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Abstract 
 

Quasi-static tensile tests on two different types of laminated wood specimens are monitored 
with acoustic emission (AE). AE signal parameter data are analyzed with respect to AE rate 
behavior under quasi-static tensile loading to failure. For various AE signal parameters an 
exponential increase of the cumulative AE and of the AE rate curves is observed with time or 
load. The time-constant of this exponential increase is material-dependent. This is analogous to 
the AE rate behavior observed for various glass-fiber reinforced polymer-matrix composite 
specimens under similar tensile load conditions [1]. Implications of these results for damage 
accumulation in composites under tensile loading are discussed. 
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Introduction 
 

Acoustic emission (AE) monitoring is an established technique for assessing the integrity of 
structures made from various materials (see, e.g., [2]). There are several standardized 
applications developed specifically for structures made from fiber-reinforced polymer-matrix 
composites (see, e.g., [3-5]). Typically, such structures are loaded by appropriate means and the 
resulting AE is analyzed with respect to AE activity and AE intensity, yielding an indication of 
the level of structural integrity. It is less common to apply AE monitoring to (standardized) 
materials tests in order to monitor damage accumulation. A series of such tests with different 
loading configurations, material and specimen types have been reported by Brunner et al. [1]. 
The main conclusion was that for quasi-static tests, a specific, exponential increase of the AE 
activity was observed with increasing load. The exponential increase (proportional to exp(αt)) 
could even be quantified by evaluating the exponential factor α. This factor was empirically 
shown to be independent of the AE signal parameter (AE hit, counts, energy) used to analyze the 
AE activity pattern, and also to be independent of the test temperature (within a specified range), 
but dependent on the strain rate. 
 

Since wood can be interpreted as being a composite material also, it is of interest to see 
whether an analogous behavior is observed for the AE activity during quasi-static tests on wood 
specimens. The present paper reports on a first series of tensile tests with two different types of 
wood specimens. 
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Experimental Procedures 
 

The specimens were of dog-bone shape, about 400 mm long, 20 mm wide gauge, 18 mm 
thick, and made of two different types of laminated wood (Fig. 1). The first type was medium 
density fiber-board (labeled Medium Density Fiberboard = MDF) with a density of 720 kg/m3, 
the second particle board (labeled SP) with a density of about 650 kg/m3. Three specimens per 
type were tested with quasi-static tensile crosshead displacements of either 1.7 mm/min or 2.5 
mm/min.  

 
AE was monitored with AE equipment (AMS-3, Vallen Systeme GmbH) with four resonant 

AE sensors (SE-150M, Dunegan Engineering Corp. Inc.). Two sensors each were mounted on 
either side of the specimens, at the top and bottom near the mechanical clamps, respectively (Fig. 
1). The AE signal parameter set was recoded with a threshold of 31.2 dBAE, a rearm-time of 
1.382 ms, and with 100 kHz to 1,000 kHz band-pass frequency filters. Preamplifier gain was set 
at 34 dB. A silicone-free vacuum grease was used as coupling agent and the AE sensors were 
mounted with metal springs. AE source location was performed by linear interpolation between 
the two sensors (top and bottom) on either side of the specimens. An average signal speed was 
used, derived from Hsu-Nielsen sources applied on the surface of the specimens prior to the test. 

 
Tensile loads were applied in a screw-driven test machine (Z100, Zwick) with a 50-kN load 

cell (HBM Z4). Strain was measured with a video extensometer (ME-46, Messphysik, Austria) 
between two marks (Fig. 1) applied within the gauge length of the specimens. Load and cross-
head displacement were also recorded as analog external parameters with the AE equipment.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (left) Experimental set-up with particle board specimen and AE sensors in test machine 
and (right) specimens after tensile failure (top) MDF-type, (bottom) SP-type. The white paper 
strips serve as reference marks for the video extensometer. 
 
Results and Discussion 
 

The tensile properties of the specimens are summarized in Table 1. Because of different 
strain-rates (crosshead speeds) used in the tests, no averages and standard deviations are quoted. 
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Table 1 Summary of mechanical properties from tensile tests on laminated wood specimens 
(σmax = ultimate tensile strength, ε at Fmax = failure strain, Fmax = maximum load) 

 
Specimen E-modulus σmax ε at Fmax Fmax cross-section crosshead 
Type/label (tensile)     speed 
 [MPa] [MPa] [%] [N] [mm2] [mm/min] 
 
MDF / 1 3,100 18.7 0.87 7172 380.3 1.7 
MDF / 2 2,620 18.9 1.02 7233 381.9 2.5 
MDF / 3 4,240 18.6 0.65 6987 375.8 2.5 
SP / 1 1,700   5.3 0.38 1951 368.4 2.5 
SP / 2 1,350   4.8 0.45 1701 354.7 1.7 
SP / 3 1,170   4.6 0.40 1634 357.7 1.7 

 

 
Fig. 2. Overlap of cumulative and rate-curves of selected AE signal parameters (indicated on the 
different graphs) from one test on one MDF specimen. The curves are shown as measured, 
covering the full test duration and AE signal parameter scale (dark curve = cumulative, light curve 
= rate). Horizontal axis is test duration, in sec. 
 
The ultimate tensile strength in board plane of the two specimen types differs by about a factor 
of four, i.e., 18-19 MPa for MDF versus 4-5 MPa for particle board (SP), while the failure 
strains differ by about a factor of two, i.e. 0.7-1.0 % for MDF versus 0.4-0.5 % for particle 
board (SP). Typical macroscopic failure patterns are shown in Fig. 1. Strain rates are estimated 
from measured strains at maximum load and duration of the test (note that the specimens shown 
in Fig. 1 failed outside the measurement range). 
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An initial analysis checks whether an exponential behavior of AE rate and cumulative AE 
with time (and load in quasi-static tests) is observed. Selected examples of different AE signal 
parameters for one MDF specimen are shown in Fig. 2. If there is an overlap of the AE rate and 
the cumulative AE curves, this indicates an exponential behavior with time. The data as measured 
show some cases of overlap and others, where the two curves clearly deviate. If, however, the 
plot scales are adjusted, it can be seen that for the latter curves, an exponential behavior is 
observed at least for the initial part of the test, with a deviation of the two curves after a certain 
time (Fig. 3). 

 

 
Fig. 3 Overlap of cumulative and rate-curves of AE hits (top) and AE counts (bottom) vs. test 
duration from tests on MDF specimens. The scale of the cumulative AE curves has partly been 
adjusted to emphasize the exponential behavior (dark curve = cumulative, light curve = rate). 
 
From the ratios between the maximum scale values of the overlap plot of the cumulative and rate 
curves, the exponential factor α can be calculated. It is simply the ratio between the values of the 
AE rate curve and of the cumulative AE curve. This ratio has been calculated for all AE sensors 
on each specimen, using the ring-down count (“AE counts”) as AE signal parameter. These 
values are listed in Table 2, together with the measured strain-rate. For selected specimens, the 
value of α has been calculated also based on the overlap plot of AE hits with time. The results 
(examples shown in Fig. 3) essentially yield the same values for the same value of strain rate. 
This confirms that as was the case for the GFRP specimens, the exponential behavior does not 
depend on the choice of the AE signal parameter for the analysis.  
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The values in Table 2 also show that for comparable crosshead speeds or strain-rates the 
MDF specimen type yields higher values of α than the SP type. This is similar to the situation 
observed for the GFRP materials, which yielded distinctly different values of α for a given strain-
rate as well. Experiments varying the strain-rate over a fairly large interval indicated a linear 
increase of α with increasing strain-rate [1]. With the assumption that this linear behavior should 
include the origin (as it does seem to be the case for the GFRP), the dependence of α for the 
wood specimens can be plotted (Fig. 4). From that graph, a reference value for a fixed strain-rate 
(or crosshead speed) can be evaluated and compared with corresponding values for GFRP. 
Taking a crosshead speed of 1 mm/min, for example, yields values of a around 0.25 for MDF and 
around 0.35 for particle board (SP). This can be compared with values of 0.010, 0.020, and 0.014 
s-1 for unidirectional glass-polyester, combined glass-mat polyester, and glass-roving epoxy (at 1 
mm/min), respectively [1]. 
 
Table 2 AE rate behavior analysis: Determination of exponential coefficient α from hits and 
counts for the two types of specimens (strain-rate average, where applicable, average α 
calculated from all four sensors, stand. dev. = standard deviation)  
 
Specimen crosshead strain-rate AE para- average α stand. dev. stand. dev. 
Type  [mm/min]   [%/min]    meter       [-]      [-]  [%] 
 
MDF 1.7 0.31 hit 0.0432 0.0045 10.4 
MDF 1.7 0.31 counts 0.0452 0.0068 15.1 
MDF 2.5 0.40 hit 0.0561 0.0046  8.1 
MDF 2.5 0.40 counts 0.0627 0.0097 15.5 
SP / 2 1.7 0.41 hit 0.0614 0.0103 16.8 
SP / 2 1.7 0.41 counts 0.0592 0.0090 15.2 
SP / 3 2.5 0.56 hit 0.0796 0.0056  7.0 
SP / 3 2.5 0.56 counts 0.0898 0.0112 12.5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Plot of average values of α for the two types of wood specimens (derived from AE count 
and AE hit rate behavior) as a function of crosshead speed.  
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The significance of the empirical analysis deriving the value of α from AE monitoring of 
simple, quasi-static tensile tests has not been discussed much in the original reference on the 
GFRP tensile specimens [1]. The exponential increase in AE rate and AE cumulative curves with 
time or load as shown by the analysis, however, differs qualitatively from previous models for 
composites, interpreting the steep increase in AE observed during the test as an “AE knee” [6]. 
Of course, drawing tangents on the initial and final part of the AE cumulative or rate curves will 
yield an apparent “knee” at the intersection of the two tangents. This intersection point, 
however, will not separate the curves into a “low” and “high” rate regime with a distinct 
transition of the activity, since the rate is following an exponential curve.  

 
It is also important to note that not all quasi-static tensile tests on composites will yield the 

exponential AE rate behavior described above. Using a fiber-reinforced polymer-matrix specimen 
with a cross-ply lay-up (alternating 0°/90° plies, with uniaxial tensile loading along the 0°-fiber 
direction) yields an initial exponential increase, followed by a drop in activity and, later, the 
second increase in the AE rate (the second increase presumably again following an exponential 
behavior). This type of behavior can be explained in terms of distinctly differing dominant 
damage mechanisms [7] that occur sequentially. In the case of the cross-ply laminate, the first 
peak in the AE activity relates to transverse matrix cracking (up to saturation level), later 
followed by longitudinal matrix splitting upon increasing loading of the fibers along the loading 
direction. It is hypothesized that the exponential AE rate behavior indicates the action of one 
single dominant damage mechanism under the specified load type and load-rate. It is interesting 
that at least for the limited range of materials investigated in the two studies to date an analogous 
AE rate behavior is observed in spite of the apparently dissimilar nature of the test materials. 
The common link producing the analogous behavior does seem to be the composite nature of the 
materials, combining fibers inside a suitable matrix. 
 
Summary 
 

It has been shown that an AE rate behavior analysis applied to tensile tests on different 
types of glass fiber-reinforced polymer-matrix laminates is also applicable to different types of 
wood specimens. The AE rate determined from various AE signal parameters (e.g., hits, counts, 
duration, and energy) essentially indicates an exponential increase with time, or, equivalently 
with load in the quasi-static tests. The exponential factor α governing this AE rate increase scales 
linearly with crosshead speed (or strain-rate). A larger value of α for a given crosshead speed or 
strain-rate indicates higher AE rate increase, consistent with larger damage accumulation and 
lower ultimate tensile strength. Deviations from exponential AE rate behavior in quasi-static 
tensile tests on these materials are probably related to damage accumulation interfering with AE 
signal propagation, or a change in dominant damage mechanism. 
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