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ABSTRACT

The paper presents research project focused onstioemission signals captured during
commonly used static bending test of wood specimiosfive different wood types, typical AE
patterns were identified in the acoustic emissiecords to further describe the under-the-stress
behavior and failure development. Orthotropic prtpe of wood were found to be rather
complicated to conform within known AE techniguEsaluated properties of the material included
MOE (modulus of elasticity), MOR (modulus of ramyr TTF (time to failure), and density.
Results of the study will be included in a dissotathesis focused on non-destructive diagnostics
of wood using acoustic emission method.
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INTRODUCTION

Acoustic emissions are the stress waves producédebsudden internal stress redistribution of the
materials caused by the changes in the internattstie. Possible causes of the internal-structure
changes are crack initiation and growth, crack operand closure, dislocation movement,
twinning, and phase transformation in monolithictenials and fiber breakage and fiber-matrix
debonding in composites. Most of the sources of Aesdamage-related; thus, the detection and

monitoring of these emissions are commonly usqatédict material failure. [2]

In technical diagnostics, AE method has been useddnitor rotational part status (friction and
cavitation of bearings/gears), detection of micraeks, pressure vessel defects, tubing system
defects, aircraft structure evaluation/testing, laridge status diagnostics. AE technique has proven

useful in fatigue testing and destruction experits€j2]

Major advantages of AE include continuous monitprof the object, time savings, and failure
forecast abilities. On the other hand, AE wave seus not always obvious, as the emitted energy
may result from several phenomena inside of the parther variable factors include shape of the

object, surface area, material structure, and hemaity level. [2]

Two important issues in AE monitoring techniqueidgibending tests are source identification and
damage quantification. A standard bending test &snpere used in the experiments. For damage
quantification, two methods were used to analyzeesmental data: b-value analysis and intensity

analysis. [1]

Loading conditions during the static bending midfet crucial for the stress distribution and
response of the specimen. MOE (modulus of elagfiaitd MOR (modulus of rupture) may differ
based on the loading configuration. Two types afllag were established: LR beams (annual rings
horizontal, load applied to LT face) and LT beasmsnyal rings vertical, load applied to LR face).
The size of the specimens was 10 x 10 x 150 mwadtfound that the variation of MOE and MOR
was lower with loads applied to the longitudinatied face than the longitudinal-tangential face.
Additional information was received about the iefhice of earlywood and latewood on the

tension/compression surfaces. [3]

Methodology based on count and properties of anrings was used in series of experiments
including static bending test of cypress wood sampRelationship between number of annual
rings in the specimen cross-section, wood denaity, strength properties of the wood specimens
was calculated together with modulus o elastidWPE) and modulus of rupture (MOR). [4]
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It is apparent that the span/depth ratio for bemdést specimens can influence the test as well.

This behavior was examined with specimens made ffapanese fir. Several material properties
were evaluated during modified three-point and fooint bending tests. These included Young's
modulus, proportional limit stress, and bendingrsgth Deflection was measured using three
different methods Authors found that the spanfdeptio should be larger than 20 to produce
bending properties conforming well to the elementaending theory. The changes of the ratio

seemed to have significant influence on measuresr@ntoung's modulus. [5]

MATERIALS AND METHODS

According to the standard [7], static bending t@stcedure is performed to find ultimate static
bend load causing permanent damage of the testeihsgmn. Testing specimens must be in form of
regular-shaped boxes with base dimensions of 2@ xgh and length of 300 mm. The fiber

direction has to correspond with length dimensifime bending strength is calculated in N/m2 or
kp/cm2. Calculated values are usually adjuste®% inoisture content.

Figure 1: Position of a wood specimen on the bending test machine. Note the AE 767 acoustic
emission sensor attached to the specimen via a rubber band and secured against fall-down using
a security clamp.

For the actual static bending test, 50 specimems ug&ed. The wood types used were 3 hardwoods
(beech, oak, poplar) and 2 softwoods (spruce, piRe) each wood type, 10 specimens were
prepared. The specimens were carefully selectdd miximum possible uniformity requirements
in mind. However, not every specimen had exac#yshame structure as the others. Sometimes the
annual rings were slightly angled; some specimenisdifferent surface roughness etc.
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As far as the specimen moisture content is conderthe specimens had been stored in a storage
facility with stabile ambient conditions. For maigt content values, see table below.

In static bending test procedure, the specimenplased on two supports at the ends while the
third point provided downward pressure in the midpoThe forces from above acted in radial
direction, i.e. the rings were close to horizonTdis test is called three-point bending test imso
publications. It has been used for testing of wialege of materials including steel and plastics.
There are some variations of the test, e.g. thgsman be vertical in the loading position.

Prior to actual testing, several issues had todoeegsed including synchronous recording of the
bending test machine and AE signal. The actuatdtahding test procedure was as follows:

1. Specimen was selected from the storage facility designated by wood type and
number. Specimen dimensions and weight were mehsiéreslight film of silicone
grease was applied to the contact surface andyle sensor was fixed to the specimen
using a rubber band, with the distance from thepwiitt being 10 cm. The specimen
was placed onto the bending test machine. The pppte position was adjusted
visually.

2. The test run was performed until final breakagéhefspecimen. After starting the test,
the AE monitoring was simultaneously triggered. Beading test progress was viewed
on-screen of the PC. During the test, several ghetre taken to follow the change of
shape and fracture development. Average testmmwas 90 seconds.

3. Then, specimen was removed from the bending testhima and photographed.
Pressure traces on the specimen contact surfacesweasured. Data from the bending
test were logged and merged into the Dakel Daedudtware. AE RMS vs. time plots
were created for individual testing runs. Suppletasn properties of the testing
specimens were calculated including MOE (moduluglasticity), MOR (modulus of
rupture), and density.

The acoustic emission was monitored using Dakel ®EBE analyzer, a single Dakel AE469
sensor and Dakel Daemon software. A 35 dB pre-dieplivas connected to a special low
frequency slot in the Dakel XEDO analyzer. The slas adjusted to cover the frequency range of
10 - 200 kHz. A cylinder-shaped Dakel AE 469 semeas used for all the bending test runs.

For the static bending test, the ZDM 5/51 machias wsed. This machine uses electric power unit
and spiral gear drive to lift the bridge with loverpport assembly. The device has been installed in
the Department of Wood Science laboratory. The Z&BIL bending test machine was equipped
with a PC terminal with the M-Test 1.77 softwaretiest control purposes.

During the static bending test, the wood specinseexposed to compression stress on one surface
and tensile stress on the other. This complicatettiiltion of stress results in a various shear
displacements within the cross-section of the bdame. to anisotropic structure, acoustic emission
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generated during clear wood damage process shaameters dependent on loading type and its
orientation with respect to grain direction.

In general, acoustic emission may come from sewenaices in context of the static bending test:
bending machine noise, contact-surface frictiors@ogradual collapsing of wood cell walls, and
final fracture of the specimen body.

RESULTS

The experiment proved quite a different behavioinofividual wood type specimens subject to
static bending test. In this very first phase @ tesearch, acoustic emission RMS vs. loading force
plots were created for each of the 50 regular spes and 5 Teflon-tape specimens. The aim was
to overview the plots and find typical patternsfigure observations.

Property parameters of the specimens and statidirigpriest included actual moisture content,
density, TTF (time to failure), Fmax (maximum loagliforce at ultimate strength level), MOE
(modulus of elasticity in bending) and MOR (modutdisupture in bending). Below you can find
table with overview of average property values.

Wood MC Density TTF Fmax MOE MOR
Type %) | ko/m3) | sec) | (V) (MPa) (MPa)
Oak 76 | 6625 504 | 21785 | 110765 1068
Beech | 62 | 6709 731 | 20083 | 118667 1294
Poplar | 7,6 | 3838 74,7 13947 | 68800 | 667
Pine 68 | 4990 1004 | 20853 | 106621 943
Spruce | 87 | 5250 733 18757 | 92330 | 847

Table 1: Average property values for individual wood type groups.

OAK Specimens can be divided into 2 behavior-spe@foups. 3 specimens showed no AE
activity was recorded during the entire bending, thiey remained silent until the major fracture.
The rest of the testing group showed strong puls@&)% of ultimate load. OAK wood breakage
resembled to simple-tension type failure with shhantizontal portions parallel to grain and vertical
bridging perpendicular to grain.

BEECH Specimens showed Live AE activity during siéion from elastic to plastic phase and
very high values of loading force. BEECHO09 speciméthstood the highest loading force of the
entire testing set of 50 specimens, reaching valtex 3700 N. Fracture types included simple
tension (6 specimens) and cross-grain failure étispens).
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POPLAR was the final hardwood type to be subjethéostatic bending test. As indicated by table

1 data, the specimens reached the lowest MOE/MQiesdrom all the wood types. Fracture types
included splintering tension (6 specimens), simptesion (3 specimens), and massive cross-grain
failure (1 specimen). Typical POPLAR specimen gl be seen in figure below.
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Figure 2: Typical plot of loading force vs. AE RMS for POPLAR specimen group.

PINE specimens showed very distinctive behavioreursvere static bending load. 7 out of 10
specimens registered strong AE activity startingfi20% of ultimate load. As far as the fracture of
specimens is concerned, the PINE group showedgstéfinity to parallel-to-grain delamination
along annual rings (7 specimens out of 10). Theafthe specimen failed in non-specific manner.
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Figure 3: Typical plot of loading force vs. AE RMS for SPRUCE specimen group.

SPRUCE specimen group represented the most dieersget of under-the-load behavior.

3 specimens showed interesting trend of multipleamfailures and hardening prior to final master
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failure. The minor failures marked the ultimateessth of the specimen. However, there was

a strong residual rigidity in comparison with otheyod type groups. As far as the fracture type of
PINE group is concerned, it was rather difficult fftod a pattern there as well. Most of the
specimens failed in a combination of plain tengiod massive cross-grain destruction.

CONCLUSIONS

Acoustic emission method has been used to descrnilger-stress behavior of 5 wood type
specimens during a static bending test. Essent@hadology guidelines were elaborated with
respect to complicated material properties andcttra of wood. However, not all issues were
successfully resolved.

Next phase of research will include analysis ofjfiency variations for individual AE events
recorded from different wood types. Results of gtigdy will form an integral part of dissertation
thesis focused on assessment of wood propertieg asbustic emission method.
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