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Abstract: The paper addresses the evaluation of strengthsafidess of chestnut

wood, in tension and compression parallel to treengrusing different non-destructive
techniques (ultrasounds, Resistograph and Pilodgmpund two hundred timber

specimens (divided into compression and tensiots)tesere tested up to failure,

comprising recently sawn timber (which is now aadlé on the market for structural
purposes) and what was called old wood, obtaineh fstructural elements belonging
to ancient buildings. The possibility of predictimgpod properties by application of
non-destructive techniques is discussed based moplesilinear regression models.
Extrapolation of regression models obtained frowent¢ cut wooden material to that
obtained from old timber beams is analysed. Thalt®show reasonable correlations
between mechanical elastic properties and nontddste techniques (ultrasounds,
Resistograph and Pilodyn). New and old wood medardata exhibited a scattered
cloud of points, implying in terms of assessmenpadperties of timber elements in
service by regression models that these modelsigmmi be supported only on data
from recently sawn wood. Therefore, models comiginimformation from new and old

wood specimens are proposed based on lower 95%eeané limits of regression lines.



Keywords: chestnut wood, compression parallel to the graan-destructive evaluation,
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1. Introduction

Timber structures survey is the first and cructabsfor deciding on timber structural

elements capability for assuring the desired peréorce over an expected service life.
The scope of survey includes the necessity of gathenformation on wood species,

expected service class and deterioration, besitlesr @aspects such as geometrical
survey, historical data gathering and technologiades that are of relevance for any
historical structure, see e.g. (ICOMOS, 2001) fsrommendations and methodology.
Wood species identification is essential for defgha range of mechanical, physical and
durability properties. Only then, non-destructieehniques (including visual strength

grading) should be used for assessing possibleactegistic values to be allocated to
the wood members.

Wooden structures may suffer deterioration withetidue to different causes
(biological, instability, deterioration of jointsd deformation or accidental damage) but
in the majority of cases the damage observed ifgal timber structures deals with
biodeterioration and mechanical deterioration iredudoth by excessive moisture
content. If no damaging action occurred, the impddbading history and time over
strength and stiffness of structural timber elemegems to be limited. Studies show no
evidence of time-in-service effect over old timbeams strength and stiffness parallel
to grain, possibly due to being subjected durimyise to permanent low stress levels.
Usually, inspection of old timber structures shdhest large deformations are the result
of using green round or square elements and exeessbisture conditions during the
history of the structure.

In order to assess the safety of old structurespaeserve the original fabric as
much as possiblan situ inspection and evaluation of actual mechanicap@ries

represent a first step towards diagnosis, strulcturalysis and the definition of possible



remedial measures (Ross et al. 1997; Bertoliniletl298). The inspection results,
combined with historical information and a visuah&y, can also be the support of
maintenance decisions. Non-destructive evaluatNiDE) is already widely applied to
the control of structural integrity, due its chasaistics of reliability, simplicity and low
cost. However in order to apply non-destructiveniggues it is mandatory to possess a
relation between non-destructive parameters anchamécal characteristics of wood
(Kasal and Anthony 2004). Unfortunately there is quarantee that such relation is
unique for all wood species, as already observedhathine strength grading, and
therefore extrapolations must be observed veryaéye

Timber structures design usually considers the piar@al capacity of wood to
withstand loading parallel to the grain. Furtherengiven the low strength of timber
when loaded perpendicularly to the grain, a ruléhoimb consists of avoiding tensile
stresses perpendicular to the grain (Bonamini e2@D1; Zwerger 2000). The most
relevant material properties along the grain ampression and tension. Compressive
strength parallel to the grain of clear wood isnmzn 40 and 60 percent of the bending
strength in that direction and between 30 and 36gm of the tensile strength (USDA
1999).

The modulus of elasticity for wood parallel to graexhibits moderate
dependency of the type of loading: tension, congi@sor even bending. However
European standards adopt for timber a modulusasttielty parallel to grain obtained

from a bending test. Gehri (1997) reported a maglofielasticity in compressiori( )
lower than the corresponding modulus of elastigitpending €,,,), which in turn is

lower than the corresponding modulus of elasticitiension €, ,):

E < Em,O S Et,O (1)



Although generally mechanical properties of strradtitimber members are
driven by defects, clear wood properties are relevenen dealing with strength and
stiffness of upper strength grades (visual or meiclad). Also in critical points in
timber structures (joints or high stressed zonke)good practice leads generally to
avoid the presence of features that can have airegleffect on strength or stiffness,
meaning that ultimate capacity of timber structusds be significantly determined by
clear wood properties (density, strength and «&#). Moreover, regular non-
destructive strength grading methods (visual andhaweical) are often not applicable to
the appraisal of a single beam in-service, beimgetflore possible to allocate strength
values to particular timber element by applyinguatn factors (due to strength-
reducing features) to clear wood properties.

The objective of this paper is to discuss the oil#tsi of using NDE methods
for the evaluation of strength and stiffness ofsthet clear wood Gastanea sativa
Mill.) in compression and tension parallel to graegression models using data from
recently sawn and from old timber beams were usexder to discuss the possibility of
extrapolating models obtained from recently sawrbgr to the appraisal of mechanical
properties of timber elements in service. For fhuspose, the paper presents several
correlations between mechanical properties, denaity non-destructive methods

(ultrasounds, Resistograph and Pilodyn).

2. Description of test specimens

Chestnut wood Gastanea sativaMill.) is usually present in historical Portuguese
buildings. For the present testing program, twougso of chestnut clear wood
specimens were selected. One designateNeas Chestnut Woo@NCW) - recently

sawn timber - was obtained from wood material poeduin the North of Portugal. The



other group designated @8d Chestnut Wood (OCWjas obtained from timber beams
from the demolition of ancient buildings locatedlive North of Portugal. The specialist
contractor providing the “old” wood claims that thge of the timber logs is in the
range of 50 to 200 years, and the load-history evhi service is unknown.
Dendrochronological data (annual ring density peofind pattern) was not obtained
from old wood beams.

Wood specimens from old beams were included hawngnind possible
changes of wood quality used in construction (aduehtanges in forest management or
quality criteria followed when selecting timber mlents), enlarging in this way the
spectrum of chestnut wood properties tested. Thered possibility of discussing the
soundness of applying regression models obtainau frecently sawn timber to old
timber beam is foreseen.

In order to ensure comparable and reliable resdifyre testing, all specimens
were conditioned in a climatic room capable of keggonstant temperature (20 + 2°C)
and humidity (65 + 5%) until constant mass wasedc
2.1 Compressive tests
In total, 94 specimens with dimensionsx50x300 mm were adopted for ultrasonic
testing. Afterwards, the specimens were cut in $wller specimens, with dimensions
of 50x50x100 mm and 58650200 mm: the first specimen was used for the adtitio
non-destructive tests (Resistograph and Pilodyragd)the second specimen was tested
in laboratory up to failure, see Figure la. Theéelaspecimens have the dimensions
recommended by ASTM standard D143 (1994).

2.2 Tensile tests
In total, 84 specimens were selected after visngpection ensured that the gauge

length was kept clear of defects. To prevent fr&cai the grips care was taken avoiding



knots at the transition from test length to thermgad section. According to the standard
Nbr7190 (1997), the specimens adopted must poasgssmetry as the one represented
in Figure 1b. Their overall length was 330mm whie “gauge length” was 210mm
long and about 7mm in thickness. Tension gripstleagailable only seized half of the
specimen grip length, which led to failure in tHese vicinity of the bottleneck region
of the specimens, during preliminary tests. Tensiecimens were then modified (see
again Figure 1b), taking into account the effectivgpp area of the testing equipment.
Additional trial tests showed that this change es$wccurrence of tension failure
modes in the middle third of the specimen. Ultrasdasts were also carried out in

these specimens before testing them up to failure.

3. Characterization of physical and mechanical proerties
3.1 Density

Given the conditioning of the specimens, the awerdgnsity p,, is determined for a

moisture content of 12%, obtained by the ratio leetwmass and volumey:

— r.nII.Z%
1012% - V
12%

(@)

Table 1 presents the average density and coeffioferariation according to the type of
loading and type (age) of wood specimens. On aeemyl for the complete 178
specimens sample, the densities of NCW (627.3 Ygamd OCW (589.2 kg/fh groups
are similar, showing NCW only in average a den&® higher than OCW. High
coefficients of variation found for tension specimag(10%) as regards compression
(3%) are probably caused by lower accuracy on veludetermination due to
specimens’ geometry.

3.2 Compressive tests



Mechanical testing was carried out using a Baldwniversal testing machine, with a
load cell of 300 kN. A power supply Schenk equipimeas used, together with a HBM
system (Spider 8) for the acquisition and amplifaa of the data, see Figure 2a.
Lateral deformation was assessed by using straiigegaattached to all faces of the
specimens (DD1 type from HBM, with a range of + 2, a sensitivity of £ 2.5
mV/V and a linear deviation of £ 0.05%). Verticafdrmation (crosshead to platen)
was measured using two LVDT (range £ 2.5 mm).

The adopted test procedure follows the Braziliaan8ard NBr 7190 (1997),
which includes two preliminary loading-unloading cles before continuously
increasing loading up to failure. A loading rate ®10° mm/s, in the preliminary
loading-unloading phase, and 4&10”mm/s in the failure phase was applied, being

the stress-strain diagrams continuously recordbad.cbmpressive strength , parallel

to the grain was determined by the maximum loadieggo the specimen, and the

modulus of elasticity parallel to graig_,, given by the secant modulus defined as the

slope of the linear part in the stress-strain cuwaes obtained by

_ Os0 ~ 010
E o, =2 1% 3)

Esoe ~ Erom

where og,,, and o, are the stresses corresponding to 10% and 50%eofailure
conventional stress, ang,, and &, are the strains corresponding to the values of
0.5, and oy, . The stress is obtained as the load cell valuiglelivby the cross section

area of the specimen and the strain is obtainethesaverage of the displacements
measured in the (two) vertical LVDTs. Finally, tioisson ratios were calculated

equally as secant values for the same stress ddrige conventional failure stress.



The time elapsed between the tests and withdrafvilleospecimens from the
climatic chamber (less than 24 hours) did not affee conditioning of the specimens.
The results of the uniaxial compression tests egegmted in Table 2. The values for the
coefficient of variation CV are relatively largev@aage CV of 15% for the strength
values and values ranging between 8 and 16% forethsticity modulus) but well
within the variability found for wood species tasia compression parallel to the grain.
Results obtained for OCW and NCW groups are similaese results support decisions
often made to allocate strength and stiffness waaidimber elements in service using
data obtained from recently sawn timber from theeavood species (Kuipers 1986).
Nevertheless, it is interesting to observe thathis particular sample, the compressive

strength of old chestnut woofl,, is 11% higher than new chestnut wood. This is in

opposition with the density values, where the dgrsi OCW is 10% lower than NCW
(Table 1). The results indicate thus that a singoleelation of density and strength is
not possible when old and new wood are being coeapar

Figure 2b illustrates typical failure patterns atvee in compression parallel to
the grain. During experiments gross localizationd{a) were easily identified running
approximately perpendicular to the longitudinalsa@n the radial plane and obliquely,
at an angle between 45° and 70° relative to thgitissinal axis, on the tangential plane.
Kink formation origins considerable loss of stifiseand after peak load a localization
gross band appears, see Figure 2c. It was alsovelisthat each specimen develops one
or, at maximum, two principal gross localizatiombés) observable with the naked eye.
This/these band(s) occur at relatively large s&rdin6-2.1%), i.e. at a strain beyond the

maximum stress ,..) and reach widths between 0.2 mm and 1.1 mm. This

localization band is followed by a considerable@ase in lateral deformation.

3.3 Tensile tests



Mechanical testing was carried out using a univetssting machine (INSTRON —
Model 4483), with a load cell of 100 kN. Additiohala feed, acquisition and
amplification data system was defined for testimlgich allows to obtain and register all
data, see Figure 3.

The measurements of the vertical and horizontalrsrin the specimens were
done by two pairs of bonded strain gauges, placegpposite faces of the specimens to
eliminate the effect of bending due to load eccgeitizs. The pair of vertical strain
gauges (parallel to the grain) and the pair ofzwrial strain gauges (perpendicular to
the grain) were mounted in the central sectiorhefdpecimens. This measured strain is
considered to represent strain at a point accepfairin a macro-mechanics perspective,
considering that wood is an inhomogeneous matatrialmicroscopic scale.

All strain gauges were wired in a full bridge caufiation with one dummy
gauge as temperature compensation strain gaugereBgltiing the strain gauges, wood
specimens were slightly polished with abrasive pape wiped with acetone.

The adopted test procedure follows the Braziliaan8ard NBr 7190 (1997),

which includes two loading-unloading cycles befooatinuously increasing loading up
to failure. The loading rate was fixed &&10™” mm/s for the entire test. Each load-
extension curve was reduced to a true stress-traa Plot; from these, the tensile
strength parallel to grairf, , is defined as the conventional value determinedhiey

maximum strength applied to a specimen or as theardional value corresponding to

a strain equal to a 0.3% offset in the usual teotoigly, whichever is lower.

The stiffness of wood, in tension parallel to thaig, is determined by its

modulus of elasticityE, ,, defined as above. Finally, the Poisson ratiosveatculated

equally as secant values for the same stress wdrlge conventional failure stress.
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The tests results are presented in Table 2. One@n,athe coefficients of
variation are relatively large (ranging betweenat@ 29%) but within the variability
found for wood species and the presence of smaknmbdefects (namely local grain
deviations). The difference in the results betwelehand new wood is very low, which
seems in agreement with the values of density fdondhe sample, see Table 1. The
results also indicate a marginal (5%) differencéwben average compressive and

tensile strength but a significant difference indulois of elasticity E., = 0.66 E, ;).

Generally, failure in tension parallel to the grdallows one of the patterns
shown in Figure 4a-d, namely shear, a combinatfoshear and tension, pure tension

and splinter mode.

4. Description of non-destructive test procedures

4.1. Resistograph tests

The Resistograph is a commercial testing equiprbased on micro-drilling wood at
constant speed, and on measuring the energy rddairenaintaining such speed. It is
usually adopted to obtain density profiles of wodal.the present testing program,
drilling was made parallel to plane RT (planes Titda R), which, in real cases,
represents the accessible faces of timber elemdate, R stand for radial, T stands for
tangential and L for longitudinal, see also FigtrePlane RT is defined by the radial
and tangential axes, meaning that it is a planpgeelicular to the longitudinal axis of
the element, coinciding with the longitudinal axSwood. For each specimen, three
independent profiles have been carried out andebelts shown represent the average
of the readings. The adopted equipment was provigeRinntech, including a 12 bit
precision, a 1/100 mm resolution, a drill with amieter of 3 mm (drill tip) and 1.5 mm

(drill shaft), and a drilling length of 450 mm.
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For all wood specimens, a resistographic meadtik§ (vas calculated from the
drilling profile curve obtained with the Resistogha as the ratio between the area of the
profile diagram and the lengthof the drilled perforation (see Eq. 4). Using théalar,
the Resistograph results can be easily compardd thit values of density and of the
elastic properties. Scalar RM could be divided Iy size of the drill tip, in order to
remove the influence of the drill diameter but thwsuld be misleading and the results
provided by the equipment cannot be directly catesl with the drill diameter. The

Resistograph was only used in compression specimens

_ Areaof profile
I

RM (4)

4.2. Pilodyn 6J tests

The Pilodyn 6J is a device that, through the relezfsa spring, transforms the elastic
potential energy of a metallic needle with 2.5 mimd@ameter into impact energy
(penetration depth). The penetration depth (relatesurface hardness or to resistance
to superficial penetration) is regarded as invgrgaloportional to wood density.
Measurement was performed on planes TL and LR. &ach specimen, three
independent impact tests were carried out anddbelts (correlation with density and
mechanical and elastic properties) presented aavhrage of the readings made. The
Pilodyn test was only applied to compression spensn

4.3. Ultrasonic tests

The ultrasonic tests were carried out using thapagent Pundit/Plus, with cylinder-
shaped transducers of 150 kHz. In all tests, cogpbetween the transducers and
specimens was assured by a conventional hair geélaaconstant pressure was applied
by means of a rubber spring, allowing adequatesirassion of the elastic wave

between the transducers and the specimen undegtest
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The propagation velocity of the longitudinal stresaves in elastic media
depends essentially on the stiffness and the demditthe media. For prismatic,
homogeneous and isotropic elements and for thaearsection width smaller than the

stress wavelength, the relation:

Egn =U”Dp ©))
holds, whereE,,, represents the dynamic modulus of elasticity (NAnm is the

propagation velocity of the longitudinal stress es\m/s), usually denoted by UPV

(ultrasonic pulse velocity) andis the density of the specimens (kg/ms3).

4.3.1. Compression specimens

For the compressive specimens, two methods weik fosailtrasonic measurements in
the framework of a more general approach, see &igar(Indirect Method — IM — and
Direct Method — DM — parallel to the grain). Nevetess, the only method reported in
this paper is the IM, since it is the most appraigriin practical cases. The IM can be
used for evaluating different zones of the elenfgltabal or local evaluation) and only
needs a face of the element to be accessible. agahe DM, it requires access to the
ends of the elements (in most cases not possibteakbows only a global evaluation of
the material (it is not possible to evaluate wea&risical zones).

For each specimen, three independent ultrasor ese been carried out and
the results shown represent the average of theéngsdOCW group present higher
UPV values (+12%) when compared with the NCW grolghle 3. This result is in
accordance with the strength and stiffness valuewmimed, Table 2, but not in

agreement with the density values given in Tabl&ding Eq. (5) and assumirigin
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proportional toE, the ratio E/o)new reads 11.% 10° mn?/s® and E/0)qq reads 15.1x
10° mn#/s%, confirming that the UPYj = (15.1/11.95° = 1.13 UPVew

4.3.2. Tensile specimens

For the tensile specimens, three different typesesfs were carried out: (a) Indirect
Method (d = 20 cm); (b) Indirect Method (d = 45 camd (c) Direct Method, parallel to
the grain (see Figure 5b). The propagation timethefultrasonic wave were recorded
and the material was assumed to be continuous antbdeneous. Again, for each
specimen, three independent ultrasonic tests hese tarried out and the results shown
represent the average of the readings. The onlitadaeported here is the IM, since it
is the most appropriate in practice. IM ultrasotesting induces a complex wave
interaction (modes of propagation) that resultsactonsiderable effect of propagation
length on UPV. Since the larger measuring bas¢hiindirect method provides more
comparable values to the ones obtained by thetdimethod only results covering that
larger measuring base (d = 45cm, Figure 5) areepted in this paper.

Table 3 shows again the differences between thecbmsidered groups in terms
of wood age. The main conclusion is again thatQRaV group presents slightly higher
values (+5.8%) when compared with the NCW groupe @ifference found between
OCW and NCW is not corroborated by the density alagticity modulus values found

for this sample, which are almost equal, see Talaled Table 2.

5. Linear correlations based on the NDT methods

The previous sections addressed destructive testi) non-destructive techniques
under very well defined conditions, using smallaclevood specimens. The reader must
be aware that in the application of the linear elatrons presented in this section to

historical structures only the sound part of theowocan be tested and graded.
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Moreover, the actuain situ measurements can be made in conditions substgntial
different from the ones adopted here.

5.1. Compression tests

5.1.1. Correlations with density

Figure 6 shows the correlations between the RMthaddensity for NCW and OCW.
Moderate correlations are found between the twontifies when the results are
analysed separately. However, when the resultarsab/sed together, good correlations
are obtained. For practical purposes, it is recontied to use this measure carefully as
a guantitative indicator. For practical applicaipmn order to assure a conservative

approach, a lower 95% confidence limit equationstaering all results is proposed:

p = 22429+ 106[RM [kg/m’], with RM in [bits] (6)

Figure 7 shows the correlations between the ngeetetration and the density
for NCW and OCW. The scatter in the results is &owd a good correlation between the
two quantities is found. Once again, when the tesare analysed together the
correlations improve. The lower 95% confidence tisquation, considering all results,

is given by:

p =100199- 51 81[ Penetratim [kg/m?], with Penin [mm] @)

It is noted that the needle penetrates only 6.52anm, or between one and
three annual growth rings. Therefore, the resulsuperficial and care is needed in
practical applications, verifying if the outer sacé is deteriorated due to biological
attack.

5.1.2. Correlations with the elasticity modulus

Figure 8 shows the correlations between the UPVEndusing the IM. Only moderate

linear correlations are found with a very largefadénce between NCW and OCW.
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Also, these results are in agreement with Tablenx@® the discussion provided in the

previous section. Considering all tests, a lowé&boI®nfidence limit is given by:

E., =—338486+ 182[UPV [N/mm?, with UPV in [m/s] @)

Figure 9 shows the correlations between the RMthacklasticity modulus for

NCW and OCW. Moderate linear correlations were thufor practical purposes, it is
not recommended to use this measure as a quamitiatlicator. Considering all tests
together, no significant correlation is obtainedgufe 10 shows the correlations
between the penetration reached with the needleeolPilodyn device and the elasticity
modulus for NCW and OCW, which were found to be erate. Once again, the global
results present no significant correlation.

5.1.3. Correlations with the uniaxial compressivetsength

Figure 11 shows the weak linear correlations betvtte UPV andf_, using the IM.

Considering all tests together, a lower 95% comfogelimit is given by:

foo =—1795+ 822x107° WPV [N/mm’], with UPV in [m/s] (9)

Figure 12 shows the correlations between the RMthadiniaxial compressive
strength for NCW and OCW. Moderate linear correladi were found. For practical
purposes, it is not recommended to use this meaasr@a quantitative indicator.
Considering all tests together, no significant tieles were obtained. Figure 13 shows
that the correlation between the penetration rehoki¢h the needle of the Pilodyn
device and the uniaxial compressive strength fol\N&d OCW were found to be not
significant. Once again, the global results presersignificant correlation.

5.2. Tension tests

5.2.1. Correlations with the elasticity modulus

16



Figure 14 shows the correlations found between WRY¥E, ; using ultrasonic testing

according to the IM. Moderate correlations werentbdior the OCW and NCW groups
being visually possible to identify a distinct ctbyoints shape for each group.
Therefore each group shows a lower variability tthensample joining the two groups.
In order to cope with this variability and to ass@an acceptable level of safety
when predicting clear wood modulus of elasticityension, it is proposed the adoption
of confidence intervals. Therefore a predictive a&gpn based on the lower 95%

confidence limit is given by:
E., = —1908776+ 386[UPV [N/mn], with UPVin [m/s] (10)
5.2.2. Correlations with the uniaxial tensile stregth
The correlation between UPV anfj, using IM method, is weak for the two groups,

see Figure 15. As for the modulus of elasticityradpctive equation should combine

OCW and NCW data and a lower 95% confidence limitagion is given by

f o =—2081+ 566x107° WPV [N/mnv], with UPVin [m/s] (11)

6. Conclusions

The paper aims at characterizing density and mecdlaproperties along the
grain of two groups of chestnut wood, differentthes new and old according to the
time in service, using NDT.

The two groups comprise clear wood specimens (redueariability due to

defects and allowing a better comparison of difiees between samples) from the
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same provenance (North of Portugal). Both groupswvshn average, slightly higher
tensile than compressive streng#6%) and a much higher modulus of elasticity in
tension than compressior53%), see Table 4. Strength, stiffness and densilyes
from both groups do not differ by more than 15%.eTiesults contribute to the
statement that sound old wood generally does na hvrse mechanical characteristics
than contemporary marketed wood of the same kind.

Single-parameter linear regressions are proposed dénsity, reasonable
determination coefficients were established usingl KResistograph) and needle
penetration (Pilodyn) as independent variablesighthis last NDT the best predictor of
density (> = 0.91). Regarding compression and tension sthemgderate coefficients
of determination were obtained using RM and UPMrésbunds) for compression
(around 0.60 and 0.57, respectively) and UPV fasite strengthr = 0.32). For the
modulus of elasticity, UPV gave coefficients of efetination of 0.64 and 0.65 for
compression and tension, respectively.

The results show also that the usage in pracficegression models might lead
only to approximate conclusions when applied to ticber elements. Due to wood
variability, the safe use of regression curves gaedicting mechanical properties of
chestnut timber elements in service imply modelglation by removing samples from
structural elements under inspection. Since thigr@ach is not often reasonable or
possible, lower 95% confident limit equations aneeg for predicting the mechanical
capacity of chestnut clear wood properties alorg ghain using ultrasonic testing.
However, due to the poor coefficients of determorabbtained, this NDT technique
can hardly be recommended for quantitative evalnatFor the Resistogragh and

Pilodyn such approach is not possible at all dutécextreme disparity of a cloud point
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scatter and, therefore, the use of these non-a#iseu methods for predicting

mechanical properties along the grain is not recenuad.
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Figure 2 — Typical aspects of the compressive tésfgeneral view of the test set-up, (b)
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Figure 3 — Bonded strain gauges: (a) scheme itwb@pposite faces; and (b) view of an

instrumented specimen.
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Table 1 — Mean density and number of specimensaenesl in each group

Compression Tests Tension Tests
NCW OCW NCW OCW

no. specimens 47 47 42 42
P, (kg/ms3) 647.8 581.8 604.3 597.5
CV (%) 3 3 10 10
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Table 2 — Mechanical properties of chestnut wootbimpression and tension parallel to the grain

Compression (OCW)

Compression (Total) Compression (NCW)
no. specimens 94 47 47
EC,O fC,O EC,O VLR l/TR l/|_T fC,O EC,O VLR l/TR l/|_T fC,O
(NNmm2)  (Nfmm?) (Nfmm?) () () () (Nmm?) (Nmm?) () () ()  (Nmm?)
Average 8.3E+03 45.3 7.7E+03 0.31 0.71 0.3142.9 8.8E+03 0.31 0.72 0.28 47.6
CV(%) 12 14 16 14 13 30 15 8 14 13 27 14
Tension (Total) Tension (NCW) Tension (OCW)
No. specimens 84 42 15 42 42 15 42
Eio ft,O Eio Vir Vir Vit ft,o Eio Vir Vi Vit ft,o
(Nmm?) ~ (Nfmm?) (N/mm?) () () () (Nmm?) (Nmm?) () () () (Nmm?)
Average 12.6E+03 47.8 11.5E+03  --- --- 045474 13.7E+03  --- - 0.44 48.1
CV(%) 19 26 19 12 29 19 13 23
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Table 3 — Influence of the age of wood in the UMdifect Method). Note that the distance betweandducers is different for the tension and

com pression tests

UPV (m/s) UPV (m/s)
Compression Tension

NCW OCW NCW OCW
Average  4526.8 5079.0 5678.0 6007.3

CV (%) 10 3 9 6
Total

Average 4802.9 5842.6

CV (%) 9 8
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Table4 — Comparison between the average values of mechgracameters for compression and tension paralkblegrain

NCW OoCcw

Et 0 ft 0 Et ,0 ft 0
Ec,O fc,O Ec,O fc,O

1.49 1.11 1.56 1.01
Total

Et ,O,tota/ ft ,O,tota/
Ec ,0,total fc ,0,total

1.53 1.06




