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Influence of knots to mechanical stress grading of spruce wood timber
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Abstract: Influence of knots to mechanical stress grading of spruce wood timber. Spruce wood timber is applied
for wood engineering structures. Wood defects ( knots, grain angle and other ) have significant influence to its
strength and elasticity and from it resulting grading into the equivalent strength class. The characteristic values are
determined in EN 338. The experiment was oriented to the investigation of the defects influence to MOE of spruce
wood timber. The recorded force-deformation diagrams were used for determination of the characteristic values
and from it resulting grading into the equivalent strength class.
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INTRODUCTION

Wood is material with high variability of the physical and mechanical properties. Many
factors can be reason of its variability. For instance density and defects of wood are very
interesting from the viewpoint of the mechanical stress grading. The density influence to the
mechanical properties is known. It can be applied as a direct proportional linear function. The
influence of the wood defects is much more complicated and less investigated. Knots, which
have dominant position in the softwood species, have negative influence to the mechanical
properties especially.

The mechanically stress graded timber is preferred in the area of the wooden structures
which have tendency of the intensive increasing at the present time. One of the most often
applied method of the mechanical stress grading is application of the bending loading
(ROHANOVA 2013, ROHANOVA — NUNEZ 2014).

From this point of view the non-destructive characteristics, i. e. modulus of elasticity
(MOE) or the influence of knots to the modulus of elasticity, are very interesting. Afterwards
the suitable grading of the timber, based on the known relationship of modulus of elasticity and
modulus of rupture (MOR), for require aims is possible.

The aim the contribution is evaluation of the influence of the knots to the variability of
MOE at the bending loading. This relationship is possible to apply at the quality evaluation of
timber for the purposes of the wooden structural elements.

MATERIAL AND METHODS

The spruce wood timber of the regularised cross section 32x240 mm (2 pieces) and
32220 mm (4 pieces) of the length 2 500 mm was tested. Specimens of the board length were
tested to the 3-points bending test with the support span 1 000 mm. The specimens were
conditioned to 12 % moisture content at the air condition humidity ¢ = 65 % and temperature t
= 20 °C. This moisture content is required in the standard EN 384. Ten testing points were
chosen on the each specimen in relation to the knots distribution, Fig. 1. Afterwards the
specimens were loaded in these points as from the face (side) A as the face B. The loaded force
F =2 949 N was applied to the specimen with the breadth b =240 mm and F =2 703 N for the
breadth b =220 mm. The applied force was lower than the supposed proportional limit. Further
the points with the highest and smallest deflection were chosen for the repeat loading to the
ultimate limit. The recorded force-deformation diagrams are shown in Fig. 2 (for specimens S-
1 and S-3). The deformations (in our case deflections) and forces determined from the force-
deformation diagrams were applied for MOE calculation. The variability of MOE in the board
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length for specimens S-1 and S-3, taking in account the both faces (A and B), is shown in Fig.
3.
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Figure 1. The data sheet for specimen - board No. 3. Method of the knots identification on the board faces
(sides A, B) and the testing point arrangement in the board length.
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Figure 2. The force-deformation diagram in the selected point in the board No. 1 (S-1) and in the board
No. 3 (S-3). A - loading to the face A - force-deformation curve in the point 2 (in S-1) and in the point 7
(in S-3) at the loading to the ultimate limit. B - loading to the face B, the points (force, deformation) at the
loading to the assumed proportional limit in the point 2 (in S-1) and in the point 7 (in S-3).
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RESULTS AND DISCUSSION
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Figure. 3. The continuous variability of the modulus of elasticity in the tested points in the board length at the
bending loading.

The negative influence of knots to MOE of the spruce wood timber results from the
experimental tests. It is possible to states base on the Fig. 1, 2 and 3, which represent the
specimens with the extreme results. The specimen with the highest MOE (S-1) and with the
lowest MOE (S-3) were used for the result analysis. All figures is necessary to take into
consideration at the evaluation as a complex. Fig. 1 represents a data sheet and gives
information about the distribution of the identified knots. Fig. 2 gives information about the
specimens reaction to the loading from the side A and B. The loading to the side A in both cases
is represented with the force-deformation diagram into the ultimate limit. The loading to the
side B is represented only with one point B which position is very closed to the diagram curve
for the side A.

For final application of our results the Fig. 3 is most important. In the first, gives
information about the continuous variability of MOE in the relation to the knots distribution as
for loading to the side A as to the side B. In the second, base on the standards STN 49 1531,
EN 1912 and EUROCODE 5 values of MOE for the qualitative classes SO, SI and SII we can do
the evaluation of our specimens. The Fig. 3 enable to grade the tested specimens to the
qualitative classes. S-1 into the class SO (the best) and S-3 into the class SII (the worst). This
diagram can be also applied for the weakest points determination (i. e. point No. 7 in the
specimen S-3), what is the basement of the mechanical stress grading.

CONCLUSIONS

The results of the experimental tests give reliable information about the influence of
knots to MOE of the spruce wood timber. The distribution of MOE in the board length is
suitable information for application in the methods of the mechanical stress grading. It is the
most suitable for methods with the bending application. This kind of grading is the most suitable
for the timber applied in the wood structure elements. Base on the above mentioned knowledge,
wood defect elimination and new longitudinal joining in the weakest points is possible to apply.
For example, application of the fingers joins gives possibility of new grading into higher
qualitative class.
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Streszczenie: Wplyw sgkow na sortowanie wytrzymatosciowe drewna swierkowego. Drewno
swierkowe jest wykorzystywane w konstrukcjach drewnianych. Wady drewna (se¢ki,
odchylenie witokien, inne) majg istotny wplyw jego na wytrzymatos¢ i sztywno$é, co
determinuje przynalezno$¢ do klasy jakosci. Wartosci charakterystyczne sg okreslone
postanowieniami normy EN338. Badania dotyczyly okres$lenia wptywu wad na MOE drewna
swierkowego. Zarejestrowana zalezno$¢ miedzy silg a przemieszczeniem zostaly wykorzystane
do okreslenia warto$ci charakterystycznych oraz na ich podstawie do okre$lenia odpowiednie;j
klasy wytrzymatoSci.
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