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Abstract 
 
Post and beam are still the most popular construction style in Japan. Many of the beams are laminated 
beams using different grade in symmetric or asymmetric designs. The main objective of this study was to 
use low value wood product to make symmetric beams. The designs used were define in order to limit the 
transformation step. In the Japanese post and beam construction, a beam such as studied in this study 
shows a limited interest especially when compare to solid wood beams such as Helm Fir. The idea of 
using low-grade hardwood in the flange of a softwood beam may be promising for special application. 
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1 Objectives 
The main objective of this study is to assess the possibility of using low value raw materials in a value 
add wood product.  

Specific objectives aim at using balsam fir and white birch in three laminated bean designs for the post 
and beam Japanese construction and expanding the use of those species in engineered wood products. 

2 Introduction 
The lumber industry in the province of Quebec and the Atlantic Provinces had to deal with a significant 
number of balsam fir (Abies balsamea) logs.  Developing new product with this raw material is of the 
utmost priority for this industry to decrease the fir share of their lumber.  The hardwood industry has a 
similar problem with a large production of 3B common (pallet grade) resulting in a large volume 
available on the market and a low price for this grade.  Defining new use for this raw materiel will also 
increase the value of this grade. 

3 Background                                                                                          
3.1 Japanese wood and housing markets 

Japanese market is an important part of the Canadian wood export.  In 1996, 7 000 000 m3 of softwood 
lumber were exported to Japan with an average of 5 000 000 m3 between 1995 and 1998 (Gaston et al., 
2000).  As the yen value increased compare to the Canadian dollar, Japanese importers pay less in real 
yen today for virtually any wood products than they were three decades ago (Gaston et al., 2000). 

 

3.2 Post and beam construction 

Following the Kobe earthquake, post and beam construction has slowly decreased in popularity, giving 
the place to North American platform frame construction but this construction style is still popular.  In a 
report on wood Market trend in Japan (Gaston et al., 2000), it is reported that post and beam construction 
is the traditional method to build houses in Japan and it still is the preferred manner (Cohen and Gaston, 
1998).  That type of construction seems to change to pre-cut post and beam style and to engineered post 
and beam style.  It is also reported that most of the engineered wood products are imported in Japan.  
Traditionally, post and beam construction in Japan use large dimension green lumber.  The joinery is 
made by a master carpenter, a craft that tends to disappear giving more space to the pre cut industry. 

Post and beam construction use 105 x 105 mm post and 105 x 105 mm/150 mm/180 mm/210 mm/240 
mm/270 mm/300 mm/330 mm/360 mm beams. According to Japanese standard JAS-111, laminated posts 
are made of 5 laminas (21 mm thick).  Beams are made of 30 mm thick laminas.  A limited number of 
wood species are ranked according to their shear strength established by JAS Standard.  Any other species 
must be approved for use in laminated beams.  It is possible in Japan to mix grades in laminated beam, 
using the strongest in the wedge of the beam and the weaker in the flange.   
This study suggests using balsam fir (Abies balsamea) and white birch (Betula papyrifera) in a laminated 
beam where flange will be made of balsam fir and wedge with white birch.  This MOE profile will result 
in a theorical “I” beam design. 
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5 Materials and Methods 
Economy grade Balsam fir lumbers were obtained from a sawmill located on the northern shore of the St. 
Lawrence River in the province of Quebec. Lumbers were conditioned at 12% moisture content, defected 
and jointed to obtain 100-inch pieces wane–free.  Lumbers were planned at 2- by 3-inch nominal 
dimension. 

White birch 4/4 heartwood lumbers were obtained from a hardwood sawmill located in Lake St. Jean 
area, in province of Quebec.  Lumbers were conditioned at 12% moisture content, defected and jointed to 
be wane-free. Final dimension were 100 inch long, 25 mm thick and 114 mm wide.  White birch was 
jointed at a 100-inch length with the same resin used for the balsam fir as well as the same jointing 
system, the CRP-2000 represented in Figure 1.  The finger joint profile used for the balsam fir and the 
white birch are illustrated in Figures 2 and 3. 

 
Figure 1  CRP-2000 jointing system 
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Figure 2  Balsam fir joint design 
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Figure 3  White birch joint design 

 

Three types of laminated beams were produced and their designs are shown in Figures 4 and 5.  We made 
21 beams of the first type, 26 of the second type and 25 of the third type.  All types of beam were bonded 
with a LT-5210J and the information covering the adhesive mix is shown in Table 1.  The beams were 
bonded with a Doucet cold press under 1,000 PSI pressure at 20 °C.  The Doucet cold press is shown in 
Figure 6.  The beams were glued with 83 g/m2 of adhesive between every species.  The beams were 
finally planed to 105-mm width and the thickness were adjusted to those stated in Figure 4. 
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Figure 4  Beam designs (end view) 

 

 
Figure 5  Beam designs (side view) 
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Figure 6  Doucet cold press 

 
Table 1  Adhesive mix ratio 

Components Balsam fir jointing White birch jointing Beam gluing 

Resin 2,5 
(LT-5210J) 

2,5 
(LT-5210J) 

2,5 
(LT-5210J) Adhesive mix ratio 

by weight 
Hardener 1 

(FM-6210S) 
1 

(FM-6210S) 
1 

(FM-6210S) 

Resin 2,4 
(LT-5210J) 

2,4 
(LT-5210J) 

2,4 
(LT-5210J) Adhesive mix ratio 

by volume 
Hardener 1 

(FM-6210S) 
1 

(FM-6210S) 
1 

(FM-6210S) 
Water 66,7 66,7 66,7 Hardener mix by 

weight (%) Hardener 33,33 33,33 33,33 
 

The beams shown in Figure 4 are not listed in JAS 111, and the fact is that those laminas are not oriented 
as usual. These designs were defined to keep the manufacturing operation as simple as possible. 

Static bending tests were performed in accordance with the American Society for Testing and Material 
(ASTM) procedures (ASTM D 4761, Standard Method for Testing Mechanical Properties of Lumber and 
Wood-Base Structural Material) to establish the modulus of elasticity (MOE), the modulus of rupture 
(MOR) and the strength.  For all beams, fracture modes were drawn and the moisture content (MC) of 
each lamina was determined with a pins meter. The third-point loading was performed with a span ratio of 
18:1.  This ratio was too small to prevent beam’s shearing through the loading but the stands and the 
loading heads were mobile (on ball bearing) so they help to avoid  the shearing of the beams.  Tests were 
conducted in displacement control at a loading rate of 5 mm/min for the first 5-mm deflection to calculate 
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the elasticity modulus. After that, the testing speed was increased to 20 mm/min.  The apparatus used for 
those bending tests is shown in Figure 7. 

 

 
Figure 7  Bending test apparatus 

 
 

6 Results and Discussion 
6.1 General observations 

After a brief look on the results obtained during this experiment, it’s obvious that they well represent the 
reality.  The low values of the standard variation show that the manufacturing method was constant.  The 
beams have also similar MOE, MOR and peak load.  This can be explained by the type of material we 
used to make the beams.  They were practically clear of any defects (wane, knot, etc.) and that make 
uniform virtually every beam we build. 

A few beams, especially those who get the lowest peak loads, break soon after a white birch joint unglued 
in the bottom layer.  The result was a split up of the layer(s) made with balsam fir. Figure 8 shows a 
typical example of this behaviour, while Figure 9 shows the rupture of a well glued joint. 

The beams tested had quite the same moisture content.  All layers of the laminated beams were checked.  
Each had a moisture content between 7% and 10%. 

More than 3 quarters of the beams broke in tension.  The remaining beams broke mostly by cross-grain 
tension and some by splintering tension. 
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Figure 8  White birch joint unglued 

 

 
Figure 9  White birch joint rupture 
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6.2 Type 1 Comments on the beams 

The first type of beams that was tested was the smaller one.  Their nominal dimensions were 105 mm by 
105 mm.  Those beams were the weakest because of their small dimensions, but the MOE and MOR are 
comparable to the other beam’s type.  Results obtain by the testing of type 1 beams are shown in 2.  The 
white birch composed the first type beams in a proportion 48,4% (Composed with 1 layer of white birch 
at each flange and one layer of balsam fir for the core). In term of MOE, the type 1 beams obtained results 
that are quite close too each other except for the beam 14 because it breaks soon after one joint unglued in 
a white birch layer.  As for the peak load and MOR, results are grouped near the average except beams 14 
and 21 that are below it.  The 21st beam did not break totally, and had knots in the core.  When the core 
broke, the test stopped because it was enough to reach the break sensitivity point of the apparatus.  Beam 
14 was rejected. 

 

Table 2  Type 1 Beam bending test results 

Specimen Name MOE 
(GPa) 

MOR 
(MPa) 

Peak Load 
(kN) 

1 10,92 25,4 12,0 
2 10,76 23,8 11,3 
3 11,48 27,6 13,1 
4 12,40 31,5 15,0 
5 11,29 36,0 17,1 
6 11,38 30,8 14,6 
7 11,09 23,9 11,4 
8 11,40 28,7 13,6 
9 12,08 27,5 13,0 

10 11,67 26,3 12,5 
11 11,06 35,9 17,1 
12 12,92 30,6 14,5 
13 12,27 25,4 12,1 
14 9,46 19,3 9,2 
15 12,57 23,2 11,0 
16 11,20 26,7 12,7 
17 12,00 30,6 14,5 
18 11,60 25,2 12,0 
19 12,98 22,0 10,4 
20 11,71 23,9 11,3 
21 13,14 15,2 7,2 

Average 11,80 27,0 12,8 
Standard deviation 0,72 4,9 2,3 

5th percentile 10,92 21,6 10,3 
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6.3 Type 2 Comments on the beams 

The second type of beams had a nominal dimension of 105 mm by 150 mm.  These beams were made up 
of white birch in a 33,6% ratio (1 layer of white birch on each flange and 2 layers of balsam fir for the 
beam’s core).  Table 3 contained the results for that type of beam.  This Table shows the proximity of 
almost every test especially for the MOE results.  As for the MOR and peak load values, only beams 23, 
19 and 20 differ.  The first was below the average while the last two had much greater value than the 
standard for the same type of beam.  Beam 23 started to split up in the core and reach the break sensitivity 
point, that is why the test was stopped.  Beams 19 and 20 broke up as did beam 23, but non reached the 
break sensitivity point. In addition, the test lasted for as long as the white birch layer resisted the breaking 
point, which resulted in much greater strength values. 

 

Table 3  Type 2 Beam bending test results 

Specimen Name MOE 
(GPa) 

MOR 
(MPa) 

Peak Load 
(kN) 

1 10,53 20,7 20,1 
2 11,68 20,5 19,9 
3 9,45 27,2 26,4 
4 10,82 24,7 24,0 
5 10,79 23,4 22,7 
6 9,96 25,5 24,8 
7 10,40 25,7 24,9 
8 10,74 23,0 22,3 
9 10,70 29,0 28,1 

10 10,60 21,5 20,8 
11 10,18 24,1 23,4 
12 10,65 29,7 28,8 
13 10,00 28,2 27,4 
14 10,26 28,6 27,7 
15 9,83 26,5 25,7 
16 10,05 28,2 27,3 
17 9,71 25,5 24,7 
18 10,90 20,4 19,8 
19 10,96 29,7 28,8 
20 11,17 30,6 29,7 
21 10,97 29,4 28,5 
22 11,31 26,7 25,8 
23 10,46 17,9 17,3 
24 11,28 21,6 20,9 
25 10,89 23,4 22,7 
26 11,02 25,6 24,8 

Average 10,59 25,3 24,5 
Standard deviation 0,54 3,5 3,3 

5th percentile 9,83 20,4 19,8 
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6.4 Type 3  Comments on beams 

The third type (1 layer of balsam fir for the core and 2 layers of white birch on each flange) of beams was 
assumed to be the strongest because of his big proportion of white birch.  Type 3 beams contained 67,7% 
of that specie and had a nominal dimension of 105 mm by 150 mm.  Every MOE results are gathering 
near the average.  Same thing happens for the MOR and the peak load results except for the beam 8 and 
10 that are underneath the average and for the beam 7 who had greater strength properties.  Beams 8 and 
10 had defects such as knots at the bottom white birch layer, which sped up the rupture of the beams.  
Beam 7 resisted for a very long time, it creaked for quite a while before breaking.  This shows a great 
cohesion between the joints and layers of the beam. 

 

Table 4  Type 3 Beam bending test results 

Specimen Name MOE 
(GPa) 

MOR 
(MPa) 

Peak Load 
(kN) 

1 10,70 30,2 29,3 
2 10,79 25,2 24,5 
3 11,75 25,5 24,7 
4 11,03 28,1 27,2 
5 12,41 25,6 24,8 
6 11,30 32,5 31,5 
7 11,54 36,4 35,3 
8 11,71 22,5 21,8 
9 11,89 30,6 29,6 

10 10,02 23,0 22,3 
11 10,45 27,7 26,9 
12 11,19 30,5 29,6 
13 11,12 35,5 34,4 
14 11,51 33,3 32,3 
15 11,72 31,7 30,7 
16 12,64 26,8 26,0 
17 11,26 23,9 23,2 
18 11,63 28,8 27,9 
19 11,16 23,8 23,1 
20 12,96 33,7 32,7 
21 10,94 30,0 29,0 
22 12,68 25,9 25,1 
23 10,82 33,1 32,0 
24 11,08 34,9 33,8 
25 12,37 28,3 27,5 

Average 11,47 29,1 28,2 
Standard deviation 0,73 4,1 4,0 

5th percentile 10,45 23,0 22,3 
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6.5 Discussion 

The beams are graded with the requirements listed in Table 5.  Each type of these structural glulam beams 
must also satisfy the following requirements: 

1) The average MOE obtained for each type of beam must be superior to the grade average MOE in 
Table 5. 

2) At least 95% of the beams studied must have a greater MOE value than the minimum grade MOE 
in Table 5. 

3) 95% of the samples MOR results shouldn’t be less than the grade bending strength values listed 
in Table 5. 

Table 5  Strength grade requirements for mixed grade composed glulam (symmetrical composition) 

Elasticity modulus in bending  (GPa) Strength grade Average Minimum Bending strength  (MPa) 

E170-F495 16,67 13,73 48,54 
E150-F435 14,71 12,26 42,66 
E135-F375 13,24 11,28 36,77 
E120-F330 11,77 9,81 32,36 
E105-F300 10,30 8,83 29,42 
E 95-F270 

(Type I & III) 9,32 7,85 26,48 

E 85-F255 
(Type II) 8,34 6,86 25,01 

E 75-F240 7,35 6,37 23,54 
E 65-F225 6,37 5,39 22,06 

 

The first and third type beams have the E 95-F270 strength grade while the second type is in the E 85-
F255 strength grade.  The type 3 beams are near of making a superior grade, the E105-F300.  According 
to the results obtained, the third type of beam is the better for construction, followed by the first type and 
the second type. 

The first, second and third type of beam obtained respectively those MOE average: 11,68 GPa, 10,59 GPa 
and 11,47 GPa.  As stated above, type 1 and 3 beams are in the same strength grade and the difference 
between each other average MOE values isn’t significant, so they can’t be compared.  However, a 
comparison between the second type and the two other can be done.  Beams made according to the 
second model get a smaller MOE average value than the other beams.  That means the second type is 
more elastic or less rigid than his two counterparts.  This is totally logic as the second model as less white 
birch (33,6%), who is an hardwood and has greater MOE than the balsam fir.  In fact, the white birch 
MOE is XXX GPa and the balsam fir MOE is 9,65 GPa.  The first and third type had 48,4% and 67,7% of 
white birch and that tend to make them more rigid. 

The average MOR values calculated for the type 1, 2 and 3 beams are respectively 26,7 MPa, 25,3 MPa 
and 29,1 MPa.  Those results cannot be compared because of the proximity and the standard deviation of 
the values.  But, a trend in those results is noticeable.  The MOR that expresses the strength of the beam 
tends to increase with the augmentation of the white birch proportion.  Therefore, the beam strength is 
tied up with the amount of white birch used to build the beams as far as the traction properties or the 
finger jointing is properly done. 

The Table 6 shown below contain the results of a study made by Lam et al. on full-size hem-fir (western 
hemlock and amabilis fir) timber.  Those beams had a dimension of 105 mm by 105 mm and are used in 
the Japanese post and beam building construction.  
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Table 6  Bending results for hem-fir beams 

JAS Type AII JAS Type B Zairai 

MOE  (Gpa) MOR  
(Mpa) MOE  (Gpa) MOR  

(Mpa) MOE  (Gpa) MOR  
(Mpa) Grade 

Grade #1 Grade #1 Hashira grade 

Average 12,85 61,21 12,57 57,90 11,95 51,38 
Standard deviation 2,17 14,00 2,21 14,53 2,29 16,16 
5th percentile 9,10 38,55 9,05 34,34 8,39 24,87 
 Grade #2 Grade #2 Precut grade 
Average 12,28 53,94 11,81 50,31 11,94 51,26 
Standard deviation 2,43 15,70 2,41 16,02 2,31 16,23 
5th percentile 8,61 28,28 8,15 24,90 8,37 24,91 
 Grade #3 Grade #3 Dodai grade 
Average 11,64 47,98 11,32 44,87 11,38 48,48 
Standard deviation 2,16 15,02 2,16 15,46 2,33 16,06 
5th percentile 8,08 24,10 7,99 21,99 7,71 23,03 
 

Laminated beams type 1 and 3 can be compared with the third grade hem-fir MOE of every rule related in 
Table 6.  However, type 2 is too flexible to make this grade.  In term of MOR, any of the white birch and 
balsam fir laminated beams can’t match the hem-fir beams MOR values.  Those facts related that every 
type of the laminated beams tested aren’t strong enough to replace the hem-fir beams in the Japanese 
market at least, not without some improvements.  It would be an engineering challenge to bring the 
strength of the white birch and balsam fir composite beams at the hem-fir timber beams level.  This could 
be done by improving the strength of the fingerjoints of the white birch or by using a stronger low-grade 
hardwood such as sugar maple (MOE: 14,1 GPa) or yellow birch (MOE: 14,1 GPa). 

 

 

7 Conclusions 
Laminated beams made with low value wood were made. Selected economy grade Balsam Fir and 3B 
common White Birch were used. Balsam Fir was used in the central laminas as flange and White Birch 
was used in the top and bottom laminas as wedges. The objective of the study was to investigate the 
potential used of these low value materials in a structural application.  

First let’s say that the esthetical aspect of the beams was interesting and nice. Mechanical results were 
grouped so that suggest an uniformity in the manufacturing process (defecting, jointing, laminating…). 
The first result is the demonstration of the potential use of low grade wood in a multi species laminated 
beam. The defecting step appears to be critical for the mechanical contribution of the Balsam Fir in the 
flange. Finger jointing of the White Birch must carefully done to avoid rupture due to poor gluing. 
According to JAS standard, type 1 and 3 beams were classified E 95-F 270 and type 2 was E 85-F 255.  

According to results for solid Helm Fir beams, it appears that White Birch and Balsam-Fir laminated 
beams are not interesting for Japanese post and beam construction. The idea may be applied to North 
American laminated beam in a species mix that will assure wanted mechanical properties in some special 
situations. We can think of Sugar Maple or Yellow Birch heartwood as flange in a Black Spruce 
laminated beam. To be sure to take advantage of such beam construction manufacturing process must be 
on control to avoid poor finger jointing, delamitation or critical defect.  
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9 Annexes 
9.1 Annexe 1  Glue and slurry mixing directions 

 
Figure 10  Glue and slurry mixing directions (1) 
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Figure 11  Glue and slurry mixing directions (2) 
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9.2 Annexe 2  Canadian lumber grading rules 

Table 7  Harwood lumber grades standard inspection 

Grade Minimum 
size board 

Minimum 
size cutting Basic Yield Number of 

cuts 

SM needed 
for extra 
cutting 

Extra yield 
needed for 

extra cutting 

Special 
yields 

#3 common 3”x4’ 

Not less than 
1 ½” wide 
containing 

36 sq. inches 

SM x 3 
25% 

Unlimited 
sound 
cutting 

- - - 

 

 

Table 8  Softwood lumber grades standard inspection (par. 122e) 

Grade “Economy” framing 
Honeycomb Firm, not limited 

Knots 75% of cross section 
Knot holes 75% of cross section 

Manufactured holes 
Equal in length to twice the width of the piece. Its area shall not 

exceed the equivalent area of the knot hole permitted and is limited 
to one occurrence in 8’ or less in length.  

Shake Not limited 
Skips ¼” scant in thickness and/or width. Not limited in length. 
Splits 1/3 length 

Unsound wood 75% of cross-section. Not limited in length. 

Wane 

¾ width, full length of the piece. If through the edge, equivalent to 
the area of the knot hole allowed. Through portion not to exceed 2’ 

in length. If across the face, ½ the width must not exceed ¼” scant in 
thickness for 1/3 length or, as equivalent longer 

Waste 

Pieces 9’ and longer in length may contain waste (areas where 
characteristics are larger than those permitted in the grade) which 

require removal by cross cutting. The waste portions combined shall 
not exceed 25% of the length of the piece and must not be located 

within 2’ of either end of the piece. 
White specks Firm, not limited 

 




