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ABSTRACT
The objective of this study was to establish the correlation between the size of the wood knots 
and the modulus of elasticity (MOE) and the compressive strength (Fc) in Eucalyptus wood. 
156 Eucalyptus urophylla samples with knots were separated into 3 classes (small, medium and 
large knots), and samples were selected from the same tree and submitted to the parallel fiber 
compression test for MOE and Fc determination. There was a significant difference between 
the MOE and Fc of the smaller knot class (Class 1) and the other classes with larger knots 
(Classes 2 and 3). In general, the larger the knot, the greater the difference between the MOE 
and Fc. Wood with small knots (8.31 mm2) presents stiffness and strength statistically equal to 
wood free of defects. Eucalyptus wood stiffness is more sensitive to the presence of knots than 
the strength when compared to clear wood samples.
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1. INTRODUCTION

The occurrence of knots in the wood are anatomical 
defects that damage or render wood useless for certain 
applications. Knots are the embedded basal portion 
of a branch in the trunk that cause deviations in the 
woody tissue, as well as difficulty during processing, loss 
of mechanical strength in the workpiece and reduced 
wood quality (Krutul et al., 2013; Vek et al., 2014).

The presence of knots causes deviations in the fiber 
direction affecting the anatomical structure of the wood. 
The regions around the knots present inclined fibers 
or some type of deviation and have lower stiffness and 
strength against force applied in the direction parallel 
to the length than in comparison with areas of straight 
and oriented fibers (Košíková, 2009). The effect of 
knots on strength can be influenced by factors such 
as: cross section dimensions occupied by the knot, 
knot type, distribution location and distribution of 
the stresses present in the timber. (Gupta et al., 2004; 
Nagai et al., 2010).

For structural usage, it is desirable to use clear 
wood, or any other wood free of defects that may affect 
its mechanical strength. Mechanical resistance can be 
evaluated by several specific estimators. The estimator 
presented and recommended by ASTM D -143 (ASTM, 
1997) suggests that for evaluation of the mechanical 
properties by means of parallel compression tests for 
the wood fibers, the specimens should not present 
structural defects such as knots or holes.

Due to this requirement of the standard, it is difficult 
to obtain wood samples totally free of defects, and 
there may be a great deal of wasted material considered 
unsuitable for mechanical testing. Therefore, it is 
necessary to understand how the dimensions of the 
wood knot interfere in the wood’s mechanical properties, 
especially the stiffness and compression strength.

Hence, the objective of this study was to evaluate 
the effect of knot size on stiffness and strength of 
Eucalyptus wood.

2. MATERIAL AND METHODS

12-year-old Eucalyptus urophylla clones from 
commercial plantations located in Brasília de Minas, 
Minas Gerais (16° 12’30 “South, 44° 25’35” West) were 
used in this study. Wooden strips were removed from 
central planks of 32 trees (Figure 1). Wood samples 
with knots were removed from the strips. The knots 
were classified into three (3) classes according to their 
occupied area: small knots, up to 8.31 mm2 (Class 1), 
medium knots, from 8.31 to 33.43 mm2 (Class 2) 
and large knots, from 33.44 to 105.36 mm2 (Class 3), 
according to Figure 2.

The 156 samples with nominal dimensions 
of 100 x 25 x 25 mm were used for parallel fiber 
compression testing to determine the modulus of 
elasticity (MOE) and wood strength (Fc) according 
to procedure D 143-94 (ASTM, 1997). The samples 
had 12% of moisture content and showed well defined 

Figure 1. Methodology for sampling and obtaining test samples. A: clear wood; B: wood with knot.
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tangential and radial faces. The tests were carried out on 
a Universal Testing Machine (model EMIC DL - 30 kN).

The data of the evaluated parameters were submitted 
to analysis of variance (ANOVA), applying the F test at 
5% significance. Means were subsequently compared 
by Tukey test at 10% significance. Regression analysis 
was used to detect the correlation between the factors.

3. RESULTS AND DISCUSSION

The average values of the modulus of elasticity 
(MOE) and wood strength of clear wood samples 
(without knots) compared to wood samples with knots, 
within the different size classes can be seen in Figure 3.

Class 1 presented an average MOE for the clear 
wood of 7.649 MPa, and for wood with knots in 
this class, 7.144 MPa (Figure 3). In class 2 and 3, the 
average MOE was 6,585.7 MPa and 7,276.1 MPa for 
clear wood samples, and an average MOE of 5,583 MPa 
and 5,588 MPa for the wood with knots, respectively.

Figure 3 (B) demonstrates that the Class 1 samples 
presented average strength for the clear wood of 
53.2 MPa, and for the wood with knots belonging to 
this class of 46.9 MPa. In Class 2 and 3, the average 
strength of clear wood was 47.7 MPa and 50.9 MPa, 
and for the wood with the knots it was 38.8 MPa and 
39.6 MPa, respectively.

There is clearly a direct relationship between the 
MOE values and the size of the knots present in the 

analyzed parts. The higher the knot in the wood, the 
lower the MOE values obtained, as well as the greater 
the amplitude of variation, meaning 6.26% for Class 1, 
15.22% for Class 2 and 23.20% for Class 3. According 
to Koman et al. (2013), the increase in the proportions 
of knot areas results in a significant decrease of the 
modulus of elasticity (MOE), since the structure of 
the knots differs from that of normal wood.

Similar to that observed for the modulus of elasticity, 
the mechanical strength of the wood, reduced significantly 
with the presence of knots in the wood. Class 1 showed 
a reduction of 11.8% in the wood strength parallel to 
the fibers. For Classes 2 and 3, a reduction of 18.7% and 
22.2%, respectively, was observed in the mechanical 
strength of the wood.

Among the classes, Class 1 was different from the 
others (2 and 3), for both MOE and wood strength. 
Between presence and absence of knots, only Class 1 
showed no significant difference for the MOE, unlike 
Classes 2 and 3 (medium and large knot classes, 
respectively).

According to Green  et  al. (1999) the reduction 
of the mechanical characteristics is approximately 

Figure 2. Samples in different classes of knots. A: clear 
wood; B: class 1; C: class 2; D: class 3.

Figure 3. Modulus of elasticity (A) and compressive 
strength (B) of the wood samples without knot and 
within the different knot size classes. Means followed by 
upper and lower-case letters between presence and/or 
absence of knots do not differ from one another at the 
10% level of significance by Tukey test.
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proportional to the size of the knot. The authors also 
mention that the study of this defect is important 
in the determination of wood quality, especially for 
structural usage.

The reduction of the mechanical resistance occurs 
due to the change of the continuity and direction of 
the fibers around the knot, or in other words, due to 
the deviation of the grain that occurs around the knot 
(Vek et al., 2014; Oh et al., 2010). Burger & Richter 
(1991) state that in the case of compressive stress 
parallel to the fibers, the wood will be unstable due 
to the irregular grain near the knot.

According to Green  et  al. (1999), the influence 
of knots depends on their size, location, shape and 
stability, attendant local slope of grain and type of stress 
to which the wood member is subjected. Most of the 
mechanical properties are lower in sections containing 
knots than in clear straight-grained wood, because the 
clear wood is displaced by the knot, then the fibers 
around the knot are distorted resulting in cross grain 
and, the discontinuity of wood fiber leads to stress 
concentration.

The effect of a knot on the mechanical strength 
of the wood depends on the proportion of wood 
occupied by the knot, number of knots, nature, size 
and distribution of the knot, both along the length of a 
piece of wood and throughout its section (Hossein et al., 
2011; Zhou et al., 2016).

According to Vital (2008), deviation in the orientation 
of the woody cells of the trunk in the region of the knot 
can restrict the use of the wood for certain specific 
purposes or products or make its use unfeasible, thus 
reducing the quality of the wood, mainly for structural 
and furniture usage.

Figure 4 shows the correlation between the modulus 
of elasticity (MOE) of the knotted wood, within the 
different size classes, with the MOE of the wood without 
knots (clear wood).

It can be observed that for the three classes of knot 
size evaluated, low coefficients of determination were 
obtained, showing that the relationship between the 
MOE of the clear wood and the MOE of the wood with 
knots is low, presenting R2 values of 0.309, 0.312 and 
0.280 for Classes 1, 2 and 3 respectively. The larger the 
knot in the wood, the smaller the MOE ratio of this 
wood compared to the MOE of the wood without knots.

Some studies have shown that the presence of knots 
has a direct influence on wood strength (Grant et al., 
1984; Xu, 2002; Gupta et al., 2004). Grant et al. (1984) 
found that MOE and strength values decreased with 
increasing knot size. Xu (2002) showed that the knots 
have a negative influence on the MOE, even if the wood 
with knots is apparently more rigid. Gupta et al. (2004) 
found no significant difference in strength between 
wood with knots and clear wood of the Douglas-fir tree.

Figure 5 shows the correlation between the resistance 
of the knotted wood and the strength of the wood with 
knots, within the different size classes.

Figure 4. Two-dimensional plot of the clear wood MOE 
values versus the MOE values of the knotted wood 
within the three size classes.

Figure 5. Two-dimensional plot of the clear wood 
strength values versus the strength values   of the knotted 
wood over three size classes.
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It was observed that the models estimated for the 
different knot classes presented low coefficients of 
determination, similar to those observed for the MOE. 
The mechanical strength during compression parallel 
to the fibers presented a tendency for reduction in the 
precision of the models with the increase of the area 
of the knot.

In the region of the knots, the orientation of the 
wood cells in the branch follows a different orientation 
to the wood cells of the trunk, resulting in the reduction 
of diverse mechanical properties of the wood such as 
resistance to parallel and perpendicular compression 
the fibers, and traction and flexion (Green et al. 1999). 
There are also variations in other properties such as 
basic density, irregularities in the rings, occurrence of 
decomposing fungi, higher deposition of extractable 
components and discontinuities between the node 
and the surrounding wood, joint action or isolated 
from these factors contributes to the reduction of the 
mechanical resistance of the wood in the region of 
occurrence of a node (Vital, 2008; Fiorelli et al., 2009; 
Koman et al., 2013).

There is, indeed, a relationship between the knot 
dimensions and the parallel compressive strength of the 
wood fibers. According to Koman et al. (2013), the knot 
size has an inverse effect on the mechanical strength 
of the wood such that the increase in the knot area 
results in a significant reduction of both the modulus 
of elasticity and the mechanical strength of wood.

4. CONCLUSION

The effect of the knots on the mechanical properties 
of the wood depends on the dimensions occupied by 
these defects in the wood, such that the size of the area 
occupied by the knot presents an inverse relationship 
to the wood mechanical properties.
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