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Timber grading potential of Douglas fir in the Republic of Ireland and the UK 20 

ABSTRACT 21 

Results of the recently approved machine control grading settings for 22 
Douglas fir in the Republic of Ireland and the UK have shown that the 23 
species can be graded to C18, and higher strength classes, and while 24 
there is a relatively high proportion of low strength timber, useful yields 25 
of grades up to C35 can be achieved.  Large differences were found 26 
between subsamples, but it is believed that this is not a geographical 27 
difference between Ireland and the UK, but a feature of the 28 
representative sampling, and consequence of much more localised 29 
variation in timber quality. 30 
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INTRODUCTION 33 

Douglas fir (Pseudotsuga menziesii (Mirb.) Franco) is a conifer species native 34 

to western North America where it is valued for its growth rate and timber quality. It 35 

is widely used in continental Europe, but in the Republic of Ireland and the UK it is a 36 

minor home-grown timber species. It does, however, have current commercial value, 37 

and is familiar to the market as an imported timber. In both countries there is a 38 

growing interest in improving the commercialisation of this species, driven by 39 

concerns about the reliance of the Irish and British forest industry on Sitka spruce, 40 

after the recent outbreaks of pests and diseases (particularly Phytophthora ramorum 41 

in larch), as well as the uncertainty about the effects of climate change on forestry. 42 

There are a total of 46,000 ha of Douglas fir planted in Great Britain (Forestry 43 

Commission 2017), 535 ha in Northern Ireland (NI Forest Service) and 10,380 ha in the 44 

Republic of Ireland (Forest Service 2018).  45 

The species is currently used for structural timber, with the EN13556 marking 46 

code PSMN (CEN 2003) or within the imported North American species mix Douglas 47 

https://en.wikipedia.org/wiki/North_America


fir-larch (WPSM). Although not widely commercialised as a home-grown timber, it is 48 

well thought of by the forest and timber industry, and studies in the UK (Bawcombe 49 

2012; Drewett 2015) concluded that the timber quality of Douglas fir can exceed that 50 

of British spruce.  51 

Ireland has very similar climate conditions to the UK, and it is expected that 52 

the production and timber quality for Douglas fir are similar in both countries. 53 

Furthermore, cross-border trade of timber is currently common. UK Douglas fir can 54 

be visually graded to C18 and C14 strength classes (CEN 2012a), but visual grading 55 

rules for Irish-grown material are not available. Approval of machine control grading 56 

settings may help to boost the interest in growing Douglas fir, particularly if the 57 

yields equal or exceed those of Sitka spruce, because the industry will have the 58 

possibility of commercialising the material in greater volumes, for different strength 59 

classes and adjust the production to the requirement of the market. A route to larger 60 

markets, through larger sawmills, would also favour the planting of Douglas fir at a 61 

larger scale, and the diversification of the forest resource.  62 

In a recent collaboration between the National University of Ireland Galway and 63 

Edinburgh Napier University led to the development of grading settings for Douglas fir 64 

from the Republic of Ireland and the United Kingdom. This paper summarises the 65 

grading properties of the material studied and models the potential of two common 66 

types of grading machine (based on acoustics) for grading to different strength 67 

classes. 68 

MATERIAL AND METHODS 69 

The material was collected from nine sites between Ireland and the UK, that were 70 

recombined into four subsamples, two per country, for the grading settings 71 

calculations. Site characteristics and cross-section sizes are given in Table 1. 72 

Particular focus was given to ~50 mm x ~100 mm size as this represents the most 73 



common structural size produced by sawmills in both countries.  74 

[Table 1 near here] 75 

 76 

The three key determining properties for grading: modulus of elasticity 77 

parallel to grain, bending strength and density were determined according to EN 408 78 

(CEN 2012c) and EN 384 (CEN 2018), which entails four-point flexural/bending test of 79 

the timber with the critical defect located centrally. Measurements were adjusted, 80 

according to these standards, for moisture content and cross-section depth. The 81 

moisture content at time of testing was obtained from density samples and 82 

determined in accordance with EN 13183-1 (CEN 2002), and at time of grading from 83 

measurement of whole board masses at grading and testing and the moisture content 84 

at time of testing. Both local (Elocal) and global (Eglobal) modulus of elasticity were 85 

measured, but the standard method of adjusting Eglobal to modulus of elasticity 86 

parallel to grain (E0), adjusted to 12% reference moisture content, as given in EN 384 87 

(CEN 2018) was found to be suitable:  88 

 E0 = 1,3 x Eglobal,u=12% - 2690 (N/mm2)  89 

Grading settings were derived for thirteen types of machine manufactured by 90 

MiCROTEC s.r.l. – GmbH and Brookhuis Applied Technologies BV. These machines 91 

measured indicating properties (IP) based on size and position of knots, density 92 

and/or frequency of longitudinal resonance. This paper covers two generic types of 93 

machine: one which measures natural frequency of vibration in the longitudinal 94 

direction (allowing calculation of acoustic velocity), and one which combines this 95 

with a density measurement (allowing calculation of dynamic modulus of elasticity, 96 

MOEdyn). These kinds of machine are common, made by a number of different 97 

manufacturers, simple to operate, and are very similar in their grading performance.   98 



The settings calculations were performed in line with EN 14081-99 

2:2010+A1 2012 (CEN 2012b), and the additional rules contained in the 100 

CEN TC124/WG2/TG1 decision list, to give grading thresholds for different strength 101 

class grading combinations.  102 

For this paper, the machines were assumed to be in-line, rather than 103 

portable. In-line grading machines (fixed in place on a sawmill conveyor line) are 104 

able to use an adjustment factor on strength (CEN 2018), not applicable to portable 105 

grading machines (Ridley-Ellis et al., 2016), that usually allows higher grading yields 106 

when strength is the limiting property. In order to estimate the likely range of yields 107 

in practice, the best and the worst of the four subsamples, and the sampling as 108 

whole, were modelled assuming a normal distribution of the IP values, and the yields 109 

calculated against the grading thresholds from the overall calculation. Finally, results 110 

are compared with studies on Sitka spruce in Ireland and the UK. 111 

RESULTS AND DISCUSSION 112 

The characteristic value for modulus of elasticity (mean) per subsample 113 

ranged from about 8 to 13 kN/mm2, with an overall mean of 11 kN/mm2. The 114 

characteristic value for bending strength and density (5th percentile) ranged from 12 115 

to 29 N/mm2 (15 N/mm2 overall) and from about 360 to 480 kg/m3 (395 kg/m3 116 

overall), respectively. The wide range of values is likely the result of microsite 117 

factors and differences in forest management. The results, however, are not 118 

dissimilar from data reported for Douglas fir from the UK by other researchers 119 

(Bawcombe 2012), or data collected in other tests by BRE within GradeWood project 120 

(unpublished). The variation is a feature of the representative sampling, rather than 121 

a flaw in it, but it must be understood that it cannot be used to draw conclusions 122 

about timber quality differences between Ireland and the UK, or within the countries 123 

of the UK. The sampling is only representative of the growth area as a whole. 124 



The machine grading of conifers in both Ireland and the UK is normally limited 125 

by bending modulus of elasticity (Drewett 2015; Gil-Moreno et al., 2016; Moore et al. 126 

2013), but in this study the grading of Douglas fir was, in general, limited by bending 127 

strength. That is, within a strength class the characteristic values of density and 128 

bending modulus of elasticity were rarely close to the grade requirements, compared 129 

to bending strength. However, this was not an obstacle for the whole population to 130 

achieve a C18 yield above 99% for the optimum grading with an in-line “perfect” 131 

grading machine (grading using the results from the destructive tests). For brevity 132 

the optimum grading of a single strength class with near 100% yield will be referred 133 

to here by the non-standard term “basic grade”. 134 

In Europe, Viguier et al., (2017) reported characteristic values of 10.8 135 

kN/mm2, 19.7 N/mm2 and 426 kg/m3 for Douglas fir in France, limited by bending 136 

strength to a basic grade of C22. The same study reported a yield of 95% for the 137 

optimum of C24/Reject (that is, 5% would not achieve the C24 quality), and 70% / 138 

29% for C30/C18/Reject (that is, within the combination, 1% of the timber would not 139 

grade as any of the two strength classes).  140 

The settings developed for Douglas fir in Ireland and the UK did not cover 141 

those particular strength class combinations as they were not efficient for this 142 

resource, but for C24/C14/Reject (slightly more demanding than the C24 single 143 

grade) the optimum grading achieved a yield of 89% / 9%, that is, only 2% reject. The 144 

combinations TR26/C16/Reject (TR26 is a UK grade for trussed rafters) and 145 

C30/C16/Reject achieved the same yields, 72% / 23%, and for C35/C16/Reject, it 146 

was 51% / 48%, giving a similar level of rejects to those from the C30/C18/Reject 147 

reported by Viguier.  148 

[Figure 1 near here] 149 

Machine yields however will be lower due to the lack of a perfect correlation 150 

between the IP measured, and the grade determining properties measured in the 151 



laboratory, and because of variation in timber from shift to shift. Figure 1 presents, 152 

for the overall population, the relationships and r-squared (R2) between the 153 

measured grade determining properties and the IP for the frequency-only machine. 154 

The relationships with the IP for the frequency and density machine were stronger 155 

(R2 = 0.79 for bending stiffness, 0.65 for bending strength and 0.66 for density), but 156 

in this study density was the least limiting grading property, making the improvement 157 

in the relationship having a larger impact in the higher strength classes. This can be 158 

observed in Figure 2, that presents the potential grading of Douglas fir based on the 159 

approved machine grading reports. The graphs show from left to right the variation 160 

from the lowest expected yields (given by the lowest quality subsample) to the mean 161 

and highest yields. Grading settings and yields are influenced by several factors, 162 

some of which are peculiar to the sampling on which they are based. It should also 163 

be understood that grading settings can be optimised to favour either high yields of 164 

the highest grade, or higher yield overall. For these settings higher yield overall was 165 

the goal, which explains that in Figure 2, as the subsample quality improves, the 166 

yield of the higher strength class increases and the lower strength class decrease, 167 

reducing at the same time the overall rejects. For these reasons the yield figures, 168 

and comparison between the two types of machine, should be considered indicative 169 

as a whole, rather than for any particular grade combination. So, in general the 170 

addition of density measurement was somewhat useful in improving the grading 171 

yield, but only for the higher strength classes.  172 

[Figure 2 near here] 173 

Compared to British spruce (WPCS), Moore et al., (2013) reported for the UK a 174 

yield of 92% for C18 optimum grading (slightly lower than Douglas fir), and 29% / 66% 175 

for the C24/C16/Reject combination (Douglas fir achieved 89% / 6%). Ridley-Ellis et 176 

al., (2018) reported for the C24/C16/Reject combination of British spruce in the 177 

Republic of Ireland and the UK an optimum grading of 42% / 39%, and using a 178 



portable grading machine based on MOEdyn yields of 24% / 70%. In Ireland, there is not 179 

much information published on the yields of Sitka spruce. Using bending type 180 

machines (no longer used for grading in Ireland), and the standards and knowledge at 181 

that time, Picardo (2000) obtained yields up to 95% of C16, 90% of C18 and 66% / 27% 182 

for C24/C16/Reject combination. 183 

CONCLUSION 184 

This paper has shown that Douglas fir grown in Ireland and the UK can produce higher 185 

yields of graded timber than Sitka spruce and comparable to those in France for 186 

higher strength classes. Bending strength was the limiting property for grading in the 187 

majority of combinations. This could be related to the size of knots, and largely 188 

influenced by the silviculture. Further research to confirm this is recommended, 189 

particularly under different silvicultural regimes that may lead to a reduction in the 190 

size of knots and contribute to increasing the bending strength. In addition to the 191 

machine used, yields will vary depending on the quality of the population sampled, 192 

so the reported values should only be taken as a reference. 193 
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Tables: 265 

Table 1. Sites, dimensions and number of pieces (n) sampled. 266 
Country Site Latitude / 

Longitude 

Stand 

age 

Section n 

Ireland Cloonnamarve 53.54N/9.29W 54 45x100 170 

Ireland Gortachalla 53.37N/9.17W 54 45x100 108 

Ireland1 Wicklow1 53.17N/6.22W 40-42 37x75 70 

76x225 60 

Scotland Laiken 57.54N/3.84W 57 50x100 40 

Scotland Loch Tummel 56.71N/3.99W 45 50x100 37 

Scotland Pitfichie 57.25N/2.55W 58 50x100 36 

Wales Mathrafal 52.68N/3.31W 42 50x100 35 

Wales Ruthin 53.09N/3.34W 49 50x100 40 

Wales2 Cwm Gerwyn,  

Dyfi forest2 

 55 50x100 109 

1. Material came from three different stands. 2. Sourced from a sawmill via a commercial 267 
route, average age. The rest of the material was sampled as part of PhD studies.  268 

 269 
List of captions: 270 
 271 
Figure 1. Relationships between the IP for the frequency-only machine and the measured 272 

grade determining properties. For guidance, the y-axis shows (in a smaller font) the required 273 

characteristic values (mean for stiffness and 5th percentile for strength and density) for some 274 

of the most common strength classes.  275 

Figure 2. Potential range of yields (%) of Douglas fir in Ireland and the UK for machines 276 

measuring the dynamic modulus of elasticity (MOEdyn) and the natural frequency of vibration 277 

solely (Frequency). The left-hand side of each plot corresponds to the yield for the best 278 

subsample tested, the right corresponds to the worst, and the centre corresponds to the 279 

sampling as whole. These are intended to represent the range of yields that might be 280 

experienced for any particular sawmill and shift. The combinations TR26/C16 and C30/C16 281 

achieved the same yields. 282 

 283 

 284 


	Abstract
	Introduction
	Material and methods
	Results and discussion
	Conclusion
	Acknowledgements
	References

