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ABSTRACT

Methods based on propagation of stress waves phemoindicate particular usefulness in diagnosis asdortmentation
of raw material. It has been demonstrated thatagtmic measurements made both on sawn timber asthoding trees
produce satisfactory results in predicting certamechanical properties of sawn timber obtained fribve analysed raw
material. The highest correlation has been obsevetiveen the velocity of ultrasounds along trunkd ¢he modulus
of elasticity of sawn timber obtained from thensirilar correlation with the bending strength hdsabeen satisfactory.
To ensure the correct interpretation of the resuttss recommended that studies should be conducteletect and locate
inner rot in standing tree trunks. The studies t@nperformed by taking measurements of ultrasom@igewpropagation
transversely in trunks in a potentially defectedaand an area free from defects.

INTRODUCTION

Development of non-destructive testing made it jdssto use the technique for the purposes
of diagnosis and assortmentation of raw materia isna forest taxation work. Acoustic methods
based on the phenomena accompanying propagatidongftudinal stress waves and transverse
vibration demonstrate their particular usefulnemsduch testing. Based on measurements of round
sawn timber [Dzbéski 1981], it was found that the velocity of traesse ultrasonic waves
propagation in pine trunks could be a good indicatanechanical properties of sawn timber obtained
from them, e.g. aircraft timber. Similar resultséd on acoustic methods were achieved among others
by Jayne /1959/, Marra, Pellerin and Galligan /¥9B@iserlik and Pellerin /1977/, Aratake and Arima
11994/, Sandoz /1996/, Ross, McDonald, Green ahdd&£997/, Wang and others /2000/.

The results of the above-mentioned tests suggestsaksibility of detecting hidden defects in round
wood, e.g. inner rot in telecommunications poled arasts [Breeze, Nilberg 1971], and in standing
tree trunks [Sandoz, Lorin 1994, Sandoz 1999]. ¢sacoustic methods, Ross, De Grott, Nelson
11994/ were detecting biological degradation of @ao tree trunks, while Dzlaski and Wiktorski
/2004, 2007/ - in pine and spruce trees in Polsadts.

MATERIALS AND METHODS

Mechanical properties of sawn timber in the light & defectoscopic testing of sawn timber raw
material.

Ultrasonic methods, used already thirty years ago & the Faculty of Wood Technology, Warsaw
University of Life Science demonstrate particulaseiulness for assortmentation of saw logs.
They successfully replace the testing conductedoupow with the use of traditional (destructive)
methods on trees specimens. Traditional methodsirezfja long time to perform tests and provide
only an approximate evaluation of a large batclnaterial on the basis of testing of a small sample
population. 100% measurements were conducted oa lpigs using ultrasonic waves propagated
transversely in the trunk (by equipment of 541 tgpaduced by UNIPAN, Warsaw). The bark was cut
through with conic or needle concentrators extempdiamuge probes (heads).

It was found that the velocity of ultrasound prog@on can be an important (r=0.588 ... 0.647)
indicator of mechanical properties determined lardjnally in sawn timber obtained from the round
raw material where waves with the velocity gftiavel in sapwood with a high moisture content over
a heartwood area with knots (or inner rot) groupec core wastewood zone. The testing results
are presented in table 1.
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Table 1. Relationship between velocity of ultrasouts conducted transversely in trunks and selected robanical
properties of (air dried) pine sawn timber obtainedfrom them.

Type of sawn timber properties Regression equation f(g) Correlation coefficient (r)
Be”di”gE:E,\OAd;;‘jiO?f elasticity E,=0.039 ¢ + 44.3 0.647
Statiqu ?&gﬁfﬁrength R,= 0.230 ¢ + 551.1 0.599
Longitudigl[cl\:/lolzr:;erl%sl?ive strength R, = 0.113 ¢ + 290.9 0.588

Mechanical properties of bending wood from standingree trunks tested with the ultrasonic

method.

The ultrasonic technique made it possible to teseral dozen spruce trees (Picea abies Karst.)
and pine trees (Pinus sylvestris L.) growing inZua Augustowska (Augustowska Primeval Forest),
Puszcza Romnicka (Romnicka Primeval Forest) aritkperimental Forests of the Warsaw University
of Life Science in Rogéw. Thus, a quick, repeatatrid quasi-non-destructive (a need to make small
drills to install gauge probes on the trunks) mdtivas used. Gauge probes were made by connecting
piezo-electric and electro-dynamical transducergbfdski, Wiktorski 2004, 2007]. The method
has shown promise for becoming commonly used indrsmience metrology.
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Figure 1. Correlation of ultrasonic wave velocity m standing tree trunks and sawn timber.
This paper presents results of a preliminary tgstiith the use of equipment of the Sylvatest Dymety
from Concept Bois Technologie — Concept Bois Stmgtas in Sandoz’s studies, measuring selected
trunks of pine trees longitudinally and transveysélfter cutting the trees, their butt ends (upltb m
long) were used to obtain little beams (specimes@snieter long and 50 x 50 mm cross-section
according to the PN-77/D-04227 standard, along @iresponding to four geographical directions,
separately from the near-circumferential and piteaa). Modulus of elasticity and static bending
strength were tested according to the PN-EN 408dsta. The results of sapwood testing were
correlated with ultrasonic velocity along the truWk (0.8 m long section), while of sapwood and
heartwood together — with the transverse ultrasomocity Vg in the trunk with a diameter
up to 50 cm. Above this allowable trunk diametee energy of the transmitted signal, measured by
a millivoltmeter, reaches a critically low levelnd the receiving probe registers only random
disturbances. The measurement results are prederttdues 2 and 3.
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Figure 2. Correlation of ultrasonic wave velocity m standing tree trunks and sawn timber — includingwood with
resinosis.

Table 2. Relationship between velocity of ultrasouts conducted longitudinally in trunks and selected
mechanical properties of (air-dried) pine sawn timler obtained from them, from the near-circumferentid zone.
Type of sawn timber properties Regression equatiof{V/,) | Correlation coefficient (r)
Bending modulus of elasticity,FMPa] E;=5.996 \ + 14214 0.867
Static bending strength ;/RMPa] R~ 0.029 V + 63.716 0.663

Table 3. Relationship between velocity of ultrasouwts conducted transversely trunks and selected mechiaal
properties of (air-dried) pine sawn timber obtainedfrom them, from the near-circumferential zone.

Type of sawn timber properties

Regression equation ()

Correlation coefficient (r)

Bending modulus of elasticity,fMPa]

E,= 12.829 V- 6460.9

0.711

Static bending strength,RVPa]

Ry= 0.0501 \4 - 6.9027

0.796

The studies demonstrated that the presence of weithl resinosis has a significant impact
on the character of the regression equation. Intékeng described above, the correlation coefficie
of ultrasonic velocity propagated along the trumkl @ir dried sawn timber obtained from them was
only 0.259 in case of population with specimensvobd with resinosis (fig. 2) and 0.842 in case
of population with specimens of wood with no resiso(fig. 1). A parallel correlation with modulus
of elasticity(r = 0.867, fig. 3) and bending strength (r=0.66@, 4) looks similarly. Negative impact
of excessive presence of resin (the so-called wse&h caused by a fungal infection suggests that
an attempt should be made to detect and locatim rtotinks of the tested trees. In case of trangvers
ultrasonic measurements in the trunks, the confiddavel of the presented correlation coefficients
is less than 0.90 due to the smaller sample groupu(ks).

Detection of rot inside trunks of coniferous treedy means of the ultrasonic technique.

Longitudinal and transverse measurements of pidesanuce tree trunks were made using equipment
of the Sylvatest Duo type, having modified the roeftdescribed by Sandoz [Sandoz, Lorin 1994,
Sandoz 1999]. Both the transverse heterogeneityoafd with rot (the,Z” coefficient of the trunk
degradation) and anisotropy of elasticity propsrt{eoefficient,A” of anisotropy of ultrasonic
velocity - longitudinally and transversely in thiarik) were taken into account.

23



15th - 17th October 2007, Warsaw
COST E 53 Conference - Quality Control for Wood &vidod Products

16000

15000 -

14000 -

13000 -

12000

E,=5,9959 V, - 14214
r’ = 0,752
10000 - r=0,867

11000 -

9000

Modulus of elesticity of sawn timber E;[MPa]

8000 T T T T T T T
4000 4100 4200 4300 4400 4500 4600 4700 4800 4900 5000

Wave velocity along the standing tree trunks VL [m/s]

Figure 3. Correlation of modulus of elasticity of awn timber and ultrasonic velocity along standing ttee trunks.
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Figure 4. Correlation of bending strength of sawnimber and ultrasonic velocity along standing tree tunks.

Using the phenomenon of usually non-symmetric ithgtion of defects (rot, hollows, knot groups,
etc.) in a cross section it is possible to descsbectural transverse heterogeneity, determining
the socalledZ” coefficient of the trunk degradation, in the feliag way:
Z = (Voret — V 0)/V et * 100 % (2)

Where: \f;- transverse wave transmission time in the trurdvatihe root collar;

Vet — reference velocity (in wood with no defects, alguat the altitude of 2.0 meters above

the ground).

The coefficient of transverse heterogeneity of maiteshould be determined from the following
equation:
AV, V-V,

K = 2 % 100% ()

VEIref VDref
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Where: \f;; and \fy, - registered wave transmission velocities in twegppadicular directions, across
trunks.
The bigger the difference between the above-meadonelocities, the higher the transverse
heterogeneity of the material. The lower the messwelocities, the bigger the inner defect will be.
The bigger the values of th&” coefficient from the equation (2), the more thé tends to move
in relation to the pith. Examples of the measurdmesults are presented in table 4.
The percentage of J[%)] of the rot area (or another inner defect)led D diameter in a cross-section
of the trunk depends on the propagation timjeafd transverse wave velocity (Mn the trunk with
an average diameter of (d), decreased to the \@#l(&; = dit’) as a result of longer time it takes
for the signal to pass through the inner rot atdai(e.:

AV .

E = 0 — 2 =~ U . (3)

r VvV, d
The percentage of the rot areg dan be also estimated by means of anisotropli@tentre elasticity
method (np. wood with density g8 and modulus of elasticity of \i) based on the following
proportion:

A:V

-t < V—L (4)
VD VD

Where:y, = %[m/s] having taken account of the Poisson number [Bgkiel 984]
\} P

Table 4. Quality characteristic of tested spruce ah pine trunks (selected examples).

Reference velocity Transverse Degradation coefficients Transverse
Percentage of rot velocity of fibres heterogeneity
arealU’n[%)] Viget | Vot Vo V Zy Z> coefficient
mis] | [mis] | [mis] | [mis] | %1 | [ | AVO | K=ol Ve %]
0 12697 | 1239” | 1329 1353 0 0 24 1.9
0 1548% | 14087 | 1559 1548 0 0 11 0.7
3 1440% | 1436 | 1510 1466 0 0 44 3.0
6,5 1305 | 1250" | 1293 1318 1,0 0 25 2.0
17 1305 1250 1235 1070 | 5.4 14.4 165 12.6
31 1377 1354 | 1054 | 1075 | 235 | 20.6 21 1.5
35 1171 1065 978 1089 | 16.5 -9 111 9.5
42 1341 1579 837 1012 | 37.6 | 35.9 175 13.1
44 1463 1420 | 1049 1086 | 28.3 | 235 37 2.5
61 1538 1517 1322 1276 | 14.0 | 15.9 46 3.0

AV, e = Vi accepted after verificatiof V, 4 = V» accepted after verificatioff; Result rejected after verification

CONCLUSIONS

1) Velocity of ultrasonic wave propagation in conifesostanding tree trunks (pine, spruce) is a good
indicator of mechanical properties of sawn timbbtamed from them. Satisfactory correlations
were achieved between longitudinal wave velocity0(867) and transverse wave velocity
(r=0.711) in standing trees trunks, and moduluslasticity of sawn timber obtained; parallel
correlation coefficients relating to bending strén@=0.663; r=0.796), and compressive strength (r
=0.588 > 0.5139).

2) An important correlation (r=0.842) between longitad ultrasonic velocity in standing tree trunks
and sawn timber obtained from them provides théslias the above-mentioned correlations.

3) Strong resinosis of wood caused by a fungal indectresults in a significant discrepancy
of the relationships indicated in conclusionsdayl (2) and makes it necessary to conduct studies
relating to presence and location of inner rotaniferous tree trunks.
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Irregularity of a shape or non-centric distributiohinner rot can be determined by a cross-wise
measurement of heterogeneity in transverse ultrasmonduction in the trunk Z;” and ,Zy”
degradation coefficients); the higher their valti®@ more the rot tends to move in relation
to the pith.

Low transverse ultrasonic velocity in fibres isieedt proof of the inner rot presence. The size of
the rot can be determined on the basis of Kietransverse heterogeneity coefficient in transeers
ultrasonic conduction in the trunk, i.e. by compgrithe wave velocity outside the rot area
(e.g. at the altitude of 2.0 meters) to the wavlearty in a defected area of the butt end. The rot
dimensions can also be described by means ofAhe anisotropy coefficient in longitudinal
and transverse ultrasonic conduction in the trunk.

REFERENCES

Aratake S., Arima T., (1994): Estimation of modubfsrupture (MOR) and modulus of elasticity
(MOE) of lumber using higher natural frequencyadg in pile of logs. Il. Possibility of application
for sugi square lumber with pit. Mokuzai Gakkaigt®(9): 1003-1007

Breeze J.E., Nilberg R.H., (1971): Predicting bgisaneasurements the strength of logs and poles
having internal decay. Forest Products Journal. GN89-43

Dzbeaski W., (1981): Versuche zur Anwendung der UltradleMesstechnik bei der
Gutesortierung von Konstruktionsholz nach seinestifkeit. Holzforschung und Holzverwertung.
No. 6:105-110

Dzbeaski W., (1984): Nieniszere badania mechanicznych wdavosci iglastej tarcicy
konstrukcyjnej wybranymi metodami statystycznynalynamicznymi. (Non-destructive testing of
mechanical properties of coniferous constructiomwrsaimber using selected statistical and
dynamic methods). Wydawnictwo SGGW-AR in Warsaw

Dzbeaski W., Wiktorski T., (2004): Influence of someusttural wood defects on ultrasonic wave
spectrum. Ann. Warsaw Agricult. Univ. SGGW, FordaWood Technol. No. 55:156-163

Dzbeaski a W., Wiktorski T., (2007): Wykrywanie zgnilignwewratrz pni drzewzywych za
pomoa techniki ultradwickowej (Detection of rot inside living tree trunksing ultrasonic
technique). in. Technologia drewna — wczoraj$dgitro. Studia i szkice na jubileusz profesora
Ryszarda Babickiego (Studies and papers in cororecwith professor Ryszard Babicki's
anniversary). Instytut Technologii Drewna. Pazna225-234.

Jayne B.A., (1959): Vibrational properties of woaslindices of quality. Forest Products Journal.
9(11):413-416

Kaiserlik J.H., Pellerin R.F., (1977): Stress wattenuation as an indicator of lumber strength.
Forest Products Journal. 27(6):39-43

Marra G.G., Pellerin R.F., Galligan W.L., (1966)omestructive determination of wood strength
and elasticity by vibration. Holz als Roh-und Wedft 10:460-466

Ross R.J., De Groot R.C., Nelson W.J., (1994): megle for nondestructive evaluation
of biological degraded wood. Experimental Tech5)20-32

Ross R.J., McDonald K.A., Green D.W., Schad K.€99(7): Relationship between log and lumber
modulus of elasticity. Forest Products Journal2%80-92

Sandoz J.L., Lorin P., (1994): Standing tree qua#sessment using ultrasound. Proc. Of. First
European Symp. on Nondestructive Evaluation of Wétghgary Univ. of Sporon. Vol.2:493-502
Sandoz J.L., (1996): Ultrasonic solid wood evalutin industrial application. fDinternational
Symposium on Nondestructive Testing of Wood Proicegsd s.135. Lausanne

Sandoz J.L., (1999): Standing tree assessment asurgjo-ultrasonic. Acta Hort. (ISHS) 496:269-
278 http://www.actahort.org/books/496/496 34.htm

Wang X., Ross R.J., McClellan M., Barbour R.J..cBon J.R., Forsman J.W., McGinnis G.D.
(2000): Assessment of standing trees using a ntmuidése stress wave technique. Forest Products
Laboratory. Research Paper 585.

26



