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Eigenschaften Rohdichte Jahrringbreite Frühholzbreite Spätholzbreite

Rohdichte 1,00 - -0,48 0,30

Jahrringbreite - 1,00 0,97 0,64

Frühholzbreite -0,48 0,97 1,00 0,43

Spätholzbreite 0,30 0,64 0,43 1,00
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    Sortierkombination: C30 - C24 - C18 

  Standorte C30 C18 REJ Gesamt 

    Anzahl Anzahl Anzahl Anzahl 

 810m - S (ST) 7 9 0 16 

1030m - S (ST) 16 0 0 16 

1190m - S (ST) 11 5 0 16 

1390m - S (ST) 8 8 0 16 

1550m - S (ST) 15 1 0 16 

1880m - S (ST) 15 1 0 16 

2060m - S (ST) 11 4 1 16 

1160m - S (NT) 32 4 0 36 

1400m - S (NT) 34 0 0 34 

1600m - S (NT) 28 0 0 28 

1780m - S (NT) 26 1 1 28 

Kollektiv Südhang 
203 33 2 238 

85,3% 13,9% 0,8% 100,0% 

820m - N (ST) 12 4 0 16 

1010m - N (ST) 12 4 0 16 

1250m - N (ST) 8 4 4 16 

1380m - N (ST) 16 0 0 16 

1630m - N (ST) 16 0 0 16 

1850m - N (ST) 15 1 0 16 

1060m - N (NT) 21 7 0 28 

1190m - N (NT) 23 1 0 24 

1380m - N (NT) 27 1 0 28 

1620m - N (NT) 30 6 0 36 

1700m - N (NT) 15 11 0 26 

Kollektiv Nordhang 
195 39 4 238 

81,9% 16,4% 1,7% 100,0% 

Gesamt 
398 72 6 476 

83,6% 15,1% 1,3% 100,0% 
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Mittelwert Maximum Minimum Std.abw.

Nordtirol - Südhang 1,72 4,89 0,80 0,84
Südtirol - Südhang 2,58 7,11 0,69 1,28
Koll.: Südhang 2,12 7,11 0,69 1,15

Nordtirol - Nordhang 2,09 5,25 0,75 0,79
Südtirol - Nordhang 2,28 6,90 0,78 1,39
Koll.: Nordhang 2,17 6,90 0,75 1,08

Gesamt 2,14 7,11 0,69 1,11

XXL-Wood: 300-500 m ü. NN. 2,85 8,69 1,33 1,06

Holzknecht (DE; 100) 2,50 5,00 1,12 0,86

Mittlere Jahrringbreiten  [mm]

Nord / Südtirol

Gebirgsholz



Mittelwert Maximum Minimum Std.abw.

Nordtirol - Südhang 2749 5636 962 901
Südtirol - Südhang 2358 5142 723 853
Koll.: Südhang 2542 5636 723 896

Nordtirol - Nordhang 2146 5674 229 1108
Südtirol - Nordhang 2179 4961 561 830
Koll.: Nordhang 2166 5674 229 952

Gesamt 2355 5674 229 942

Dipl. Holzknecht: Koll.-DE 2538 5783 506 882

maschineller Astparameter - größte Astigkeit

Nord / Südtirol

Gebirgsholz

Mittelwert Maximum Minimum Std.abw.

Nordtirol - Südhang 4888 11286 1025 1869
Südtirol - Südhang 4217 9187 624 1682
Koll.: Südhang 4533 11286 624 1800

Nordtirol - Nordhang 3507 9470 173 1938
Südtirol - Nordhang 3592 7998 622 1614
Koll.: Nordhang 3557 9470 173 1751

Gesamt 4049 11286 173 1840

Holzknecht; S: Koll.-DE 4519 8789 851 1767

maschineller Astparameter - Gesamtastigkeit [-]

Nord / Südtirol

Gebirgsholz



Mittelwert Maximum Minimum Std.abw.

Nordtirol - Südhang 47,35 78,10 12,80 11,37
Südtirol - Südhang 36,63 64,20 13,50 10,48
Koll.: Südhang 42,30 78,10 12,80 12,18

Nordtirol - Nordhang 45,38 73,20 21,50 12,40
Südtirol - Nordhang 43,69 78,30 12,20 14,28
Koll.: Nordhang 44,70 78,30 12,20 13,19

Gesamt 43,50 78,30 12,20 12,74

Schweizer Fi: Qual. Normal 37,30 60,10 18,60 11,70

Teilprojekt 14: (Abstand Mark: 137,5 mm) 39,90 67,10 9,50 16,60

Holzknecht (DE; 100) 38,20 72,50 19,70 10,00

Biegefestigkeit [N/mm²]

Nord / Südtirol

Gebirgsholz

Mittelwert Maximum Minimum Std.abw.

Nordtirol - Südhang 12667 18032 8511 2025
Südtirol - Südhang 9737 14747 5628 1958
Koll.: Südhang 11288 18032 5628 2471

Nordtirol - Nordhang 11732 20041 6745 2463
Südtirol - Nordhang 11832 17786 4400 2737
Koll.: Nordhang 11772 20041 4400 2572

Gesamt 11530 20041 4400 2531

Schweizer Fi: Qual. Normal 11603 15563 8367 1838

12839 18207 9720 2514

Holzknecht (DE; 100) 10058 17114 5866 2268

Globaler Biege E-Modul [N/mm²]

Nord / Südtirol

Gebirgsholz

Teilprojekt 14: (Abstand Mark: 130 mm)

Mittelwert Maximum Minimum Std.abw.

Nordtirol - Südhang 433 513 370 35
Südtirol - Südhang 406 519 349 27
Koll.: Südhang 420 519 349 34

Nordtirol - Nordhang 405 540 352 32
Südtirol - Nordhang 419 489 343 35
Koll.: Nordhang 410 540 343 34

Gesamt 415 540 343 35

Schweizer Fi: Qual. Normal 450 486 408 23

493 580 422 54

456 590 378 42

Holzknecht (DE; 100) 432 571 343 51

Teilprojekt 14: (Abstand Mark: 130 mm)

XXL-Wood: 300 - 500 Hm

Norm-Rohdichte [kg/m³]

Nord / Südtirol

Gebirgsholz





βℓ,max [%] βr,max [%] βt,max [%]

Nordtirol - Südhang 0,35 4,64 9,59

Südtirol - Südhang 0,32 4,10 9,16

Koll.: Südtirol 0,33 4,39 9,39

Nordtirol - Nordhang 0,34 4,20 9,17

Südtirol - Nordhang 0,27 4,30 9,23

Koll.:Nordtirol 0,31 4,24 9,20

Gesamt 0,32 4,32 9,29

DIN 52184 0,20 - 0,40 3,70 8,50

ÖNORM B 3012 0,30 3,60 7,80

Nord / Südtirol

Mittelwerte
Gebirgsholz
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Influence on measuring results by knottiness of ultrasound 
measurements of bending stress-section spruce wood beams 
 
 
Roland Maderebner1, Anton Kraler2, Wilfried Konrad Beikircher3,  
Michael Flach4 

 
 
 
 
 
ABSTRACT: At non-destructive testing of timber beams by ultrasound measurement it is often difficult to clearly 
define elastic-mechanical properties. Several measurements at the same cross section can lead to different results. In 
order to improve the measurement results not only the gross density is examined, but also possible influences of 
knottiness. At the same time the influence of the position of the ultrasound measurement on the bending test is being 
analyzed. It is shown that an immediate categorization in strength classes with the help of pre-settings at ultrasound 
measurement devices can lead to uncertainties. By using certain knottiness parameters possible influences on the results 
of ultrasound measurements are presented. 

KEYWORDS: Ultrasound-measurement, bending test, dynamic and static modulus of elasticity, knottiness 
 
 
1 INTRODUCTION 123 
In the course of a research project on elastic-mechanical 
properties of spruce wood extensive investigations were 
carried out at the department of timber engineering of 
the University of Innsbruck. Partial results of this 
research project should be presented here. Project 
partners, that is to say the ordering parties, were the TIS 
innovation park –Technical Innovation Center of South 
Tyrol– and, besides others, the Holzcluster Tyrol. Test 
pieces from a total of 22 altitude zones were taken at two 
different locations in North Tyrol and South Tyrol. 
The locations of the trees were carefully chosen in 
cooperation with foresters. 476 rectangular test pieces 
with the measurements 48/138/4050 could be won. In 
order to exactly define the location of the test pieces in 
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the tree trunks the logs were tagged immediately after 
cutting of the tree on the mountain side by colour 
markings. To prevent the influence of red rot and 
reaction wood above all in the root joint the specimen 
were only taken from the middlelog after about 4,5 m. 
 

 

Figure 1: Location of the specimen 

  

Figure 2: Sampling and marking 

The department of timber engineering is often 
confronted with the task of determining strength and 
stiffness of existing timber framework. Among other 
tools ultrasound measurement is used for this 
classification. As there are contradictions and 
insecurities turning up in the practical usage it was 
investigated in this research project which effects the 
location of the ultrasound measurements at the cross 

mailto:roland.maderebner@uibk.ac.at
mailto:anton.kraler@uibk.ac.at
mailto:wilfried.beikircher@uibk.ac.at
mailto:michael.flach@uibk.ac.at


section as well as knottiness have on the measurement 
results. 
2 MATERIAL AND METHODS 
2.1 PREPARATION OF THE TEST PIECES 
After cutting the specimen they were kiln-dried at a 
moisture content of wood of 12%. After the drying the 
Company Theurl Holz carried out the machine stress 
grading of the converted wood and it was then visually 
graded at the University of Innsbruck according to the 
rules DIN 4074-1 [2].  
The "lower point" in the sections was determined by 
using the specific sort parameters. 
On the basis of this data the specimen were cut to a 
length of 18·h + 2·(≥h/2) according to the requirements 
of EN 408 [3] regarding bending tests. In doing so the 
2630 mm long test piece was cut out of the 4050 mm 
long squared timber in a way that the weakest cross 
section (= predicted breaking point) was located in the 
middle third. 

 

Figure 3: Preparation and test sample production 

Because of the load application in the third points of the 
test piece when carrying out 4-point bending tests 
according to EN 408 [3] the predicted breaking point is 
located in the within the range of the constant loading of 
the moment (figure 3). 
After the cutting there is again the transmission of the 
marking for the uphill sides as well as the specimen 
numbers. Subsequently there was the necessary 
climatization in a normal climate of 20 ± 3 °C and 65 ± 5 
% relative humidity.  
For the direct transmission of the ultrasound waves into 
the wood 10 mm deep holes are drilled into the ends of 
the quarter points of the cross section with a conical drill 
so that the ultrasound heads can be applied. 
 
2.2 ULTRASOUND MEASUREMENT 
A very frequently used method of non-destructive 
assessment of mechanical parameters for sawn wood is 
the ultrasonic transit time measurement. 

 

Figure 4: Humidity and ultrasound measurement 

The ultrasound method is based on the fact that 
vibrations in solid bodies depend on physical and elastic-
mechanical properties and therefore spread at different 
speeds. 
The propagation velocity of sound waves in a test piece 
is thus dependent on the following factors [4]. 
 

 (1) 

 
Where 
v Wave velocity [m/s] 
u,x Displacement vector 
E Modulus of elasticity (MOE) [N/mm²] 
ρ density [kg/m³] 
t Time [s] 
ν Poisson‘s coefficient 
 
If the dimensions of a test piece are small in comparison 
to the wave lengths, the wave velocity may be found by 
equation (2) [4] 
 

 (2) 

 
This is, however, only the case when the materials are 
homogenously orthotropic. When dealing with wood and 
all its inhomogeneities the results one gains can only be 
seen as approximate values. 
One must pay attention to the effects of the moisture 
content of wood as well as of the wood temperature on 
the sound velocity. As reference values for the moisture 
content of wood u=12% and the temperature T = 20 °C 
are to be used. 
The ultrasound measurements are carried out with the 
ultrasonic measuring instrument Sylvatest, consisting of 
the components Sylvatest Duo, cabel RS232, Psion 
Workabout mx, ultrasound heads. 
 
2.2.1 Influence of moisture content of wood on 

sound velocity  
With an increasing moisture content of wood the sound 
velocity is reduced and gets close to the propagation 
velocity of water [5]. After equation (3) for u < 28 % 
there is the conversion to v12 in [m/s] [6] 
 

 (3) 

 
Where  
vu Ultrasound velocity at a moisture content of 

wood u and temperature T in [m/s]  
v12 Ultrasound velocity at u = 12% in [m/s] 
u Measured moisture content of wood [%] 
 
2.2.2 Influence of temperature 
As the moisture content of wood is among other things 
influenced by the temperature there is a mutual 
interference of these factors.  

USM1 
USM2 

USM3 



With the equation (4) the referenced ultrasound velocity 
v12/20 in [m/s] can be determined [6]. 
 

 (4) 

 
Where 
v12/20 Wave velocity referenced at u = 12 % and 

T = 20 °C in [m/s] 
v12 See equation (2) 
T Wood temperature at the point of time of the 

measurement [°C] 
 
2.2.3 Influence of the position at the cross section on 

the ultrasound measurement 
The propagation velocity of the sound waves depends 
besides the variables given in 2.2.1 and 2.2.2 above all 
also on other factors [1] 
- Type of material 
- Inhomogeneities of the structural matrix (cracks, 

knots, ,..) 
- Kind of sound transmission (coupling and coupling 

medium) 
- Propagation direction of the waves, dimensions of 

the test pieces 
At bending tests the most frequent mode of failure is the 
tensile fracture of the cross section. Above all in the 
close-up range of knots there is stress concentration and 
sloping grain in bending tension areas which leads to a 
break. As according to the regulations the test 
installation at the bending test should be applied 
arbitrarily, the markings on the uphill side are applied 
alternatively at the top (bending compressive area) and at 
the bottom (bending tension area). 
In order to determine a possible influence of the position 
of ultrasound measurements, measurements are carried 
out at 3 places (USM1, USM2 and USM3) at the 
respective quarterpoints (figure 4) of the cross section. 
According to the type of measuring (longitudinal, 
radial), the type of application (sawn timber, logs), direct 
or indirect measurement, the kind of wood - with the 
help of measuring technique mentioned under 2.2 - the 
calculation of MOE (modulus of elasticity) and MOR 
(modulus of rupture) can be carried out. It is already 
made a classification into strength classes of REJ, C7 - 
C40. In doing so the classification is carried out via a 
fixed gross density (taking into consideration the kind of 
wood in the ultrasound device) as well as via the 
ultrasound velocity. 
In the course of a previous determination of the stiffness 
and consistencies and the following classification in 
types of strength in the laboratory the problem 
originating from everyday practice became also 
apparent. 
The 3 measurements/beams USM1, USM2, USM3 often 
led to differing results concerning types of strength. The 
gross density influences according to equation (2) 
measurement results very much. It is therefore extremely 
important to determine the gross density exactly. 
Measurements resulting from preset US-measuring 
instruments can therefore only show relative findings. 

The scattering of measuring results from ultrasound 
measurements on a beam must, however, be traced back 
to other parameters.  
 
2.3 PRELIMINARY INVESTIGATIONS  
On the basis of the carried out ultrasound measurements 
with using device preferences to determine the classes of 
strength one can, by referring to 445 test pieces with 
1335 carried out ultrasound measurements (3 
measurements per beam), present the following facts. 
At about a third of the test pieces the same types of 
strength classes could be measured at all three measuring 
points. At 51% there was a difference of one type of 
strength class (example: measurement 1, USM1: C27; 
measurement 2, USM2: C30; measurement 3, USM3: 
C30). At about 17% there was a difference of at least 2 
types of strength classes (example: measurement 1, 
USM1: C18; measurement 2, USM2: C24; measurement 
3, USM3: C27). 
 
 
 

 

Figure 5: Ultrasound measurement preexamination, 
differences in grading class 

In order to deal with this situation, which leads to 
uncertainties, investigations carried out to determine the 
influence of further parameters will be described in the 
following points. 
 
2.4 GROSS DENSITY 
In order to determine gross density oven-dry samples 
were cut out after the bending tests in accordance with 
EN 408 [3]. The tested spruce woods had, according to 
EN 384 [7] a middle gross density of 416,39 kg/m³ at a 
coefficient of variation COV = 8% (standard derivation 
34,57 kg/m3). With a bandwidth of 197 kg/m³, a 
maximum of 540 kg/m³ and a minimum of 343 kg/m³. 

Table 1: Gross density, statistical analysis 

 
2.5 MOISTURE CONTENT 
The moisture content of wood is – according to EN 
13183–1 [8] – at the time of the ultrasound 
measurements respectively the bending tests an average 

 
N 

Mean 
[kg/m³] 

Max 
[kg/m³] 

Min 
[kg/m³] 

Std 
[kg/m³] 

COV 
[%] 

Density   445 416,39 540,22 342,85 34,57 8,30 



of 11%. With a maximum value of 13,14 % and a 
minimum of 9,75 % (standard of derivation 0,51 %).  

Table 2: moisture content results 

 
2.6 AVERAGE OF ANNUAL-RING-WIDTH 
The average of annual ring width was determined 
according to DIN 4074-1 [2]. As the tested material was 
mountain wood, there were partly very narrow distances 
between the annual rings. The average value of annual 
ring width is 2,13 mm, the maximum is 6,90 mm and the 
minimum 0,69 mm (standard derivation 1,09 mm).  

Table 3: Average of annual-ring width (AARW) results 

 
N 

Mean 
[mm] 

Max 
[mm] 

Min 
[mm] 

Std 
[mm] 

COV 
[%] 

AARW 445 2,13 6,90 0,69 1,09 0,51 

 
2.7 DETERMINATION OF KNOT PARAMETERS 
Knots have a great impact on the structural properties of 
wood. Conifers can have an up to 100% higher gross 
density [9] than the wood surrounding them. Due to 
knots there is fiber derivation in the wood. Because of 
the existing inhomogeneities there is a concentration of 
tension at load application. At these places breaks occur 
frequently. Especially when there is bending tension 
stress or tension stress this results in failure near knots.  
For the exact determination of knot parameters and the 
implied effects on the mechanical properties knots with a 
diameter d > 5 mm were geometrically recorded with the 
help of the Web knot calculator v 2.1 (MiCROTEC®) 
[10]. All in all 7744 knots were documented. The 
determination of knot dimension has to be carried out 
according to DIN 52181 [11].  
For every single knot the following parameter were 
recorded 
- Specimen number 
- Specimen dimension 
- Kind of wood 
- Knot item 
- x-coordinate of the knot (longitudinal axis of the 

beam) 
- Position of the knot in the cross section 
- Knot diameter dmin 
- Pith in cross section (y/n) 
Because of the vast amount of data and the 
comparability of the knot parameter with the results of 
the bending tests only the data concerning the knottiness 
at the middle of the test piece is used for the evaluation 
for the time being. With the help of the Web knot 
calculator the following knot parameters were found 
(figure (6)). 
 

2.7.1 DEK (Diameter single knot joist) 
The parameter DEK is the major ratio of the minimal 
surface diameter of the knot to the according side of the 
piece [10]. 
 

 (5) 

 
An average value for DEK of 0,49, a maximum of 0,90 
and a minimal value of 0,04 was given (standard 
derivation 0,15) (table (4)). 
 
2.7.2 tKnot (Total Knot)  
The parameter tKnot is the ratio of the projected cross-
section area of the knot to the cross-section area of the 
piece [10].  
 

 (6) 

 
An average value for tKnot of 0,14, a maximum of 0,31 
and a minimal value of 0,02 was given (standard 
derivation 0,05) (table (4). 
 
2.7.3 mKnot (Marginal Knot) 
The parameter mKnot is the ratio of the major projected 
cross-section area of the knot or portions of the knot in a 
margin to the cross-section area of the margin [10]. 
 

 
(7) 

 
An average value for mKnot of 0,40, a maximum of 0,82 
and a minimal value of 0,00 was given (standard 
derivation 0,15) (table (4)). 
 
2.7.4 tKAR (total Knot Area Ratio) 
The parameter tKAR is the ratio of the sum of the total 
projected cross-section areas of all knots within 150 mm 
to the cross-section area of the piece. Overlapping areas 
just count once [10]. 

 
(8) 

 
An average value for tKAR of 0,23, a maximum of 0,51 
and a minimal value of 0,02 was given (standard 
derivation 0,09) (table (4)). 
 
2.7.5 mKAR (Marginal Knot Area Ratio) 
The parameter mKAR is the ratio of the sum of the total 
projected cross-section areas of all knots or all portions 
of knots in a margin within 150 mm to the cross-section 
area of the margin. Overlapping areas just count once 
[10]. 

 
N 

Mean 
[%] 

Max 
[%] 

Min 
[%] 

Std. 
[%] 

COV 
[%] 

u [%] 445 11,01 13,14 9,75 0,51 4,61 



 (9) 

 
An average value for mKAR of 0,42, a maximum of 
0,85 and a minimal value of 0,00 was given (standard 
derivation 0,16) (table (4)). 
 
The results of all given knot parameters can be seen in 
table (4). 

Table 4: knot parameter results 

 

N 

Mean 

[-] 

Max 

[-] 

Min 

[-] 

Std. 

[-] 

COV 

[%] 

DEK 445 0,39 0,90 0,04 0,15 38,46 

tKnot 445 0,14 0,31 0,02 0,05 35,71 

mKnot 445 0,40 0,82 0,00 0,15 37,5 

tKAR 445 0,23 0,51 0,02 0,09 39,13 

mKAR 445 0,42 0,85 0,00 0,16 38,10 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.8 BENDING TESTS 
Bending tests are carried out according to EN 408 [3] as 
4-point tests. The marking of the uphill side mentioned 
in the introduction was used at the bending tests for the 
arbitrary arrangement. Thus about 50% were tested with 
the uphill side up and 50% with the uphill side down. 
For the global modulus of elasticity Em,g,12 respectively 
the bending strength fm,150 the calculated values 
according to EN 384 [7] could be found, as one can see 
in the table (5). 

Table 5: bending test results 

 

N 

Mean 

[N/mm²] 

Max  

[N/mm²] 

Min 

[N/mm²] 

Std 

[N/mm²] 

COV 

[%] 

Em,g,12 445 11832 20457 4604 2559 21,63 

fm,150 445 43,60 78,30 12,20 12,82 29,40 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Calculation of knot parameters, example of the ID 18 

 



 
Figure 7: Histogram and boxplot of Em,g,12 
 

 

Figure 8: Histogram and boxplot of fm150 

So the average modulus of elasticity is 11832 N/mm² at 
a standard derivation of 2559 N/mm² (COV 21,63 %). 
The material showed relatively high bending strength 
with an average value of 43,6 N/mm². The maximum is 
78,30 N/mm², the minimum 12,20 N/mm² at a standard 
derivation of 12,82 N/mm² (COV 29,40 %). 
 
2.9 ULTRASOUND MEASUREMENT 
The results of a total of 1335 ultrasound measurements 
can be seen in table (6).  
One can see that – regardless of the measuring points 
USM1, USM2 or USM3 (figure (9)) – the average values 
of Edyn,12/20 lie between 13817 N/mm2 - 13571 N/mm2, 
with a standard derivation of about 2200 N/mm2 (COV = 
16 %). 

 

Figure 9: Ultrasound measurement positions 

 

Table 6: Ultrasound measurement results 

 

N 

Mean 

[N/mm²] 

Max 

[N/mm²] 

Min 

[N/mm²] 

Std 

[N/mm²] 

COV 

[%] 

USM1 445 13817 22631 8808 2240 16,21 

USM2 445 13604 22407 8679 2155 15,84 

USM3 445 13571 22297 8932 2200 16,21 

 
3 RESULTS 
3.1 COMPARISON OF THE GLOBAL MODULUS 

OF ELASTICITY AND THE RESULTS OF 
THE ULTRASOUND MEASUREMENTS  

A comparison of stated values of the global modulus of 
elasticity Em,g,12 with the calculated values of all 
ultrasound measurements Edyn,12/20 shows a correlation R² 
= 0,85. As result of a linear regression analysis equation 
(10) can be used as an estimate.  
 

 (10) 

 
In figures (10) to (12), the results of the ultrasonic 
measurements Edyn,12/20 of USM1 to USM3 compared 
with Em,g,12 are represented. 
 
By structuring the results in the categories 
- ultrasound measurement in bending compressive 

stress area (figure (13)) 
- ultrasound measurement in bending tension stress 

area (figure (14)) 
one can see a slight rise of correlation of testing results 
in the field of bending compression zone, but there isn’t 
any distinctive improvement of correlation to be seen.  

Figure 10: scatter plot for Em,g,12 vs. USM1 Edyn,12/20 
(R²=0,86) 



Figure 11: scatter plot for Em,g,12 vs. USM2 Edyn,12/20 
(R²=0,86) 

 

Figure 12: scatter plot for Em,g,12 vs. USM3 Edyn,12/20 

(R²=0,854) 

 

Figure 13: scatter plot for Em,g,12 vs. Edyn,12/20  in bending-
compressive stress area (R²=0,862) 

 
Figure 14: scatter plot for Em,g,12 vs. Edyn,12/20 in bending-

tension stress area  (R²=0,845) 
 
3.2 COMPARISON OF BENDING STRENGTH 

WITH ULTRASOUND MEASUREMENTS 
When comparing the correlations of the results of the 
bending strengths fm,150 with the results of the ultrasound 
measurements Edyn,12/20 in the areas of bending 
compressive/tension stress respectively neutral axis 
the outcome can be seen in figure (15).  
 

 

Figure 15: Comparison of correlations R² fm,150 vs. 
Edyn,12/20  

 

Figure 16: scatter plot for fm,150 vs. Edyn,12/20 in bending-
compressive stress area (R²=0,377) 



 

Figure 17: scatter plot for fm,150 vs. Edyn,12/20 in neutral 
axis (R²=0,413) 

 

Figure 18: scatter plot for fm,150 vs. Edyn,12/20 in bending-
tension stress area (R²=0,441) 

3.3 COMPARISON OF BENDING STRENGTHS 
AND ULTRASOUND MEASUREMENTS 
WITH KNOT PARAMETERS 

A comparison of correlations of bending strengths with 
specific knot parameters shows only minor 
dependencies. The biggest measure of correlation is 
reached with the parameter tKAR with R²=0,289 (figure 
(19)) and DEK with R²=0,214 (figure (20)). The knot 
parameters mKnot, mKAR and tKnot are not presented 
because the correlations are distinctly lower. 
A comparison of ultrasonic measurements (figure (21) 
and (22)) with the knot parameters shows a similar 
picture. However, the correlations are still significantly 
lower. 

 

Figure 19: scatter plot for fm,150 vs. tKAR (R²=0,289) 

 

Figure 20: scatter plot for fm,150 vs. DEK (R²=0,214) 

 
Figure 21: scatter plot for Edyn,12/20 vs. tKAR 
 



 
Figure 22: scatter plot for Edyn,12/20 vs. DEK 
 
4 CONCLUSION 
Due to the carried out investigations a vast amount of 
data could be found. The knot parameters DEK, tKnot, 
tKAR, mKnot as well as mKAR are determined. It could 
be proved that an immediate categorization into classes 
of strength by means of default at ultrasound 
measurement instruments can lead to results which are 
difficult to interpret.  
A comparison of calculated values Edyn,12/20 from 
ultrasound measurements shows very good correlations 
with the value Em,g,12. For the time being no connection 
between the results Em,g,12 and the results Edyn,12/20 of the 
positions USM1, USM2 and USM3 of ultrasound 
measurements at the cross section (bending compression, 
bending tension zone) could be found. The dependencies 
of bending strengths fm,150 on Edyn,12/20 show a slight 
increase, starting from the bending compression zone to 
the bending tension zone of the cross section.  
The determined knot parameters show only marginal 
dependencies on bending strength fm,150. A reason for 
this is the required arbitrary position of the test pieces at 
tension tests. This is why the compliance of the 
parameter tKAR with the results of bending strengths is 
the highest.  
So far no influence of the here presented knot parameters 
on the results of the ultrasound measurements has been 
found. In further investigations the knot parameters of 
the complete length of test pieces will be determined and 
compared with the results of bending tests. 
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