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Abstract 

Norway spruce is a highly productive exotic species that has been planted in Eastern Canada since the 
beginning of 1900. In Quebec and the Maritimes, many plantations have now reached merchantable sizes 
or will reach it in the near future.  As part of these plantations need to be thinned, forest owners have to 
decide on what to do with their wood. As a result, the question arises on how the Norway spruce resource 
compares to commercial Canadian species and Norway spruce grown in Europe in terms of lumber 
structural properties. The present work summarizes published literature on the lumber mechanical 
properties of Norway spruce with respect to bending stiffness (modulus of elasticity, MOE) and bending 
strength (modulus of rupture, MOR). The report also addresses major wood characteristics that affect the 
mechanical properties of Norway spruce lumber, and softwoods in general. 
 
As expected, the European literature on the structural properties of Norway spruce is far more abundant 
than that in Canada. As summarized in Table 10, the published MOE values ranged between 6100 MPa to 
13 800 MPa in Europe and between 5 844 MPa to 9 357 MPa in Eastern Canada. However, it should be 
pointed out that different testing methods were used to assess lumber MOE and MOR, which makes them 
not always directly comparable. Hence, the reader should consider Table 10 as indicative, providing a 
general idea of the range of variation in lumber mechanical properties for Norway spruce as affected by 
different growth conditions and rotations ages.  MOE and MOR values for Norway spruce lumber 
correlate positively to wood density, which in turn, is influenced by tree age and growth conditions. 
Several studies have demonstrated that fast-grown Norway spruce generally decreases wood density, 
which has a negative impact on lumber structural properties. When trees grow fast at young tree, wood 
density is even lower because of the increased proportion of juvenile wood that significantly lowers 
lumber MOE and MOR.  
 
The following general trends are observed for Norway spruce: 1) mature trees (> 70 yrs) have generally 
higher strength properties than young juvenile trees (< 40 yrs); 2) the faster the growth rate (whether it is 
caused by large tree spacings and/or better site conditions), the lower the wood density and thereby the 
structural properties; 3) European Norway spruce tends to show higher lumber MOE. However, it should 
be understood that: 1) European Norway spruce is generally harvested at maturity (80 years or older); 2) 
genetically superior trees have been planted over a last century and 3) intensive silviculture (through 
several thinnings) has contributed to improving the general quality of the forests by a systematically 
removal of low quality trees. In Eastern Canada, Norway spruce has been mainly planted on productive 
sites such as agricultural land where trees growth is generally faster than that of natural forests, producing 
larger volumes of low-strength juvenile wood. Moreover, these trees are often harvested at a younger age 
than in Europe, which even worsen their mechanical properties. In Eastern Canada, Norway spruce trees 
could show comparable lumber mechanical properties that in Europe if they were allowed to grow at 
slower rates than today and were cut at maturity (> 70 years).  
 
European authors generally agree that it is difficult to produce short-rotation wood with good structural 
properties. The selection of genetically superior trees with high-density juvenile wood could solve the 
problem of short-rotation forestry by reducing the negative impact of juvenile wood on wood mechanical 
properties. Until a good balance between volume production and wood quality is found, and until the 
species is accepted by the National Lumber Grading Authority and included in the S-P-F group, Canadian 
fast-grown wood from young Norway spruce plantations should be used preferably in non-structural 
applications. For example, it could be used in appearance products (furniture, mouldings) in a similar way 
as white pine is being used in Eastern Canada, or incorporated in some part of engineered or composites 
wood products where stiffness and strength specifications are lower than that of structural lumber.  
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1 Objectives 
Norway spruce (Picea abies [L.] Karst.) is a highly productive exotic species (Figure 1) that has been 
planted in Canada over the last century. As plantation trees reach merchantable sizes, the question arises 
on how this new resource compares with indigenous Canadian species and native Norway spruce grown 
in Europe. The objective of the project is to summarize the current state of knowledge on the mechanical 
properties of lumber (MOE and MOR) obtained from Norway spruce trees grown in Canada and Europe. 
Major factors affecting the mechanical properties of Norway spruce lumber are discussed. A better 
understanding of these factors will help forest managers grow quality wood in an efficient way, and 
process the right wood for the right product. 
 

 
 

Figure 1  Norway spruce, an exotic tree native of Europe and grown in Eastern Canada 
 
 

2 Introduction 
Norway spruce (Picea abies (L.) Karst., or Picea excelsa Link) is a tall tree that can reach 40 m in height 
and 130 cm in diameter. It has been the principal exotic spruce introduced for plantation in Eastern 
Canada (Farrar 1996). Norway spruce is native to a large part of Europe including France, Scandinavia 
and Russia. In Europe, Norway spruce is commonly named European whitewood or “Épicéa commun or 
épinette de Norvège” in French. It is one of the most common and economically important tree species in 
northern and central Europe. In Sweden, Norway spruce is the most common species representing 44% of 
the standing volume of all tree species (National Board of Forestry 2000). It is an important species for 
both pulp and paper and the sawmilling industry. In Eastern Canada, Norway spruce plantations only 
covers about 120 000 hectares while Spruce-Pine-Fir (SPF) species in the same region covers 59.7 
million hectares. In North America, Norway spruce cannot be used in structural applications like in 
Europe because the species has not been included in the SPF group in accordance with the rules of the 
National Lumber Grading Authority (NLGA). Visually, Norway spruce lumber is very similar to 
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Canadian spruces lumber and cannot be distinguished on the basis of wood anatomy (Picea spp.). Norway 
spruce is genetically variable at the geographic, population, and individual tree levels and as such is an 
excellent candidate for genetic improvement by selection and breeding (Fowler and Coles 1979). 
Intensive selection and genetic improvement has enabled to breed about a hundred of varieties (Farrar 
1996). Fowler and Coles (1979) have documented 10 Norway spruce provenance experiments established 
between 1961 and 1972 in the Maritimes and give recommendations based on the growth performance of 
the different European seed sources in Canadian conditions.  
 
Since the beginning of the 20th century, Norway spruce has been planted to a larger scale in New 
Brunswick, Nova Scotia and Prince Edward Island. The oldest known forest plantation of Norway spruce 
in the Maritimes Region were carried out by the Pejepscot Paper Company about 1918 (Fowler and Coles 
1979). In Quebec, tree planting began around 1914 and during the following fourteen years, two (2) 
European species, Norway spruce and Scots pine, were planted extensively (MacArthur 1964). Most of 
the plantations were established on abandoned farmland or otherwise disturbed soils. In Ontario, Norway 
spruce has been largely restricted to windbreaks where it has been heavily attacked by the white pine 
weevil (MacArthur 1964). In other Canadian provinces, the areas covered by Norway spruce plantations 
are negligible. Holst (1963) describes the performance of international provenance experiments of 
Norway spruce in Eastern North America. In the coastal U.S.A and Canada, Norway spruce will 
outproduce any of the native spruces. In the Great Lakes- St. Lawrence Forest Region, the species may 
grow slightly faster than white spruce on good fresh spruce sites, but white spruce is better on poorer sites 
and in frost pockets (Holst 1963). Hughes and Loucks (1962) suggest that managed plantations of 
Norway spruce are capable of producing 20 m3/ha yearly on well-drained sites near the Bay of Fundy. In 
the province of Quebec, Bolghari and Bertrand (1984) report stand productivities of about 10 m3/ha/yr on 
good sites by age 35. In this province, the recommended spacing for planting Norway spruce is 2 m 
between the trees and 2.5 m between the rows, representing a stand density of 2000 trees/ha. At this 
spacing, the annual volume productivity can reach 7 m3/ha, and up to 10.7 m3 on the most fertile sites 
(Ménétrier et al. 2005). In comparison with the average forest productivity of over-mature slow-growing 
spruces in the boreal (1 m3/ha/yr), planting Norway spruce represents a major gain in wood volume. In 
Figure 2, the growth of Quebec Norway spruce plantations were compared with the best natural and 
planted white spruce on record. Norway spruce appears to be at least as good as, and possibly better that 
white spruce with regard to growth (MacArthur 1964). In fact, the major incentive for planting Norway 
spruce in Canada has been to increase wood volume and shorten rotation time.  
 
Recently, a detailed report on the situation of Norway spruce in the Gaspésie region of Quebec has been 
published (Langis and Côté 2006). The literature review covers the species distribution, reproduction, 
regeneration, dynamic and ecology in the region, and discusses tree breeding programs in the province. 
Concerns are raised about the long term effect that exotic species may have on ecosystems knowing that 
Norway spruce growth is superior to indigenous species and adapts well to various soil conditions. It is 
therefore recommended to limit the use of Norway spruce to intensive silviculture only, and exclude the 
species from large-scale reforestation programs on crown land where only indigenous species should be 
planted.  
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Figure 2 Height-age relationships of Norway spruce and white spruce. Curves are for 

 natural white spruce in the Great Lakes-St. Lawrence Forest Region (Linteau 1957 

 cited in MacArthur 1964) 
 
 

3 Methods to assess MOE and MOR  
In the period from 1940 to 1970, the small clear testing approach for establishing lumber properties was 
widely used in Canada, United States and elsewhere (Barrett and Lau 1994). With this procedure, any 
species of softwood or hardwood lumber could be graded and marketed for structural purposes if the 
small clear property data was available. For a small clear specimen loaded by a concentrated load at the 
center of its span and supported by its ends, the modulus of elasticity (MOE) can be calculated from the 
formula below (Haygreen and Bowyer 1989). The formula determines the resistance to bending, in the 
elastic domain (i.e., no permanent deformations are induced) which is directly related to the stiffness of a 
beam. (Note that the equations below are valid only when the rectangular beam is freely supported at both 
ends and is loaded in the center of the span). Usually the dimension of small clears is 2 inches by 2 inches 
by 30 inches. To convert the imperial units to the SI units, a conversion factor of 1MPa = 145.038 psi is 
used. 
 
MOE = PL

3
/48ID (psi):  

 
where  
 
P = the load in pounds (below the proportional limit) 
D = the deflection at midspan in inches resulting from P 
L = the span in mm 
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I = moment of inertia, a function of beam size 
   = (width x depth3)/12 for beams with a rectangular cross section; units are mm4.  
 
Similarly, the equation for MOR below determines the load a beam will carry.  
 

MOR = 1.5PL/bd
2 
(psi):  

 
P = the breaking (maximum) load in pounds 
L = the distance between supports (span) (mm) 
b = the width of the beam (mm) 
d = the depth of the beam (mm) 
 
Later on, Canadian researchers began to compare small clear data and full-size test data for different 
species. They came to the conclusion that a new approach for assigning design properties was required 
(Barrett and Lau 1994). By the mid 1970’s, it was agreed that design properties for sawn lumber should 
be based on full-size tests leading to the concept of “in-grade” testing. An example of full-size lumber 
testing is shown in Figure 3. The principal thrust of in-grade testing philosophy is to develop structural 
property data which reflects the behaviour of products in end-use conditions as closely as possible 
(Barrett and Lau 1994). In the present work, MOE and MOR results from both “small-clear” and “in-
grade” data are summarized.   
 

      
 
Figure 3 In-grade testing of lumber for bending stiffness (MOE) and bending strength 

 (MOR) as performed at the Forintek Division of FPInnovations, Quebec 
 
 

4 Characteristics of Norway spruce grown in Canada 
Although wood volume productivities of plantation-grown Norway spruce are well documented, very 
little published information is available on the wood and lumber properties of Norway spruce grown in 
Canada. Only two published studies, by Chui (1995) and Mottet et al. (2006), deal specifically with 
lumber quality aspects of planted Norway spruce. A reason for this is that Norway spruce has a short 
history in Canada. Another reason is that until a few years ago, softwood silviculture has mainly focused 
on volume production with little attention paid to wood quality. The detailed results from the two 
Canadian studies are presented below. 
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4.1 Norway spruce plantations grown in the Maritimes 

Chui (1995) evaluated the grade yields and mechanical properties of Norway spruce plantations grown in 
the Maritimes. Four plantations were selected with two of these plantations containing trees of known 
provenances. One plantation was mature (71 years) and the other three were juvenile (31, 36 and 38 
years). In total, 530 pieces of lumber was visually graded according to both British and Canadian 
specifications (Table 1 ) and the same number of matched small clear specimens were tested for bending 
properties. The study also provides comparative information on the wood quality of two Norway spruce 
provenances from Germany and Poland. 
 
The lumber from Acadia produced the highest yield for the highest grades under both NLGA and BSI 
(Table 1 ). Downgrading of lumber due to the presence of large knots and other defects was most 
dominant in the Blue Mountain sample. This site had a large initial spacing in comparison to the other 
samples (Table 2). The branch sizes of the Blue Mountain sample were bigger that those of the other 
plantations, which was reflected by the significantly low yields of the highest grades. The overall results 
show that reasonable yields (about 15% and 22% for the highest NLGA and BSI structural grades 
respectively) can be achieved for Norway spruce lumber (Chui 1995).  
 
Table 1 Grade yield for 38 mm x 89 mm lumber 
 
Site No. BSI grade yield (%)  NLGA  grade yield (%) 

 SS GS Reject SS No. 1 No. 2 No. 3 E Reject 

St. Martin, N.B. 165 28 41 31 13 30 27 21 7 2 
Blue Mountain, N. S. 104 6 58 36 4 13 46 34 3 0 
Acadia Forest Exp. Station, N.B. 44 48 52 0 48 34 18 0 0 0 
Corbett Lake, N.S. 217 19 53 28 17 15 39 21 7 1 
All  530 22 50 28 15 21 35 22 6 1 
 
Table 2  Characteristics of Norway spruce plantations grown in Eastern Canada. Results 

 for 11 lumber pieces tested (38 mm x 89 mm), including reject pieces 

  
Site 
(Spacing m x m) 

No. Age Full-size  
bending 

Small clear 
bending  

Specific 
gravity 

Moisture 
content 

% 

Growth 
rate 

(rings/ 
25mm) 

MOE 
(MPa) 

MOR 
(MPa) 

MOE 
(MPa) 

MOR 
(MPa) 

St. Martin, N.B. 
(Unknown) 

165 71 8541 
0.28 

35.34 
0.37 

7467 
0.16 

55.09 
0.18 

0.355 
0.084 

13.91 
0.05 

8.59 
0.27 

Blue Mountain, N. S. 
(2.4 x 1.2) 

104 38 5844 
0.31 

24.45 
0.35 

7082 
0.13 

46.61 
0.16 

0.331 
0.074 

15.25 
0.06 

6.07 
0.24 

Acadia Forest Exp. S. 
N.B. (1.8 x 1.8) 

44 31 8693 
0.17 

37.36 
0.23 

7773 
0.10 

52.42 
0.11 

0.339 
0.044 

15.06 
0.06 

6.77 
0.13 

Corbett Lake, N.S. 
(1.2 x 1.2) 

217 36 7140 
0.29 

28.62 
0.31 

6965 
0.15 

46.07 
0.17 

0.323 
0.076 

15.25 
0.06 

5.48 
0.23 

All  530 - 7416 
0.31 

30.62 
0.37 

7216 
0.15 

49.55 
0.19 

0.336 
0.087 

14.81 
0.06 

6.69 
0.31 

 

As shown in Table 2, the mechanical properties of the wood from St. Martins and Acadia were superior to 
those from Blue Mountain and Corbett Lake. This can be related in part to slower growth rate, which led 
to a slightly higher wood density, and in the case of lumber properties, smaller knot sizes in the first two 
plantations. The very small knots in the Acadia sample also explains its low variability in lumber 
properties (Chui 1995). While the small clear bending results for Blue Mountain and Corbett Lake were 
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very similar, the bending properties of lumber from Blue Mountain were significantly lower (Table 2). 
This is an indication that influence of knots was much more dominant in the Blue Mountain sample due 
to a large spacing. Rotation age has also a significant impact on lumber mechanical properties in 
softwoods (Duchesne 2006, Zobel and van Buijtenen 1989). In this study, tree spacings were different 
which added variability in the growing conditions. Compared with published information, the plantation-
grown Norway spruce had lower clear wood bending properties and specific gravity than native Eastern 
Canadian spruce species and balsam fir, and Norway spruce grown in Europe (Chui 1995). The author 
points out that the lumber responded well to the conventional drying schedule used for native spruce 
species (Cech and Pfaff 1977), with little drying degrade. As shown in Table 3, trees of Polish provenance 
produced structural lumber with better mechanical properties than trees from Germany when compared 
within the same site. 
 
Table 3  Comparison of properties by provenance 
 
Site 

 
Provenance No. Full-size  

bending 
Small clear 
bending  

Specific 
gravity 

Moisture 
content 

% 

Growth 
rate 

(rings/ 
25mm) 

MOE 
(MPa) 

MOR 
(MPa) 

MOE 
(MPa) 

MOR 
(MPa) 

Acadia Forest Exp. 
Station, N.B. 

Poland 
(MS85) 

26 8998 
0.27 

36.84 
0.09 

7872 
0.09 

52.46 
0.039 

0.338 15.09 6.62 

Germany 
(MS 87) 

18 8253 
0.15 

38.12 
0.14 

7635 
0.11 

52.38 
0.13 

0.341 15.02 7.00 

Corbett Lake, N.S. 
 

Poland 
(MS85) 

95 7369 
0.26 

28.91 
0.29 

7098 
0.15 

47.57 
0.16 

0.326 15.27 5.49 

Germany 
(MS 87) 

122 6941 
0.28 

28.40 
0.30 

6862 
0.16 

44.91 
0.17 

0.320 15.24 5.47 

 
4.1.1 The influence of log position in stem 

As expected, the butt log provided the best yields for the higher grade and lowest reject rates. Reject rates 
increased sharply going from the butt to the second log. With the exception of the Acadia sample, 
between 41% and 48% of lumber pieces from the second logs were rejects. MOR and MOE of lumber 
from butt logs were higher than the corresponding properties of the lumber from the second logs by 5% to 
19% (Table 4). The higher reject rates and lower mechanical properties were due to the higher degree of 
branchiness in the upper parts of a tree, which led to a higher incidence of knots in lumber sawn from 
these locations (Chui 1995).  
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Table 4  Comparison of properties by log position in Norway spruce 
 
Site 
 

Log No.  Full-size  
bending 

Small clear 
bending  

Specific 
gravity 

MC 
% 

Growth 
rate 

(rings/ 
25mm) 

MOE 
(MPa) 

MOR 
(MPa) 

MOE 
(MPa) 

MOR 
(MPa) 

St. Martin, N.B. 11 58 9475 
0.212 

39.76 
0.27 

7666 
0.20 

58.04 
0.20 

0.360 
0.080 

13.85 
0.03 

9.30 
0.28 

2 62 8218 
0.29 

34.79 
0.41 

7406 
0.15 

53.83 
0.17 

0.350 
0.090 

14.00 
0.06 

9.34 
0.28 

3 27 7842 
0.35 

28.74 
0.36 

7227 
0.10 

53.60 
0.14 

0.352 
0.090 

13.75 
0.03 

7.52 
0.27 

Blue Mountain, N. S. 1 58 6110 
0.28 

26.17 
0.34 

7023 
0.14 

45.87 
0.19 

0.326 
0.070 

15.26 
0.05 

5.93 
0.27 

2 36 5526 
0.35 

21.87 
0.32 

7328 
0.10 

48.06 
0.11 

0.330 
0.060 

15.23 
0.06 

6.41 
0.20 

3 10 5450 
0.26 

23.76 
0.31 

6591 
0.15 

45.81 
0.17 

0.358 
0.080 

15.32 
0.08 

5.60 
0.12 

Acadia Forest Exp.  
Station, N.B. 

1 32 8804 
0.15 

37.92 
0.23 

7847 
0.10 

53.30 
0.11 

0.340 
0.047 

14.84 
0.05 

6.97 
0.13 

2 12 8398 
0.20 

35.87 
0.22 

7582 
0.08 

50.15 
0.10 

0.337 
0.036 

15.63 
0.04 

6.25 
0.07 

Corbett Lake, N.S. 1 147 7515 
0.28 

30.63 
0.27 

6979 
0.14 

46.40 
0.14 

0.322 
0.077 

15.26 
0.06 

5.64 
0.20 

2 70 6354 
0.30 

24.50 
0.33 

6935 
0.16 

45.35 
0.20 

0.323 
0.076 

15.24 
0.05 

5.28 
0.18 

1Log position: 1 = butt log, 2 = second log from base, 3 = third log from base.  
2Standard deviation of the mean. 
 

4.2 Norway spruce plantations grown in Quebec 

As part of a genetic research program on Norway spruce, Blouin et al. (1994) studied whether wood 
density, through its radial pattern variation, could be a selection criterion for species improvement. The 
study on 70 year-old trees showed that wood density declines from pith toward bark up to the eighth 
annual ring, stabilizes until the fourteenth annual ring, and increases thereafter. They observed a strong 
individual variability in annual ring width and density, with 65 to 85% of total variation being due to 
differences between trees from the same plot. The results confirmed the potential for rapid growth and  
the excellent wood quality of Norway spruce provenances that are well adapted to the soil and climate 
conditions in Quebec.  
 
Mottet et al. (2006) studied the lumber characteristics of 148 trees acquired for that purpose during 
commercial thinning operations in three Norway spruce plantations, aged from 32 to 34 years. The 
plantations had been attacked repeatedly by the white pine weevil (Pissodes strobi [Peck]). The trees, 
with diameters ranging from 14 to 23 cm, were grouped into three quality classes according to the number 
of major deformations caused by the weevil. The effects of the deformations on bending strength and 
stiffness, wood density and lumber defects were examined. Results show that in general deformations 
caused by the weevil do not affect the lumber properties of Norway spruce on sites of medium to high 
quality. For the three Norway spruce plantations, the mean values of the modulus of elasticity (MOE) of 
the lumber varied between 8510 and 9357 MPa, and for the modulus of rupture (MOR) they ranged from 
36.0 to 42.5 MPa, whereas wood density varied from 324 and 343 kg·m-3. For comparison purposes, the 
same measurements were taken on lumber from 38 trees in a white spruce (P. glauca [Moench] Voss) 
plantation that was unaffected by the weevil, but comparable to the Norway spruce plantation on one of 
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the sites studied. The lumber properties from Norway spruce taken from deformed or undeformed stems 
were 34% superior to white spruce for MOE, 20% for MOR and 8% for wood density. The smaller knots 
in Norway spruce could explain this difference. On the other hand, a visual grading of this type of wood 
reveals few differences in lumber strength and stiffness. As shown in Table 6, the compliance of visual 
grades to the design values is low for both Norway spruce and white spruce. This fact emphasises the 
need to sort lumber on the basis of its mechanical properties by means of, for example Machine Stress 
Rating (MSR). It is important to stress that the plantations were very young, which implies that the 
lumber had a large proportion of juvenile wood. At a longer rotation, Norway spruce could potentially be 
comparable to the S-P-F species group (NLGA). However, questions remain as if it is more profitable to 
use fast-grown wood in non-structural products in the short-term, or to grow Norway spruce more slowly 
over a longer rotation period in order to produce high-strength lumber in the long term. 
 
Using the same research plantations, Daoust and Mottet (2006) studied the impact the white pine weevil 
on Norway spruce. The results show that in spite of weevil attacks and their negative impact on stem 
form, Norway spruce trees growing on sites of moderate to very good quality maintain lumber potential, 
in terms of both volume and quality (as determined by visual grading).  
 
Table 5  Modulus of elasticity (MOE) and modulus of rupture (MOR) of Norway spruce in 

 comparison with white spruce 
 
 Property Valcartier 

(1.8 m x 1.8 m)1 
Duchesnay 

(1.8 m x 1.8 m) 
Lac Jaune 

(2.4 m x 2.4 m) 

Norway spruce MOE (MPa) 9236 
(8975; 9505)2 

9357 
(8721; 10038) 

8510 
(7980; 9076) 

White spruce MOE (MPa) 6872 
(6542; 7219) 

- 
- 

- 
- 

Norway spruce MOR (MPa) 
 

38.4 
(37.0; 39.8) 

42.5 
(39.2; 45.8) 

36.0 
(33.3; 38.7) 

White spruce MOR (MPa) 32.1 
(29.9; 34.3) 

- 
- 

- 
- 

1 Initial tree spacing, 2 95% confidence interval 
 
Table 6  Percentage of lumber pieces which met the current grade requirement for bending 

 stiffness (MOE) values (Mottet et al. 2006) 
 
NLGA Visual grades Mean MOE  

(MPa)a 
Norway spruce White spruce 

Valcartier 
N = 38 
(%) 

Duchesnay 
N = 51 
(%) 

Lac Jaune 
N = 61 
(%) 

Valcartier 
N = 80 
(%) 

Select structural 10865 28.4 5.3 33.3 0 
No. 1 & No. 2 10044 37.9 22.6 32.4 3.9 
No. 3 9296 40.5 0 20.0 0 
Total - 36.1 15.7 29.5 2.5 
a Design values based on Barrett and Lau (1994), and adjusted to 12% moisture content. 
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5 Characteristics of European Norway spruce  

5.1 Mechanical properties of Norway spruce lumber  

Nagoda (1985) evaluated the strength properties of Norway spruce timber from Northern Norway. The 
material comprises 192 lumber pieces divided into 4 dimensions. Grading of lumber was done visually 
and by means of a stress grading machine, in accordance with the ISO-norm for testing of timber in 
structural sizes. The strength properties were analyzed in relation to the Norwegian Standard for 
construction timber (NS 3080 and NS 3470). The average modulus of elasticity and bending strength was 
found to be 8.5 GPa and 39.6 MPa, respectively. The average density was 400 kg/m3.  
 
As shown in Table 7, the MOE and MOR values of the Helgeland samples are clearly higher than that of 
the two other regions. This sample corresponds to old, slow-grown natural forests that generally have 
high density wood due to high stand density (tree competition). A geographic comparison of mechanical 
properties was also done (Table 8). According to Nagoda (1985), visual stress grading according to NS 
3080 did not give satisfactory results concerning strength properties. It was not possible to sort out timber 
in classes with required strength. It is concluded that machine grading is a much better grading method 
than visual grading. In the study, the smallest dimension lumber (36 mm x 73 mm) had the lowest 
mechanical properties despite a relatively high wood density (Table 9). This may be due to the presence 
of compression wood in the core region of the tree although this parameter was not considered in the 
publication. It is known that compression wood has a higher density but lower mechanical properties than 
normal wood. 
 
Table 7  Norway spruce grown in Northern Norway. Bending strength and modulus of 

 elasticity for three regions (Helgeland, Salten and Troms) (Nagoda 1985) 
 

 Helgeland 
(natural stands) 
Mean age = 89 yrs 
(range 46-131 yrs) 

Salten  
(natural stands)1 
Mean age = 58 yrs 
(range 50-72 yrs) 

Troms  
(plantations) 

Mean age = 61 yrs 
(range 58-74 yrs) 

Bending strength, MPa     
Mean value, MPa 47.4 35.5 37.4 
Min value, MPa 15.4 22.1 15.4 
Standard deviation, MPa 12.0 7.1 8.2 
Coefficient of variation, % 25 20 22 
Modulus of elasticity, GPa     
Mean value, GPa 9.8 7.9 8.1 
Min value, GPa 4.0 4.6 4.0 
Standard deviation, GPa 2.6 2.5 2.1 
Coefficient of variation, % 27 31 26 
Density, kg/m3    
Mean value, kg/m3 429 396 398 
Min value, kg/m3 374 345 346 
Standard deviation, kg/m3 34 23 25 
Coefficient of variation, % 8 6 6 
Annual growth ring width, mm    
Mean value, mm 2.42 3.56 2.79 
Min value, mm 0.81 2.66 1.83 
Standard deviation, mm 1.12 0.50 0.36 
Coefficient of variation, % 50 14 13 
Number of samples, N 52 54 86 
1 Only one stand out of 6 stands was planted.  
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Table 8  A comparison of mechanical properties of Norway spruce from Northern and 

 Southern Norway (Østlandet and Trøndelag) for dimension 48 mm x 98 mm 
 

 Northern Norway  
(Nagoda 1985) 

Southern Norway  
(Foslie and Moen 1968) 

Bending strength, MPa  39.6 54.4 
Min value, MPa 17.5 27.9 
Standard deviation, MPa 9.8 12.5 
Coefficient of variation, % 25 23 
Modulus of elasticity, GPa  9.4 12.4 
Min value, GPa 5.8 6.5 
Standard deviation, GPa 2.06 2.37 
Coefficient of variation, % 22 20 
Density, kg/m

3
 403 480 

Number of samples, N 85 758 
   

Table 9  Mechanical properties of various dimensions (all specimens) of Norway spruce 

 grown in Northern Norway (Nagoda 1985) 
 

  
Dimensions, mm x mm 

 

36 x 73 48 x 98 48 x 123 48 x 148 

Bending strength, MPa      
Mean value, MPa 38.5 39.6 39.5 41.7 
Min value, MPa 15.4 17.5 26.9 23.0 
Standard deviation, MPa 10.5 9.8 11.0 10.9 
Coefficient of variation, % 27 25 28 26 
Modulus of elasticity, GPa      
Mean value, GPa 6.1 9.4 10.2 9.9 
Min value, GPa 4.0 5.8 7.4 7.4 
Standard deviation, GPa 1.44 2.06 1.82 1.91 
Coefficient of variation, % 24 22 18 19 
Density, kg/m

3
     

Mean value, kg/m3 416 403 412 390 
Min value, kg/m3 372 348 345 345 
Standard deviation, MPa 27 27 41 30 
Coefficient of variation, % 7 7 10 8 
Annual growth ring width, mm     
Mean value, mm 2.8 3.1 2.7 2.7 
Min value, mm 1.0 0.8 0.9 1.1 
Standard deviation, mm 0.8 0.8 1.1 0.9 
Coefficient of variation, % 28 26 39 33 
Number of samples, N 60 85 14 33 
 

 

6 Overview of published MOE values for Norway spruce 
Table 10 gives an overview of the major MOE results obtained for Norway spruce grown in Eastern 
Canada and Europe, together with other softwood species grown in Canada. It must be pointed out that 
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the methodology and standards used to assess lumber MOE vary between studies. Consequently, the 
MOE values presented in Table 10 should be seen as indicative for the species, not as an exhaustive 
comparison of MOE values. 
 

Table 10  Lumber modulii of elasticity (MOE) obtained for Norway spruce grown in Eastern 

 Canada and Europe. Lumber MOE values for commercial Canadian species grown 

 in plantations (P) and natural forests (N) are also included. Since the test methods 

 differ between authors, the MOE values are not always comparable with each 

 another and should therefore be seen as indicative only 
 

Species 
 

Stand 
type 

Stand 
density 
(tree/ha)  

Initial 
spacing  
(m x m) 

(feet x feet) 

Rotation 
age 

(years) 

Lumber 
MOE*  
(MPa) 

Sample  
dimension  

(mm) 

Location Source 

Norway spruce P  unknown 71 8541 38 x 89 St. Martins, N.B.  Chui 1995 
Norway spruce P  2.4 x 1.2 38 5844 38 x 89 Blue Mountain, N.S. Chui 1995 
Norway spruce P  1.2 x 1.2 36 7140 38 x 89 Corbett Lake, N.S. Chui 1995 
Norway s spruce P  1.8 x 1.8 31 8693 38 x 89 Acadia For. Exp. S., 

N.B. 
Chui 1995 

Norway spruce P  2.4 x 2.4 32-34 8510 38 x 89 Lac Jaune, Quebec Mottet et al. 2006 
Norway spruce P  1.8 x 1.8 32-34 9236 38 x 89 Valcartier, Quebec Mottet et al. 2006 
Norway spruce P  1.8 x 1.8 32-34 9357 38 x 89 Duchesnay, Quebec Mottet et al. 2006 
White spruce  P  1.8 x 1.8 32-34 6872 38 x 89 Valcartier, Quebec Mottet et al. 2006 
Norway spruce N  - 89 (46-131) 9800 - Helgeland, Northern 

Norway 
Nagoda 1985 

Norway spruce N  - 58 (50-72) 7900 - Salten, Northern 
Norway 

Nagoda 1985 

Norway spruce N&P  - 61 (58-74) 8100 - Troms, Northern 
Norway 

Nagoda 1985 

Norway spruce N&P  - - 6100 36 x 73 Northern Norway  Nagoda 1985 
Norway spruce -  - - 9400 48 x 98 Northern Norway  Nagoda 1985 
Norway spruce -  - - 10200 48 x 123 Northern Norway  Nagoda 1985 
Norway spruce -  - - 9900 48 x 148 Northern Norway  Nagoda 1985 
Norway spruce -  - - 12400 48 x 98 Southern Norway  Nagoda 1985 
Norway spruce -  - 65 and 105 7000-

9000** 
45 x 70 Sweden Kliger et al. 1995 

Norway spruce P  - 115 13800 47 x 97 Denmark Johansen et al. 
1969 

Norway spruce N  - 74 13400 47 x 97 Denmark Johansen et al. 
1969 

Norway spruce N  - 46-47 11900 47 x 97 Denmark Johansen et al. 
1969 

Norway spruce -  - - 8000 
12000 

40 x 100 France  Nepveu & Blachon 
1989 

Black spruce P 1372 - 48 8178 38 x 89 Thunder Bay, Ontario Zhang et al. 2002 
Black spruce P 3986 - 48 9791 38 x 89 Thunder Bay, Ontario Zhang et al. 2002 
Jack pine P 3086 5 x 5 60 9218 38 x 89 Michigan, U.S. Zhang et al. 2004 
Jack pine P 2500 5 x 5 to 7 x 7 60 9193 38 x 89 Michigan, U.S. Zhang et al. 2004 
Jack pine P 2066 7 x 7 60 8828 38 x 89 Michigan, U.S. Zhang et al. 2004 
Jack pine P 1372 9 x 9 60 8538 38 x 89 Michigan, U.S. Zhang et al. 2004 
Black spruce N - - - 13118 38 x 89 Eastern Canada Forintek’s data 

bank 
Balsam fir N - - - 10074 38 x 89 Eastern Canada Forintek’s data 

bank 
Jack pine N - - - 10726 38 x 89 Eastern Canada Forintek’s data 

bank 
Jack pine  N 1275 - 50 9182 38 x 89 Timmins, Ontario Duchesne 2006 
Jack pine N 1050 - 73 11222 38 x 89 Timmins, Ontario Duchesne 2006 
Jack pine  N 725 - 90 10937 38 x 89 Timmins, Ontario Duchesne 2006 

*The lumber pieces were tested at 12% equilibrium moisture content (EMC), except for Johansen et al. 1969, Chui 1995, Nepveu 
and Blachon 1989 where Norway spruce was tested at 15% EMC, and around 15% EMC for Chui 1995 (see Table 2). 
** The values were estimated from Figure 4.
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7 Patterns of variation in wood properties 
Section 7 gives an overview of some major factors affecting wood properties for Norway spruce and 
softwoods in general. 
 

7.1 Variation from pith to bark and from the butt log to the top log  

In Sweden, Kliger et al. (1995) found that lumber strength and stiffness varied considerably in the radial 
and longitudinal directions. The material consisted of Norway spruce studs of dimension 45 x 70 x 2900 
mm3. When all the values obtained from butt log timber were evaluated (LBL, UBL, see Figure 4), they 
found that the MOE and MOR mean values were lowest for the core studs (stud group 34) and increased 
further away from the pith (group 25 and 16). The outer studs (group 16) were statistically different from 
the inner cores (groups 25 and 34) for MOE and MOR. Kliger et al. (1998) also observed a clear radial 
variation in both MOE and MOR in Norway spruce studs from two stands in Sweden (slow-grown, 105 
years and fast-grown, 65 years). The log cross sections were divided into three different groups (core, 
intermediate, mature). In mean terms, the bending strength of the studs from mature wood was 47% 
higher and the modulus of elasticity 30% higher than that of the core studs. This increase in mechanical 
properties from the pith to the bark was far more significant for studs from the slow-grown stand than for 
studs from the fast-grown one.   
 

 

 
 
Figure 4 The modulus of elasticity (MOE) and the modulus of rupture for studs (45 x70 

 mm
2
) at different radial positions (16 (near the bark), 25 and 34 (near the pith)) 

 and at different longitudinal positions (LBL: lower butt log; UBL: upper butt log 

 and TL: top log) together with material from thinnings (ThL)  
 
7.1.1 Creep in relation to radial position and MOE 

Bengtsson (2001) studied the influence of material properties on creep behaviour (mechano-sorptive 
creep in bending) in a climate room with varying relative humidity of 30%-90% (EMC 8% and 18.9%). 
The influence of annual ring width, slope of grain, knots, compression wood, density and modulus of 
elasticity was investigated on twelve Norway spruce trees, of defined growth conditions (Perstorper et al. 
1995). The duration of the creep tests were at least 100 days. Significance tests (t-tests) showed that there 
was a statistically significant difference in density, ring width and modulus of elasticity between 
specimens for the fast-grown and the slow-grown stand.  
 
 

MOE (GPa) MOR (MPa) 
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The specimens were also classified with respect to assumed juvenile wood, mature wood and a transition 
in-between, mentioned intermediate wood. The differences in relative creep (defined as deflection (t) 
divided by deflection (t = 60 sec) after 3 moisture cycles, between the following groups: juvenile wood – 
mature wood and juvenile wood – intermediate wood were significant. It appeared that specimens cut 
within 15 annual year rings (juvenile wood) from the pith should not be used if large creep deformations 
in bending are to be avoided. Also for the density, ring width, knot area ratio, and MOE, there was a 
statistically significant difference between the groups juvenile wood – mature wood and juvenile wood –
intermediate wood. The difference was not statistically significant between intermediate and mature 
wood, except for density. No statistically significant difference in relative creep was found between the 
specimens from the two stands.  
 
For seven of the twelve studied trees, the authors observed a radial variation in relative creep between the 
pith and the bark. The specimens cut near the pith showed larger relative creep than the specimens cut 
near the bark. There seemed to be an influence of initial MOE and ring width on the relative creep after 3 
moisture cycles. Specimens with ring width larger that 4 mm or specimens with a MOE smaller than 9000 
MPa showed a significantly larger relative creep. The author reports that within each tree there was 
generally a strong correlation between MOE and relative creep. The relationship between creep and MOE 
can be practically useful since MOE is often measured with commercial grading machines.  
 
Table 11 Average values and standard deviations ( ) of the material data and relative creep 

 after 3 moisture cycles for the specimens from two Norway spruce stands in 

 Southern Sweden. The amount of compression wood (CW) in each specimen was 

 calculated as the category number (0, 1, or 2) multiplied by the length of each 

 compression wood zone within the constant moment region (0.5 m). This gave a 

 number between 0 and 1 (Bengtsson 2001) 
 

 Fast-grown (29 specimens) Slow-grown (30 specimens) 

MOE, MPa 9790 (1868) 12350 (3017) 
Density, kg/m3 418 (40) 467 (61) 
Grain angle, % 3.4 (1.9) 3.5 (1.7) 
Ring width, mm 5.0 (1.5) 3.0 (1.2) 
Swell. coeff., %/% 0.009 (0.005) 0.006 (0.002) 
Knot area ratio 0.17 (0.11) 0.16 (0.12) 
Compression wood 0.31 (0.11) 0.32 (0.12) 
Relative creep 2.04 (0.42) 1.96 (0.45) 
 

7.2 Effect of juvenile on wood and lumber mechanical properties  

It is known that juvenile wood has lower mechanical properties than mature wood. The definition of 
juvenile wood varies between authors but ranges from 5 to the first 30 growth rings. Juvenile wood fibres 
are shorter, have larger microfibril angles, lower cellulose contents which all together reduce their load-
bearing capacity in comparison to mature wood fibres. When Norway spruce plantations are allowed to 
grow to maturity (e.g. after 60-70 yrs of growth), the structural properties of the lumber produced will 
improve. This holds true if tree spacing is not too wide (moderate growth rate). Zobel and van Buijtenen 
(1989) report that the best method available to the forest manager to control the amount of juvenile wood 
in plantations is rotation length. They mention, for example, that the volume of juvenile wood is about 
50% at age 22, 30% at age 32, and 20% at age 40. The variation is primarily species-related with longer-
lived trees forming juvenile wood for a longer period of time (Zobel and van Buijtenen 1989).  
 



Mechanical Properties of Norway Spruce Wood Grown in Canada and Europe - A Literature Review 

 
 

 
 

  14 of 27 

 

7.3 Effect of compression on wood and lumber mechanical properties 

Compression wood has generally a negative effect on lumber mechanical properties. Compression wood 
is formed as a response to asymmetric load as the tree tries to maintain an upright position (Timell 1986). 
In softwoods, compression wood is normally formed on the lower side of a leaning stem. Compression 
wood is characterized by thicker cell walls and large microfibril angle. Because of the large microfibril 
angle, the compression wood shrinks more in the longitudinal direction compared to normal wood. The 
difference can lead to warp, particularly when the compression wood is unevenly distributed in a piece of 
sawn wood. Compression wood is more brittle than normal wood, and more difficult to nail and plane. 
Despite its higher density, the strength properties of compression wood are poor and make it less suitable 
for construction purposes. 
 
In Sweden, Bengtsson (2000) studied the influence of compression wood and knots on the modulus of 
elasticity of lumber in 90% and 30% relative humidity (see Table 12). In their study, compression wood 
had a negative influence on MOE (for CW-0 and CW-2) and MOE increased with decreased moisture 
contents. The difference in MOE value between the groups CW-0 and CW-2 and KAR-0 and KAR-2 was 
statistically significant. For knots, the difference was statistically significant, also between the groups 
KAR-0 and KAR-1, which means that in average, all specimens with knots had a small MOE. However, 
there was a wide variation in MOE within the CW-1, i.e., the specimens which showed a tendency to 
compression wood. This confirms that the visual inspection according to compression wood is very 
difficult (Bengtsson 2000). Kyrkjeeide and Thörnqvist (1993) suggest that “monocultures with the same 
age of each tree have more compression wood than more variable stands”, so plantations are more prone 
to produce compression wood. Seeling (2001) also suggests that increasing spacing lowers wood quality 
caused by a higher percentage of compression wood.  
 
Table 12  Modulus of elasticity and density measured at 30% and 90% relative  humidity 

 (EMC of 8% and 18.9% respectively), for the different compression wood (CW) 

 and knot area ratio (KAR) groups. Mean value and standard deviation (in brackets) 

 (Bengtsson 2000) 
 
CW or KAR 
group  

Count Modulus of elasticity 
(MPa)  
(90 %) 

Modulus of elasticity 
(MPa)  
(30 %) 

Density (kg/m3)  
(90%) 

Density  
(kg/m3)  
(30%) 

CW-0 819 10915 (3108) 12159 (3427) 424 (56) 407 (56) 
CW-1 116 12546 (4012) 14345 (4447) 480 (80) 462 (80) 
CW-2 33 6217 (1416) 7124 (1748) 409 (39) 388 (38) 
KAR-0 701 11456 (3437) 12789 (3828) 435 (65) 418 (65) 
KAR-1 173 9701 (2757) 10859 (3033) 414 (46) 396 (46) 
KAR-2 94 9481 (2596) 10792 (2902) 420 (55) 403 (55) 
All 968 10950 (3350) 12250 (3717) 430 (62) 413 (62) 
CW-0: no visible compression wood; CW-1: widened latewood band in one or several growth rings; CW-
2: dominating latewood band in one or several growth rings. KAR-0: 0% (clear specimens); KAR-1: 0 < 
KAR < 33%; KAR-2: KAR > 33%.  
 

7.4 Effect of pith inclusion on lumber mechanical properties 

Larsson et al. (1998) found that lumber that comprises the pith has generally lower values of MOE and 
MOR while the shear modulus is higher, compared to lumber without pith sawn further out in the log. 
The material was collected from six Swedish sawmills located in the northern, middle and southern part 
of Sweden (age unknown but likely mature wood). Average values for the mechanical properties of the 
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whole batch of lumber were as follows. The MOE established from the vibration tests were equal to 
11700 MPa (edgewise bending) and from the static tests equal to 10600 MPa. The MOR was equal to 42 
MPa. The shear modulus determined from torsional vibration modes was equal to 660 MPa. Cross 
sectional size (38 x 89, 38 x 140 and 38 mm x 184 mm) and the presence of the pith in the sawn lumber 
were found to significantly influence material properties. The mean value for the MOE established from 
the dynamic tests was found to be approximately 10% higher than the corresponding value established 
from static tests.  
 

7.5 Effect of growth rate on wood and lumber properties 

Until recently, silviculture has focused on producing volume-based quantity of wood at a low cost, with 
little attention paid to how silviculture affects tree and wood characteristics such as tree form, branch size, 
wood density and juvenile wood content (Thörnqvist 1990). The use of intensive silvicultural practices 
such as wide-space planting, heavy thinning and fertilization has raised the concern about the quality of 
the forest products obtained (Kliger et al. 1995; Thörnqvist 1990) since the volume proportion of juvenile 
wood increases. Clearly, it is important to understand and predict how silvicultural practices influence 
growth conditions which regulate wood structure and value of wood as a raw material for forest products. 
For Norway spruce, studies have shown that dominant and codominant trees acquire a lower basic density 
than intermediate and suppressed tree classes (Lindström 1997). Rapid crown development as a result of 
high site quality, until stand closure, seems to be a factor that lowers basic density of all tree classes 
within a stand (Lindström 1997). In general, a high and uniform wood density is desirable for most wood 
products. For Norway spruce, a negative correlation between annual ring width and wood density has 
been demonstrated (Bergkvist 1998).  
 
Large spacings result in large diameter growth and poorer quality of logs and sawn wood (Høibø 1991), 
(excepted when trees are pruned). Thus, stiffness (MOE) and strength (MOR) of lumber or beams from 
stands with conventional initial spacing are superior to those of stands with extremely wide initial 
spacing. Knots are by far the most important downgrading defect, both for visual grading and machine 
stress grading. And knot size and frequency are directly affected by growth conditions of the tree. If the 
intention is to produce Norway spruce sawn wood with small knots, the initial spacing should be narrow, 
not more than 1.5 m at the best sites (Høibø 1991). If the intention is to produce sawn wood with high 
strength, the actual spacing should remain dense throughout the life of the stand. The author points out 
that density, as the most important quality determining factor for strength, is more prominent at good sites 
than poor sites. It is also stated that quality production is difficult to obtain in short rotation forestry.  
 
In Germany, Seeling (2001) evaluated the impact of transforming even-aged Norway spruce plantations 
into uneven-aged plantations on roundwood and timber quality. The material was harvested in 1996 from 
silvicultural thinning plots which were established in 1974 in a previously unthinned 27 year-old stand of 
Norway spruce. Thus, the sample trees were approximately 49 years old. The spacings studied, expressed 
as the number of trees per ha (stand density) were 645, 437, 400 and 236 trees/ha (Plots I, II, III and IV, 
respectively). Results show that the roundwood quality tends to decrease with increasing spacing due to 
wider annual rings, higher taper, higher branch diameter and higher percentage of compression wood. For 
the sawn timber, mainly the drying behaviour of the sawn timber gets worse from stands with wider 
spacings. In terms of mechanical properties, MOE of the bigger beams (6 cm x 12 cm, from butt logs) 
decreases with wider spacings. For the smaller beams (4 cm x 9 cm, from top logs), MOE decreases 
continuously from the denser plantation (645 trees/ha) to that of 400 trees/ha. For the forth spacing (236 
trees/ha), no conclusions were drawn because the number of small beams was low. 
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Figure 5 Static E-Modulus (MOE) for all sampled beams (N = 198 for 6 cm x 12 cm beams; 

 N = 89 for 4 cm x 9 cm beams) in Plots I, II, III and I. Every box shows the 

 median, the quartiles and extreme values. Plot I narrow; Plot IV: wide spacing 

 (Seeling 2001) 
 
Lackner (1990) compared the lumber characteristics of 60 yr-old fast-grown Norway spruce plantations 
from the Norwegian West coast with “indigenous” Norway spruce naturally grown in Eastern Norway. 
The boards sawn were graded visually according to Norwegian standard 3080 and mechanically by 
Computermatic MK 5, and the results were compared with that of spruce from Eastern Norway. Because 
of advantageous climatic conditions, the rotation period in the coastal region is approximately half as long 
as in the central/eastern parts of Norway. Compared to the “indigenous” trees from Eastern Norway, the 
fast-grown spruce from Western Norway showed the following trends: lower density, equal knot area 
ratio, higher growth rate, lower MOE and MOR. The author concludes that visual grading will give a 
reliable, safe result for material from Eastern Norway, but would not be satisfactory for fast-grown 
material from Norway’s west coast regions. Therefore, machine grading is the most correct and safe way 
of grading compared to visual strength grading.  
 
In his thesis, Bergkvist (1999) studied the effects of growth rate and silver birch (Betula pendula Roth) 
shelterwood density (0, 300 and 600 trees/ha) on stand and wood properties in Norway spruce 
understorey growing at 1500 ha-1. Fifty-six year after stand establishment and 19-year after establishment 
of the trial, wood volume yield in sheltered spruce (1.87 and 1.78 m3/ha/yr) was significantly lower than 
that of unsheltered spruce (2.43 m3/ha/yr). However, the slenderness index (h/d) was significantly higher 
(less taper) for spruce in the dense shelterwood treatment compared to unsheltered spruce, which has a 
positive impact on lumber conversion yields. For annual rings 21-30, the mean density was 12% higher in 
trees of the lowest growth rate compared to trees of the highest growth rate. An increase in ring width 
from 1 to 2 mm resulted in a 18% decrease in wood density. Latewood percentage explained 84% of the 
variation in wood density. Results show that Norway spruce growing under a birch shelter can be 
recommended as a way of substantially increasing the total stand wood volume yield, compared to pure 
spruce stand, without any adverse effects on understorey spruce wood or pulp (Bergkvist 1999). The 
author believes that the potential for this silvicultural system is greater than its present occurrence (1.2% 
of the young and middle-aged forests in Sweden).  
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As for Norway spruce (Koponen et al. 2005), radiate pine (Jayawickrama 2000) and plantation black 
spruce (Zhang et al. 2002), improved growth conditions generally shorten the rotation time but reduce 
lumber stiffness (MOE). Consequently, a trade-off between volume productivity and wood quality needs 
to be found until tree with genetically superior characteristics such as high growth rates AND wood 
density are produced.  
 

7.6 Effect of thinning and fertilization  

Pape (1999) studied the influence of thinning regimes on basic density and annual ring width in Norway 
spruce. The material consisted in seven thinning trials of Norway spruce planted on highly productive 
sites in southern Sweden. Light thinning from below did not have any effect on basic density and annual 
ring width. However, heavy thinnings that removed a total of 40% of the basal area considerably 
increased diameter development without a loss in volume production or a reduction in the uniformity of 
the wood. Thinning from above resulted in higher basic density and lower ring width compared to 
thinning from below. This was found to be an effect of selection because basic density increased with 
decreasing tree diameter. Since wood density is positively correlated to wood strength and stiffness, it is 
expected that thinning from above would produce wood with better mechanical properties than thinning 
from below.  
 
The effect of fertilization on wood density, fibre length, fibre diameter, lumen diameter, proportion of cell 
wall area, and cell wall thickness of Norway spruce (Picea abies (L.) Karst.) were studied in a nutrient 
optimization experiment in northern Sweden. After 12 years’ treatment, data were collected from 24 trees 
(40 years old) on the fertilized and control plots. Fertilization increased radial growth more than threefold, 
especially earlywood width, and decreased wood density by over 20% at 1.3 and 4 m height. The decrease 
in density was closely related to the proportion of latewood. The absolute wood density also decreased 
across the whole annual ring but proportionately more in latewood than in earlywood (Mäkinen et al. 
2002). Since MOE is positively correlated to wood density, the strength of lumber sawn from fertilized 
trees is expected to be lower than that of slow-grown trees. 
 

7.7 Effect of grain angle  

Spiral grain refers to the helical orientation of the fibres in a tree stem, which gives a twisted appearance 
to the trunk after the bark is removed (Panshin and De Zeeuw 1980). The spiraling may be either right- or 
left-handed; the slope may be constant in a given tree or may change with age of the tree. The effect of 
spirality on the utility of wood depends on the severity of spiral grain and the intended use of the wood. 
Spiral grain may seriously reduce its strength and stiffness. It may also be a major contributing cause to 
twisting of poles and other round products, lumber and plywood. Spiral grain is also a cause of surface 
roughness in planed lumber. The grain angle (slope of grain) is expressed in percent as the deviation 
divided by the measurement length (in degrees 1% ≈ 0.57°).  In Perstorper et al. (1995), the grain angle of 
65 year-old fast grown Norway spruce lumber from Southern Sweden was 3.5%. The grain angle of the 
core studs decrease longitudinally from 4.1% in the lower butt log to 3.2% in the top log (significance 
level: p = 0.04). Kollman (1968) reports that at a grain angle of 45°, MOE and axial strength are reduced 
to 10-25% of the value at 0°. Therefore, grain angle is a factor that has to be considered when lumber is 
graded for use in load bearing construction because of its strong influence on strength and elasticity 
(Gindl and Teischinger 2002).  
 
Johansson and Kliger (2002) found that grain angle and annual ring curvature (the average distance (of 
the stud) from the pith “r” is used to calculate the annual ring curvature ARC= 1/r) explained 73% of the 
variation in twist. Bow and crook were not possible to explain with statistical models with the data 
measured in the study. However, a detailed study of compression wood distribution on the surfaces of the 
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studs reveals that on the individual stud level there was a relationship between compression wood 
distribution and bow and/or crook. Forsberg and Warensjö (2001) report that twist is caused by annual 
ring curvature, grain angle and tangential shrinkage. They selected logs of Norway spruce from 14 areas 
in central Sweden. Grain angle was measured on the log surface and on the boards. The slope of the grain 
angle curve from pith to bark was estimated from these measurements. After kiln drying to 12% moisture 
content using a conventional drying schedule, twist was measured with a wedge. Grain angle on the log 
surface accounted for a larger part of twist variation than grain angle on the board. It appears that this was 
because grain angle on the log surface was more strongly correlated with the slope of the grain angle 
curve from pith to bark. Together, grain angle on the log surface and the described slope accounted for 
70% of twist variation.  
 

7.8 Effect of warp 

Wood quality can be defined as “the ability to satisfy needs” (ISO 9001). It is thus the end-user’s degree 
of overall satisfaction that determines the quality of a product (Perstorper et al. (1995). Warp is 
considered a major disadvantage of timber as a building material in a rational, mechanized building 
process (Johansson et al. 1994). Timber is losing market shares to steel sheet products because of the lack 
of straightness that timber often exhibit. Thus, the strength and stiffness, and geometric performance 
(twist, crook and bow) of sawn timber products must be controlled if timber is to continue as an important 
material in modern construction. With an increased knowledge of the wood characteristics that govern 
warp, processing efforts can be directed towards the most important parameters that have direct impact on 
the quality of the timber product.  
 
The influence of wood characteristics on warp in studs was studied (Johansson and Kliger, 2002). The 
study comprised 190 studs (45 x 95 x 2500 mm) of Norway spruce from Sweden. The sawing pattern was 
designed to study the influence of different annual ring orientation within the studs. A number of 
parameters were registered on the studs, including average distance from pith, grain angle, amount of 
juvenile wood (defined as the innermost 12 annual growth rings), ring width, compression wood 
distribution on the surfaces, knots, cracks, wane, density. The causes of bow and crook are twofold: 
residual stresses and uneven longitudinal shrinkage. Large longitudinal shrinkage on one edge face of a 
stud will result in crook toward the side with less longitudinal shrinkage. Uneven longitudinal shrinkage 
can also be caused by a number of factors such as juvenile wood, compression wood, and knots, which in 
several studies have shown to have an influence on bow and crook (Perstorper et al., 1995; Warensjö and 
Lundgren, 1998).  
 

 
 
Figure 6 Definition of warp (Perstorper et al. 1995) 
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8 Non-destructive evaluation of MOE and MOR 
In Finland, Koponen et al. (2005) studied the elastic properties of Norway spruce by means of ultrasound. 
Samples were from stems that were grown either at a medium- or a high-fertility site in Finland. The 
stiffness modulus was determined in the longitudinal, radial, and tangential directions as a function of the 
distance from the pith using 1-mm-thick samples. Tangentially cut samples contained only earlywood, 
while radially and longitudinally cut samples contained both earlywood and latewood. The MOE in the 
longitudinal direction for Norway spruce grown at a medium-fertility site increased with distance from 
the pith from 6±1 to 8.5±1 GPa. This parameter increased as the mean microfibril angle decreased. In the 
radial and tangential directions, the MOE was nearly constant, at 1±0.15 and 0.35±0.04 GPa, respectively. 
The longitudinal MOE of fast-growing clonal trees, which contained a large share of juvenile wood and 
were growing on a fertile site, was ca. 30% smaller (4±1 GPa near the pith and 6±1 GPa at the age of 12 
years) than that of trees on a medium-fertility site. No difference was found in the radial and tangential 
MOE between stems grown at the two sites. Small (clear) specimens are useful to describe detailed 
patterns of variation and develop models (e.g. de Reboul 1988, Nepveu and Blachon, 1989). However, it 
should be kept in mind that MOE of full-size lumber is not fully comparable with that of small clear 
specimens.  
 

 
Figure 7 Modulus of elasticity (MPa) (Y-axis) as a function of annual ring width (mm). 

 Triangle = Norway spruce, Circle = Scots pine, and Square = Maritime pine 

 (Nepveu and Blachon 1989)  
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Figure 8 MOE (C) as a function of the year ring in (a) longitudinal, (b) radial and (c) 

 tangential directions. Black dots mark the results for wood from the medium-

 fertility site (normally grown) and white dots show results for wood from the high 

 fertility site (fast grown). Each dot represents an average of three measured 

 samples. In the longitudinal direction, the stiffness modulus increases from the pith 

 to the bark, whereas in the radial and tangential directions it was almost constant 

 (Koponen et al. 2005) 
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Table 13 shows the comparison of the mean values of MOE and density for Norway spruce as obtained 
by four different methods. The authors report that the results for the resonance flexure method nearly 
match the result for the static flexure method (Haines et al. 1997). For Norway spruce, the mean value of 
MOE from the longitudinal resonance method is 6% greater than the mean value obtained from the 
flexure methods. The mean value of MOE from the longitudinal ultrasound method exceed by 17% the 
mean value obtained from the flexure methods.  
 
Table 13  Mean values for MOE and wood density (Haines et al. 1996) 
 
 
N = 25 specimens 

Density 
kg/m3 

Static flexure 
MPa  

Flexural resonance 
MPa 

Longitudinal 
resonance  

MPa  

Longitudinal 
ultrasound  

MPa  

Norway spruce 416 10600 10600 11300 12400 
 
Stiffness measurements on 968 small specimens (11 x 11 x 200 mm3) were carried out using a dynamic 
test method at equilibrium moisture content in 30% and 90% relative humidity. The Norway spruce trees 
came from the same two stands (one slow-grown and one fast-grown) as described in Kliger et al. (1998) 
and Perstorper et al. (1995). Six trees were selected from each of these stands. In this study, the modulus 
of elasticity (MOE) is related to the eigenfrequency of a vibrating specimen using the equation MOE = (f 
x 2 x L) x d, where f is the fundamental eigenfrequency (Hz), L is the length (m) and d is the density 
(kg/m3). Results show that the differences in annual ring width, density and MOE-values were statistically 
significant between the two stands with different growth conditions, as shown in Table 14 (Bengtsson 
2000).  
 
Table 14  Variation in dynamic modulus of elasticity (MOE), ring width (RW), wood density 

 (dens), at two equilibrium moisture contents (EMC), for a fast-grown and a slow-

 grown Norway spruce stand in southern Sweden (Bengtsson 2000)  
 
Parameters Fast-grown mean 

(65-yr old) 
N = 484 

Min Max Slow-grown mean 
(105-yr old) 

N= 484 

Min Max 

RW (mm) 4.8 1.5 8.8 2.9 1.0 7.0 

Dens90 (kg/m3) 400 319 570 460 344 736 

Dens30 (kg/m3) 383 301 554 443 327 724 

EMC90 (%)  18.9 17.1 20.7 18.8 17.1 21.0 

EMC30 (%) 8.3 6.6 9.5 8.2 7.1 8.9 

MOE90 (MPa) 9201 3901 17253 12700 5679 23428 

MOE30 (MPa) 10289 4664 19585 14211 6523 26325 
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9 Alternative uses for fast-grown Norway spruce wood  
As discussed earlier, the disadvantage of short-rotation forestry is to produce trees with large proportions 
of low-strength juvenile wood. This is not only true for Norway spruce but for coniferous species in 
general. Until we find a way to balance wood production and quality, a wise solution may be to use the 
sawn wood of fast-grown Norway spruce in non-structural applications. In Scandinavia, Norway spruce is 
already widely used for solid wood, floors, cabinets, mouldings and interior and exterior sidings. The 
potential of Norway spruce wood for non-structural (appearance) products has not yet been explored in 
North America. For example, the species could be used as white pine. With good design, protection and 
marketing, new value-added products made of Norway spruce wood could emerge. The following figures 
are a few examples of Norway spruce wood used in public constructions and private homes in 
Scandinavia. 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 Norway spruce wood used as external siding in Scandinavia. Reference: 

 www.traguiden.com 
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Figure 10  Oiled (left) and bleached (right) Norway spruce floors available commercially in 

 Sweden. Reference: http://www.rappgo.se 
 

  
 

Figure 11  Oiled Norway spruce floor (transversal wood sections). Reference : 

 http://www.almedalsgolv.com/sortiment/kubbgolv/sortiment01.html 
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Figure 12  Swedish varnished floor and Norwegian interior panel made of solid Norway 

 spruce wood. (References: http://www.rappgo.se and http://www.bergeneholm.no) 
 
 

10 Conclusions and recommendations 

• The present literature review shows that Norway spruce wood density and lumber structural 
properties vary greatly depending on growth conditions and tree (rotation) age, in a similar way 
as other softwood species. Several studies have demonstrated that fast-grown Norway spruce 
generally decreases wood density which has a negative impact on lumber structural properties. 
When trees grow fast at young tree, wood density is even lower because the increased proportion 
of juvenile wood significantly lowers lumber MOE and MOR. General trends in the patterns of 
variation for Norway spruce wood characteristics are identified  

 
• The summary shown in Table 10 gives the range of variation in the MOE values published for 

Norway spruce lumber produced in Eastern Canada and Europe. These values ranged between 
5844 MPa and 9357 MPa for Canadian grown Norway spruce, and 6100 MPa and 13800 MPa in 
Europe. However these values (Table 10) are not always directly comparable and should be seen 
as indicative only because different standards and experimental design were used by the authors.  
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• European authors generally agree that structural lumber products should have predictable 
properties, so that further industrial processing (e.g. prefab-components) can be done efficiently.  
A good silvicultural strategy for forest managers to meet this target is to produce homogeneous 
wood with uniform ring width patterns through adequate stand density management (including 
timely thinnings throughout the rotation of the stand). It is also important to understand how 
growth conditions affects wood quality. This work summarizes the effects of growth rate, 
silviculture (spacing, thinnings, fertilization), juvenile wood, compression wood, pith inclusion 
on wood and lumber characteristics. 

 
• In the future, the selection of genetically superior trees with high density (juvenile) wood will 

probably increase the proportion of short-rotation forests in Canada and minimize the negative 
impact that fast growth has on lumber mechanical properties. Until we find the best genetics and 
silvicultural treatments that allow for high volume production and wood quality, fast-grown 
Norway spruce wood from young plantations should be preferably used in non-structural 
applications. Another alternative for the use of Norway spruce wood could be in parts of 
engineered wood products where specifications on bending stiffness and strength are not critical. 
Examples of appearance products made of solid Norway spruce wood are shown in the report. 
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