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PREFACE 
 
This report concerns measurement and analysis of deformations and strain fields occurring on 
flatwise surfaces of narrow dimension side boards of Norway spruce subjected to tension 
loading. The investigation was carried out within the scope of a research programme 
concerning development and manufacturing of structural glulam beams using wet glued side 
board laminations of Norway spruce. The research programme, which runs until the end of 
2012, is carried out in co-operation between Linnæus University, the SP Technical Research 
Institute of Sweden, and the Södra Timber Company. The research is made possible by 
financial support granted by CBBT – Centre for building and living with wood and FORMAS 
– The Swedish Research Council for Environment, Agricultural Science and Spatial Planning. 
 
Växjö 14 May 2012 
 
Jan Oscarsson 
M.Sc., SP Technical Research Institute of Sweden, and doctoral candidate, Linnæus 
University 
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ABSTRACT 
 
Machine strength grading of structural timber is in general based upon statistical relationships 
between bending strength and other timber properties (so called indicating properties). The 
overall aim of the research presented in this report was to investigate the possibility of 
obtaining a better understanding of such relationships using a contact-free deformation 
measurement technique based on digital image correlation (DIC). A sample of nine Norway 
spruce (Picea abies) side boards of narrow dimensions was tested in tension according to the 
European Standard EN 408. Deformations and strain fields along flatwise board surfaces were 
simultaneously determined using two master-slave connected DIC measurement systems. 
Each system performed a separate measurement project measuring slightly more than 50 % of 
the measurable length of each board and the results were combined, visualized and evaluated 
as one project using specific DIC software. The objectives were to investigate the possibility 
of identifying strain fields on timber pieces of narrow dimensions by use of multi-system 
measurements, to analyze the strain field distribution, and to investigate the possibility of 
determining local modulus of elasticity (MOE) using deformations and strain fields occurring 
on board surfaces. The results show that longitudinal strain fields can be useful for 
identification of areas with reduced stiffness and that lateral board displacements, measured 
by the DIC systems, can be applied for identification of local defects. Promising results were 
also achieved as regards local MOE determination on the basis of strain field measurements. 
 
Keywords:  side boards, strain distribution, contact-free, modulus of elasticity, wood 
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SAMMANFATTNING 
 
Maskinell hållfasthetssortering av konstruktionsvirke baseras i allmänhet på statistiska 
samband mellan böjhållfasthet och andra virkesegenskaper (s.k. indikerande egenskaper). Det 
övergripande syftet med den forskning som redovisas i denna rapport var att undersöka 
möjligheten att uppnå bättre förståelse för dessa samband genom användning av beröringsfri 
deformationsmätning baserad på digital bildkorrelation (digital image correlation, DIC). Ett 
stickprov bestående av nio smala och tunna sidobrädor av gran (Picea abies) utsattes för 
dragprovning i enlighet med Europastandarden EN 408. Samtidigt användes två 
parallellkopplade beröringsfria DIC-mätsystem för att bestämma de deformationer och 
töjningsfält som uppstod längs brädornas flatsidor. Genom att parallellkoppla mätsystemen 
kunde två separata mätprojekt utföras samtidigt där respektive mätsystem mätte drygt 50 % av 
den totala mätbara längden av respektive bräda. Med hjälp av mjukvara specifik för 
mätsystemen kunde resultaten från de två mätprojekten sedan kombineras, visualiseras och 
analyseras som ett gemensamt mätprojekt omfattande respektive brädas hela mätbara längd. 
Forskningens mål var att undersöka möjligheten att mäta töjningsfält på smala virkesstycken 
med hjälp av två parallellkopplade mätsystem, att analysera töjningsfältens fördelning, och att 
utvärdera möjligheten att utnyttja deformationer och töjningsfält på brädornas flatsidor för 
beräkning av lokal elasticitetsmodul. Resultaten visar att longitudinella töjningsfält kan 
användas för identifiering av områden med reducerad styvhet och att deformationer som 
uppstår i brädornas styva riktning kan utnyttjas för identifiering av lokala defekter. Lovande 
resultat erhölls också när det gäller möjligheten att bestämma lokal elasticitetsmodul med 
hjälp av uppmätta töjningsfält. 
 
Nyckelord: sidobräder, töjningsfördelning, beröringsfri, elasticitetsmodul, trä 
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1. INTRODUCTION 
Since 2005, the SP Technical Research Institute of Sweden and Linnæus University, 
previously called Växjö University, have been running a joint research programme on the 
development and manufacturing of glulam beams using wet glued laminations of Norway 
spruce (Picea abies) side boards. The research was initiated and has been carried out in co-
operation with the Södra Timber Company, which is one of the largest sawmilling companies 
in Sweden. The reason for their interest in this research is that side boards, i.e. boards of 
narrow dimensions obtained from the outer parts of a log as a consequence of the sawing 
process, are considered to be products of low value. Even if their dimensions are small, they 
represent about 30 % of the total production volume of a typical Swedish sawmill, which 
implies that large numbers of side boards pieces are produced and that the handling of such 
pieces is costly. Low value, narrow dimensions, large production volume and expensive 
handling result in side boards being regarded as a product category that is unprofitable. 
However, side boards possess excellent material properties which make them suitable for use 
in structural applications. For example, their stiffness in terms of modulus of elasticity (MOE) 
is most often very high, since MOE increases significantly in the radial direction of a stem 
(Wormuth 1993). By using side boards as laminations in engineered wood products such as 
glulam beams, their value is expected to increase considerably and gluing them already in a 
wet state, i.e. before drying, will most likely lead to a production process that is much more 
cost-efficient than the one applied when the gluing is carried out after the boards have been 
dried. 

In the first two test series of the research programme mentioned above, 104 beams were 
manufactured using ungraded wet side board laminations 21.5-25 mm thick, 120 mm wide 
and 4900-5400 mm long. The principal beam lay-up is exhibited in Figure 1. After gluing, the 
beams were split, dried and planed to target cross-sectional dimensions of 50×300 mm. Four 
point bending tests in accordance with the European Standard EN 408 were then carried out 
and the results regarding strength and stiffness properties were found to be very promising 
(Serrano et al. 2010; Serrano et al. 2011). To improve the performance of the beams further, 
the possibility of carrying out strength grading of side board laminations in wet state was 
investigated (Oscarsson et al. 2011a). A sample of 58 wet boards of dimensions 
25×120×3000 mm were split longitudinally into 116 boards with a width of approximately 58 
mm before drying. The dynamic MOE in the axial direction was then determined both before 
and after the boards were dried to a target moisture content of 12 %. Subsequently, the 
strength and local static MOE was determined in tension parallel to the grain using a 
measurement set-up (see Figure 3) in accordance with the requirements stipulated in EN 408. 
The MOE value was determined at the assumed weakest board section, i.e. at the section 
where the board was expected to break. The relationships between axial dynamic MOE 
determined in wet and dried states, respectively, and strength were finally analyzed using 
simple linear regression; the results showed that the investigated strength-grading method 
gave just as good results when applied in wet state as when the grading was carried out after 
drying. 

Due to the somewhat extreme (narrow) dimensions of the boards included in the investigated 
sample, there were timber pieces in which occurring knots covered the major part of the cross 
section. As an example, see Figure 2 which displays the largest knot in one of the boards. On 
account of this, it was considered to be of particular interest to investigate closer the 
behaviour of the boards when exposed to loading. Thus, simultaneously as the tensile tests 
according to EN 408 were carried out, the surface strain fields along the entire visible length 
of nine of the boards were measured using two identical contact-free three-dimensional 
measurement systems based on white-light digital image correlation (DIC), see Figure 3 (left). 
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The two systems were connected in a master-slave fashion, each system measuring the strains 
of approximately half the visible board length. The results of these measurements are 
presented in Chapter 5.2.  

The strain field measurement technique based on DIC has been extensively applied for many 
years in certain branches of the engineering industry, such as the vehicle and the aviation 
industries. In recent years it has also been more frequently used in the area of wood research 
and reviews of such studies up to the year of 2009 have been presented by Serrano and 
Enquist (2005) and Oscarsson et al. (2011b). 
 

 
Figure 1. Principal lay-up of wet glued beams before (left) and after (right) splitting, drying and planing. 

 
Figure 2. Crucial knot in board denoted no. 57B (knot dimension Ømax=39 mm in lateral board direction). 

2. AIMS 

The aims of this investigation were multiple. The first one was to investigate the possibility of 
measuring the strain fields along the entire length of flatwise surfaces of long and narrow 
specimens using multi-systems measurements. Considering the large difference between 
length and width of the boards, difficulties regarding the measurement resolution could not be 
excluded. To reduce the ratio between length and width of the measured area, two DIC 
measurement systems were, as mentioned in Chapter 1, applied simultaneously. The second 
aim was to analyze the strain distribution along the length of the boards. As mentioned 
already in Chapter 1, and given the narrow width of the boards, large knots would have an 
even more crucial role for the distribution of strains, in comparison with corresponding 
distribution achieved in structural timber of more ordinary cross-sectional dimensions, such as 
45×145 mm. Finally, the third and last aim was to examine the possibility of applying the 
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results of the strain field measurements for high precision determination of the local static 
MOE at the assumed weakest section of a board. 
 
3. TEST SET-UP AND MEASUREMENT EQUIPMENT 
The set-up used for the tension tests carried out in line with EN 408 is shown in Figure 3. The 
testing machine was of make MFL with a hydraulic force generation, 2.0 m length of stroke 
and a 3.0 MN load cell. The distance between the gripping devices, which are of wedge type, 
was approximately 1500 mm. These grips are designed to minimize the rotation of board 
ends. The load was applied in a force controlled mode with a loading rate of 7 to 8 kN/minute 
and the average time to failure for the investigated 116 board sample was 304 seconds. 
During a load test, corresponding load and deformation values were sampled by the data 
acquisition system of the MFL machine every half second. Each sampled value was 
determined on the basis of measurement signals which were filtered by means of time 
integration, resulting in a reduction of measurement noise. 

The local static MOE in tension parallel to the grain was determined according to EN 408, 
which means that the MOE value was given by Equation (1) below: 

 
)(
)(

12

121
408 wwA

FFl
EEN −

−
=  (1)

where F2 – F1 = increment of load on the straight line portion of the load-deformation graph, 
w2 – w1 = elongation corresponding to F2 – F1, l1 = length, equivalent with five times the 
width (wb) of the board, over which the elongation is measured, and A = cross-sectional board 
area. According to EN 408, local MOE in tension parallel to the grain is calculated either on 
the basis of the two load-deformation observations applied in Equation (1), or from a linear 
regression carried out between the loads F1 and F2 on the load-deformation graph. The latter 
alternative, which was applied in this investigation, requires that the correlation coefficient, R, 
obtained from the linear regression is of 0.99 or better. The load F2 was set equal to 40 % of 
the obtained fracture load, Fmax, and F1 was set equal to 10 % of Fmax. The elongation was 
determined as the average value of the elongations measured by two transducers positioned in 
the centre of opposite narrow edges of the measured board, see Figure 3 (right). Since the 
board width, wb, was 55 mm, the length l1 over which the elongations were measured was 275 
mm, see Figure 3 (right). 

The board surface area for which two dimensional strain fields in lateral and logitudinal 
directions and in shear were measured was approximately 55×1500 mm. The longitudinal 
measure corresponded with the part of the board length that was visible between the grips, see 
Figure 4. To obtain a reasonable measurement resolution, given the long and narrow 
measurement area, it was, as mentioned in Chapter 2, deemed necessary to apply two contact-
free DIC measurement systems named ARAMIS from GOM mbH, Germany (GOM 2009a). 
Each system separately measured a board length of approximately 800 mm. The measurement 
overlap between the two systems was 113 mm (see Figure 4). 
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Figure 3. Set-up for tension tests according to EN 408 and for strain field measurement (left), and 
transducers for elongation measurement at the assumed weakest board section (right). 

 
Figure 4. Camera set-up (plan) for strain field measurement. 

Both systems consisted of two Charge-Coupled Device (CCD) cameras with a resolution of 
2048×2048 pixels. The cameras were positioned in front of the specimen to be measured at 
angles and distances that depend on the specimen size. Before the tests were carried out, a 3D 
coordinate system was defined separately for each measurement system through calibration 
procedures. 

In this investigation, the two ARAMIS systems were applied in a master-slave fashion, 
implying that pictures were taken simultaneously by all four cameras at fixed time intervals 
during a load test. The time intervals were set to three seconds. Since the two cameras of each 
ARAMIS system were positioned at different angles, stereoscopic images of the measured 
surface were obtained separately from each system. Thus, it was possible to record the 
deformations that occurred along the entire board surface during a load test by pictures taken 
simultaneously by both pair of cameras. Each such double pair of pictures represented a 
unique so-called load stage to which similarly unique strain fields corresponded. The analog 
force signal of the MFL testing machine was acquired by the master computer at each load 
stage, i.e. a corresponding load was identified and sampled for each double pair of pictures. 
However, the master computer’s acquisition of these load values were momentary, without 
any filtering, which meant that they included more measurement noise than the load values 
sampled by the data acquisition system of the MFL machine. 

Based on the stereoscopic images obtained for each system, current 3D positions of a large 
number of points on the measured and deformed surface could be determined for every load 
stage. Such coordinate determination is carried out based on the camera pictures being 
divided into partially overlapping square or rectangular image sub-pictures called facets. Each 
such facet represents a measuring point. The coordinates of each facet are identified for each 
load stage, which requires that the object’s surface has an identifiable pattern that deforms 
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along with the test object as the load changes. In this case, the pattern consisted of a white and 
black speckled pattern of sprayed paint. 

The size, in pixels, of both facets and overlaps could be adjusted and chosen depending on the 
shape of the measured object, required spatial resolution and measurement accuracy needed. 
To reflect the shape of the objects measured in this investigation, facets of 15 pixels in the 
longitudinal board direction and 8 pixels in the lateral direction were chosen. The overlaps 
were set to 8 and 4 pixels in longitudinal and lateral direction, respectively. This resulted in a 
longitudinal resolution, or facet step, of 8 pixels, which is equivalent with a distance of about 
3.6 mm between measuring points. The facet step in the lateral direction was 4 pixels, 
corresponding to a resolution of 1.8 mm. In this investigation, the strains of each facet were 
calculated on the basis of the coordinate displacements occurring in a 5×5 facet mesh 
surrounding the facet for which the strains were determined. More thorough descriptions of 
the strain measurement procedure of an ARAMIS system are found in Serrano et al. (2005) 
and Oscarsson et al. (2011b). 

Since each ARAMIS system performed a separate measurement project on the basis of 
separate coordinate systems, there was a need for a third coordinate system to which the other 
two could be transformed. This third system was achieved using another GOM product called 
TRITOP, which is a contact-free optical 3D coordinate measurement system that is, in 
general, used for deformation analysis of objects exposed to, for example, physical or thermal 
loads (GOM 2009b). However, TRITOP was in this investigation only used to define the 
necessary third coordinate system. This was accomplished using a total number of 27 
reference point markers applied to a metal sheet, see Figure 5 (left). Further reference points 
were obtained using orientation crosses, see Figure 5 (left). The dimensions of the coordinate 
system were determined from a scale bar, see Figure 5 (left), with pre-defined scale bar 
parameters. After the metal sheet, the orientation crosses and the scale bar were arranged 
according to the set-up exhibited in Figure 5 (left), digital pictures of the set-up were taken 
from several angles using a photogrammetric camera. From these pictures, 3D coordinates of 
the reference points were calculated using TRITOP software. These coordinates defined the 
third coordinate system, implying that the reference point markers on the metal sheet shared a 
fixed coordinate relationship. Thus, if the sheet was moved, the TRITOP coordinate system 
was moved along with the sheet. This characteristic was utilized for transformation of the two 
ARAMIS coordinate systems to TRITOP coordinates. When a master-slave ARAMIS 
measurement was prepared, the sheet was put just behind the board to be measured, see 
Figure 5 (right). It was positioned halfway between the grips, and consequently covering the 
overlap shown in Figure 4. As the ARAMIS pictures of the first load stage were taken by the 
four CCD cameras, the reference points on the sheet were also caught and their positions in 
the two ARAMIS measurement projects were calculated. Accordingly, since the reference 
points on the sheet were defined in both the TRITOP and the ARAMIS coordinate systems, it 
was possible to transform the two ARAMIS coordinate systems to the TRITOP system. It 
should be noted that all the 27 reference points on the sheet could not be identified in both 
ARAMIS measurement projects, since each such project only measured about 55 % of the 
total length of the measured board and this length did not cover the entire sheet. However, the 
transformation of ARAMIS coordinates to TRITOP coordinates was possible even if only a 
limited number of the reference points were identified by each ARAMIS system. Finally, after 
the coordinates of the two ARAMIS measurement projects of a board were transformed into 
the TRITOP coordinate system, the two projects were exported to a further GOM software 
called SVIEW. By use of this tool, the two measurement projects could be combined, 
visualized and evaluated as one project, see Figure 7. 
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Figure 5. Set-up for determination of TRITOP coordinate system (left) and set-up for transformation of 
ARAMIS coordinates to TRITOP coordinates (right). 

4. TEST SPECIMEN SELECTION AND PREPARATION 
Before the tensile tests according to EN 408 and the ARAMIS measurements were carried 
out, ten boards were selected and prepared by applying the previously mentioned speckled 
pattern of white and black paint needed for the strain measurements. Since the maximum knot 
dimension, Ømax, measured in the lateral board direction, varied considerably in the sample of 
116 boards, the ten boards were selected with the intention of reflecting the large strength 
variation expected in the sample due to the mentioned variation of maximum knot size. Thus, 
the maximum knot size for the selected ten boards ranged from 16 to 42 mm, with an average 
value of 28 mm. However, it turned out that for several selected boards with large knots, 
fracture occurred within 90 seconds due to poor strength, resulting in no more than 30 
measured load stages. Considering the chosen resolution of the facet meshes, the amount of 
strain information from such measurements was too limited for it to serve as a basis for any 
relevant analysis of the strain behaviour of such boards. Furthermore, the contrast of the 
speckled pattern sprayed on other selected boards was not distinct enough for the pattern to be 
used for facet identification and coordinate computation. In the end, only one of the originally 
prepared ten boards was deemed appropriate for ARAMIS strain field measurements and 
analysis. In addition to this board, a further eight new boards were selected and prepared for 
such measurements. For this new sample of nine boards, for which strain field measurements 
were carried out and analyzed, the maximum knot size varied between 8 and 24 mm, with an 
average value of 15 mm, and time to failure varying between 3 and 10 minutes. The 
maximum knot size of these nine boards is tabulated in Table 1. 
 
5. RESULTS AND DISCUSSION 

5.1. Load-deformation graphs 
Load-deformation graphs of the nine boards for which strain field measurements were carried 
out are shown in Figure 6. As mentioned in Chapter 3, the deformation was determined as the 
average of the elongations of the two transducers, see Figure 3 (right), located at the assumed 
weakest section of a board. Even if the variation of knot size was reduced to 16 mm, as 
described in Chapter 4 above, the tensile strength, denoted σmax, varied conspicuously between 
the boards, ranging from 11.1 MPa (Fmax = 15.2 kN) for board no. 39A, to 59.5 MPa (Fmax = 
81.1 kN) for board no. 34A. For the entire sample of 116 boards, the strength variation was 
even more striking, σmax ranging from 2.6 to 72.1 MPa. Values of tensile strength and fracture 
load of the nine boards for which strain fields were measured are presented in Table 1. 
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Figure 6. Load-deformation graphs of boards for which strain field measurements were carried out. 

5.2. Strain field measurements 
The results of the strain field measurements were graphically represented using so called 
contour plots and section diagrams, which are two post-processing tools available in both 
ARAMIS and SVIEW. Using the contour plot tool means that the strain distribution in 
longitudinal or lateral direction or in shear over the measured surface is visualized, for a 
certain load stage, on the basis of a manually defined colour scaling. Such plots are powerful 
means for providing a qualitative and immediate impression of the strain distribution over the 
measured surface. To obtain more detailed strain information on a local scale, sections and 
section diagrams can be used. A section is defined in camera images as a line on the measured 
surface and the strains and displacements along such lines could be plotted and shown in 
section diagrams. 

As an example of the achieved results, described plots and diagrams of one of the investigated 
boards, board no. 28B, are exhibited in Figure 7. Figure 7a shows an image, obtained from an 
optical scanner, of the measured surface. In Figure 7b, longitudinal tensile strains, εx, achieved 
by the two ARAMIS measurement projects are exhibited. The combination of these two 
projects by use of the SVIEW software is visualized in Figure 7c which also shows the 
positions of three defined longitudinal sections (left detail) and the position of the origin of 
the TRITOP coordinate system (right detail). Lateral displacements in edgewise board 
direction, Δy, and longitudinal strains, εx, along the sections are presented in Figures 7d-e. It 
should be observed that similar information as the one that is exhibited for board no. 28B in 
Figure 7 were also found for the other eight boards for which strain field measurements were 
carried out. 

The results in Figure 7 represent load stage no. 173 at which the load F was 36.9 kN, 
equivalent with 0.76×Fmax. This load stage is shown, since the contour plots for the following 
stages were disturbed, due to cracks occurring in load stages 174-182 at the knot located at 
longitudinal coordinate x ≈ −650 mm and at the two knots at x ≈ 350 mm. The transducers 
were placed at the former knot, but the final fracture actually occurred at the two latter ones at 
load stage no. 208. 

The appearance of longitudinal strain concentrations at the knots is clearly seen in the contour 
plots in Figures 7b-c and in the section diagram in Figure 7e. Such concentrations are 
explained by the fact that the orientation of clear wood fibres close to the knots strongly 
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deviate from the longitudinal board direction. Since the stiffness of wood fibres is much larger 
in the longitudinal fibre direction than in the perpendicular direction, longitudinal strains 
increase on board surface areas where fibres are inclined in relation to the longitudinal board 
direction. Since the entire fibre structure within a knot is rotated in relation to the clear wood 
fibre structure, large strains are also found on knot cross sections. The occurrence of cracks as 
described in the previous paragraph is in agreement with reasonable expectations, considering 
the fact that the presence of knots has a strong influence on crack propagation and fracture in 
sawn timber (e.g. Johansson 2003). For clarity, it should be noted that the longitudinal strains 
along Section 0 are excluded in Figure 7e, since their variation along this section was small. 

The lateral displacements, Δy, that are shown in the section diagrams of Figure 7d reveal 
distinct peaks at the knots, which indicate that edgewise lateral deflection occurring in a 
tension test could actually be used for identification of local defects. Similar results, but on 
the basis of bending tests, have been found by Nagai et al. (2009), who investigated the 
possibility of detecting knots in lumber of Sitka spruce (Picea sitchensis) using bending 
deflection curves obtained from DIC measurements. The same research group has also 
investigated tensile strain distribution around knots in Japanese cedar (Cryptomeria japonica) 
using DIC technique and found that fractures was often initiated close to knots where the 
fibre-orientation changed in a three-dimensional manner (Nagai et al. 2011). 

As described above, Figures 7c-e are obtained from the SVIEW combination of the two 
ARAMIS measurement projects. Each such project includes a facet mesh that is created 
without consideration of the mesh in the other project. When the two projects are combined in 
SVIEW, each mesh is simply inserted into the TRITOP coordinate system, which implies that 
the overlapping area will include measurement results from both projects. Since the two 
meshes are created independently, it is more or less impossible to achieve a match between 
the TRITOP facet coordinates of the two meshes in the overlapping area. Neither is it possible 
to adjust mesh coordinates or edit measurements results after insertion and combination in 
SVIEW. This means that the density of measurement points in the overlapping area is twice 
as high as in other parts of the SVIEW project, and that the measurement results in this area 
may show an apparent increase of the measurement noise as the area includes measurement 
points that are independent of each other. Such noise is clearly seen in the overlapping area of 
the section diagrams in Figure 7e. It should be noted that the strains displayed in this figure 
are filtrated in the sense that the strains along the shown sections represent facet strains that 
are calculated as the average strain obtained in meshes of 7×7 facets. The purpose of such 
filtering is to suppress local measurement noise. 
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Figure 7a-e. Displacement and strain field measurement results for board no. 28B at load stage no. 173 
(F=0.76×Fmax), just before the occurrence of cracks. 
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5.3. Local modulus of elasticity 
The local MOE of the boards in the 116 board sample was determined according to EN 408, 
i.e. according to Equation (1) in which the local MOE is denoted EEN408 and determined on the 
basis of average transducer elongations as exhibited in Figure 3 (right). For the nine boards 
included in the tensile strain field investigation, local MOE was also calculated in two new 
and different ways, both based upon the strain field measurement results. Firstly, MOE was 
determined on the basis of elongations measured along lines defined in camera images, see 
Figure 8 (left). The principle of this MOE determination, the MOE values of which are 
denoted Eline below, is the same as the one applied in the corresponding determination 
according to EN 408. The length of the lines and their position in the longitudinal board 
direction were the same as the length over which the transducer elongations were measured. 
The lines were positioned along the outermost facets, as close to the board edges as possible. 
Thus, since the lines were located close to the edges, but not, as the transducers, on the edges, 
the elongations measured along the lines differed slightly in comparison with the elongations 
measured by the transducers. Secondly, local MOE was also determined using average 
longitudinal strains measured over board surface areas, see Figure 8 (right). Both location and 
length of the area was the same as for the lines applied for Eline determination. The average 
area strains were plotted against the load and the local MOE, denoted Earea, was determined 
according to Equation (2): 
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where F2−F1 = the same load increment as defined for Equation (1) and used for 
determination of EEN408, i.e. F2=0.4×Fmax and F1=0.1×Fmax, ε2−ε1 = change of average area 
strains corresponding to F2−F1 and measured over the defined board surface area, and A = the 
cross-sectional board area. 
 

 
Figure 8. Elongation measurement lines (left) and average strain measurement area  
(right) for determination of local MOEs denoted Eline and Earea, respectively. 

The three different local MOEs determined for the boards subjected to tensile strain field 
measurements are shown in Table 1. According to EN 408, it is, as described in Chapter 3, 
required that the correlation coefficient R calculated on the basis of regression analysis of a 
portion of the load-deformation graph between the loads F1 and F2 should be of 0.99 or better. 
Such R values determined for each board on the basis of average transducer elongations 
measured in accordance with EN 408 are denoted REN408 in Table 1. In the same way, 
corresponding R values, denoted Rline in Table 1, were calculated using deformations 
measured along the lines shown in Figure 8 (left). For local MOE determined using average 
area strains, the required regression analysis for each of the nine boards was carried out using 
the part between the loads F1 and F2 of the curve showing the relationship between load and 
average area strain. The coefficient of correlation for these relationships are denoted Rarea in 
Table 1. A comparison of the different R values exhibited in the table shows that REN408 
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fulfills, by a wide margin, the regression requirement of EN 408 (R > 0.99) for all nine 
boards, which is not the case for Rline or Rarea. The main reason for this is that those values 
upon which calculation of EEN408 are based are determined on the basis of filtered 
measurement values obtained from the MFL machine, whereas Eline and Earea are calculated 
on the basis of ARAMIS measurement values that are obtained momentarily, see Chapter 3. 
The result of this is that the measurement values upon which the two latter MOEs are based 
include measurement noise that is much larger than the noise that EEN408 values are 
contaminated with. However, the size of the noise in sampled load values could probably be 
reduced by applying a load cell with a maximum load that is better adjusted to the size of 
measured fracture loads. The largest fracture load exhibited in Table 1 was 81.1 kN, 
representing no more than 3 % of the capacity of the load cell. A load cell with a more limited 
capacity would result in a decrease of absolute noise in load values sampled by both the MFL 
machine and the ARAMIS system. However, it should be emphasized that determined Rarea 
for seven of the boards fulfils the requirement regarding R as stated in EN 408, and that Rarea 
for one of the remaining two is very close to the limit of approval. As for Rline, the results are 
slightly worse; three boards do not comply with the R requirement and the correlation 
between sampled values for one of those boards (board no. 39A) is comparatively poor 
(Rline=0.972). 

The relationship between EEN408 and Eline in terms of coefficient of determination was 
R2=0.86, whereas the corresponding relationship between EEN408 and Earea was somewhat 
stronger; R2=0.91. The reason for this could probably be put in relation to difficulties inherent 
in the applied DIC measurement technique as regards measurement accuracy close to edges of 
measured surfaces. Determination of coordinates, displacements and strains on facet level 
require that the board surface is smooth, since irregularities may cause problems as regards 
facet identification and coordinate calculations (GOM 2009a). Since the lines shown in Figure 
8 (left) are located very close to the board edges, and since parts of these edges may be rough 
or round in shape, it is most likely that the accuracy of the measured line elongations is 
impaired, resulting in a reduction of R2 between EEN408 and Eline. Regarding the two calculated 
R2 values, it was also established that they were both significant on level p<0.001. 

In EN 408, it is stated that local MOE in tension parallel to the grain should be determined on 
the basis of elongations measured by two extensometers positioned to minimize the effect of 
distortion. Such distortions could be, for example, bending or other local displacements in 
flatwise or edgewise board direction and they are considered as being regarded if the local 
board elongation is determined as the average value of elongations measured by two 
transducers positioned at the centre of opposite surfaces of a board. The procedure used for 
determination of EEN408, see Figure 3 (right), implies that the average elongation calculated 
from the elongations measured by the two transducers positioned on the narrow edges 
eliminate the effect of any displacement in edgewise direction. To avoid the measured 
elongations being disturbed by board displacements in the flatwise direction, the transducers 
were positioned at the centre of the narrow edges, at the flatwise neutral axis, where the 
longitudinal elongations due to flatwise displacements were expected to be zero, or close to 
zero. Correspondingly, if local MOE is to be determined on the basis of measurements on the 
flat surfaces of a board, effects of bending or other displacements in flatwise direction must 
be eliminated and measurement of longitudinal elongations, or strains, due to edgewise 
displacements must be avoided. This could be achieved if local tensile elongations or local 
tensile strains of a board are determined as the average of the values measured on both flat 
surfaces, on areas or along lines that are positioned symmetrically along the centre of these 
surfaces. However, the values of both Eline and Earea reported in Table 1 are determined on the 
basis of ARAMIS measurements performed on only one of the flat surfaces, which means that 
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the exhibited values are most likely affected by flatwise deformations. It should be made clear 
that this is not in line with the requirements in EN 408. 

ARAMIS measurement of two opposite surfaces is not only a requirement according to EN 
408. It will probably also contribute to a reduction of the measurement noise included in 
determined elongation and average surface strain values, since they will reflect the average 
value of two momentarily registered strains or elongations. By such a procedure, noise peaks 
will be filtered to some extent, which, in turn, will contribute to improved values of both Rline 
and Rarea. It is also most likely that the R2 values reported above will be improved, since the 
effects of flatwise distortion will be eliminated if strains or deformations on both flat surfaces 
are regarded. 
 
Table 1. Locally determined MOEs for boards used in the strain field measurement investigation.  

Board 
 

Maximum 
knot size 

Failure 
load 

Tensile
strength

MOE 
EN408

Coeff. 
of corr.

MOE 
lines 

Coeff. 
of corr.

MOE 
area 

Coeff. 
of corr. 

 Ømax Fmax σmax EEN408 REN408 Eline Rline Earea Rarea 

 [mm] [kN] [MPa] [MPa] [−] [MPa] [−] [MPa] [−] 

05A 14 47.8 35.1 12700 1.000 14400 0.993 13800 0.990 

26B 19 35.4 26.2 12000 1.000 11400 0.984 11200 0.980 

27A 8 54.5 39.6 12300 1.000 11900 0.995 12200 0.996 

27B 19 33.1 24.6 11900 1.000 11200 0.984 11200 0.992 

28B 15 48.8 36.6 13200 1.000 13200 0.994 13300 0.995 

33A 8 75.2 54.6 16500 1.000 16200 0.997 16900 0.998 

34A 15 81.1 59.5 13700 1.000 14200 0.997 13800 0.998 

39A 24 15.2 11.1 7500 0.999 8800 0.972 8800 0.985 

47B 13 47.9 34.4 13300 1.000 12600 0.989 13200 0.992 

 
6. CONCLUSIONS 
Three objectives were articulated for this research. Firstly, the possibility of measuring the 
strain fields on long and narrow specimens using multi-systems measurements were to be 
investigated. Secondly, the strain fields were to be analyzed, and, thirdly, the possibility of 
determining the local static MOE at the assumed weakest section of a board using the results 
of strain field measurements was to be examined and compared with the corresponding results 
obtained from measurements carried out on the basis of EN 408. 

It could be concluded that the multi-system measurement technique is a forceful tool for 
providing a qualitative impression of the strain distribution over a surface for which the ratio 
between length and width is large. However, it was found that the measurement noise was 
increased in the area where the results from the two ARAMIS measurement projects were 
overlapping each other. The reason for this is that the facet mesh of each project is created 
separately, without any consideration of the mesh in the other project, resulting in an 
overlapping area that includes measurement points for which strains and displacements are 
determined independently of each other. 

For boards including large knots, fracture occurred rather shortly after load application had 
begun. For such boards, high sampling frequency and high resolution of facet meshes are 
necessary to obtain sufficient strain field information needed for analysis of the board 
behaviour. However, high sampling frequency and high measurement resolution will result in 
large amounts of measurement data which require access to high computational capacity. 
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Strain field analyses showed that strain concentrations appear at the knots, which is explained 
by stiffness reductions that occur in areas where the wood fibre direction deviates from the 
longitudinal direction of the board. Another result from the ARAMIS measurements is that 
local defects such as knots can be identified from plots showing either edgewise lateral 
displacements or strains in longitudinal board direction. 

Finally, local MOE was determined using two new methods based upon strain field 
measurements. In the first method, the MOE was determined using elongations measured 
along lines defined in cameras images. In the other method, average local strains measured 
over board surface areas were applied. The results of the two methods were compared with 
local MOE calculated from elongations measured, as required in EN 408, by two transducers, 
positioned at opposite board edges. From the comparison results, it is reasonable to assume 
that it is possible to determine local MOE on the basis of strain field measurements. However, 
this assumption still remains to be finally verified using strain fields that are measured 
simultaneously on two opposite board surfaces. 
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