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SUMMARY 

The Canadian Laminating Industry has primarily been using U.S. 
produced old growth Douglas-fir laminating stock, which is more expensive 
than commercial Machine Stress Rated (MSR) lumber, not readily available, 
and its supply is decreasing. Also, because the U.S. and Canadian Standards 
for structural laminated timber have different grade requirements, the 
Canadian laminators must re-grade this laminating stock. Commercial MSR 
Ivmiber which has relatively high stiffness, strength, and density 
properties can compete with laminating stock. However, manufacturing 
procedures of the Laminating stock and commercial MSR lumber have different 
product specifications. In this report, the possible advantages and the 
problems associated with using commercial Machine Stress Rated (MSR) 
lumber, as produced in Canada, in manufacturing the glued-laminated timbers 
are discussed. 
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1.0 OBJECTIVE 

Develop a problem analysis of the possible use of commercial Machine 
Stress Rated (MSR) lumber in manufacturing glued-laminated timbers. 

2.0 INTRODUCTION AND BACKGROUND 

2.1. Introduction 

Stiffness grading, which essentially is the selection of lumber by 
stiffness or modulus of elasticity (E), started in the U.S. in the 
1960s. The f i r s t Canadian m i l l to produce commercial Machine Stress 
Rated (MSR) lumber began operation at Williams Lake, B.C., in 1972 
(Littleford 1974). Currently, there are approximately 15 Canadian mills 
which are producing generally 2x4 and 2x6 1650f-1.5E and 2100f-1.8E MSR 
lumber grades for species of spruce-pine-fir (SPF) and Douglas-fir-larch 
(D.fir-L). 

Lumber prices constitutes aproximately f i f t y percent of the cost of a 
glued-laminated timber beam. The Canadian Laminating Industry 
primarily uses U.S. produced Douglas-fir laminating stock because the 
strength and stiffness properties assigned to glued-laminated timbers 
of Douglas-fir are superior to those assigned to other species. 
Therefore, glued-laminated timbers constructed from other species have 
to be made larger in size than Douglas-fir timbers to satisfy the same 
requirements in design, and, in consequence, usually cost more to 
manufacture. Laminating material is not produced in Canada essentially 
because Canadian mills do not find producing limited amount of lumber 
to laminating stock standard economical. The U.S. laminating stock can 
be either visually graded or E-rated lumber. The Canadian standard for 
glued-laminated timber CSA-0122-M1980 specifies that laminating 
material must be E-rated and meet visual requirements. Because the 
U.S. and Canadian Standards for structural glued-laminated timber have 
different grade requirements, the Canadian laminators must re-grade 
the U.S. laminating stock. 

Some MSR lumber grades have relatively high stiffness, strength and 
density properties. Therefore, glued-laminated timbers made from 
commercial MSR lumber may be similar in size to those made from Douglas-fir 
laminating stock. Douglas-fir laminating stock is more expensive than 
commercial MSR and visually graded lumber, and is not readily available 
throughout the year. Moreover, the supply of the f i r s t (old) growth 
Douglas-fir lumber required for laminating is decreasing. Consequently, the 
use of commercial MSR lumber which is relatively cheaper, and more readily 
available than laminating stock may lead some significant economies. The 
use of commercial MSR lumber also has potential for eliminating the need 
for re-grading and E-rating the laminating stock. The U.S. standard 
AITC-117-84 accepts MSR lumber grades as E-rated laminating grades i f the 
MSR liamber meets the visual requirements of the laminating stock. 



Laminating stock has more restrictive requirements than MSR lumber or 
visually graded lumber for thickness variation, moisture content, 
decay, twist, cup, compression wood and wane. 

In this report, i t is intended to examine the advantages and the 
disadvantages with using commercial MSR lumber in manufacturing 
glued-laminated timbers. 

2.2. Background 

The American Institute of Timber Construction recognized the 
advantages of MSR lumber and, in 1971, published a specification AITC 
120-71, which provided for the use of E grades of Douglas-fir, 
southern pines, hem-fir, and lodgepole pine in structural 
glued-laminated timber (AITC 1971). 

Based on testing of twenty-four laminated beams made from E-rated 
western spruce and lodgepole pine, Littleford (1974) concluded that 
there is clearly a potential for use of MSR spruce-pine in the 
Canadian laminating industry. In this study, equal quantities of 
kiln-dried spruce and pine MSR lumber were selected from four classes 
of E grades. The lumber was resurfaced after end jointing and before 
assembly and gluing. The strength of the end joints in the tested 
beams would appeared to limit the allowable stress to 2200 pounds per 
square inch (15.2 MPa), regardless of the combination of E-rated 
lumber used. 

In another experiment Fox (1978), tests of glulam beams made from MSR 
Hem-fir and Douglas-fir lumber distributed within each beam according 
to measured stiffness, have yielded an allowable stress in bending of 
2600 pounds per square inch (17.9 MPa). Fox's paper (1978) describes 
the development of the 26f-E Hem-fir stress grade for Canadian codes. 

In an earlier study, conmercial MSR lumber -as produced- was used 
in fabrication of the glued-laminated beams, Aplin (1972). Thirty-two 
f u l l size laminated beams were made from commercial MSR Eastern spruce 
lumber; the liamber was sawn, kiln-dried, and dressed at commercial 
operations in Nova Scotia and New Brunswick. The manufacturing 
procedures followed were intended to be typical of normal practice in 
the production of dimension lumber. Nearly 16 Mbf of Eastern spruce 2 
X 6 lumber in the dry dressed condition was shipped to Forest Products 
Laboratory, Ottawa, Canada. The lumber had been visually graded: 
approximately 27 percent was u t i l i t y grade, 38 percent was standard 
grade, 28 percent was construction grade, and 7 percent was a 
nonstandard grade designated as "clear edge". The lumber was stiffness 
graded by the Stress-O-Matic machine, and the grades grouped to 
provide three "laminating" and a "reject" grade which was not used. 
The highest stiffness grade was then sorted according to visual 
c r i t e r i a Aplin (1972) to select material for tension face laminations. 
Many of the stringent limitations on the degree of natural and 
manufacturing lumber defects stipulated in the specification 
for laminating lumber were greatly exceeded by the lumber utilized in 



the study. This fact accounts for the use of sane lumber that would 
normally be rejected for laminating. A l l the beams were built by a 
manufacturer which utilized finger-type end-joints. Because of the 
excessive twist in many pieces and "planer snipe' at the ends, the 
plant staff frequently expressed the opinion that the material was not 
as good as they were accustomed to work with. They also pointed out 
the presence of decay, pitch, and bark inclusions that normally would 
be excluded from glulam. Based on results of this study, Aplin (1972) 
concluded that high-strength and high-stiffness beams can be 
fabricated using commercial MSR Eastern spruce lumber. It was also 
concluded, however, that stiffness-grading must be supplemented with 
visual assesment to ensure freedom from decay and pitch. The strength 
of the beams which failed in tension through finger joints was found 
to be adequate. 

3.0 STAFF 

Erol Karacabeyli Research Engineer, 

Project leader 

Conroy Lum Research Engineer 

Lori Keller Secretary 

4.0 CCaiPARISON BETWEEN THE CANADIAN SPECIFICATIONS FOR LAMINATING 
STOCK AND COMMERCIAL MACHINE STRESS RATED (MSR) LUMBER 

The requirements for the laminating stock and commercial MSR lumber 
grades are described in Canadian Standard CSA 0122-M1980 and NLGA SPS 
2-82 respectively. The following l i s t contains the general 
requirements for laminating stock and commercial MSR lumber. 

4.1. Decay 

4.1.1. Limitation for decay for laminating stock 

Not permitted. 

4.1.2, Limitation for decay for MSR lumber 

Strength reducing characteristics such as knots, knot holes, burls, 
distorted grain or decay that occur wholly or partially at the edges of the 
wide faces shall be restricted, depending on the Fb (allowable bending 
strength) designation of the grade, so as to occupy not more of the cross 
section than 



Fb designation 
between 

Maximum fraction of net 
cross section allowed 

0 
950 
1500 
2100 

4.2. Knots, Slope of Grain 

4.2.1. Limitation for knots and slope of grain for laminating stock 

Limitiations for knots and slope of grain (SOG) for different grades of 
laminating stock are as follows: 

Grades 
1^ 

B-F AND B C D 

r 
SOG 1:16 1:12 1:8 

Maximum fraction 
of the finished 
width of member 1/4 1/2.5 1/2 
allowed for knots 
and knot holes 

4.2.2. Limitation for knots and slope of grain for MSR lumber 

For knots see section 4.1.2. No limitation is specified for slope of 
grain. 

4.3. Moisture Content 

4.3.1. Limitation for moisture content for laminating stock 

Moisture content shall be between 7 percent and 15 percent before f i n a l 
surfacing. 

4.3.2. Limitation for moisture content for MSR lumber 

Moisture content shall be under 19 percent. 

and 900 1/2 
and 1450 1/3 
and 2050 1/4 
and over 1/6 



4.4. Thickness Tolerance 

4.4.1. Limitation for thickness tolerance for laminating stock 

The tolerance in thickness within a piece or within a lamination composed 
of two or more pieces shall be +/- 0.4 0 mm. 

4.4.2. Limitation for thickness tolerance for MSR lumber 

No limitation is specified for thickness variation. A MSR in-grade study 
showed that, for six mills, thickness tolerance for 90 percent of dimension 
lumber f a l l s in a range of approximately +/~ 0.5 0 mm.. Cook and Lum (1986). 

4.5. Pitch 

4.5.1. Limitation for pitch for laminating stock 

Occasional small pitch streaks not more than one-twelfth the width and 
one-sixth the length of the piece and pitch pockets approximately 3 mm wide 
and in length equal to the width of the piece are permitted i f dry. Pieces 
with a heavy pitch content are not permitted. 

4.5.2. Limitation for pitch for MSR lumber 

No limitation is specified for pitch. 

4.6. Spike Knots 

4.6.1. Limitation for spike knots for laminating stock 

Spike knots shall not displace more of the cross-section than would be 
displaced by the face knots permitted for each width and grade. 

4.6.2. Limitation for spike knots for MSR lumber 

For spike knots see section 4.1.2. 

4.7. Cup 

4.7.1. Limitation for cup for laminating stock 

For 38 mm thick laminating stock maximum cup values are as follows: 
none for widths equal or less than 89 mm. 
1 mm. i f for widths between 14 0 mm. and 184 mm. 
2 mm. for widths equal or larger than 184 mm. 

4.7.2. Limitation for cup for MSR lumber 

0.8 mm. for width = 89 mm. 
1.6 mm. for widths 114 mm. and 140 mm. 
3.2 mm. for width = 184 mm. 



4.8. Crook 

4.8.1. Limitation for crook for laminating stock 

Maximum 6 mm. in 3.60 m. is permitted. 

4.8.2. Limitation for crook for MSR lumber 

For 3.60 m. length: 
17 mm. for width = 89 mm. 
16 mm. for widths 114 mm. and 14 0 mm. 

12 mm. for width = 184 mm. 

4.9. Twist 

4.9.1. Limitation for twist for laminating stock 

Maximum 12 mm. in 3.60 m. is permitted. 

4.9.2. Limitation for twist for MSR lumber 

For 3.60 m. length: 
19 mm. for width =89 mm. 
29 mm. for widths 114 mm. and 14 0 mm. 

38 mm. for width = 184 mm. 

4.10. B O W 

4.10.1. Limitation for bow for laminating stock 

Maximum 12 mm. in 3.60 m. is permitted. 
4.10.2. Limitation for bow for MSR lumber 

For 3.60 m. length: 
50 mm. for thickness of 38 mm. 

4.11. Wane 

4.11.1. Limitation for wane for laminating stock 

Wane is permitted on pieces i f i t s size is sufficiently small to permit its 
removal by scarfing, f i n a l surfacing or trimming. 

4.11.2. Limitation for wane for MSR lumber 

1/3 thickness, 1/3 width. 5 percent of the pieces may have wane up to 2/3 
thickness and 1/2 width for 1/4 of the length. 



4.12. Shakes 

4.12.1. Limitation for shakes for laminating stock 

When parallel to the wide face of a lamination, shaJces are permitted i f not 
deeper than one-eigth of the width nor longer than twice the width of the 
lamination. Through shakes parallel to the edges are permitted for one-half 
of the length of the piece. Pitchy shakes are not permitted. 

4.12.2. Limitation for shakes for MSR lumber 

On ends limited to 1/2 the thickness. Away from ends through heart shakes 
up to 60 cm. long, well separated. If not through, single shakes may be 90 
cm. or up to 1/4 the length whichever is greater. 

4.13. Splits 

4.13.1. Limitation for split s for laminating stock 

Same as shakes. 

4.13.2. Limitation for split s for MSR lumber 

Equal in length to 1.5 times the width of the piece. 

4.14. Checks 

4.14.1. Limitation for checks for laminating stock 

Same as shakes. 

4.14.2. Limitation for checks for MSR lumber 

Seasoning checks are not limited. Through checks at ends limited as s p l i t s . 

4.15. Skips 

4.15.1. Limitation for skips for laminating stock 

Skips are not permitted on wide face on piece, except where a skip w i l l 
later be renoved by scarfing or end trimming. Edge skips not exceeding 3 mm 
scant are permitted for entire length of piece. 

4.15.2. Limitation for skips for MSR lumber 

Hit and miss and in addition 5 percent of the pieces may be hit or miss or 
heavy skip ( 3.2 mm in depth on edge or on face) not longer than 60 cm. 
Hit and miss is a series of skips not over 1.6 mm. deep with surfaced areas 
between. Hit or miss means completely surfaced or partly surfaced or 
entirely rough. Scantness may be 1.6 mm. 



4.16. Compression Failure, Compression Wood 

4.16.1. Limitations for compression failure and compression wood for 
laminating stock 

Compression failure is not permitted. Pronounced or severe compression 
wood is not permitted. 

4.16.2. Limitations for compression failure and compression wood for MSR 
lumber 

No limitations are specified for compression failure nor for compression 
wood. 

4.17. Machine Marks, Stain, Torn Grain and Worm Holes 

4.17.1. Limitations for machine marks, stain, torn grain and worm holes 
for laminating stock 

Occasional knife marks and machine burns are permitted. 
Firm stain i s permitted. 
Torn grain is permitted. 
Scattered pin, or occasional small, are permitted. 

4.17.2. Limitations for machine marks, stain, torn grain and worm holes 
for MSR lumber 

No limitations are specified for machine marks, stain, torn grain and worm 
holes. 

4.18. Pith Presence 

4.18.1. Limitations for presence of pith for laminating stock 

No limitation for presence of pith is specified. 

4.18.2. Limitations for presence of pith for MSR lumber 

No limitation for presence of pith is specified. 

4.19. Modulus of Ela s t i c i t y (MOE) 

4.19.1. Limitations for MOE for laminating stock 

Minimum MOE and visual grade requirements for different stress grades are 
specified in Canadian standard CSA-0122-M1980. 

4.19.2. Limitations for MOE for MSR lumber 

Minimum average edge MOE, lower 5% exclusion limit on edge MOE are 
specified for different MSR grades in the Canadian standard NLGA-SPS-2-82. 



4.20. Modulus of Rupture (MOR) 

4.20.1. Limitations for MOR for laminating stock 

No limitation for MOR is specified. 

4.20.2. Limitations for MOE for MSR lumber 

Minimum lower 5% exclusion limit on edge MOR is specified for different MSR 
grades in the Canadian standard NLGA-SPS-2-82. 

5.0 DISCUSSION ON THE POSSIBLE USE OF COhlMERCIAL MSR LUMBER IN 
MANUFACTURING GLUED-LAMINATED TIMBERS 

5.1. Advantages of the Use of Commercial MSR Lumber in Manufacturing 
Glued-Laminated Timber 

Commercial MSR lumber is more econonical than E-rated or visually 
graded laminating stock. Table 1 shows some examples which were 
supplied by a Canadian laminator, Pearen and Dring (1986). 

Table 1 

Cost of U.S. laminating stock and commercial MSR lumber 
May 23, 1986 - MANITOBA 
Note: The cost ( in Canadian dollars ) includes delivery. 

Federal sales tax and $2/Mbf to broker are extra 
Exchange rate : 1 U.S. $ = 1.38 Canadian $ 

Species Size Grade U.S. laminating stock Canadian commercial 
MSR lumber 

D.fir-L 2x6 L1-L3 Can $ 460/Mbf 
* 

D.fir-L 2x12 L1-L3 Can $ 525/Mbf 

SPF 2x4 165 0f-1.5E 

SPF 2x4 2100f-1.8E 

* U.S. laminating stock grades 

Can $ 376/Mbf 

Can $ 434/Mbf 

Because commercial MSR lumber is graded based on modulus of 
elasticity, the variability of the stiffness of commercial MSR lumber 
is considerably less than that of visually graded laminating stock. In 
an earlier study, Aplin (1972) found the stiffness of the glued 
laminated beams— manufactured using commercial MSR lumber— were 



considerably higher and less variable than regular glued-laminated 
beams made from visually graded laminating stock. Density and strength 
properties of spruce MSR lumber are close to the Douglas-fir 
laminating stock. Littleford (1974) found that the glued- laminated 
beams made from E-rated western spruce and lodgepole pine had an 
allowable bending stress of 15.2 MPa which is approximately 30 percent 
higher than the allowable stress for beams made from visually graded 
spruce and pine, and within 10 percent of the allowable stress for 
Douglas-fir beams made from laminating stock. Because the Douglas-fir 
laminating stock is costly and limited in supply, E-rated laminating 
grades from other species were introduced by the Canadian and U.S. 
laminators. However, the E-rated lumber grades for laminating purposes 
have different specifications than the commercial MSR lumber. Due to 
limited demand, the Canadian mills do not find producing lumber 
according to glued-laminated timber standard profitable. On the 
other hand, the Canadian laminators are buying U.S. Douglas-fir 
laminating stock and, for Canadian orders, re-grading the laminating 
stock according to Canadian standards. Moreover, the Canadian standard 
for Structural Glued-laminated Timber, CSA-0122-M19 80 requires the use 
of E-rated laminated stock while U.S. standard AITC-84 allows the U.S. 
laminators to use an extensive variety of combinations using either 
visually graded or E-rated laminating stock. Therefore, the use of 
commercial MSR lumber in manufacturing the glued-laminated timber has 
the potential to eliminate the need for re-grading the Laminating 
stock. 

Due to improved lumber manufacturing technology and competition, some 
of the mills are producing commercial MSR lumber of better quality 
than required by the manufacturing specifications. For instance, in a 
in-grade study on MSR lumber Lum and Cook (1986), the thickness 
tolerance, one of the stringent requirements of the laminating 
material specification, is almost met by six Canadian mills. 

5.2. Problems of the Use of Commercial MSR Lumber in Manufacturing 
Glued-Laminated Timber 

Commercial MSR lumber can be used in manufacturing glued-laminated 
timbers provided some additional manufacturing requirements are 
met. The following l i s t contains the suggested requirements based 
on past research and discussions with some of the laminators. 
The limitations for knots, slope of grain, spike knots, cup, 
crook, bow, shakes, s p l i t s , checks, skips, machine marks, stain, torn 
grain, worm holes, and modulus of elasticity for MSR lumber are either 
close to the limitations for laminating material, or may be considered 
as having l i t t l e effect on the strength of the laminations. There is 
no limitation on compression wood and compression failure for MSR lumber 
which are important effects on the strength. It is suspected that, 
however, potential compression failures may be detected by machine stress 
rating process as zones of low stiffness. 



5.2.1. Decay Problem 

The specification for the commercial MSR lumber allows decay. Decay 
should not be permitted in order to use MSR lumber as laminating stock. 

5.2". 2. Moisture Content Problem 

The limitation for MSR lumber is 19%. The MSR lumber must be dried to 
15% in order to be used in manufacturing glued-laminated timbers. This 
problem may cost up to $2 0/Mbf, Pearen and Dring (1986). 

5.2.3. Thickness Tolerance Problem 

The limitation for laminating stock is +/- 0.4 0 mm. An in-grade study 
on MSR lumber showed that thickness tolerance for ccmmercial lumber 
for six Canadian mills f a l l s in a range of approximately +/- 0.50 mm., 
Lum and Cook (1986). Tlssington (1965) suggested that thickness 
variation may be increased to +/- 0.60 mm. without having major 
decrease in the glue line quality. Bergin (1969) found that, the 
strength of a l l adhesives generally decreases with an increase of 
glueline thickness. Nevertheless, the trend was very slight for 
resorcinol formaldehyde type glue with high-failing loads and high 
percentages of wood failure prevailing over the fvai range of glueline 
thickness from 0.03 mm. to 1.17 mm.. The maximum loss of adhesive 
strength of approximately 3 0% occurred at a glue line thickness of 1.17 mm. 
Based on the results of tensile-shear tests on gluelines of various 
thicknesses, Bergin (1969) found that the c r i t i c a l thickness was 
approximately 0.53 mm. where glue bond strength had decreased by 
approximately 15%. Therefore, the ccmmercial MSR lumber with thickness 
variation of +/- 0.5 0 mm. may be used in manufacturing glued-laminated 
timber without having major decrease in glue bond strength due to lumber 
thickness variation. In addition to the limitation for thickness 
tolerance, the surface of the MSR lumber should be uniformly smooth and 
free of oxidation in order to be used as laminating stock. 

5.2.4. Twist, Pitch, and Wane Problems 

In order to substitute laminating stock with MSR lumber: 

- Limitations for twist for MSR lumber should be reduced to a maximum of 12 
mm. in 3.60 m. length. 

- Limitation for pitch for MSR lumber should be tightened to a level such 
that pieces with heavy pitch content should not be permitted. 

- Limitation for wane for MSR lumber should be tightened to a level such 
that i t s size is sufficiently small to permit i t s removal by scarfing, 
f i n a l surfacing or trimming. 



6.0 CONCLUSION 

Based on the discussion of the possible use of commercial MSR lumber 
in manufacturing glued-laminated timber, i t was concluded that 
commercial MSR lumber, with some extra requirements, may be used in 
manufacturing glued-laminated timber. 

7.0 RECOMMENDATIONS 

In this report, the technical aspects of the possible use of 
commercial MSR lumber in manufacturing glued-laminated timber are 
discussed. A testing program which includes testing of the 
glued-laminated beams manufactured using commercial MSR lumber is 
necessary to prove that MSR lumber, with some extra caution, can be 
used as laminating stock. There are available computer models, such as 
the Foschi and Barrett (1980) model or the Bender et.al. (1985) model 
which can be used for optimizing the layups of the commercial MSR 
grades in glued-laminated beams. -
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