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ABSTRACT

In order to investigate the possibility of using sawn timber of European aspen (Populus tremula L.) as a structural
material, 150 pieces of the dimension 45 x 120 mm? were selected from a sawmill in the south of Sweden. The material was
visually strength graded using the Nordic standard INSTA 142 and the British standard BS 4978-1996, respectively.
The timber pieces were also subjected to flat-wise bending in a Cook-Bolinder /7 strength grading machine. Finally all
specimens were tested in edge-wise bending according to the European testing standard EN 408. Global and local moduli
of elasticity as well as bending strength were determined.

The results indicate that the visual grading rules, intended for use on Norway spruce and Scots pine, seem to work fairly
well on European aspen. However, grading in a flat-wise bending machine like the Cook-Bolinder seems to give a lower
correlation between gtiffness and strength for aspen timber than generally found for coniferous. Further, the correlation
between density and bending strength was found to be very low for the aspen timber tested. It was also noticed that
the aspen timber has a dightly higher bending strength and modulus of elasticity than is the case for normal qualities
of Norway spruce.

The study indicates that sawn timber of European aspen grown in southern Sweden can be visually graded and used
as structural material.

INTRODUCTON

Background

European aspen (Populus tremula L.) is one of tbetmwidely spread species in the world, with
a natural range stretching from the Arctic CirakeScandinavia to north Africa, and from Britain
across most of Europe and north Asia to China apmhd. In Sweden aspen is the second most
common hardwood species forming 2 % of the totabadveupply. Only very little of the Swedish
aspen supply goes to the sawmill industry for pssoey and since there are no Swedish grading rules
and design values for aspen timber nothing ofithbdr is used for structural purposes.

Purpose

The purpose of this study was to investigate ifrsaspen timber originating from Sweden is proper to
use as a future structural material, to find o pwossibilities of using visual and machine grading
and to determine some of the mechanical propestidse material in bending.

MATERIAL AND METHOD
Selection of boards

The material for the study, consisting of Europaapen boards of the length 3000 mm, was selected
from the Werner Traforadling sawmill in Vimmerbyuated in the south of Sweden. After the sawing,
the boards were kiln-dried to a moisture contenCj\f 7 %. A selection, in principle at random,
of 150 boards was carried out after this stage. dderds were finally planed to the nominal cross
sectional dimension 45 x 120 rAim
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Visual grading

After the material had been delivered to the latmwyathe boards were visually graded according to
the Nordic standard INSTA 142 and the British seaddBS 4978-1996. In the Nordic standard
the timber is graded into four classes TO, T1, md &3. These classes are placed in the European
strength classes C14, C18, C24 and C30 respectivythe visual grading of the boards
no consideration with respect to distortions wetleeh. In this paper only the results of the grading
according to the Nordic T-rules will be presented.

Machinegrading

Prior to testing, all boards were passed throughCaok-Bolinder strength-grading machine
for recording of the flat-wise modulus of elastctMOE) distribution along each board. In order
to reduce the effects of vibrations in the machities boards were passed through the machine
at the low speed of 40 m/min.

Testing of boardsin bending

The test arrangement used, see Figure 1, was eemgnt with European testing standard EN 408
with two point loads acting in the third points.éltistance between the supports was 18h where h is
the board depth. According to testing standard BM the worst defect possible to test was placed
in the centre between the point loads and locatadamly with regard to the compression and tension
side of the board. The position of the worst defeets determined based on visual inspection
of the boards.

In the testing standard it is stipulated that th@BJ here referred to as.&;, shall be determined from
the curvature of the centre of the test piece avegauge length of 5h. In this case the vertical
displacement was measured at the centre of thaoterilenge (point D relative to C and E).
In addition, the global MOE (fera) Was determined by measuring the mid-span vertiisgilacement
(point F) relative to the supports A and B.

After the MOE-values had been determined, the lmanegre tested in bending to failure.
For determination of moisture contemtand densityp small specimens were cut out close to the cross
sections where failure occurred in the boards.hla paper we will only report the dry densy,,

of the wood material.

In the testing standard EN 408 it is stated thattést pieces shall be conditioned at 20 °C ané65
relative humidity. For softwoods this corresponal&tMC of 12 %. It should be noted that the timber
in the present investigation had a MC of about @t%esting.

Fl2 Fl2
l A
c D E
5h
6h 6h

h T D
Figure 1. Test arrangement for determination of M OE and bending strength.
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RESULTSAND DISCUSSION
Basic statistics of measured parameters

Basic statistics of measured parameters, presamfEable 1, include minimum and maximum values,
arithmetic means, standard deviation (SD) and wmefit of variation (COV). In Table 2
the correlation matrix with respect to some of paeameters is given.
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Table 1. Measured parameters. The values of thelast column have no units.
Units | Min. | Max. | Mean | SD | COV
Moisture content» % 6.2 9.0 7.0 0.005 0.06
Dry densitypq 7 kg/m? | 325 | 538 | 434| 42| 0.09

[¢5]

N

Eiocal MPa | 7080] 19540 13770 1990 0.145
Egiobal MPa | 7400 16160 11930 1590 0.134
Ecook MPa | 5110] 14320 10500 1670 0.1p9

Bending strength,f | MPa | 16.0| 94.3 55.1] 138 0.2

Table 2. Correlation matrix of measured parameters.

r Po7 | Eioca | Egioba | Ecook | fm
Po.7 1 0.41| 0.46| 0.40 0.1
Eoca | 0.41 1 0.84| 0.61 0.5
Egovat | 046| 084 1 | 073 04
E.ook | 0.40| 0.61| 0.73 1 0.5
fn 0.18| 0.50| 0.49| 0.5% 1

O O O W0

Bending strength of ungraded boards

In Figure 2 the cumulative frequency of all bendstgength data is shown together with a fitted
normal distribution function. The MC of the boamdas, as already mentioned, about 7 % at the time
of testing. This low MC has probably caused that tbmpression strength of the wood material has
become somewhat higher than normal. The influencehe low MC on the tension strength
is probably fairly small. From this it can be cambkd that the test specimens with dominating
compression failure, i.e. specimens with high begdtrength, probably have obtained somewhat
too high values while test specimens with domirgatansion failure, i.e. specimens with low bending
strength, are almost unaffected by the low MC.
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Figure 2. Empirical and fitted distribution functions of bending strength data.

The measured bending strength and density valuesimaTable 3 compared with results from
a Norwegian investigation of aspen timber (Fjeerteftal 1998) and a Swedish investigation
of Norway spruce (Picea abies L.) timber (Johangtaa 1992). The dimension of the aspen timber
was for most boards 48 x 148 mmhile the dimension of the Swedish spruce timbas 58 x 120
mm. The results presented in Table 3 show thatbimeding strength of Swedish grown aspen
is in good agreement with the one of Norwegian gr@spen. It can also be seen that the bending
strength of the aspen timber in both investigatisnsigher than normally found for Swedish grown
spruce. The density values of the aspen timberaiblel 3 have been adjusted@dg:. values (mass
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determined at 0 % MC and volume at 12 % MC) assgmnaiinear volumetric shrinkage of 13.5 %
for the wood material between 28 % MC and 0 % MC.

Table 3. Comparison of fn,, po12 and E,xey found in different studies.

Timber species Bending strength f,,, Dry density po1o Modulus of dasticity Ejocq
Mean SD COV | Mean SD COV | Mean SD cov
[MPa] | [MPa] [kg/m?] | [kg/m? [MPa] | [MPa]

Aspen (Sweden) * 55.1 13.8 0.25 423 41 010 137709901 | 0.15

Aspen (Norway) * 53.0 12.5 0.24 440 37 0.08 128p0 80 0.14

Spruce (Sweden) *1  45.9 12.0 0.26 416 - 0.1012790 0.21

* Measured dry density values have been adjustegl;»
** Grade determining defect located on tension sifiboard.

Bending strength of visually graded boards

The results of the visual grading of the aspen ¢éimtan be seen in Figure 3 where the empirical
distribution functions of bending strength are shdar the material belonging to the different Nardi
T-classes.
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Figure 3. Empirical distribution functions of bending strength for timber graded into the Nordic T-classes.

The yield of the visual grading of the aspen timbeo different classes and the bending strength

of these classes are given in Table 4. To the iigllhe same table some results are presented from
an investigation of Swedish grown spruce timbeh&hsson et al 1992). The mean bending strength
of the different classes is higher for the asperbér than for the spruce timber. For the two lower

classes TO and T1 the coefficients of variationtfa@ aspen timber seem to be slightly higher than

for the spruce timber.

Table4. Yield and bending strength of visually graded aspen boards. Bending strength of visually graded spruce.

Swedish aspen Swedish spruce
Class | n | Min.[MPa] | Max. [Mpa] | Mean [Mpa] | SD [Mpa] | COV | Mean [MPa] | COV
T3 | 68 39.7 94.3 62.1 12.3 0.20 55.4 0.19
T2 | 39 19.3 78.0 54.3 10.8 0.20 47.0 0.3
T1 | 30 24.2 67.6 45.8 11.6 0.26 40.3 0.20
TO0 |11 16.0 62.0 42.0 14.1 0.3¢ 34.0 0.29
Reject| 2 26.4 55.4 40.9 - -

Of the 150 aspen boards tested only one boardc(ase T2 in Table 4) had a bending strength value
lower than the characteristic value of the clasgjirestion. In Table 5 the characteristic bending
strength f x of the different visual T-classes (for Nordic grovspruce and pine) are given
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in the second column. In the last column the caleal characteristic bending strength of the tested
aspen boardsyfcaspenare given. These later values represent 5-pelesrdalculated at a confidence
level of 50 % assuming that the bending strengthegawithin each T-class are of normal distribution
The relatively high characteristic values found fbe aspen timber indicate that visual grading
of aspen timber would be proper to use.

Table 5. Characteristic bending strength f,  of T-graded Nordic spruce and pine timber. Estimated characteristic
bending strength f,  aspen OF @spen timber tested.

Class fm Kk fm k,aspen
T3 30 41.9

T2 24 36.6
T1 18 26.7
T0 14 18.9

Prediction of bending strength

In order to study which parameters that can be @zedrediction of the bending strength a multiple
linear regression analysis was carried out. Tharpaters used in the analysis were the dry density
Pow, the global modulus of elasticityyBa, the local modulus of elasticitydg and the modulus

of elasticity Eqo« Obtained by the Cook-Bolinder grading machine. Tésults of the analysis are,
for the aspen timber tested, shown in Table 6 imfof coefficient of determination @Rand standard
error of estimate (SEE). As a comparison the cpoeding values obtained in the investigation
of Swedish grown spruce (Johansson et al 1992yiges in the right part of the table. Thé-Ralues

in Table 6, stating how large fraction of the vaaa in the bending strength (y-variable) that ¢en
explained by the different parameters (x-variablesg much lower for the aspen timber than for
the Swedish grown spruce timber. Note that the/dtue for the Cook-Bolinder grading machine is
0.55 for the spruce timber while it is only 0.30 tbhe aspen timber. None of the grading machines
used on the European market today will give sutdtwaR*value when predicting strength. It is also
notable that edge-wise bendingff and Eca) gives lower R-values than flat-wise bending &)

for the aspen timber which is in contrary to wisathie case for spruce timber.

Table 6. Results of regression analysisfor prediction of bending strength.

Swedish aspen Swedish spruce
Parameters | R®> | SEE[MPa] | R? | SEE[MPa]

Do 0.04 13.50 | 0.20 10.3
Egiobal 0.24 11.92 - -

Eiocal 0.25 11.86 | 0.72 6.1
Ecoo 0.30 1154 | 0.55 7.8

Ecookand Foeq | 0.34 11.15 - -

As an example on the weak relations between thesuned parameters and the bending strength a plot
of the relation betweenids, and f, is shown in Figure 4.

In the investigation of Norwegian aspen timber (e et al 1998) Rvalues are given in the range
between 0.15 and 0.25 for the parametgEThis is even somewhat lower than tHevRlue given
for Ejocar in Table 6.

125



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

100

80

R? = 0.2504

fm [MPa]
o
S

N
o
A\
*

0 5000 10000 15000 20000 25000
Elocal [M Pa]

Figure 4. Bending strength f,, asfunction of E;.

CONCLUSIONS

The aspen timber tested has somewhat higher besttgrggth and MOE than is the case for normal
qualities of Norway spruce. The measured mechaproglerties of the aspen timber are in fairly good
agreement with the ones obtained in a Norwegiaatystfiaspen timber.

The Nordic visual grading rules, intended for useNmrway spruce and Scots pine, seems to work
fairly well on European aspen.

Machine grading in flat-wise bending using a CoaliBder machine gives a lower correlation
between MOE and bending strength for the asperetingsted than generally found for Norway
spruce and Scots pine timber. It is doubtful whethachine grading based on measurement of MOE
can be applied on aspen timber.

The correlation between density and bending strewgis very low for the aspen timber tested. In
contrary to what is known for Norway spruce andtSgine, the flat-wise MOE seems to be a better
parameter for prediction of bending strength ofeasihan the edge-wise MOE.

The study indicates that sawn timber of Europeg@emagrown in southern Sweden can be visually
graded and used as structural material.
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