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Introduction and Material
•The EC-funded FP6 project Holiwood covers the implementation of thermally modified hardwood in the sector of construction. 
•For load bearing members of eco2building and noise barrier system structural timber made of thermally modified hardwood (beech) “TMTB”is required. So far no structural 
properties of this material are known or published.
•Basic TMTB material was "Buche forte" from Mitteramskogler GmbH (A). This represents beech-wood that underwent a strong thermal modification in order to increase 
durability and dimensional stability. The raw material was of best visual quality without knots.
•Preliminary tests showed that TMTB that in regards of its structural behavior has to be regarded as a new material rather than just a slight modification  of a known hardwood 
species. This means that more or less all structural properties had to be determined by tests and known relationships between properties as provided in European standards 
could not be used.

Experimental

Conclusions

4-point bending tests of square-cut timber made of TMTB and untreated reference samples. For structural timber the bending strength and 
-stiffness together with the wood density represent the most important properties for the classification of the material. The European 
Strength Class System according to EN 338 is based on characteristic strength values where the bending strength defines the names of  the 
strength classes. For hardwood a characteristic bending strength of 30 N/mm2 refers to strength class D30. The boxplots show the bending 
strength and modulus of elasticity MOE of three TMTB samples and one untreated reference sample. The bending MOE of TMTB showed 
to be in the same range as the untreated beech and with a mean bending MOE E0,mean= 16500 N/mm2 it could be attributed to strength 
class D 50. The bending strength however was found to be only 30.9 N/mm2 which fits the material just into the lowest hardwood strength 
class D30. Remarkable are the relatively high Coefficients of Variation COV for the strength values. This can also be seen from the 
different failure modes. Typical failures occurred initially in the tension zone and could be followed by severe (c) or only minor (b) 
secondary shear failures. The failure mode as shown in (a) is mainly due to an increased angle of slope. Specimens with the highest 
bending strengths typically showed a failure mode with a large number of more or less parallel running shakes (d).   

Thermally modified beech as a structural material: 
Determination of some  important properties and possibilities 
for relevant grading procedures

Holistic implementation of European thermal treated hard wood 
in the sector of construction industry and noise protection by 
sustainable, knowledge-based and value added products.
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• The stiffness values of TMTB are similar or slightly exceed those of untreated beech timber and 
thus could lead to a classification of TMTB into high strength classes, e.g. D50.

• The strength values of TMTB are lower than those of untreated beech timber and thus could lead 
to a classification of TMTB into low strength classes, e.g. D30, for some properties only C16!

• The conclusions mentioned above suggest not to assign TMTB to existing EN 338 strength 
classes but to state discrete properties for its structural use.

• The brittle behavior of the material and the big variation of the test values is the main problem 
regarding its strength properties. Poor rigidity parallel to grain and great sensitivity to stress 
concentrations are likely to strongly limit the structural use of TMTB.

• Conversion factors to determine unknown strength and stiffness properties as given in e.g. EN 
384 can not be used for TMTB.

• The TMTB tested up to now was of a high visual grade. It can be assumed, that in particular the 
strength properties of TMTB of a lower visual grade (timber containing knots and other defects) 
might further decrease compared to the material tested so far.

• The prediction of the static MOE of TMTB by ultrasonic together with density measurements 
works well. However, the possibility of (bending) strength prediction is only limited. In 
consequence the application of machine grading of TMTB might be difficult.
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Grading is an important procedure for the prediction of the 
strength values of structural timber. Visual grading was applied for 
the tested samples. Parameters like density r , ultrasonic speed v, 
dynamic MOE Edyn and static MOE’s Em,g, Em,l were measured in 
order to assess the possibility of a machine grading. The matrix
shows good correlation for MOE, v and r whereas the most 
important property bending strength fm could not be well predicted. 
The graph indicates the best relevant correlation which was based 
on static bending MOE  Em,l. It can be seen, however, that a 
grading on base of static MOE would lead to a high rejection rate.
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Brittleness of TMTB was a major problem. It could be 
observed within the structural tests of the material but was 
most obvious in tests where multi-axial stresses occurred as 
e.g. in withdrawal tests with screws. Due to tension stresses 
perpendicular to grain the TMTB specimens showed severe 
cracking whereas  this could not be observed at all for the 
reference specimens.
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Tension tests perpendicular to grain were executed on boards to determine the relevant strength and stiffness parameters. For one 
series the bending strength and stiffness of the same boards were also tested. It could be seen that bending and tension MOE correlate 
well whereas only a poor correlation between bending- and tension strength could be found. The biggest part of the tension specimens 
failed in the clamps of the testing machine often resulting in low tension strength. The characteristic tension strength perpendicular to 
grain was found to be only 10.6 N/mm2. This strength has to be considered as being very low and would fit the material only in one of 
the lowest softwood strength classes C16. This proves that TMTB behaves different than normal structural timber. On base of EN 384 
the char. tension strength should be be around 60% of the char.  bending strength. A characteristic tension strength of 20 N/mm2 could 
have been expected.  


