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Abstract

Background and purpose: Dynamic methods (non-destructive) tests is based on creating
stress without failure in the samples and save time and costs for evaluating mechanical properties.
Knots or the encapsulated branches are the most important factor in the grading of wood.
Therefore, the objectives of this research are: detection of knots by non-destructive methods,
measuring the dynamic modulus of elasticity of beech log using stress waves, and the effect of
knot size on the speed of stress waves subsequently, and the value of dynamic modulus of
elasticity.

Materials and methods: The studied area was Shafarood series 11, which is located in the
southern part of the Shafarood watershed, starts at an altitude of 500 meters and continues up to
an altitude of 1650 meters. From this area, five beech trees were cut and divided into three equal
parts of three meters by cross cutting, and according to the size of the knots, the properties of
density, stress waves velocity and subsequently, the dynamic modulus of elasticity were
measured. From the tangential image of the external indicator and the radial image of the internal
indicator and using the Digimizer image4 software, the characteristics of each knot such as the
diameter and angle of the knot were measured. For non-destructive detection of beech tree knot,
ultrasonic tomography, stress wave velocity and CT scan methods were used. In the stress waves
velocity method, a Fakopp microsecond timer device was used to measure the time of stress
waves. In the radiographic method and to prepare CT scan images, a digital ground column device
with two detectors made in France belonging to a medical clinic was used. To measure the density,
30 cylindrical stems with knots of small, medium and large classes were used, and according to
the relationship between density and stress wave velocity, the value of dynamic elasticity modulus
was calculated and evaluated. The diameter of the knot along the length of the stem, the density
and the dynamic modulus of elasticity of the beech tree stem were measured. To analyze the data
at the 95% confidence level, the one-way anova test was used, and to determine the normality of
the data and the homogeneity of the variance, the Kalmograph Smirnov and Leven tests were
used. To compare the means, Tukey's test was used by using SPSS software.

Results: In the detection of beech tree knot with the three mentioned non-destructive methods,
the results show the existence of limitations in each method. The ultrasonic tomography is not
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able to detect knots inside the beech tree trunk and the stress wave method also does not detect
very small knots. The accuracy of the CT scan method in detecting the knot is high, but the cost
of its detection is high. According to the growth stages of the beech tree, factors such as growth
speed, branch encapsulation speed and natural pruning are different. The origin of the branch is
pith of the stem. As a result, the number and size of the created knots are different along the tree.
Therefore, most of the small knots are created in the main trunk of the tree. The diameter of the
knot has also increased with the increase in the height of the stem. The knot has increased the
density. The density results have shown that the samples with large, medium and small knots have
significant differences. Considering that the ultrasonic tomography method is based on the
reduction of density, it is not able to detect the knot. But in the radiography method, the parts with
higher density are seen in light color and the parts with lower density are seen in darker color.
The size of the knot is effective on reducing the speed of stress waves and thus reducing the
dynamic modulus of elasticity of wood. In comparison with the samples without knots, the
samples with small, medium and large knots reduce the modulus of elasticity by 20%, 50% and
70% respectively.

Conclusion: In general, among the non-destructive methods, only the CT scan method is able
to detect small knots and evaluate the clear wood and defects. In comparison with the control
sample (without knots), increasing the size of the knot, the value of the density increases and the
stress wave velocity decreases Subsequently, the dynamic elasticity modulus of the samples
decreases.

Keywords: Dynamic modulus of elasticity, ultrasonic tomography, stress wave velocity, CT
scan.
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Figure 1. External indicator of the beech tree knot
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Figure 2. The knot cutting in the radial direction (Hein, 2007)
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Figure 3. Dividing the tree trunk into three parts for sampling (Racko, 2013)
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Figure 4. CT scan radiography device

el 0o ool F c)\.a..i

W = % x1000000  (v)

W?xDo

MOEg4= T (%)

(4506 5 ) glsel Hsee s e =W

(a) ) gmacien 53 o abols = L
(45 o) s = t

(Mpa) Sl azeze¥lJ 500 = MOEq

ool Jalniga j23
P L;Jjo;\x\ S ol slaesls Sl ga 0 6l 5
P ;;‘:"\""3 atnccn N e 5 areusls sle Job 5o a;

JUsl ol S5l gl o i ool s has oo

seiS cale b 4ty S b oSaws 51 an ¢!
S 51 asls s plo Kl 51 s 815 ol e
S e Juyjs) J<.....> 9 6\)‘3 oKas u.v\ s ealanl
Bl lan) 5o sl e (GUS) 43U wsebes d> 5o o) o
5 e § el i GBSy 4 Ly 2 G K
YO a5l Ll ot S aa 1886,k V4 b S 3
&\J)Jﬁg)\gﬁ&}j\&b)\.«u&d}‘@))
s les o %J:fé\.gb Jéjsji‘.;-.xqjaa\:)\}w
4o b s S as J3b a asly ples Lol b gum
SNy g &y ol Qs Sl (52 S 4 535
.Salehi et al 2022) w3 3 cus 5 skilsx es S )
Jse 8 5l dbdigei 53 2205 mlsal H e oo e )
Jse 3 5l (Sl aece Y ode e 6l 5 5 ¥ o)les



Comnl Gl i, gy basls S5 58 b o
oS o 8 bz b5l S Jss il ool
S0 S s S anlp o s ams e (S, Co
P50 ¥ b Sa 53 a8 Hsboles 358 0 O gume Cue
S8 s ol Dl 4l 50 8 g5 ol 55 oo sanli
Sl S e oS

Yﬁ)w AR Ak»«u‘j‘ A&\S} [ r}h uu..n;u asllad

6,58 G505l 5l o 20 bl dﬁw o3 b es s
Sxan 5 basls e Jbs Lasas <l 5 Anova
508 0303 5 Bl SIS S sl sa3l 51 bl
b5 SN L S o)) 5 LSl anlin o,

el s 03lazl Spss ) 53l

=rd G ol d (e2) o585 (daws) st () S slae 8 glls sl s ,m Sy S5, —0 IS

Figure 5. External indicator feature of stems with large (right), medium (middle) and small
(left) knots before radial cutting
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Figure 6. Internal indicator feature of stems with large (right), medium (middle), and small
(left) knodes after radial cutting
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Figure 7. The angle of the encapsulated branch in relation to the core
of the beech tree stem

4.5 -
3.5 T ’

2.5

Knot diameter

1.5 A

0.5 A

0 2 4 6 8 10 12
Height (m)

ui'b C«&J)&A’WOLFL&:J‘JJ b;b}‘.ﬁ‘—/\ J&ﬁ
Figure 8. The knot size at different heights of the beech tree

Y.



Y-v

¥ olas 8 ale o) 32 5 G pske Oliios anlilas

4.5 -
3.5 A

2.5 -

c
b
2 -
1.5 - a
1 -
0.5 -
0 = T 1
L1 L2 L3

Height(m)

Knot diameter(cm)

S €355 (o)) (p gt aw L3 (p 55 20 4w L2 Joh e dw L) by aw 5308 ks aylio -4 IS

Figure 9. The knot diameter comparison in three height sections of beech tree

cbdsas 5 aw,s 10 ol CL... S o) Sl e iy dsb sl e 8 g ks Sl LA LY s S

Density (gr/cm3)

el sl JJBY 3\ wa\{)\ﬁjoj\a_\‘ M\J S » \) Lbajg UJ‘ JuL 9 MBS o0 u\...«; d"")
SlaSeosba o Semlin K 5o oly o 2 O

0.9 1 0.79 0-85
g;; 1 0.65 0.67
0.6 -
0.5 -
0.4 -
0.3 -
0.2 -
0.1 -
0
Clear Small Medium Large
Knot size

&gﬁ;bﬂ‘j_)}gdba;gsbl:‘sbébw‘:‘kuﬁ—\~ Je

FigurelO. Illustration the average density of stems with large,
medium and small knots



9 k;»»\.oé W\” J}.Mj.b; a)L\a‘JJL IR \K

S5 5 Do S5 sles B lils gbale o amdls bl SIUT =\ Jso
Table 1- Variance analysis of density between stems with large, medium and small knots

Sources Sum of df Mean Square F Significant
Square
Between Groups 0/208 3 0/069 138 0/000
Within Groups 0/012 26 0/0005
Total 0/221 29

Gl es s sl Jsb 53 6,8 b Guills LT =Y Joas
Table 2- Analysis of Variance of the knot diameter along the beech tree stem

Sources Sum of df Mean Square F Significant
Square
Between Groups 12/518 2 6/259 56/017 0/000
Within Groups 0/782 7 0/112
Total 13/300 9
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Figure 11. Ultrasonic tomography results (healthy green color — Primary decay
yellow color — advanced decay red color — cavity blue color)
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