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FOREWORD

This report was prepared as part of the documentation for work per-

formed in CFS/DSS Project 6 "Development and Analysis of Fastening 

Systems for Wood Construction", funded by the Canadian Forestry 

Service. The work reported herein is in addition to the goals stated 

in the 1980 working plan for this project.



-îi-

ABSTRACT

A search was made of the literature which deals with the use of 

nails to develop the pressure required to bond laminations of wood. Factors 

such as surface finish, species, anatomical characteristics of the wood, 

type of construction, and adhesive characteristics were considered with 

respect to the influence of pressure development on the effectiveness of 

the glue bond. One of the conclusions drawn is that for thin laminations, 

where use of staples may be more appropriate than nails, a lower pressure 

would be required but the high variability in quality of the glue bond, 

which is inherent in nail gluing, may reduce the strength of the member.
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THE NAIL GLUING OF LAMINATED WOOD 

by

C. Marshall and G.J. van Rijn

1.0 Introduction

Nail-gluing of laminated timbers is being considered as a substitute 

technique for the more expensive high-pressure techniques of the 

laminating industry. The simplicity and versatility of nail-gluing 

makes this an attractive alternative. Although nail-gluing of lum-

ber to lumber is not currently being practiced, lumber-plywood as-

semblies are being produced using nail-gluing by fabricators and 

builders.

Building codes and standards for Canada, the United States and Bri-

tain do not allow the use of nails as a means of applying pressure 

for gluing structural timbers (4, 5, 6, 7, 8, 20). This is a result 

of the uncertainties concerning the nail-gluing of wood for struc-

tural use. There is uncertainty about the limited pressures that 

can be achieved with nails in comparison with the high pressures 

that can be achieved with clamps or presses. Instead of achieving a 

uniform distribution of pressure, pressure will be concentrated at 

the nails. Another concern is that with the nails there is no 

follow-up adjustment to the shrinking glueline during setting.

The technique of nail-gluing can be viewed in two ways. The usual 

method is to regard it as a form of glue-laminating in which the 

nails provide a means of applying pressure, rather than clamps or 

presses. The nails are used only as part of the gluing operation 

and are not expected to carry any of the design load. All stresses 

are tranferred through the more rigid glueline.

Alternatively, nail-gluing can be considered as a form of nail- 

laminating. In this case, the nails carry the design load while the 

glue is used for additional stiffness. The British standard code of 

practice recommends that the spacing of nails in glued joints should
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not be less than that for nailed joints (20). However, Countryman 

and Rose (21) state that less nails are required for a joint that is 

glued as well as nailed. A number of reports on nail-laminating us-

ing nails only have been published by the Department of Civil 

Engineering at Nova Scotia Technical College. For the purpose of 

this report, nail-gluing in this form will not be discussed although 

some of the literature will be equally applicable.
'■f

2.0 Effect of Pressure on Hood Adhesion

Much investigation has been made about the process of wood adhesion. 

Generally, it is considered to be both a mechanical and a chemical 

type of adhesion (45, 51, 64). Mechanical adhesion involves the

flow of the adhesive into pores and spaces between the wood surfaces 

and upon drying, locking itself in place. Chemical adhesion results 

from the chemical attraction between adhesive molecules and surface 

molecules of the wood. Both mechanical and chemical adhesion are 

important to differing degrees within bonds. Their individual im-

portance varies with the type of adhesive used and use conditions.

Marra (51) states that for a strong bond to form the glue must "(a) 

flow into a continuous film, (b) transfer to the unspread surface, 

(c) penetrate both surfaces, (d) wet the wood substance at both sur-

faces, and (e) solidify to a strong mass". Pressure is necessary to 

insure the completion of all these stages.

It has be stated (11, 46, 52) that under ideal gluing conditions,

pressure would not be required for adequate bonding. Under these 

conditions, the surfaces of the wood members must be completely 

smooth, perfectly matched, free of chemical contamination and cover-

ed with a sufficient amount of glue. However, these conditions are 

difficult, if not impossible, to achieve.
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Baumann and Marain (10) differentiate between outer and inner pres-

sure on a glued joint. Outer pressure refers to the total amount of 

pressure that is applied to glued members. Inner or hydrostatic 

pressure refers to the pressure that actually reaches and acts on 

the glueline. Outer and inner pressures may differ strongly from 

one another.

Pressure applied to the outside of a joint does not necessarily 

reach the glueline (45). Part of the applied pressure may be used 

to hold surfaces in position until the glue has set and to flatten 

projections or irregularities on the surfaces. The pressure that 

does reach* the glueline is used to apply hydrostatic pressure on it.

Hinken (33) and Marra (51) consider hydrostatic pressure on the ad-

hesive film to be the most important function of pressure. Pressure 

is responsible for tranferring glue so that it is spread uniformily 

over the surface (28, 44, 64). It forces the adhesive into the wood 

for better mechanical adhesion and brings molecules into closer con-

tact for better chemical adhesion (45). It helps to compact the ad-

hesive as it loses solvent during solidification and removes air 

bubbles within the adhesive film. The bubbles become trapped during 

mixing and spreading of the adhesive, and pressure is required to 

remove them (51). The strength of the glueline will be proportion-

ately reduced if they are allowed to remain.

2.1 Factors Influencing Pressure Requirements

Recommended minimum gluing pressures (38, 43, 64, 68, 75) tend to 

range from 100 to 200 psi. For softwoods, 100 and 150 psi. respec-

tively for casein and resin glues; for hardwoods, 150 and 200 psi. 

respectively for casein and resin glues.
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Knight (45) gives the following range of pressures for general lamin-

ating work:

Heavy Hardwoods (e.g. oak, beech, maple) 200-250 psi 
Douglas-fir and lighter hardwoods (e.g. walnut) 150-200 psi 
Light hardwoods and softwoods (e.g. poplar, spruce) 100-150 psi

Traux (70) states that well-glued joints can be made with pressures 

ranging from a few psi. to 1000 or more psi. as long as the wood 

does not become crushed. Gaudert and Carroll (29) conclude that 

high strength gluelines can be made at low gluing pressures, provi-

ded sufficient adhesive is used and provided the glue is allowed to 

shrink during curing.

The amount of pressure required for a gluing operation may depend on 

the type of construction being done. Various authors (12, 45) state 

that lower pressures can be used for gluing small joints or for as-

semblies which are not expected to carry heavy loads and are not 

considered prime structural assemblies. A joist would be considered 

a prime structural assembly, for example. From Knight's (45) exper-

ience of small assembly jobs, good close-fitting joints can be made 

under pressures of 5 to 10 psi., provided the parts mate initially. 

He states that lighter pressures can be used with smaller and less 

rigid joints than occur in laminated beams. Therefore, low pressure 

gluing could be considered where the area to be glued is small and 

where the assembly is not expected to carry a prime structural load.

Surface irregularities or roughness will require more pressure than 

smooth, close-fitting surfaces. As pressure is applied to an adhe-

sive, it flows and redistributes itself over the surface according 

to high and low spots and areas of greater or lower pressure (51). 

In order to achieve a continuous, uniformly thin glueline, pressure 

will be required to compress wood fibers at the high spots (38). 

Therefore, a planed surface, would be considered better than a 

rough, sawn surface.
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Planers may however cause considerable damage to the wood (51). The 

knives can crush or otherwise deform the fibers beneath the cut. In 

sawn joints, rupture of the wood fibers at or below the surface will 

be much more severe since the cutting action of a saw tends to rip 

or tear fibers. It is practically impossible to machine wood without 

injuring fibers near the surface.

At one time it was believed that rougher surfaces produced better 

glue bonds since there was more surface contact with the adhesive. 

However, numerous tests (45) have failed to show the superiority of a

rough surface over a smooth surface.
s.

Marian, Stumbo and Maxey (50) consider that the influence of surface 

roughness is slight compared to the influence of wood structure and 

glue properties.

Consideration of wood species and anatomical characteristics is im-

portant for determining the gluing pressure. Hardwoods, in general, 

require more care in gluing than softwood since they tend to be more 

dense and more porous. Denser species tend to require better glues 

and stronger joints since the wood is stronger and the shrinkage po-

tential of the wood is increased (64). Hardwoods with surface ir-

regularities would be more difficult for compressing high spots than 

softwoods, and would require greater pressure (10).

A wood which is very porous will have easier glue penetration. More 

pressure will be required with less porous species in order to force 

penetration of glue into the pores. However, too much pressure may 

cause excessive penetration in a porous wood and thus give starved 

joints (70).

Heartwood and sapwood of a given species will behave differently in 

gluing. Sapwood is generally more porous and contains less extrac-

tives such as gums, oils, resins and tannins than does heartwood. 

Depending on the species, the sapwood could be more easily glued or 

the reverse could be true (70).
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Springwood and summerwood also behave differently when glued. Mar-

ian, Stumbo and Maxey (50) studied the strength of joints made with 

springwood, summerwood and mixed springwood and summerwood. While 

the strength of summerwood-summerwood joints were about the same as 

the springwood-springwood joints, in springwood-summerwood joints 

and the strength was determined by the springwood.

Characteristics of the glue being used are as important as those of 

the wood for determining the amount of pressure that will be requir-

ed. For instance, casein glue has gap-filling qualities and re-

quires less pressure than resin glues.

Viscosity •> or consistency of the glue is highly important. A glue 

that is thin or low in viscosity will not need much pressure. Heav-

ier pressures should be used with glues that are high in viscosity. 

The applied pressure helps the glue flow into a continuous film and 

penetrate the wood structure. Figure 1 (70) shows that the rela-

tionship between the consistency of the glue and the pressure recom-

mended for it. If a low viscosity glue is given too much pressure, 

it may be pressed out from between the wood layers or else forces to 

penetrate too deeply into the wood cells producing a starved joint.

The amount of adhesive used will also affect the amount of pressure 

required. If less than the optimum amount of glue is used, greater 

pressure will be required to force it into a continuous glueline. 

More than the optimum amount of glue will also require greater pres-

sure to remove the excess glue.

There is some evidence, however, that a continuous glueline may not 

be completely necessary. Dibuz (23) discussed the strength of par-

tially glued laminated beams in which artificial delamination was 

provided by cellophane tape. A liquid phenolic modified resorcinol 

resin was used to glue Douglas-fir beams with gluelines ranging from
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25 to 100 percent glue. Where there was no adhesive between lamin-

ates, the stresses were released by the free movements of these ar-

eas. The partially glued specimens failed to delaminate further 

when exposed to severe hunmidity conditions. In all cases, the 

glueline produced a shear strength higher than the Douglas-fir it-

self. These results may have little importance for most incomplete-

ly glued structures since their incomplete gluelines are generally 

due to poor gluing procedures. However, these results may be signi-

ficant for nail-glued structures where the glueline becomes starved 

around and under the nail.

2.2 Nails as Pressure Developers

The use of clamps or presses for producing pressure has been the 

method principally practiced both in Europe and in North America. 

However, nails have sometimes been used as a substitute method of 

producing pressure, particularly in Sweden (75). If nailing of suc-

cessive laminations without clamping or with a minor amount of 

clamping would produce glued joints of adequate and dependable 

strength, manufacture of glued laminated members would become sim-

plified and more economical. Nails could be driven in by hand or by 

a variety of automatic nailers. Also, members could be built in 

place or near the building site thus reducing transportation costs 

and eliminating the problem of transporting large members. To pro-

duce nail-glued members, laminations are successively glued and 

nailed around a laminating form (16, 36, 75). For laminated arches, 

the first lamination is bent around a form and sometimes nailed to 

it. Successive laminations are spread with glue and then pressed in 

place against previous laminations. Clamps may be used to hold them 

in position during nailing only. Nails are driven in at frequent 

intervals through the lamination into the ones already in position, 

thereby fastening the laminations firmly together.
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The advantage with nail-gluing is that the lamination can be assem-

bled immediately after gluing before the glue has a chance to set. 

With clamping or pressing, all laminations are glued and assembled 

at one time. The difficulty with nailing is that sufficient gluing 

pressure can only be obtained with nails at very close intervals. 

For nailing to produce as strong and dependable glue joints as those 

produced by clamping, so many nails would be required that splitting 

would occur. It may also be feasible in some cases to increase the 

size of the member to make up for the lower shear resistance of 

joints in a nail-glued member (75).

The major-concern with nail-gluing is whether adequate pressure can 

be distributed by the nails to produce a good glueline. It is dif-

ficult to determine how much pressure is being exerted by the nails 

on the glueline, unlike clamps or presses, and is therefore diffi-

cult to control.

In general, pressure is exerted at discrete points and decreases 

with increasing distance from the nails (34). The rate of decrease 

will depend on the species of wood and the thickness of laminations. 

Therefore the thickness and the quality of gluelines of nail-glued 

joints will be uneven.

The amount of pressure exerted by a nail when driven into wood de-

pends on the length of nail, its diameter and nail head. Kolb (46) 

measured the pressure exerted by individual nails of different 

lengths, both strongly and weakly driven in. Strongly driven in 

nails of the longest length exerted the most pressure. Pressure on 

the glueline was simulated by means of a rubber pad. A nail pene-

trating 2 inches into spruce was found to exert a pressure of 100 

pounds (29).

Immediate nail withdrawal may be of some importance in decreasing 

glue pressure. Kolb (46) admits some creep in direct nail with-

drawal but considered that the amount of it during bond formation is
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too small to be significant. He states that shrinkage and creep 

phenomena in timber will reduce the pressure applied by the nail but 

that this pressure will not be reduced considerably during the first 

3-4 hours.

Bellosillo (11) expresses the static withdrawal resistance of nails 

by the following equation:

• P = KLD

where P = withdrawal resistance, in pounds

K = a constant dependant on woods specific gravity, in psi.

L = nail penetration, in inches

D ~ nail diameter, in inches

For bright common wire nails driven into the side grain of North
5/2American species, the value of K is 6900 G , where G is the 

specific gravity based on weight and volume when ovendry (11).

Ehlbeck (24) expresses the withdrawal resistance of the nail shank 

by this equation:

Fw = fw xn

where 1 = the depth of nail penetration in mm, and fw = the

withdrawal resistance per unit area assumed to act uniformly along 

the surface of the cylindrical nail.

The value of f varies with a large number of parameters such as 

grain orientation, density, moisture content and surfaces treatment 

of the nails. Nails have higher withdrawal resistance when driven 

into side grain as opposed to end grain. Dense woods tend to hold 

nails better than lighter ones but have a greater tendancy to split. 

Wood that is too green loses its holding power on a nail as the wood 

shrinks. However, immediate withdrawal resistance is practically 

equal for greenand dry wood (11). Nail size and surface treatments 

will affect the embedding strength and withdrawal resistance of the 

nail and consequently the individual nail pressure.
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Hisrt (34) has compiled suitable nail sizes and spacings for various 

thicknesses of timber in Figure 2. Values are given for straight 

smooth nails. For curved components, distances between nails may- 

need to be decreased. Staples may be used instead of nails if their 

surface area is equal to that of the suggested nail size. Staples 

must be driven by a staple-gun. Nails may be driven by hand or 

automatically and should be no more than 7 diameters from the edge 

of the component.

Ketchum (43) states that nails should extend through at least 2 full 

laminations. Morrison (54) and Kennedy (38) recommend a nail length 

of 2 1/2 times the thickness of the lamination. Therefore, one nail 

will apply pressure to two gluelines. The greater the length of the 

nail, the deeper the applied pressure reaches.

Pressure decreases with an increase in nail diameter since the 

weight of the nail is increased (11). However, deformed shank nails 

increase the surface area of the nail without increasing the weight 

of the nail. The use of spiral or annular threads on nails reduces 

the cutting of wood fibers to a minimum during driving. Wood fibers 

penetrate into the space between the threads, or helical threads 

form in the wood during nail driving (24). Effectively threaded 

nails are not affected by wood shrinkage.

Surface treatments of the nail shank are often used to improve its 

withdrawal resistance. The most common of these treatments is 

cement-coating. Tests have shown cement-coated nails to be superior 

to comparable power-driven nails and plain and etched staples (11). 

Roughening the shank by chemical etching and sandblasting has been 

found to increase the withdrawal resistance even better than cement-

coating (11). However, surface coated nails and threaded nails tend 

to be more expensive than common wire nails.
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Nail spacing will depend on nail type and size, wood species, thick-

ness of the laminations, and whether the assembly is flat or curved. 

Figure 2 gives nail spacings depending on nail length, nail diamet-

er, and lamination thickness (34). Ketchum suggests at least one 

nail passing through a lamination on each side of the joint for ev-

ery 8 square inches (43). Kennedy recommends one nail for every 15

square inches of glued area (38).
?

Zornig and Vick (76) found that nail spacings of 6, 12 and 24 inches 

had no signficant effects on the strength of joists, regardless of 

nailing methods or adhesive consistancies (Figure 3).

&

3.0 Choice of Adhesive

Although the working characteristics of an adhesive are important, 

it is the physical and chemical characteristics of the cured adhe-

sive that will decide which ones can be used for a given set of cir-

cumstances. These characteristics are durability (moisture, temper-

ature and biological), strength, stiffness, creep and gap-filling 

ability.

Common wood adhesives can be classified for water resistance as 

follows (15):

1. High water resistance (waterproof):

Phenol formaldehyde resin 
Resorcinol formaldehyde resin 
Melamine formaldehyde resin 
Phenol-resorcinal blend resin
Melamine extended urea resin (below 20$ extension)

2. Water resistant:

Urea formaldehyde resin (below 20$ wheat flour extension) 
Casein and Casein-soy glue 
Blood glue
Blood-soybean blends
Wheat flour extended phenolic resin
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3. Low water resistance:

Wheat flour extended urea resin
Soybean glue
Polyvinyl acetate emulsion
Animal hide glues

The waterproof adhesives are cured upon the completion of an irre-

versible chemical reaction in which the concentration of resin in-

creases as water is lost to the wood. The chemical reaction can be 

accelerated by applying heat. Adhesives containing a large percen-

tage of natural protein or starch protein are set by the establish-

ment of a firm, strong gel upon loss of water to the wood. In the

case of casein, blood, and soybean glues, the gel is not completely
a

reversible giving them some water resistance. However, repeated 

wetting and drying of the glueline, along with the stresses produced 

by the moisture content change in the wood, tends to weaken the soft-

ened glueline so that failure often occurs.

Thermosetting glues are heat resistant since changing temperatures 

do not effect their mechanical properties. However, heat will soft-

en thermoplastic adhesives such as polyvinyl acetate. Where shear-

ing stresses are great, as in a laminated beam, thermoplastic adhe-

sives should be used with caution, if at all. Animal glues are tem-

perature sensitive, particularly along with high relative humidi-

ties. Unfortified urea resin adhesive tends to break down under 

prolonged heat and humidity (15).

Natural glues are subject to biological attack by insects, molds, 

and bacteria. Termites, for instance, have been shown to prefer soy 

glue over wood (15). Molds and bacteria often are as important as 

the cyclic wetting and drying of the glueline during exposure tests 

in being responsible for the delamination of protein-based adhe-

sives, particularly casein. This form of deterioration can take 

place at temperatures less than 70°F. Mold-inhibiting chemicals can 

be incorporated in the adhesive. However, these chemicals may have 

a pronounced effect on glue viscosity (15)« Selbo (62) has done ex-

tensive exposure tests on a variety of adhesives under various com-

binations of humidity and temperature.
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Stiffness and strength of the cured glueline is of great importance 

for a structural assembly and is related to the thickness of the 

glueline. This is extremely important for nail-gluing since Hirst 

(34) suggests that heavier than normal glue spreads be used which 

result in thicker gluelines. Glue which can only be used in thin 

gluelines are known as close-contact adhesives. Baumann and Marian 

(10) classify casein glue as a close-contact adhesive since the low 

concentration of this glue (33?) results in strong shrinkage of the 

drying joint. With a nail-glue assembly, it would not be possible 

for the joint to follow the shrinkage of the glueline. In tests 

where follow-up of the joint has not taken place, foaming of the 

casein glue has taken place to produce porous, crazed gluelines 

(19, 29).

Cockrell and Bruce (19) found that phenol and resorcinol glues were 

not adversely affected by high temperature and moisture conditions. 

Phenol and resorcinol glues had the best behavior for the thickest 

gluelines. Casein, urea and several modified ureas were also tested 

in shear but the phenol and resorcinol glues consistently had much 

higher wood failure, (see Figure 4).

Adhesive consistency is important in determining whether an adhesive 

has gap-filling properties. Zornig and Vick (76) designed an exper-

iment in which three nail methods, three nail spacings and three ad-

hesives were used. Nail spacings of 6, 12 and 24 inches were found 

to have no important effects. Hard-nailed joints were superior to 

power-nailed and power-stapled joints. Gap-filling phenol-resorcinol 

resin adhesive of medium viscosity proved to be far superior than 

either high viscosity or low-viscosity elastomeric adhesives.

One final property of the cured adhesive to be considered are the 

creep properties. An adhesive with high creep properties would not 

be suitable for structural laminated timber.
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Figure 4

DÎSTANCS BcTtrSEH  FACS PLIES  (IN C H )

Average results of dry shear tests on lap- 
joint specimens with multiple-thin glue lines 
(broken curves), and single thick glue lines 
(solid curves). (Cockrell and Bruce, 1946)
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A great deal of information has been published on the various types 

of adhesives (10, 26, 28, 38, 44, 45, 58, 63, 64, 67, 68, 70). Each 

type with accompanying properties will not be discussed here since 

specifications for each can be easily obtained. A few adhesives 

will be discussed as to their suitability for nail-gluing laminated 

assemblies including various experimental work. Further references

can be found in the bibliography. The adhesives currently used in
?

nail-gluing are synthetic structural adhesives although casein is 

still used under dry-use conditions. Table 1 lists commonly used 

wood adhesives along with their use conditions (38).

3.1 Casein Glues

Laminated softwood structural members bonded with casein glue have 

given excellent service when protected from exterior and damp condi-

tions for 35 years or more in the United States (64). Similar 

structures that are much older are not uncommon in Europe. Casein- 

glued material is not recommended where the equilibrium moisture 

content of the wood exceeds 16 percent. The use of toxic preserva-

tives in the glue will inhibit the growth of molds but will not pre-

vent eventual destruction of the glue bonds under damp conditions.

Casein glue is relatively inexpensive and easy to work . Although 

hot-press casein adhesives have been produced, the commonly used 

caseins are of the low-temperature setting type. They are generally 

used at room temperature but have been successfully used at tempera-

tures as low as 50°F (58). Kennedy (38) considers casein glue to be 

more adaptable to thick gluelines than other glues. However, Bau-

mann and Marian (10) consider it to be a close-contact adhesive be-

cause of its high shrinkage during setting due to the low solids con-

centration.



Table 1: Commonly used wood adhesives (Kennedy, 1949)

Glue Casein
Urea
Formalde-
hyde

Phenol
Formalde-
hyde

Hesoroinol 
Phenol Form-
aldehyde

Melamine
Formalde-
hyde

Resorcinol
Formaldehyde

Water-resistance Fair Good Very
good

Very good Very good Very good

Durability Very good Fair If If II Il  II I l  II

Glue spread, pounds 
per 100 sq. ft. min. 60-80 35-50 35-50 35-50 35-50

Curing temperature 40°F - 70°-260°F. 240-320°F 80°-200°F 220°-260°F 70°-80°F.

Clamping period 4 hrs. 
70°F.

at 4 hrs at 
75°F.

- - 10 mins, at 
220°F.

4-8 hrs. at 
75°F.

Pot life 5 hrs. 
70°F.

at 2-6 hrs. 
at 70DF.

Indefin-
ite

2-8 hrs. 
at 75°F.

2-24 hrs. 
at 75°F.

2-5 hrs. at 
70°F.

Storage life 1 yr. Powdered 
glues 1 
yr», liquid 
glues 4-6 
months.

1 yr. 4-6 months 
at 70°F.

1 yr. 6 months

Moisture content 4-20?o 6-12 % 7-12% 6-20% 6-16% 6-20%

of wood, per cent
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Wilson (75) of the U.S. Forest Products Laboratory tested southern 

yellow pine and Douglas-fir when nail-glued with casein glue. Small 

laminated beams of both species were nail-glued. Shear block speci-

mens were far stronger than the nailed and glued speciemns (Table 

2). Wood failure was far lower with the nailed and glued specimens. 

The average wood failure for southern yellow pine was 20% while 

failure for Douglas-fir averaged 60%. Acceptable wood failure for 

shear block specimens of structural laminated timber is 80% or high-

er.
Curved laminated members with the six central laminations being of 

southern yellow pine and the remaining six of Douglas-fir were also 

produced by nail-gluing (Figure 6). Again, the clamped members were 

stronger than the nail-glued members (Table 3)* On the basis of 

these results, Wilson suggests that the allowable stress in longitu-

dinal shear for members assembled by gluing and nailing should not 

exceed two-thirds of the value for clamped members. A lesser amount 

of nailing than is shown by Figure 6 is not recommended.

Experimental work has been done on laminated beam and arch construc-

tion at the Eastern Forest Products Laboratory of Canada. Morrison, 

Kennedy and Bergin (55) investigated the strengths of thirty 15-foot 

beams containing eight laminations of 1 3/4 inches thickness and 5 

1/2 inches thick. Rectangular beams and I-beams were constructed 

with either casein or urea glue and either nailed or clamped. The 

results are shown in Table 4. Beams 1 to 10 were nailed with 3-inch 

nails while beams 26 and 27 were nailed with 4 1/2-inch nails. 

Clamping pressure was obtained with a screw press at 150 psi. It 

was concluded that the 3-inch nails were not satisfactory but that 

the 4 1/2-inch supplied adequate pressure. It was recommended that 

nails should be at least 2 1/2 times the thickness and slightly less 

than 3 times the thickness of each lamination. Nail spacing provid-

ed one nail for every 33 square inches of glued joint. Casein glue 

and urea formaldehyde glue behaved equally well.
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Figure 5 Glued and nailed assembly for shear-block tests- 
showing locations of.shear specimens Nos. 1 to 6 
('Wilson, 1939 )

Table 2 Summary of shear-block tests (Wilson, 1939)

Nailed and glued specimen Nos.

Species and 
assemblies

1 and 2 3 4 5 and 6 1 A ll
Woo£
fail-
ureShear

Wood
fail-
ure

Shear
Wood
fail-
ure

Shear
Wood
fail-
ure

Shear Shear

•o , „ 
I

S
ri £

>
 &

 s 
!

1 >
 

i

Shear

Southern ye llow

Pound*persquire Per-
Pound* 
square Per-

Poundspersquare Per-
Poundspersquare

Poundspa-square Per-
Poundspersquare Per-

pines: i nch crnt inch cent inch cent inch inch cent inch cent
A, ! . . ............. 4S3 14 1,141 SO 1,089 70 8-20 808 44 1,170 V*
B, J ................ S57 8 1,015 25 1.055 10 695 862 12 l, 171 S*
C, K ................ 1,040 58 1,065 30 836 70 765 918 54 l, 188 lot
D, L ............... . S6S 30 993 30 916 15 784 868 26 1,170 98
E, M ._ ............. 842 12 1, 2S9 5 532 0 995 900 7 1,661 S*
F, N ................. 1,109 5 S94 10 751 5 758 S96 6 1,543 »
G, 0................ 1, 140 6 1.171 4 974 5 1,010 1,067 6 1,373
H . P ................. l. 125 5 863 0 852 3 768 917 3 1,472 71

Avemee_____ 934 17 l o w 23 876 22 824 904 20 1,343 •-
St

Douglas ftr:
A, [.................. 884 60 1,150 60 1,181 60 694 916 60 1,269 9$
B, J .................. 1.038 90 856 60 1.082 1 D 1,0.38 1,02*2 79 1,245 If*
C, K ................ 1,007 45 1,007 90 724 20 822 S65 50 1,091 9*
D, L _________ 951 9ft 962 50 962 50 1,036 9S3 73 1, 181 74
E, M ................ 901 55 1,262 90 1,229 97 i. 031 1.059 74 1,245 H
F, X . . .............. 1,319 55 1,281 60 1,016 •50 1,092 1.156 55 1,468
G, 0................. 850 38 848 45 1.187 60 1,002 982 45 1, 422 a
B . P ................. 1,071 57 1,175 20 1,086 40 1.016 1,108 44 1,439 7S

Average_____ 1,003 62 1.068 59 1.058 38 969 1,015 60 1.295 91

1 The percentage of wood failure in these specimens was not determined.
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Figure 6 a Arrangement of nailing in members for longitudinal s 
shear test under transverse load- Numerals indicate 
positions of nailheads in laminations of correspond-
ing number-counting from side next to form. Lamin-
ations Nos. 7 and 12 same pattern as No. 2; lamination 
No. 8 same pattern as No. 3; lamination No. 9 same 
pattern as No. 4; lamination No. 10 same pattern 
as No. 5 lamination No. 11 same pattern as No. 6: 
size and kind of nails: threepenny common in lamin-
ation No2, sevenpenny cement-coated box in lamination 
No. 3, tenpenny common in lamination No. 4 twelve- 
penny cement- coated box in laminations Nos. 5 to 12. 
Wilson, 1939)

Table 3 Results of longitudinal shear tests under transverse
load comparing nailed with clamped assemblies (Wilson, 
1939 )

M anner of test, specimen No., and kind of assembly
Maxi-
mum
load

Com -
puted
shear
stress

Stress 
ratio, 

nailed to 
clamped

Wood 
failure 1

Convex side down: Pounds;
46,040

Pounds 
per square 

. inch 
670»

Percent Percent
H-60

34,230 495 74 -3 0
46.000 670» +95
36.770 530 79 50
46,020 670i* 75
35,500 515 77 40

Convex side'up: J
30.540 440 -2 5

313B) nailed______________ __________ - ----------------------- 26,180 380 S6 + 0
314B, clam ped-........................... - ............................. -............... 27,720

30,500 440 110 +70
29.130 420 45
28,340 410 98 35

i Observed after splitting specimen with wedges, starting in fissure produced in test.
* Tension, no shear. . . .
» In  tests with the convex side of the member up there is a radial tension (perpendicular to the glued joint 

and to the grain of the wood) equal to approximately 22 percent o fthe computed longitudinal shear stress.



-23-

TABLE 4 (Morrison, Kennedy *
and Bergin, 1946)

Bean
No.

Rect- ' 
angular 
or I 
Sect-
ion

Casein 
or Urea- 
Formal-
dehyde 
Glue

Species 
Used 
in .

Bean

Menc- 
inun • 
Load, 
Pounds

Modulus-
of

Rupture

Modulus 
•of ■ 

Elasti-
city

Shear 
at 

N. -A.

Primary . 
Cause 
of.

Failure
p.s.i. k.s.i. p.s.i.

(Pressure by 3" nails) 1 •

1 R C Spruce 23,620 4,270 1,420 240 Tension

2 R n a 23,700 4,130 1,380 236 Shear

3 R It II 8 , / ,70 . 1,500 1,830 8 6 it

4 R 1» fe: 9,000' - 1,600 1,540 - 92 tt
C R It V £ 15,270 ■ 2,55a 90S 150 IT

6 R 11 » 11,360 1,890 1,200 112 It

7 j. 11 a 16,650 3,070 1,380' 252 Tension
■ * in scarf

g I ii tt 21,270 3,940 2,280 320 Tension

9 R u/f v t 11,100 1,950 1,370 112 Shear '

10 R « • u 16,910 2,980 1,600 170 it

(Pressure by classing)

n  • R C Spruce 40,U0 7,320 1,520 410 Tension

. L2 R tt tt 24,050 4,310 1,670 244 f t

- 1>: R U/F u 23,020 1,280 1,620 238 11

14 ?. n 25,310 4,600 1,560 -261 «

15 R c Soruce* n
39,750 7,390 1,850 373 n

C-
n V

16 R tt : t 37,280 7,260 2,050 356 u

17 I tt Spruce IS,830 3,830 1,780 296 Shear

IS I tt II 21,730' 4,670 1,670 346 h

19 R tr 11 27,500 5,170 1,900 291 Tension

20 R rr II 25,200 4,770 2,090 269 11

21 I II 11 23,330 4,550 1,810 357 Tension

22 I I t tt 36,800 7,200 1,780 564 n

23 R 11 Spruce
&
D.F.

41,780 .9,300 1,490 449 1»

24 R tt i t 45,280 8,940 1,890 451 tt

25 R u / f
i t 40,950 9,120 1,810 440 tt

(Pressure: by Uk" nails).

26 R C ■ Spruce 37,510 6,880 1,790 384 tt

27 R 1! »? 35,540 6,380 1,690 36.0 tt

(Pressure: by e'U-uoin:-)

28 R U/F Spruce 41,860 9,220 1,730 426 It

&
D.F.

29 1 0 Spruce 34,310 6,710 1,790 528 tt

30 I ri tt 25,180 5,130 1,430 375 tt
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Kennedy (37, 39, 40) investigated the construction and testing of a 

47-foot span Tudor arch constructed by nailing and clamping. The 

arch was designed in keeping with the requirements of the National 

Building Code (Figure 7). The calculated dead load of the roof was 

14 psi and the assumed high snow load was 40 psi. Casein glue was 

used to glue the 7/8-inch white spruce laminations. Gluing pressure 

was provided by 2-inch common bright steel wire nails. Nails were 

spaced about six inches apart in 4 rows that were one inch from the 

edges of the boards.

A uniform load of 48,600 pounds was applied to the arch and left un-

der normal winter exposure conditions from November to May. The ex-

cess load of 20,800 pounds was removed leaving only the design load 

of 27,000 pounds over the summber months. Finally, the arch was 

loaded to failure with a load of 129,000 pounds. The arch failed in 

the form of a longitudinal shear.

Kennedy considers that the arch as constructed was adequate for the 

purpose for which it was designed. However, he considered that the 

safe, long-term continuous load would be 25,000 pounds rather than 

27,800 pounds.

3.2 Urea - Formaldhyde Resins

Levin’s 1956 review of the laminated timber industry in western Eur-

ope (48) found cold setting urea-formaldehyde glues to be in wide-

spread use. Switzerland and Holland were almost exclusively using 

urea-formaldehyde glues. Some use was also being made of resorcinol 

glues. Urea-formaldehyde resins were generally preferred over re-

sorcinol-formaldehyde and melamine-formaldehyde since they were 

cheaper and required less control over working conditions. Today, 

urea resin adhesives are not used to any significant degree in the 

building contruction industry (12).
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47-foot span Tudor arch 
(Kennedy, 1950)

Figure 7
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Like casein glue, urea resin adhesives are classified as moisture- 

resistant adhesives. Urea resin adhesives lose strength when expos-

ed to damp conditions for a short period of time and this strength 

is not regained. Therefore, repeated exposure to high humidity con-

ditions will eventually destroy the urea bonds. Urea bonds are also 

adversely affected by elevated temperatures and break down rapidly 

at 150°F or higher (58). A combination of high humidity and slight- 

ly elevated temperature is particularly destructive to urea resin 

bonds. Chugg and Gray (18) state that room-temperature setting urea 

resin adhesives decline in strength under interior conditions. They 

recommend^ that urea resins should not be used for permanent engi-

neering structures where high stresses are applied. Blomquist and 

Vick (12) state that hot-press ureas generally do not contain as 

much acid as cold-press types and as a result do not lose strength 

during normal aging as quickly as the cold-press types.

Urea resins may be modified with melamine or phenolic resins to im-

prove its durability. Melamine is most commonly used. Use of vari-

ous fillers and hardeners can also improve its gap-filling ability. 

Casein glue has better gap-filling properties tnan unaltered urea- 

formaldehyde resin (68). Urea resins are less tolerant to the wide 

range of moisture conditioning temperatures and pressure, than case-

in glues. Wood moisture contents greater than 10% in hot-press glu-

ing and greater than 14% in cold-press gluing produce weak urea res-

in bonds. However, satisfactory glue bonds can be produced with ca-

sein glue at wood moisture contents of 15% or slightly higher. The 

chemical reaction between the catalyst and the urea-formaldehyde re-

sin is not complete below 70°F resulting in weaker bonds. Casein 

glue gives satisfactory glue bonds at 60°F since its cure is not 

completely dependent on a chemical reaction (68). Casein glue tends 

to be more poplar than urea resin for laminated construction because 

of the obvious advantages.
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3.3 Phenol-Formaldehyde and Resorcinol-Formaldehyde Resins

Chemically, phenol resins are very similar to resorcinol resins. 

Both resin glues are considered to be waterproof since they are un-

affected by exposure to water once they are fully cured. They are

mold-resistant and remain unaffected by extremes in temperature.
*

For these reasons they would be suitable for exterior use or inter-

ior use where there are high humidity conditions.

However, straight phenol-formaldehyde resin glues are generally not 

considered suitable for laminated construction since high tempera-

tures are required to cure the glues. It would be difficult to 

apply heat to the inner gluelines of large structural members.

Intermediate-temperature curing phenolic resin adhesives have been 

developed to which an acid catalyst is added. Joints with such 

highly acid gluelines tend to lose strength quite rapidly, particu-

larly at elevated temperatures in the presence of moisture (12).

Resorcinol-formaldehyde resin adhesives cure at room temperatures. 

Their major disadvantage is in their high cost. Phenol and resor-

cinol resin adhesives are not considered to have gap-filling proper-

ties normally.

Phenol-formaldehyde and resorcinol-formaldehyde resins have been 

considered suitable for timber shells. Keresztesy (41, 42) examined 

a number of shell roofs that were fabricated by nail-gluing two or 

three layers of boards with thicknesses ranging form 5/8-inch to 1 

inch. All timber shells surveyed were found to be in good condition.

3.4 Phenol-Resorcinol

This adhesive is produced by combining suitable percentages of res-

orcinol and phenol resins at a lower unit cost than resorcinol res-

ins alone. Phenol-resorcinol will cure at temperatures much lower
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than those required for phenolic resins, but slightly higher than 

those required for resorcinol resins. Phenol-resorcinol resin is 

similar in working conditions and durability to resorcinol resin.

Gap-filling phenol-resorcinol adhesives have been developed which 

consist of the basic phenol-resorcinol resin with fillers added to 

it. Vick (74) tested phenol-resorcinol resin adhesive with asbes-

tos, walnut shell flour and wood flour as fillers in gluelines up to

0.060 inch thick in lumber-to-lumber joints and plywood-to-lumber 

joints. Adhesive filled with either asbestos or walnut shell flour 

had sufficient strength, even after cyclic soaking and drying treat-

ment, to support loads near 1000 psi. in gluelines up to 0.060 inch 

thick (Figure 8, Table 5). Asbestos proved to be the best filler. 

Although the heavily filled phenol-resorcinol adhesives do not have 

the strength and serviceability of conventional phenol-resorcinol in 

thin gluelines, they can be considered adequate. Their ability to 

support shear loads of almost 1000 psi. and greater is at least 10 

times the allowable horizontal shear stress (95 psi.) for the high-

est grade of structural lumber of southern pine.

Caster, Gillern and Howell (17) developed a series of gap-filling 

phenol-resorcinol adhesives, called the WC0 87 series. Although 

higher clamping pressures gave better bond performance, adequate 

bonds for gaps up to 1/16 inch were produced which passed ASTM 2559.

3-5 Elastomeric Adhesives

A variety of elastomeric construction adhesives are used for semi- 

structural purposes. They are less sensitive to temperature, mois-

ture, assembly pressure and finished surface quality than conven-

tional phenol-resorcinol glues.
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Figure 8 Shear strength and wood * 
failure of lumber-to- 
lumber joints made with 
adhesives filled with 
asbestos, wood flour, and 
walnut shell flour, (per-
centage of wood failure 
is shown at the top of 
each bar.) (Vick, 1973)

Table 5 Mean shear strength, wood failure and 
delamination of lümber-to-lumber and 
plywood-to-lumber joints made with 
conventional formulation of phenol- 
resorcinol resin system. (Vick, 1973)

C h a r a c t e r i s t i c

m e a s u r e d

L u m b e r - t o -

l u m b e r

{ o i n t s

P l y w o o d - f o -

l u m b e r

j o i n t s

S h e a r  s t r e n g t h ,  d r y  ( p s i ) 1 , 7 3 6 4 6 4

S t a n d a r d  d e v i a t i o n  ( p s i ) 2 0 2 7 6

W o o d  f a i l u r e ,  d r y  ( p e r c e n t ) 8 3 8 9

S t a n d a r d  d e v i a t i o n  ( p e r c e n t ) 1 1 1 5

S h e a r  s t r e n g t h ,  s o a k e d - d r i e d  ( p s i ) 9 0 3 3 1 3

S t a n d a r d  d e v i a t i o n  ( p s i ) 1 6 9 6 9

W o o d  f a i l u r e ,  s o a k e d - d r i e d  ( p e r c e n t ) 9 6 8 3

S t a n d a r d  d e v i a t i o n  ( p e r c e n t ) 6 2 1

D e l a m i n a t i o n ,  s o a k e d - d r i e d  ( p e r c e n t ) 3 . 6 1 . 9
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They are well adapted to site-built housing operations and are used 

by builders when attaching plywood subfloor to wood joists (21, 59). 

Hoyle (35) and others (71) are considering the use of elastomerics 

for more structural purposes such as I and T-beams. Blomquist and 

Vick (12) classify elastomerics as semi-structural adhesives since 

they are nonrigid and have problems with creep. They could not be 

considered suitable for structural laminates. Polyvinyls also have 

similar problems with creep and tend to plasticize under high tem-

peratures.

4.0 Additional Considerations

(1) Nail-gluing would require a great number of nails which would 

cause difficulties in resizing.

(2) Automatic nailers are available and could be incorporated into a 

design for an assembly line system. This would greatly reduce 

production time and costs.

5.0 CONCLUSIONS

(1) Quality control for nail-gluing would require a large sample 

size because of the large variability between and within lamin-

ated assemblies. For design purposes, allowable stresses may 

need to be lowered due to the high variability in the quality of 

the gluelines.

(2) The required adhesive for nail-gluing should have adequate 

strength and stiffness, high durability, gap-filling properties 

and should be room-temperature curing.

(3) For interior applications, evidence has shown that casein glue 

would probably be adequate. Casein glue would be relatively low 

in cost.
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(4) For exterior and high moisture applications, a gap-filling 

phenol-resorcinal may be suitable, however further research and 

testing is required. The unit cost would be reasonable.

(5) Softwoods and low density hardwoods such as poplar would be most 

suitable for nail-gluing.

(6) Thin laminations would be the most suitable for nail-gluing 

since- they require less pressure than thick laminations. 

Staples may be more appropriate than nails since they would 

cause less splitting.

(7) Each lamination must be nailed to the previous laminations in 

order to remove irregularities in the laminate. Nails or sta-

ples should be staggered in a suitable pattern and should be 2 

1/2 laminations in length.
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