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SUMMARY

Several processing variables associated with the manufacture of 

laminated lumber were studied and evaluated. Lamination thickness 

did not affect the bending properties significantly. Beams with birch 

face laminations exhibited the highest bending strength and stiffness. 

The bending properties of solid poplar lumber were similar to those of 

rough-sawn, all poplar laminated beams. Beams with planed poplar lami

nation surfaces showed significantly higher bending strength and stiff

ness and shear strength, however, adequate bonding strength was obtained 

with sawn surfaces. Competition with solid lumber is dependent largely 

on adhesive costs. Vertically laminated beams cost more to manufacture 

and are not as efficient in terms of resource utilization.
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INTRODUCTION

The total timber resource in Canada is increasing; however, it is 

characterized by increasing volumes of hardwood, and smaller and lower 

quality timber. The forest resource is definitely changing and it no 

longer resembles the large, high quality old growth timber on which 

the existing forest products industry was established. Eastern Canada 

currently obtains approximately half of its large dimension requirements 

from western Canadian mills (Forintek, 1983). Utilization of this 

source is expensive because the transportation charges can run as high 

as 40 to 50 percent of the delivered market price. There is mounting 

evidence that British Columbia will not be able to continue the sort of 

production increases it enjoyed in the seventies. If the demand for 

housing lumber continues at its historical levels, there will be increasing 

price pressure on the already beleaguered softwood resource (Forintek, 1983). 

There is a need to utilize all available material more effectively.

Large trees, such as Douglas-fir and southern yellow pine, are 

preferred because they enable the production of large dimension , straight, 

strong lumber; i.e., with a minimum of cup, crook, twist, etc., and 

a minimum of knots, checks, wane, slope of grain, etc. Structural 

lumber from young trees of any species tends to produce problems such 

as truss uplift (a costly problem for the housing industry).

Laminating is a practical means of obtaining a high degree of control 

over the properties of wood products and an effective technique for 

resource utilization. Considering the availability of unutilized and
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plentiful 11 less preferred" hardwoods such as aspen and birch, and 

underutilized softwood thinning material and the existence of a shortage 

in large dimension lumber, this approach could prove economically viable 

in eastern Canada.

The ultimate objective of this study is to identify an optimum laminated 

lumber model based on strength, resource, ease of assembly and economic 

considerations. This aim will be achieved by designing a number Of 

logical models that can be fabricated from small-and large-diameter stock 

and that incorporate aspen poplar as well as birch and maple which occur 

in the same ecological association with poplar. Through an optimization 

process the most suitable will be recommeded for adoption as the basic 

model for the entire study.

The present study considered the effect of lamination thickness, 

surface condition, and wood species on the bending properties of 

laminated lumber beams. In addition, the shear strength of adhesive 

bonds and adhesive requirements and costs were examined.
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LITERATURE REVIEW

The concept of laminating is not new. Glued-laminated timbers 

(glulam) were used in Europe as early as 1893 (U.S. Forest Products 

Laboratory, 1974). During World War I,laminated beams were used in 

aircraft and later as framing members in buildings. The development 

of durable adhesives during World War II permitted the use of glued- 

laminated members in bridges, trucks and marine construction. Today 

there is wide acceptance of glued-laminated construction in churches, 

halls, factories, schools and other large structures.

Glued-laminated beams have many advantages, the most noticeable of which 

is the materials-savings aspect. Laminating enables extensive control 

over the strength-reducing growth characteristics of timber, resulting 

in increased efficiency in the utilization of small-size trees. Smaller 

pieces can be end-jointed to obtain desired lengths and face-glued to 

increase beam depth and thickness. Defects in lumber such as knots, 

slope of grain and checks can be dispersed throughout the laminated 

beam where their effects on beam strength and stiffness are minimized.

This is achieved through selective positioning of the different quality 

or grades of laminating stock within a member. For example, lower grade 

material can be placed near the neutral axis of a beam where stresses 

are low; higher grade material can be placed near the face laminations 

where tension and compression stresses are highest. Because of this 

controlled placement of material and increased predictability of 

performance, most allowable stresses are substantially higher for glued- 

laminated lumber than for sawn lumber (Canadian Wood Council, 1979).
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Ethington (I960), Koch (1967), Koch and Bohannan (1965), and Moody and 

Bohannan (1970) also observed a significant increase in allowable beam 

strength using the selective positioning technique.

Other advantages include shaping capabilities (i.e., curved laminated 

beams) and aesthetic appeal. Checking or other seasoning defects and 

shrinkage problems associated with large one-piece wood members are 

minimized, in that the laminations are thin enough to be readily seasoned 

before manufacture of members.

Research carried out on the effect of lamination thickness has shown 

that the variability in mechanical properties decreases with decreasing 

lamination thickness; i.e., increasing the number of laminations in a 

beam (Tichy and Bodig, 1978; Koch, 1967). This is compatible with the 

idea of selective positioning as further dispersion of imperfections occurs 

with thinner laminations. As indicated earlier, the strength-reducing 

characteristics can be dispersed and positioned where their effects are 

minimal resulting in more accurate allowable stresses and more efficient 

resource utilization.

Laminated timbers are typically made from nominal 1-inch and 2-inch 

lumber, and tests have indicated that this difference has no effect on the 

strength of straight timbers (U.S. Forest Products Laboratory, 1974). However, 

if thin laminations are used, somewhat stronger straight members may be 

obtained perhaps due to the greater interaction between thinner laminations 

(U.S. Forest Products Laboratory, 1974). Tichy and Bodig (1978) experimented 

with lamination thicknesses varying from 47.0 mm (1.85 inches) to 5.9 mm 

(0.231 inches) and found this factor to have no effect on the bending 

properties of the beams.
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Available test data do not indicate that laminating improves strength 

properties over those of a comparable solid piece unless the laminations 

are so thin that glue bonds significantly affect the strength of the 

member (U.S. Forest Products Laboratory, 1974).

Stronger glue bonds are developed when the substrates are smooth 

and clean (Gillespie, Countryman and Blomquist, 1978; Selbo, 1975; Bikales, 

1971). Wood surfaces should be machined properly (i.e., knife-cut as 

produced by planing or jointing) to avoid torn surface fibres. Adhesion 

is mainly a surface phenomenon and torn fibres are likely to cause poor 

joints because such fibres easily pulled loose under stress. Most 

woodworking adhesives will not penetrate into the wood enough to rebond 

torn fibres effectively (Gillespie, Countryman, and Blomquist, 1978).

Hence, rough-sawn surfaces are to be avoided. Shear tests carried out 

at the Canadian Forestry Branch (1951) using various species with planed, 

sawn, and planed-and-sawn surfaces showed that planed-to-planed surfaces 

developed the strongest glue bonds, and the sawn-to-sawn surfaces the 

weakest. It is generally advised that machining be done just before 

gluing so that the surfaces are kept clean and are not distorted by moisture 

changes. Selbo (1975) points out, however, that modern saws freshly 

sharpened, well aligned, and skillfully operated are capable of producing 

surfaces adequate for gluing many products and provide a saving in time 

and labour.

Different woods have different gluing properties. In general, 

less dense, more permeable woods are easier to glue (Gillespie, Countryman 

and Bloomquist, 1978; Selbo, 1975). Pores in the substrate that are
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penetrated by the adhesive increase the area of contact between adhesive 

and adherend. However, high porosity may allow excessive migration of 

the adhesive from the bond line prior to setting, resulting in a starved 

and weak joint. Dense woods (i.e., low porosity) require close control 

of glue and gluing conditions to obtain a satisfactory bond. Extractives, 

resins or oils may introduce gluing problems by inhibiting bonding.

Vertically laminated beams, with load direction perpendicular to 

the edges of laminations, are not as common as the horizontal types.

In fact, vertically laminated beams are considered as a load-sharing 

system of sawn lumber and are not referred to as glulams, (Canadian 

Wood Council, 1979).
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EXPERIMENTAL PLAN

Large dimension trembling aspen (Populus tremuloides Michx.) lumber 

was obtained from a local sawmill. The material was of natural origin, 

rough-sawn and in the green condition. Once transferred to the laboratory, 

it was kiln-dried between 10 and 15 percent moisture content and was stickered 

in the testing laboratory for equilibration to room conditions (65 percent 

relative humidity, 20°C).

The lumber was reduced to thinner laminations that were in turn 

stickered for an additional four weeks to ensure equilibirum moisture 

content (approximately 10 percent) was attained. CSA Standard 0122-M1980 

recommends the moisture content of the laminating stock at time of 

gluing to be between 7 and 15 percent.

A commercial room-temperature curing adhesive, phenol-resorcinol 

(PR) (Reichhold Chemicals Ltd.) was used to bond the laminating 

stock. Phenol-resorcinol is waterproof and has been used primarily in 

glued-laminated timbers and assembly joints that must withstand severe 

weathering conditions for prolonged service. The Reichhold adhesive 

conforms to the requirements of CSA Standard 0122.7-M1977 as required by 

CSA Standard 0122-M1980 for exterior-grade glues. The adhesive was applied 

to the laminations by means of a mechanical glue-spreader (see Figure 1).

The glue spread was 270 grams per square metre (55 pounds per 1000 square 

feet) as recommended by the manufacturer.

The laminations were assembled in a screw-type press, illustrated 

in Figure 2. The top and bottom plates are comprised of steel, 19 mm 

(3/4 inch) thick and 152 mm (6 inches) wide. Threaded bolts, 15.9 mm 

(5/8 inch) in diameter, run in pairs every 300 ram (12 inches) along the entire
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3-m (10-foot) press length. A previously calibrated torque wrench, 

shown in Figure 2, was used to apply a uniform pressure of 1400 kPa 

(200 psi) to the glue joints. Double spring washers were used under 

each hold-down nut to ensure maintenance of the applied load. This 

pressure was further verified after a half hour. The pressure was 

maintained for a minimum of 14 hours and post-curing (maximum strength 

development) was allowed for a minimum of 6 days. Gluing and pressing 

were carried out under conditions of constant temperature (20°C) and 

relative humidity (65 percent).

All assembled specimens measured 38 x 89 x 2030 mm (nominal 2 x 4 x 

80 inches). The bending properties were determined using a Rhiehle testing 

machine with a capacity of 45,000 N (10,116 pounds-force). The beams 

were tested on edge over a span of 1890 mm (74.4 inches) with the load 

applied at two points at one-third the span. With a shear span- to- 

depth ratio of about 14:1, bending-type failures are maximized and 

the chance of horizontal shear failures is minimized. Deflection was 

measured at midspan at the neutral axis of the beam using a Linearly 

Variable Differential Transducer (LVDT). The entire setup is shown in 

Figure 3. The test procedures followed the recommendations of ASTM Standard 

D 198-76. The glue-bond strength was evaluated using block shear tests 

in accordance to CSA Standard 0122-M1980.

Initially, the effect of slat thickness was examined by laminating 

specimens using 5.6-, 11.1-, and 22.2-mm thick laminations and testing 

the beams in static bending. These three thicknesses divided evenly into
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the 89-mm depth, thus avoiding any subsequent surface treatment. Four 

laminations comprised a beam using 22.2-mm laminations, eight using 

11.1-mm laminations, and sixteen using 5.6-mm laminations. All 

laminations were rough-sawn using a table saw.

An attempt was made to minimize the variation in modulus of elasticity 

(MOE) and modulus of rupture (MOR) within each beam thickness category 

and the effect of other variables among categories to allow for a more 

meaningful analysis of the effect of lamination thickness. Grades were 

assigned to each lamination (i.e., A and B with A representing the highest 

and B the lowest quality) based on MOE. For each lamination, the MOE 

was evaluated using a static bending test method. A non-destructive 

load was applied at midspan and the corresponding deflection was measured. 

Using this information, together with the test span and the moment of 

inertia, the MOE for each lamination was calculated. The laminations 

with the greatest stiffness (i.e., belonging to quality group A) were 

placed at the top and bottom of each beam where bending stresses are 

maximum, followed by group B laminations. Thus, for a given 38-x 89-mm 

beam, there were four quality zones, each occupying one-quarter of the 

beam depth with the zones arranged in the order of ABBA. The grade 

limits distinguishing quality A from B were arbitrarily chosen and 

the laminations were randomly positioned within each quality zone. In 

addition, one beam was manufactured for each of the three lamination 

thickness categories using very high-quality laminations (higher than 

quality A) throughout the beam depth to illustrate the effect of selective 

positioning.
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Block shear specimens were obtained from one end of each laminated 

lumber beam. Two specimens included the glue line at the top and bottom 

of a beam, respectively, and one included the glue line at the neutral 

axis.

The effect of lamination surface condition was examined by fabricating 

beams using 11.1-mm planed (i.e., machined) laminations and comparing 

the MOE, MOR and shear strength with those of beams comprised of 11.1-mm 

rough-sawn laminations. The planed laminations were positioned according 

to MOE in each of the four quality zones with similar grade limits used 

with the rough-sawn laminations.

The intelligent use of birch, which grows in the same ecological 

association with poplar, is also desirable. Being of higher specific 

gravity (0.559 versus 0.374; Jessome, 1977) and higher quality, birch 

was used in the face laminations of six 38- x 89-mm beams. No attempt 

was made to position the 11.1-mm poplar and birch laminations according 

to their elastic moduli. In addition, solid wood poplar specimens, 

relatively free of defects, were prepared and tested for comparisons 

with laminated lumber.

Preliminary work was carried out on the manufacture of vertically 

laminated beams. Following equilibration to room conditions, glue was 

applied first to the edges of the laminations using hand paint rollers, 

as shown in Figure 4. Pressure was then applied horizontally and vertically, 

as shown in Figure 5. The laminated sheets were subsequently sawn to 

smaller sections and glue was applied to the faces using paint rollers.

The sections making up a beam were pressured together using the screw-type 

clamp system illustrated in Figure 6. The pressure was controlled and 

maintained overnight.
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RESULTS AND DISCUSSION

Bending failures were characterized, initially, by compression 

failures near the centre of the beams followed ultimately by simple 

tension failures. A typical failure mode is illustrated in Figure 7. 

Glue-bond failure was not suspected in causing premature failure in 

any of the specimens tested in this study.

The properties of 38- x 89-nm laminated lumber specimens comprised 

of laminations 5.6, 11.1, and 22.2 mm in thickness, are summarized in 

Table 1. The results were analyzed using student's pairwise " t" test 

to determine the significane of differences in average bending properties 

between the beams of different lamination thicknesses. The analysis showed 

that the differences were not significant at the 0.05 confidence level; 

hence, lamination thickness may be varied between 5.6 and 22.2 mm without 

affecting the modulus of elasticity (MOE) and modulus of rupture (MOR) of 

the beam as a whole. This finding is similar to that reported by Tichy 

and Bodig (1978).

Table 1 shows that the variability in MOE did not decrease with 

decreasing lamination thickness, as reported in the literature, possibly 

because of the low variability of test results within each group and 

the small variation in lamination thickness. Variability in MOR, however, 

displayed a somewhat downward trend with decreasing lamination thickness.

This variability will undoubtedly become a factor if the laminations are 

not selectively positioned and material of variable quality is used.

The adhesive costs are a major factor in considering the competitiveness 

of laminated lumber with conventional sawn lumber, as indicated in Table 2.
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When lamination thickness is reduced by half, the resin requirements and 

costs increase by more than 100 percent. The cost of the adhesive alone 

for constructing a 38- x 89-mm beam using 5.6-mm laminations is approximately 

equal to the wholesale price for 38- x 89- x 2440-mm spruce stud 

grade lumber. It should be noted that the glue spread was the minimum 

specified by the manufacturer. It is imperative, therefore, that adhesive 

costs be kept to a minimum and the development of a cheap, durable adhesive 

system is most desirable.

Planed lamination surfaces produced beams with significantly higher 

MOE and MOR, at the 0.05 confidence level, relative to rough-sawn surfaces 

(see Table 3). This can be attributed to the development of stronger bonds 

when torn or loose surface fibres are not present, as pointed out earlier.

Table 4 presents the properties of solid lumber and rough-sawn 

laminated poplar beams with birch faces. The properties of 11.1-rmi 

all-poplar laminated beams (presented earlier) are also included in this 

table for comparisons. Using student's " t" test analysis, differences 

in MOE and MOR between solid lumber and all-poplar laminated beams were 

not significant at the 0.05 confidence level. The advantage of laminated 

lumber in providing greater control over the variability in test results 

is apparent in the comparisons of solid lumber and all-poplar laminated 

beams. The high variability in the results of beams comprised of poplar 

with birch face laminations can be attributed to the small sample size and 

the fact that the laminations were not selectively positioned. Beams 

having birch face laminations exhibited significantly higher MOE and 

MOR, at the 0.05 level of confidence, in comparison to both solid lumber 

and all-poplar laminated beams.
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The relative magnitudes of ranges and means for MOE and MOR for 

all specimen categories tested are illustrated in bar graphs in Figures 

8 and 9. The bending properties of rough-sawn specimens manufactured 

from high-quality laminations (designated as on graphs) are ex

ceedingly superior to all other poplar laminated beams, including the 

planed specimens, particularly in terms of MOE. This illustrates the 

advantageous application of selective positioning.

Dry block shear tests were carried out to determine glue-bond 

strength. A definite trend in shear strength was not observed in specimens 

taken from the face laminations and specimens taken from the neutral axis 

of the beams. Hence, the combined results are summarized in Table 5 and 

illustrated in Figure 10. Shear strength and percent wood failure of 

all specimens surpassed the average requirements of CSA Standard 0122- 

M1980. Rough-sawn, poplar and birch specimens exhibited the highest shear 

strength followed closely by planed, all-poplar specimens then, at a 

distance, by rough-sawn, all-poplar specimens. The wood failure of all 

specimen types ranged between 92 and 100 percent.

Finally, it should be mentioned that, although laminations with 

planed surfaces produced specimens of high quality, the bending strength 

and stiffness of rough-sawn, all-poplar laminated members were not si

gnificantly different from solid lumber specimens, and shear strength 

and percent wood failure were well above the average, let alone the 

minimum requirements of the standard. It was indicated earlier that 

adequate bonding can be obtained with properly maintained saws.
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The manufacturing process for vertically laminated beams is a more 

complex operation. It demands vertical as well as horizontal glue spreading 

pressing machines, thus adding to equipment costs and slowing down the 

production operation. If adjacent face-glued laminations are to be 

staggered, additional adhesive would be required. The design of vertically 

laminated beams is not as efficient as that of horizontal types, in that ma

terial grades cannot be selectively placed throughout the cross section 

in accordance with in-service stress requirements.

Tests are under way on exposing laminated specimens to vacuum and 

pressure cycle tests to determine glue-line delamination. These tests 

should evaluate further the bonding obtained with rough-sawn laminations 

versus planed surfaces. Also of interest in these tests is the compa

tibility of birch and poplar as their density differences may cause dif

ferential shrinkage and swelling and internal stresses to develop. Per

cent swelling or shrinkage is directly proportional to specific gravity 

with the proportionality constant being the fibre-saturation point of 

the wood (Kollman and Côté, 1968).
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CONCLUSIONS

1. Varying lamination thickness from 5.6 to 22.2 mm did not have a

significant effect on the bending properties of test specimens.

2. Adhesive costs are a major factor in considering the competitiveness

of laminated lumber with conventional sawn lumber.

3. Beams having birch face, rough-sawn laminations exhibited significantly 

higher MOE and MOR in comparison to solid lumber and beams laminated 

with all-poplar, rough-sawn laminations. The bending properties of 

solid lumber and all-poplar laminated beams were not significantly 

different.

4. Planed lamination surfaces produced beams with significantly higher 

MOE and MOR relative to rough-sawn surfaces.

5. Rough-sawn, poplar and birch specimens exhibited the highest shear 

strength followed closely by planed, all-poplar specimens. Shear 

strength and percent wood failure of all specimens surpassed the 

average requirements of CSA Standard 0122-M1980.

6. Vertically laminated beams cost more to manufacture and do not 

allow for selective positioning of laminations.
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IMPLICATIONS AND RECOMMENDATIONS

The use of poplar in laminated lumber appears promising. The 

optimum parameters of several variables have been identified. The 

development of a cheap, durable adhesive system, however, is imperative 

to render laminated lumber competitive with conventional sawn lumber.

Further work is required to assess poplar as raw material for 

laminated lumber. Studies in the near future should consider the 

following areas of work:

1. Determine glue line delamination.

2. Examine ways of end-jointing shorter wood pieces into longer, 

usable sizes.

3. Evaluate the performance of specimens fabricated using the 

optimum breakdown, drying and gluing mechanisms selected by 

the other study groups.

4. Determine the effect of natural growth defects, such as knots, pith, 

and cross grain.
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TABLE 1. Properties of 38- x 89-mm Laminated Lumber with Different
Lamination Thicknesses

Property Lamination Thickness (mm)

5.6* 11.1* 22.2**

Moisture Content

Mean (%) 10.1 8.5 8.3
CV (%) 2.9 1.6 1.9

Densi ty***

Mean (kg/m3) 450.6 425.1 421.0
CV (%) 1.8 1.1 2.5

Modulus of Elasticity

Mean (GPa) 12.36 12.33 12.40
CV (%) 0.4 0.2 0.3

Modulus of Rupture

Mean (MPa) 69.3 70.4 63.9
CV (%) 4.5 3.4 6.8

* Sample size for MC and density is 40 , for M0E and M0R 20.

** Sample size for MC and density is 38 , for M0E and M0R 19.

*** Density in this table and elsewhere is based on weight oven-dry
and volume at time of testing.
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TABLE 2. Adhesive Requirements 
Laminated Lumber with

and Costs for Manufacturing 38- x 89-mm 
Different Lamination Thicknesses

Lamination
Thickness

(mm)

Resin*
Requirement

( g )

Adhesive**
Cost
($)

22.2 87.3 0.24

11.1 203.7 0.56

5.6 436.6 1,21

Based on 2440-mm (8-foot) length and a glue spread of 
270 grams per square metre (55 pounds per 1000 square 
feet) of glue joint.

** Based on 45- x 2440-mm laminations and wholesale PR resin 
cost of $2.98/kg and wholesale PR catalyst cost of $1.70/kg.
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TABLE 3. Properties of 38- x 89-mm Laminated Lumber with Different
Lamination Surface Conditions

Property Surface Condition

Rough-Sawn* Planed**

Moisture Content

Mean {%) 8.5 10.6
CV (%) 1.6 1.3

Density

Mean (kg/m3) 425.1 439.3
CV ( 3 5 ) 1.8 3.5

Modulus of Elasticity

Mean (GPa) 12.36 13.07
CV ( 3 5 ) 0.4 6.4

Modulus of Rupture

Mean (MPa) 69.3 74.7
CV ( 3 5 ) 4.5 3.4

* Sample size for MC and density is 40, for MOE and MOR 20.

** Sample size for MC and density is 30, for MOE and MOR 15.
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TABLE 4. Properties of 38- x 89-mm Solid Lumber and Laminated
Lumber with 11.1-mm Rough-Sawn Laminations

Property
Sol id* Laminated Lumber
Lumber Al 1-Poplar Poplar With Birch

Laminations** Face Laminations***

Moisture Content

Mean (%) 10.5 8.5 10.6
CV (%) 3.9 1.6 2.3

Density

Mean (kg/m3) 435.1 425.1 511.0
CV (%) 9.7 1.1 4.1

Modulus of Elasticity 

Mean (GPa) 12.34 12.33 14.5
CV (%) 8.6 0.2 5.9

Modulus of Rupture

Mean (MPa) 71.2 70.4 78.0
CV (%) 7.7 3.4 18.2

* Sample size for MC and density is 28, for M0E and M0R 14.
** Sample size for MC and density is 40, for M0E and M0R 20.
*** Sample size for MC and density is 12, for M0E and M0R 6.
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TABLE 5. Block Shear Test Results of Laminated Lumber with 11.1-mm 
Rough-Sawn and Planed Laminations

Beam Shear Wood
Type Strength Failure

(MPa) (%)

Rough-Sawn Laminations 

All Poplar 

Mean1 6.5 99.5
C V ( 3 5 ) 12.7 1.5

Poplar and Birch 

Mean2 9.7 92.3
CV ( 3 5 ) 9.7 5.2

Planed Laminations 

All Poplar 

Mean3 9.0 94.2
CV ( 3 5 ) 10.9 4.8

CSA Standard 0122-M1980 
Requirements

Average 6.0 or more1* 80 or more5
Minimum 3.0 or more1* 60 or more5

1 Sample size is 57.

2 Sample size is 24.

3 Sample size is 88.

11 The tabulated allowable unit stress in longitudinal shear for 
Lodgepole pine and/or spruce was used for these calculations.

5 This represents a minimum of 95 percent of the specimens.
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Figure 1. Mechanical Glue-Spreader Figure 2. Press and Torque Wrench 
Used to Assemble Laminated Lumber

Figure 3. Riehle Testing Machine 
and Static Bending Set Up

Figure 4. Application of Glue to 
Lamination Edges for Vertically 
Laminated Lumber
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Figure 5. Application of Pressure 
in the Manufacture of Edge-Glued 
Lamination Sheets for Vertically 
Laminated Lumber

Figure 6. Application of Pressure 
in the Manufacture of Vertically 
Laminated Lumber

Figure 7. Typical Failure Mode of Bending Specimens
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Figure 8. Modulus of Elasticity of Solid and Laminated Lumber
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LAMINATION THICKNESS LAMINATION SURFACE
CONDITION

SOLID and LAMINATED 
LUMBER

NOTE: • MOR of laminated beams comprised of high-quality laminations. G 122

Figure 9. Modulus of Rupture of Solid and Laminated Lumber
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