). 

Measured characteristics:
Rays number and total rays area

Fig. 5: Confronting analysis among vessel characteristics. Fig. 6: Confronting analysis among rays characteristics.

References
Analysis of wood structural anatomical characteristics have shown that ring shaken 
wood displays a greater radial rays volume and smaller earlywood vessels lumina 
than the unshaken ones. 

This result could be founded in tree biomechanical processes. In this case it is 
plausible that, in order to face the problem of ring shake, stress-overloaded trees 
might generally create more rays and smaller earlywood vessels lumina than the 
stress-poor ones. In other words, to avoid undesired fractures, the wood must be 
provided with bearings that compensate for these stresses through an enhanced 
strength. 

These observations are a clear sign that also chestnut trees, during his life, can 
compensate for radial tensile stresses by adjusting his wood structure in order to 
produce a wood with high radial tensile strength.
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The release of stresses often is cause for cracks in wood (Kubler, 1987). The higher the stress, the likely the wood is shaken. 
Chestnut wood tends to develop tangential concentric splits, called ring shake (Fig. 1), while most of the other wood 
species form radial fractures. This defect however origin from the release of growth stresses that primarily occurs during 
wood manufacturing (cross cutting). 

Questions: Do stress-overloaded trees (i.e. ring shaken trees) adjust the wood anatomical structure in response to higher radial stresses? 
Are also in chestnut tree evident indications of a mechanical self optimization against high growth stress level?


