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ABSTRACT: Timber utilisation and wood construction are fundamental components of Europe’s strategy on progressing 
towards a sustainable bio-based economy. Both components require optimised strength grading procedures in Europe’s 
sawmills. To further improve the current procedures, quality assessment and segregation of the raw material need to start 
already at the roundwood stage. Furthermore, the quality information should be made accessible throughout the 
production process to leverage the full potential for optimisation. This paper discusses the current state of research on 
combined log and board strength grading with a focus on the situation in Europe. It highlights limitations due to 
technology and current standardisation and identifies knowledge gaps and research opportunities. The European research 
project READiStrength (resource-efficient and data-driven integrated log and board strength grading) has been initiated 
to address these issues. 
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1 INTRODUCTION123 
Europe aims to proceed towards a sustainable bio-based 
economy, which should be less dependent on fossil 
resources [1]. A key aspect to achieve this goal is the 
increased usage of timber in the construction industry. 
The construction industry demands raw material with 
predictable mechanical properties and a low variability. 
High variability may lead to heavy overdesigns of 
building components, in particular when matters of safety 
and collapse resistance are concerned [2]. Strength 
grading is used to reduce the variability of sawn timber. 
During the last twenty years, the development of machine 
strength grading of sawn timber advanced significantly; 
properties like density, knots, dynamic modulus of 
elasticity, or grain deviation were used to predict certain 
mechanical product properties [3, 4]. However, since 
these methods are applied to the sawn product, which has 
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usually already undergone the energy intensive drying 
process, only limited possibilities exist to increase the 
value of the rejected material. A much earlier segregation 
of the raw material, i.e. prior to sawing, combined with an 
allocation of the raw material to the most suitable and 
profitable target products, is expected to be one key factor 
for an increased future use of timber in construction [5]. 
Therefore, the current European research project 
READiStrength (Resource-efficient and data-driven 
integrated log and board strength grading) aims at pushing 
the boundaries of current possibilities for log and board 
strength grading. 
The objectives of this paper are to discuss the current state 
of combined log and board strength grading with a focus 
on the situation in Europe, to highlight limitations due to 
technology and current standardisation, and to identify 
knowledge gaps and research opportunities. The 
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discussion is illustrated by some preliminary data 
obtained in the project READiStrength. 

2 MATERIAL AND METHODS 
In the project READiStrength, round timber was collected 
in Sweden (SE), Austria (AT) and in the border region 
between Germany and France – this last origin will be 
attributed to Germany (DE) alone for reasons of 
simplicity. Table 1 lists some key data for the logs. The 
target amount was approximately 300 pieces of sawn 
timber per species. The Swedish logs were sawn into two 
boards each, while the Central European logs were sawn 
into four to six boards each, resulting in less round timber 
required for the Central European material. Four species 
were represented in the data, including both the mainly 
used softwood species for construction (Norway spruce, 
Scots pine) but also less favoured species (silver fir is less 
favoured due to its susceptibility for a “wet core”) and 
species which are deemed interesting regarding the effects 
of climate change in Central Europe (Douglas fir is more 
drought-resistant than Norway spruce). The AT logs were 
sampled in the standing forest and all other logs at the 
sawmills. Table 1 reports the log and board counts as used 
in the paper; incompletely measured logs were removed 
from the analysis and are not included in the counts. 
Table 1: Basic round timber data 

Sample Species count 
AT Douglas fir (psmn) 53 
DE Silver fir (abal) 28 
SE1 Norway spruce (pcab) 159 
SE2 Scots pine (pnsy) 149 

 
In Figure 1, the distribution of the mid diameter (diameter 
at the lengthwise middle of the log) of the logs is shown. 
The sampled distributions do not reflect the true 
distribution of log diameters used for construction timber 
in the respective regions; however, they are indicative of 
the size of roundwood which is processed in those 
regions. 

 
Figure 1: Distribution of the mid diameters of the logs 

The differences in log diameters lead to different cutting 
patterns; usually not more than four main boards in SE but 
larger numbers of boards in AT and DE. The Swedish 
timber (SE1, SE2) was sawn by Norra Timber in northern 
Sweden; the Central European timber (AT, DE) was sawn 
by Schilliger Bois SAS in eastern France. The resulting 
mainboard cross sections and piece counts are 
summarised in Table 2. 

Table 2: Basic sawn timber data 

Sample Cross section 
(mm x mm) 

count 

AT 145 x 45, 
230 x 45 

267 

DE 230 x 45 168 
SE1 100 x 50 318 
SE2 100 x 50 298 

 
The material was measured by various technologies; by 
computed tomography scanning, x-ray scanning, 3D 
optical scanning and eigenfrequency recording at the log 
stage, and by multi-sensor board scanning and 
eigenfrequency recording at the board stage. For this 
paper, only the dynamic modulus of elasticity of the 
boards and logs (Edyn,board and Edyn,log respectively) was 
included to illustrate some aspects of our discussion. For 
the Swedish material, Edyn,board was measured with 
laboratory equipment, and for the Central European 
material, Edyn,board was recorded by a Microtec GoldenEye 
706 machine at Wiehag GmbH in northern Austria. For 
the Central European logs, Edyn,log was measured with a 
Microtec ViScan device. For the Swedish logs, Edyn,log was 
measured only on a small part of the sample, and therefore 
these values are not used in the present paper. 

3 LOG SEGREGATION AND GRADING 
For log segregation, it can be expected that more 
comprehensive log data, including outer and inner 
features, leads to better achievable segregation. But even 
outer shape parameters of logs alone can be used for log 
segregation [6–8]. 
X-ray scanning can deliver more details about the internal 
log structure, including density [9], heartwood diameter 
[10] and top rupture [11]. For knot detection in particular, 
spatial resolution is beneficial, e.g. large knots can be 
detected with only four X-ray directions [12]. Therefore, 
X-ray scanning enables a better log segregation [13, 14]. 
For a number of wood species commonly used for 
construction in Europe, good correlations have been 
reported between Edyn,board and the boards’ strength and 
stiffness, as well as between Edyn,log and Edyn,board. For 
silver fir and Douglas fir, this relation is shown in 
Figure 2. Thus, Edyn,log is an interesting candidate variable 
for log pre-grading [15–22]. A challenge with this method 
is that Edyn,log changes when the water in the log freezes, 
although at least a partial correction is possible [23, 24]. 
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Figure 2: Correlation between Edyn,board and Edyn,log for Douglas 
fir and silver fir. The coefficients of determination are 0.54 for 
Douglas fir and 0.50 for silver fir. 

X-ray Computed tomography (CT) scanning provides 
even more detail of the log interior [25–29]. This enables 
improved log rotation for optimised sawing [30] which is 
expected to yield value gains [31] and improved 
predictability of board strength [14]. 
The potential for log segregation based on quality is 
demonstrated on the READiStrength data as follows: the 
sawn timber was split in three equally sized groups per 
species depending on their Edyn,board. The groups were 
labelled A, B and C from the highest Edyn,board to the 
lowest. For each log, the shares of its respective A, B and 
C boards were calculated. In Figure 3, the shares of A 
boards and C boards for each log are shown in a scatter 
plot. The size of each scatter point corresponds to the 
count of logs if multiple logs yield the same result. The 
dark purple points indicate that the resulting boards are 
shared between the extremal categories A and C only, and 
the bright green points indicate that the boards only fell in 
category B. The figure demonstrates the theoretically 
possible maximum separation between "good logs" and 
"bad logs". Since only two boards were sawn from the 
Swedish logs, the respective results can only be located at 
the discrete locations of 0%, 50% or 100% A or C. For the 
Central European logs, the results can be more 
continuously spread. 
For the Swedish logs, a clear relationship could be found: 
Only two spruce logs yielded both grade A and grade C 
boards, which indicates that a split of the logs would work 
very well if a prediction of the board grade from the log 
data works sufficiently well. A possible split could be: i) 
logs with only grade A, ii) logs with a mixture of A, B and 
C, and iii) logs with only grade C. 
For the AT and DE logs, no clear separation can be 
observed. In part, this may be due to the lower number of 
logs, but mainly it seems to result from the higher number 
of boards per log (four to six compared to two boards in 
the Swedish sample) which increases the probability of a 
"mixed" grade distribution in each log. Thus, allocating 

logs to the optimal target product becomes more 
challenging the more boards are cut from a single log. 

 
Figure 3: Relationship between share of grade A, grade B and 
grade C boards per log based on the measured Edyn,board. The 
share of grade B boards is given by the colour. The size of the 
dots corresponds to the log counts. Note, that Swedish logs were 
only cut into 2 boards. 

4 SAWN TIMBER STRENGTH 
GRADING 

Strength grading works by removing part of the timber so 
that the remaining pieces as a collective fulfil the 
requirements of a certain strength grade or strength class. 
For the strength classes defined in EN 338 [32], these 
requirements refer to the grade determining properties 
(GDPs) strength, stiffness and density. 
Timber strength grading is mainly focused on sawn timber 
and properties measured on sawn timber [33]; however, 
approaches for grading sawn timber based on properties 
measured on the round timber have also been investigated 
[5, 14]. 
There are two general approaches of strength grading: on 
the one hand visual grading, i.e. based on the outer 
appearance, and on the other hand machine grading 
(based on physical board properties) [33]. In the 
following, we will focus on machine strength grading, 
especially on the machine control approach defined in 
EN 14081-2 [34]. This approach enables an a-priori 
calculation of the machine settings based on a 
representative sample. To use these settings in production 
requires only very little further destructive testing to 
verify the strength of the produced timber [33]. 
Brännström [5] describes a two-stage approach for timber 
grading: the logs are pre-graded based on Edyn,log into 
"accept" and "reject". Sawn timber from the "accept" logs 
go to strength grading, while the sawn timber from the 
"reject" logs go to the Nordic timber visual qualities. This 
approach doesn't compromise the requirements of 
EN 14081-2 [34], because the quality of the material in 
the pre-grade "accept" is improved in comparison to the 
material without pre-grading, and so, the graded material 
still achieves the GDP values required for the respective 
strength grade. 
For silver fir and Douglas fir in our data, Figure 4 shows 
the effects of log pre-grading on Edyn,board,mean, the mean of 
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Edyn,board per pre-grade. For any threshold T on Edyn,log, the 
Edyn,board,mean of the boards from the pre-grade "high" 
(Edyn,log≥T) exceeds the Edyn,board,mean of the boards from 
the full sample (i.e. without pre-grading), which is 
analogous to the effects seen in the pre-grade "accept" 
from [5]. 

 
Figure 4: Influence of log pre-grading by threshold T of Edyn,log 
on the mean of Edyn,board. "low" denotes the pre-grade with 
𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑,𝑙𝑙𝑙𝑙𝑙𝑙 < 𝑇𝑇, "high" denotes the pre-grade with 𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑,𝑙𝑙𝑙𝑙𝑙𝑙 ≥ 𝑇𝑇, 
"full" denotes the entire sample, without pre-grading. Based on 
the data of samples AT and DE. 

On the other hand, the Edyn,board,mean of the boards from the 
pre-grade "low" ( Edyn,log < T ) is always below the 
Edyn,board,mean of the boards from the full sample. For the 
GDPs, we expect to observe a similar tendency. This 
tendency will also remain effective if one applies strength 
grading to boards from the pre-grade "low" logs, i.e. it is 
very likely that the requirements on the GDPs of the 
assigned strength grade will not be met. Thus, strength 
graded timber from the pre-grade "low" would not be safe 
to use in construction. 
Still, it may be economically interesting to apply machine 
strength grading to lumber from the pre-grade "low" logs. 
For this to be safe, it is necessary to use machine settings 
which account for the reduced quality of the pre-graded 
material. While the new version of EN 14081-2 [34] 
provides a method for adaptive settings, preliminary 
unpublished studies of the authors indicate that these 
settings cannot fully compensate for the effects of pre-
grading. New approaches tailored to the specifics of pre-
graded material need to be developed. 

5 DISCUSSION AND CONCLUSION 
This paper discussed the current state of research on 
combined log and board strength grading with a focus on 
the situation in Europe. In the following, we point out 
limitations of the current scientific and technological state 
of the art on combined log and board strength grading, 
identify some important knowledge gaps and highlight the 
new knowledge that we expect from our research project 
READiStrength. 

 
5.1 LIMITATIONS 
In general, the technologies which have been discussed in 
the paper are suitable for a strength and quality-based 
segregation of the logs and allow to assign logs of 
different grade levels to different target products. 
However, for this approach to work appropriately, 
sufficiently diverse products are required which are also 
profitable [5]. 
Furthermore, if any log-based information from pre-
grading is required for any further processing steps (e.g. 
for sawn timber strength grading), it will be necessary to 
implement traceability methods which track the timber 
through the sawmill [35]. 
Finally, the current approach to machine strength grading 
in Europe does not work correctly on timber of reduced 
quality, for example from a pre-grade "low". 
 
5.2 KNOWLEDGE GAPS 
Research on strength-based log pre-grading and strength 
prediction of the final products has been focused on small 
diameter roundwood. However, larger roundwood 
dimensions are common in Central Europe. It is likely that 
adapted methods of log grading and strength pre-grading 
are required for larger logs. 
So far, there exist only few results regarding machine 
strength grading of boards based on CT data of logs, and 
it can be expected that intensified research can lead to 
further improved strength grading results. 
To use machine strength grading for batches of timber 
where good material has been removed, the machine 
settings need to be adapted; an adaptation of the European 
standards for machine-controlled strength grading may be 
required. 
 
5.3 OUTLOOK – THE PROJECT 

READISTRENGTH 
The European research project READiStrength addresses 
the identified research gaps in strength grading 
(https://tinyurl.com/readistrength). It has been initiated in 
2019 and will finish in 2022. The five project partners are 
Luleå University of Technology, RISE research institutes 
of Sweden, Norra Timber, Forest Research Institute 
Baden-Württemberg and Holzforschung Austria. 
Together they focus on log and board machine strength 
grading for four European softwood species: Norway 
spruce, Scots pine, silver fir and Douglas fir. 
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