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Abstract 
 
There are two general categories of fingerjoined lumber in Canada: NLGA SPS-3 “vertical stud use only” 
and NLGA SPS-1 “structural use”.  The latter category is fabricated with phenol-resorcinol-formaldehyde 
(PRF) adhesive meeting the requirements of CSA O112.7-M1977 or with wood adhesives that meet 
NLGA “SPS Annex A” requirements.  NLGA SPS-1 fingerjoined lumber is considered to be 
interchangeable with solid-sawn wood of the same species group, grade and size, and accordingly, can be 
used in either vertical or horizontal applications and under compression, tension or bending loads.  NLGA 
SPS-3 “vertical stud use only” fingerjoined lumber may only be used in “dry service” conditions and 
vertical applications under axial (or near axial) compression loads, and with bending and tension loads 
(e.g. wind or earthquake) limited to short duration only.  Two types of adhesives are accepted for use in 
the manufacture of “vertical stud use only” fingerjoined lumber: polyvinyl acetate (PVA) meeting the 
specifications of CSA O112.8-M1977 Type I and ASTM D 25559 without creep evaluation, and 
diphenylmethane di-isocyanate based products (also called MDI, isocyanate or polyurethane adhesives).  
 
The use of glulam timber beams and columns has a long history and their fire performance has been well 
documented.  Since NLGA SPS-1 fingerjoined lumber products were traditionally manufactured with the 
same PRF adhesives used in glulam timbers, there was little reason for building and fire officials to be 
concerned about the fire resistance of this “glued” product.  On the other hand, PVA adhesives are 
thermoplastic products that creep and lose their bond strength at elevated temperatures.  While they are 
thermosetting polymers, isocyanate adhesives chemically decompose at elevated temperatures.  In theory, 
neither effect should be a problem since studs are subjected to axially-applied compressive structural 
loads.  However, the simple fact that the adhesives used in the manufacture of some fingerjoined lumber 
products could melt or chemically breakdown at elevated temperatures raised concerns about all 
fingerjoined lumber in the minds of building and fire officials.  In an effort to alleviate some of those 
concerns, a small exploratory project was carried out to examine the performance of fingerjoined lumber 
exposed to sub-charring temperatures and tension loads, and the fire resistance of gypsum-board-
protected wood-frame walls constructed with fingerjoined studs.   
 
While only a limited number of specimens of each type of fingerjoined lumber were utilised in this study, 
the moduli of elasticity (MOE) of those studs were far greater than the “modulus of elasticity for design 
of compression members” assigned by CSA-O86-01 for the respective grades.  Depending upon the 
grades of fingerjoined lumber and adhesives used in their manufacture, the MOE of between 60 and 95% 
of the pieces were greater than the “specified modulus of elasticity” assigned by CSA-O86-01.  Many 
building officials believe that while the strength properties of fingerjoined studs are more 
consistent, their average strength properties are less than those of solid-sawn wood studs of 
identical grade, species and size, and therefore, the fire resistance ratings of walls constructed with 
fingerjoined studs may not be as great as those for walls constructed with conventional wood studs.  
While admittedly limited to an evaluation of MOE of a very small “population size” (20-24 
specimens of each material), the data generated in this study does not support their contention.   
 
SPF No. 1 and No. 2 lumber lost about one-half of its strength in tension when heated to 200ºC and 
almost two-thirds when heated to 250ºC. Specimens of SPF No. 2 SPS-1 fingerjoined lumber 
manufactured with a PRF adhesive lost about one-half of their strength in tension when heated to 150ºC 
and about 60% when heated to 200ºC.  SPF No. 3/Stud grade SPS-3 fingerjoined lumber fabricated with 
an isocyanate adhesive lost about two-thirds of its strength in tension when heated to 150ºC and about 
three-quarters when heated to 200ºC.  SPF No. 3/Stud grade SPS-3 fingerjoined lumber fabricated with 
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PVA lost more than 90% of its strength in tension when heated to 150ºC and essentially all its strength 
when heated to 200ºC.  Based only on the proportion of “wood” and “glue-bond” failure in each separated 
fingerjoint, one might reasonably conclude that, when exposed to temperatures up to 250ºC, the adhesives 
in each fingerjoint in SPF No. 2 SPS-1 fingerjoined lumber bonded with a PRF adhesives has as much 
strength in tension as the wood fibres in the pieces of lumber that the fingerjoints hold together.  
Similarly, one could conclude that the adhesive in each fingerjoint in SPF No. 3/Stud grade SPS-3 
fingerjoined studs fabricated with an isocyanate adhesive has as much strength in tension, when exposed 
to temperatures up to 200ºC, as the wood in the pieces that the fingerjoints hold together.  Finally, this 
study indicated that even under ambient conditions, the adhesives in each fingerjoint in SPF No. 3/Stud 
grade SPS-3 fingerjoined studs fabricated with PVA has less strength in tension than the wood in the 
pieces that the fingerjoints hold together.  These observations do not provide any indication about 
how fingerjoined lumber products perform as studs in a wall during a fire.  Therefore, the wood 
industry should discourage building officials from specifying tension tests at elevated temperatures 
for acceptance of fingerjoined studs in fire-resistance-rated walls. 
 
Intermediate-scale fire resistance tests were carried out on gypsum-board-protected wood-frame walls 
constructed with solid sawn and with SPS-1 and SPS-3 fingerjoined studs.  In each test, failure was due to 
the studs in the walls bowing out of the plane of the wall and away from the fire.  The amount of bowing 
was sufficient that the walls were forced out of the furnace frame at mid-height, and hot fire gases could 
escape from the furnace between the specimen frame and the outer studs in the walls.  However, the 
bowing was only noticeable during the last three or four minutes of the tests.  Most importantly, in no 
case was there an abrupt collapse of the wall: only a continually increasing amount of bowing outwards 
by the studs during the final minutes.  Fear of the sudden collapse of a wall with no obvious 
indications of its impending failure is the catastrophic event that had originally raised concerns in 
the minds of building and fire officials about fingerjoined studs.  This phenomenon was not 
observed during any of the tests on walls constructed with fingerjoined studs.   The fire resistances of 
walls constructed with SPF No. 2 SPS-1 (PRF) and SPF No. 3/Stud grade PS-3 (isocyanate adhesive) 
fingerjoined lumber were not significantly different from that of a wall constructed with solid-sawn SPF 
No. 1 and No. 2 lumber.   
 
The primary goal of this research was to determine if there might be any foundation for the concerns of 
building and fire officials about the fire performance of wood-frame walls constructed with fingerjoined 
studs.  None were identified.  However, the performance of walls constructed with SPS-3 (PVA) 
fingerjoined studs in the intermediate-scale fire-resistance tests requires additional research since all the 
fingerjoints in those studs separated during the “non-standard” tests used in this study.     
 
The limited resources available for the study (it was only intended to be an exploratory study), resulted in 
some issues related to the fire performance of fingerjoined lumber not being investigated (hose-stream 
tests) and a number of others being investigated using non-standard testing procedures (intermediate-scale 
fire-resistance tests) and limited numbers of specimens (strength in tension at elevated temperatures).  
Furthermore, whenever fingerjoined lumber is used in fire-rated construction in the USA (e.g. wood-
frame apartment buildings and many non-residential buildings), the loadbearing walls of those buildings 
must have one-hour fire-resistance ratings.  Therefore, a committee composed of representatives from 
major manufacturers of fingerjoined lumber, the committee responsible for writing NLGA 
standards for fingerjoined lumber, and researchers from Forintek should be convened to review 
the results of this study and to establish future directions for the wood industry to take when 
addressing the concerns of building and fire officials about the fire performance of wood-frame 
walls constructed with fingerjoined studs, and of fingerjoined lumber in general.   
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1 Objectives
 

 To assess the structural performance of fingerjoined lumber exposed to sub-charring temperatures and 
tension loads. 

 
 To assess the performance of gypsum-board-protected walls under CAN/ULC-S101 (time 

temperature) fire exposures, when constructed with fingerjoined wood studs. 
 
 

2 Introduction 
 
Fingerjoined wood products are manufactured by machining a finger profile on the ends of short pieces of 
lumber, spreading an appropriate adhesive over the fingerjoints, and squeezing the pieces together to 
create a longer piece of lumber (see Figure 1).  There are a number of advantages to fingerjoined lumber: 
the most important being straightness and dimensional stability.  Twisting, warping, bowing, etc. are 
minimized in fingerjoined lumber because it is fabricated from short, dry pieces of lumber with inherent 
dimensional stability.  Being able to use short pieces of lumber to create a structurally superior product 
provides significant economic advantages for manufacturers of these products.  Also, fingerjoined lumber 
is an environmentally advantageous product because it can be fabricated from end trimmings left behind 
from the manufacturing of other sawn-lumber products.  Builders prefer to work with fingerjoined lumber 
because of its dimensional stability (e.g. nail popping is generally less of a problem when fingerjoined 
studs are used in construction of walls) and consistent strength properties. 
 
 

 
Figure 1 Fingerjoined lumber 
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The two principal National Lumber Grades Authority (NLGA) standards for fingerjoined lumber are SPS 
1-2003 Special Products Standards for Fingerjoined Structural Lumber, and SPS 3-2003 Special Products 
Standard for Fingerjoined “Vertical Stud Use Only” Lumber.  For structural design purposes, Canadian 
Standards Association standard CAN/CSA-O86-01 Engineering Design in Wood assigns fingerjoined 
lumber produced in accordance with NLGA SPS-1 the same specified strengths and modulus of elasticity 
as solid-sawn wood products of similar grade, species group and size.  The National Building Code of 
Canada (NBCC) accepts fingerjoined lumber produced in accordance with NLGA SPS-3 to be used as 
vertical studs under axial compression loads and dry service conditions, and unless grade-stamped 
otherwise, assigns NLGA SPS-3 fingerjoined lumber the same strengths and modulus of elasticity as 
solid-sawn wood products of similar grade, species group and size.   
 
NLGA SPS-3 “vertical stud use only” fingerjoined lumber may only be used in vertical applications 
under axial (or near axial) compression loads, and with bending and tension loads (e.g. wind or 
earthquake) limited to short duration only.  Two types of adhesives are accepted for use in the 
manufacture of fingerjoined studs: polyvinyl acetate (PVA) meeting the specification of CSA O112.8-
M1977 Type I or adhesives meeting the requirements of ASTM D 2559 without creep evaluation, such as 
di-phenylmethane di-isocyanate based products (also called EPI for Emulsion Polymer Isocyanate or PEP 
for Polyurethane Emulsion Polymer).  While adhesives used in the manufacture of “vertical stud use 
only” fingerjoined lumber will resist short-term exposure to moisture, the studs should never be exposed 
to excessive moisture while in storage or during construction and their use in loadbearing walls is 
restricted to “dry service conditions” (a climatic condition in which the average equilibrium moisture 
content of solid wood over a year is 15% or less and does not exceed 19%).   
 
NLGA SPS-1 fingerjoined lumber is fabricated with phenol-resorcinol-formaldehyde (PRF) adhesive 
meeting the requirements of CSA O112.7-M1977 or with wood adhesives meeting the requirements of 
NLGA “SPS Annex A” specifications.  In addition, all pieces of NLGA SPS-1 fingerjoined lumber must 
be subjected to a specified minimum proof-load tension-stress levels for species, sizes and grades (“proof-
testing”).  NLGA SPS-1 fingerjoined lumber is considered to be interchangeable with solid-sawn wood of 
the same species group, grade and size, and accordingly, can be used in either vertical or horizontal 
applications and under compression, tension or bending loads.  It is commonly used as flanges for I-joists. 
 
Increasingly, fire resistance issues are becoming gatekeepers when it comes to acceptance of the use of 
wood products in building construction.  Reacting to concerns voiced by their fire marshals, a 
continuously growing number of jurisdictions in Canada and the United States are placing restrictions on 
the use of engineered wood products.  For example a number of jurisdictions in the United States have 
banned the use of all wood trusses and wood I-joists in the construction of new buildings.  Other 
jurisdictions (most recently, the State of New York) have enacted “placard laws” requiring large, 
permanent, and highly visible signs to be attached to the front of all new and existing buildings 
constructed with wood trusses, wood I-joists and other engineered wood products.  These signs indicate 
the presence of engineered wood products in the building and warn of possible fire hazards associated 
with the products.  These laws are not only applicable to larger engineered buildings but also to the one- 
and two-family housing for which fire resistance-rated assemblies are not required.  While wood trusses 
and I-joists are the primary focuses of concern for building and fire officials, they are also casting a wary 
eye on composite structural lumber products, and particularly on fingerjoined lumber.  
 
The use of composite heavy timber products such as glued-laminated (glulam) timber beams and columns 
has a long history, and their fire performance is well documented (Schaffer).  Since the first fingerjoined 
lumber products were manufactured with the same PRF adhesives used in glulam timbers, there was little 
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reason for building and fire officials to be concerned about the fire resistance of this “glued” product.  
Consequently, there was no serious disagreement when building officials permitted SPS-1 fingerjoined 
lumber, which is still manufactured with PRF adhesive, to be substituted for solid lumber in any structural 
application.  However, the cost of PRF adhesives, processing costs associated with the use PRF adhesives 
for fingerjoining lumber and the highly visible (dark brown) glue lines rendered fingerjoined lumber 
manufactured with PRF adhesive economically uncompetitive for vertical stud use only products and 
aesthetically unappealing.  Therefore, manufacturers of fingerjoined studs turned to less costly PVA and 
isocyanate alternatives for “SPS-3 vertical stud use only” lumber.  Under ambient conditions SPS-3 
“vertical stud use only” studs could provide the required structural performance, were cost competitive 
with competing solid-sawn wood products, and had less visible glue lines.   
 
Note: “Ambient conditions” refers to those conditions of temperature and moisture to which wood 

structures or wood structural elements are exposed during normal usage, and for which the 
criteria for structural design were made - as opposed to the extreme conditions of temperature and 
heat to which they may be exposed during building fires.   

 
PVA adhesives are thermoplastic products that creep and lose their bond strength at elevated 
temperatures.  While they are thermosetting polymers, isocyanate adhesives chemically decompose at 
elevated temperatures.  In theory, neither effect should be a problem since studs are subjected to axially- 
applied compressive structural loads.  However, the simple fact that the adhesives used in the 
manufacture of fingerjoined studs could melt or chemically breakdown at elevated temperatures raised 
concerns about those products in the minds of building and fire officials.  In part, this may simply be a 
result of their confusion about the various types (grades) of fingerjoined lumber, and in part, because the 
loads on wood studs may not remain axial during fires.  Structural failure of a floor or another wall 
assembly supported by the wall, or supporting the wall during a fire 
can create eccentricities in the loads upon that wall.  Even when the 
loads on the wall do not shift because of other structural failures, 
eccentricities will develop as the studs in the wall are attacked by fire.  
Figure 2 shows the studs in a loadbearing wall immediately following 
a standard CAN/ULC-S101 fire-resistance test.  Bowing of the studs 
out of the plane of the wall and away from the fire is clearly visible.  
This is typical of what happens in the last few minutes prior to 
structural failure of a wall when axially loaded wood-stud walls that 
are finished on both sides with gypsum board are exposed to fire.  
Heat transfer through the gypsum board first warms and then induces 
char formation on the edge of the stud in direct contact with the 
gypsum board on the fire-exposed side of the wall.  As that heated 
zone and char layer deepens, the centre of the stud’s resistance to the 
applied structural load shifts towards the edge of the stud that is 
furthest away from the heat and fire.  As a result, the applied load 
becomes more and more eccentric and ultimately brings about 
bowing of the studs out of the plane of the wall and away from the 
fire (Richardson).  These bowing effects create tension loads on the 
wood fibres along the edge of the stud that is not exposed to the fire. 
It has been observed during fire tests of wood-stud walls finished on 
each side with 15.9-mm Type X gypsum board, that charring of the 
studs commences along those edges of the studs in contact with the  
     Figure 2 Stud wall after fire test 
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wallboard on the fire exposed side of the wall after about 22 minutes.  Forintek’s WALL2D fire model 
indicates (Figure 3) that after 55 minutes of standard fire exposure, char formation has reduced the depth 
of the studs by more than 17-mm (from 89 to 72-mm).  In standard fire endurance tests of 1-h fire-
resistance-rated walls, bowing of the studs away from the fire becomes significant after about 55 min.   
 

 
Figure 3 WALL2D prediction of fire performance of wood-stud wall after 55 min standard 

fire exposure 
 
Fire statistics published by the National Fire Protection Association which examined the major causes of 
fatalities in dwelling fires concluded that only 0.2 percent were attributable to fires where floors, walls or 
combinations of walls and floors collapsed.  Quite simply, we almost never see modern wood-frame 
buildings collapsing during fires.  Nevertheless, because it is the scenario that poses the most serious 
possible consequences that could occur in a building fire, it is the scenario that is of gravest concern to 
building and fire officials, particularly after the “9-11” collapse of the World Trade Center in New York 
City.  The possibility, no matter how remote, that the adhesives in fingerjoined studs may melt or 
thermally decompose resulting in catastrophic structural failure of loadbearing walls is the primary worry 
of building and fire officials with respect to fingerjoined studs.  Will the fingerjoints in SPS-3 “vertical 
stud use only” studs suddenly/instantaneously fail when subjected to the tension loads that develop in 
studs when vertically loaded wood-stud walls are involved in fires; or will the fingerjoints hold together 
and permit the studs to undergo the same steady gradual bowing until failure occurs that is observed with 
conventional wood studs?  That is the question in the minds of building and fire officials.  That is the 
question this project attempts to answer. In responding to that question, the approaches employed (tension 
tests at elevated temperatures and standard fire-resistance tests) were chosen because they were the ones 
that were most likely to dispel the concerns of building and fire officials.  
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5 Materials and Methods 
 
5.1 Materials 
 
All materials used in this study were grade stamped and the mill or manufacturer identified.  The 
following materials were used in the study: 

♦ Nominal 2x4 (38-mm by 89-mm) No. 3/Stud grade SPF fingerjoined studs manufactured with a 
PVA adhesive and complying with the requirements of NLGA SPS-3. 

♦ Nominal 2x4 No. 3/Stud grade SPF fingerjoined studs manufactured with an isocyanate adhesive 
and complying with the requirements of NLGA SPS-3. 

♦ Nominal 2x4 No. 2 grade SPF fingerjoined lumber manufactured with a PRF adhesive and 
complying with the requirements of NLGA SPS-1. 

♦ Nominal 2x3 (38-mm by 64-mm) No. 3/Stud grade SPF fingerjoined studs manufactured with a 
PVA adhesive and complying with the requirements of NLGA SPS-3. 

♦ Nominal 2x4 No. 1 and No. 2 SPF S-DRY lumber. 
♦ Nominal 2x3 No. 1 and No. 2 SPF S-DRY lumber. 

 
Note: Fingerjoined studs complying with the requirements of NLGA SPS-3 are commonly manufactured 

using relatively short pieces of lumber.  Consequently, it is not uncommon to find four or more 
fingerjoints in a single stud.  On the other hand, lumber complying with the requirements of 
NLGA SPS-1 is often manufactured using somewhat longer pieces of lumber.  For this study, only 
fingerjoined lumber complying with the requirements of NLGA SPS-1 manufactured using only 
relatively short pieces of lumber was used. 

 
A number of the pieces of nominal 2x4 SPF No. 3/Stud grade SPS-3 fingerjoined “vertical use only” 
studs manufactured with isocyanate adhesive, and nominal 2x4 SPF No. 2 grade SPS-1 finergjoined 
lumber manufactured with PRF adhesives were sawn (“ripped”) lengthways in order to create 38-mm by 
64-mm (nominal 2x3) studs.  
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5.2 Performance of fingerjoined lumber exposed to sub-charring temperatures 
and tension loads 

 
The structural performance of fingerjoined lumber exposed to tension loads and sub-charring 
temperatures was evaluated using methods described by Lau.  The test apparatus consisted of a pair of 
aluminum platens, insulated on the outside and heated electrically inside.  Each platen was 2440-mm 
long: 100-mm wide; and 50-mm thick and was constructed from two 25-mm thick aluminum plates 
laminated together.  The heating rods embedded inside the aluminum plates were 2500-mm long and ran 
parallel to the longitudinal axis of the platens.  A microprocessor-based controller regulated the 
temperature of the platens.  A manually operated mechanical clamping device forced the platens against 
the wide faces of the specimens during heating.  Heat was transferred from the platens to the specimens 
by conduction.  The actual length of the specimens exposed to the heat within the platens was 
approximately 2440-mm.  Figure 4 shows cross- and longitudinal-section views of the apparatus.  The 
complete mechanism was installed in a lumber tension-testing machine.  The length of the member 
between the grips of the tension machine was 3660-mm.  The longest SPS-3 fingerjoined lumber 
available was only 10 feet (3.048-m).  To accommodate the distance between the tension-machine grips, 
short pieces of solid-sawn lumber were attached to the ends of the fingerjoined lumber specimens using 
steel plates and bolts.  These “extensions” were outside the heating apparatus and did not impact on the 
test results.    
 
Prior to commencing the testing, the platens were allowed to heat until a constant designated temperature 
was achieved.  The “start time” was the moment when contact was made between the hot platens and the 
specimen.  Once in contact with the specimen, the platens were maintained in position and at a constant 
exposure temperature.  The tension test was initiated 1500 s (25 min) after the start time.  Just prior to 
initiation of the tension test, the clamping pressure on the platens was reduced to ensure there was no 
friction between the specimen and platens.  The tension load was increased by displacing the grips of the 
tension-testing machine at a constant rate of 61 mm/h.  The loading histories were recorded with a 
microprocessor-based data acquisition system.  The primary value computed was the maximum tension 
load (failure stress – MPa). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Cross- and longitudinal-section views of heating apparatus 
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The following exposure temperatures were used: ambient (roughly 20ºC), 150ºC, 200ºC, and 250ºC.  
 
Prior to testing, the specimens were conditioned in a chamber to the equilibrium moisture content 
corresponding to 21ºC and 50 percent relative humidity.  Just before testing, the dimensions, weight and 
moisture content (moisture meter) of each specimen were determined.  Also, the modulus of elasticity 
(MOE) of each specimen was measured using a MetriguardR e-computer.   
 
The following materials were tested:  

 Nominal 2x4 No. 3/Stud grade SPF fingerjoined studs manufactured with a PVA adhesive and 
complying with the requirements of NLGA SPS-3. 

 Nominal 2x4 No. 3/Stud grade SPF fingerjoined studs manufactured with an isocyanate adhesive 
and complying with the requirements of NLGA SPS-3. 

 Nominal 2x4 No. 2 grade SPF fingerjoined lumber manufactured with a PRF adhesive and 
complying with the requirements of NLGA SPS-1. 

 Nominal 2x4 No. 1 and No. 2 SPF S-DRY lumber. 

 
5.3 Fire resistance of gypsum-board-protected wood-stud walls constructed with 

fingerjoined lumber 
 
Fire resistance tests were carried out using an intermediate-scale fire-resistance furnace at the National 
Research Council Canada (NRC).  This furnace uses a series of hydraulic jacks equally spaced along the 
bottom of the assembly to apply structural loads to wall specimens.  The loads applied to the walls during 
these tests were the maximum permitted under Canadian design specifications (CAN/CSA-O86-01).  The 
fire exposure was that specified in CAN/ULC-S101 and ASTM E 119. 
 
The maximum height of test specimens in the furnace was 1.930-m; the length was 1.320-m. 
 
Four walls were constructed.  Each was 1.93-m high and 1.22-m long.  Each wall had two bottom plates 
(to distribute the load) and one top plate.  Each wall was constructed with four studs: one at each end and 
two, 200-mm on either side of the centreline. In an attempt to replicate the bowing of studs that is 
observed near the failure-point of standard fire-resistance tests on 3.048-m high loadbearing walls 
constructed with nominal 2x4 studs, nominal 2x3 (38-mm by 64-mm) studs were used for these 
intermediate-scale fire tests. The walls were finished on each side by a single piece of 12.7-mm Type X 
gypsum board (there were no joints in the wallboard).  Wallboard screws spaced 300-mm apart were used 
to attach the gypsum board to the assemblies.  A fifth wall exactly like the other four, only finished on 
each side by a single piece of 15.9-mm Type X gypsum board, was constructed with nominal 2x3 No. 
3/Stud grade SPF NLGA SPS-3 “vertical use only” studs manufactured with a PVA adhesive.   
 
The studs used in construction of the walls were: 

 Nominal 2x3 SPF S-Dry No. 1 and No. 2 lumber. 
 Nominal 2x3 SPF No.3/Stud grade fingerjoined lumber manufactured with a PVA adhesive and 

complying with the requirements of NLGA SPS-3.  
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 Nominal 2x4 SPF No. 3/Stud grade fingerjoined lumber manufactured with an isocyanate 
adhesive and complying with the requirements of NLGA SPS-3; sawn lengthwise to create 38-
mm by 64-mm (nominal 2x3) studs. 

 Nominal 2x4 SPF No. 2 grade fingerjoined lumber manufactured with a PRF adhesive and 
complying with the requirements of NLGA SPS-1; sawn lengthways to create 38-mm by 64-mm 
(nominal 2x3) studs. 

 
When constructing the walls with studs fabricated by sawing nominal 2x4 lumber lengthways into 
nominal 2x3 studs, the “ripped” edges of the studs were oriented towards the fire-exposed side of the 
walls.  
 
The 38-mm wide gaps between the ends of the test walls and the sides of the furnace test frame were 
filled with ceramic-fibre insulation. 
 
The structural loads on the walls during the fire tests are shown in Table 1.  
 
Table 1 Applied loads on walls for fire tests (maximum factored resistance CSA-O86-01) 
 

Material Factored compressive 
resistance parallel to 

grain - Pr 
N 

Factored compressive 
resistance perpendicular 

to grain - Qr 
N 

Applied Load 
by wall length 

 
N 

38-mm by 64-mm No. 1 & 2 SPF S-Dry 
lumber 

11798 10231 (governs) 22641 

38-mm by 64-mm SPS-3 No. 3/Stud-grade 
SPF fingerjoined lumber manufactured 
with  a PVA adhesive 

8719 (governs) 10231 19196 

38-mm by 64-mm SPS-3 No. 3/Stud-grade 
SPF fingerjoined lumber manufactured 
with  an isocyanate adhesive 

8719 (governs) 10231 19196 

38-mm by 64-mm SPS-1 No. 2 grade SPF 
fingerjoined lumber manufactured with  a 
PRF adhesive 

11798 10231 (governs) 22641 

 
 

6 Results and Discussion 
 
6.1 MOE of studs 
 
For structural design purposes, CSA-O86-01 assigns SPS-1 fingerjoined lumber the same MOE values as 
solid-sawn wood products of similar grade, species group and size.  The NBCC assigns fingerjoined SPS-
3 “vertical stud-use only” lumber the same MOE values as solid-sawn No. 3/Stud grade lumber, unless 
grade-stamped otherwise.  The “specified modulus of elasticity”, E, and “modulus of elasticity for design 
of compression members”, E05, assigned by CSA-O086-01 for SPF No. 1 and No. 2 SPF lumber are 9500 
and 6500 MPa respectively.  For No. 3/studs, they are 9000 and 5500 MPa respectively. 
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A summary of the transverse vibration MOE values for 20 to 34 pieces of each material used in this study 
is shown in Table 2. 
 
Table 2 Transverse vibration MOE of test specimens 
 

Transverse Vibration Modulus of Elasticity 
(20-24 pieces per category) 

(GPa) 
Material 

Mean Minimum Maximum 
SPF No. 1 & No. 2 solid-sawn lumber 11.2 7.5 14.3 
No. 2 grade SPF fingerjoined lumber 
SPS-1 (PRF adhesive) 

9.9 7.5 12.6 

No. 3/Stud grade SPF fingerjoined 
lumber SPS-3 (isocyanate adhesive)   

10.5 8.8 12.4 

No. 3/Stud grade SPF fingerjoined 
lumber SPS-3 (PVA adhesive) 

9.0 7.1 10.9 

 
The results of an assessment of the distribution of MOE values among 160 pieces of nominal 2x4 SPF S-
DRY No. 1 and No. 2 studs used in a separate study on the fire resistance of wood-frame walls are shown 
in Figure 5 (Richardson and Onysko).  None of the 160 pieces in that study had a MOE that was less than 
the assigned Eo5 (6500 MPa).  The MOE of 76% of the pieces were greater than the assigned E (9500 
MPa).  The MOE of three pieces were more than 260% of the assigned E05.   
 
The distribution of MOE values for the various specimens used in this study are shown in Figures 6 to 9.  
While only a limited number of specimens were tested, the distribution of MOE values for the nominal 
2x4 SPF No. 1 and No. 2 lumber used in this study was not dissimilar from that shown in Figure 5.   
 
Again, while the MOE of only a limited number of specimens of each type of fingerjoined lumber were 
measured in this study, as may be seen in figures 7 though 9, none of the pieces had MOE values that 
were less than the assigned E05 (5500 or 6500 MPa) for their respective grades.  Depending upon the 
grades of fingerjoined lumber and adhesives used in their manufacture, the MOE of between 60 and 95% 
of the pieces were greater than the assigned E (9000 or 9500 MPa) values.  
 
Many building officials believe that the structural fire resistance of wood-stud walls can be attributed in 
part to the fact that most solid-sawn wood studs have considerably greater strength than the CSA-O86-01 
engineering design standard assigns for the specific grade species and size.  At the same time, some of 
these officials go on to argue that while the strength properties of fingerjoined studs are more consistent, 
they are generally less than those of visually-grade solid-sawn wood studs.  Therefore they suggest that, 
all other things being equal, the fire resistance of a wall constructed with fingerjoined studs will not be as 
great as that for a wall constructed with solid-sawn wood studs.  While admittedly limited to a very small 
“population size” (20-24 specimens of each material), and acknowledging that the relationship between 
the stiffness and other mechanical properties of wood is not exact, the data described above tends to refute 
the basic premise of these building officials.   
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Figure 5 Modulus of elasticity of SPF No. 1 and No. 2 lumber used in an earlier study by 

Richardson and Onysko 
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Figure 6 MOE of SPF No. 1 & No. 2 lumber 
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Figure 7 OE of SPF No. 2 grade SPS-1 (PRF) FJ lumber 
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MOE  SPF No. 3/Stud grade SPS-3 (isocyanate-based adhesives) FJ Studs
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Figure 8 OE of SPF No. 3/Stud grade SPS-3 (isocyanate adhesive) FJ studs 
 

MOE  SPF No. 3/Stud grade SPS-3 (PVA) FJ Studs

5000

6000

7000

8000

9000

10000

11000

12000

13000

14000

15000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

M
O

E 
(M

Pa
)

 
Figure 9 MOE of SPF No. 3/Stud grade SPS-3 (PVA) FJ studs 
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6.2 Performance of fingerjoined lumber exposed to sub-charring temperatures 
 
As noted earlier, in the final moments before structural failure occurs during a fire all axially loaded 
wood-stud walls bow out of the plane of the wall and away from the fire.  This mode of failure places 
those wood fibres near the edges of the studs that are furthest away from the fire under tension stresses.  
The temperature of those fibres is usually significantly less than the charring temperature of wood when 
the bowing occurs.  Because this failure mode is well documented, and because evaluating the 
performance of lumber under tension loads and elevated temperatures is the simplest and least costly 
means of estimating such effects, it is the kind of empirical method that building officials might be likely 
to specify for acceptance of fingerjoined lumber.  Therefore, Forintek conducted tests to determine the 
effects that elevated (sub-charring) temperatures and tension loads have on fingerjoined lumber.  
 
It is generally accepted that most SPF lumber is reduced to char at approximately 288ºC. Figure 10 
illustrates the effects of sub-charring temperatures on the ultimate tension strength of Lodgepole pine, one 
of the component species within the SPF grade species (Lau). These data establish a baseline with which 
to compare the solid-sawn and fingerjoined lumber investigated in this study. They also demonstrate that 
Lodgepole pine lumber loses more than one-half of its strength in tension when heated to 200ºC and 
almost two-thirds when heated to 250ºC.  Therefore, notwithstanding the effects of 150 to 250ºC 
temperatures on the adhesives in fingerjoined lumber, fingerjoined lumber can be expected to lose a 
substantial portion of its strength in tension loads when subjected to temperatures greater than 100ºC. 
 
 Ultimate Tension Strength at Elevated Temperatures

Solid-sawn Lodgepole Pine Lumber  
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Figure 10  Effect of elevated (sub-charring) temperatures and tension loads on Lodgepole pine 

lumber (Lau) 
 
Figure 11 summarises the results of tests assessing the structural performance of SPF No. 1 and No. 2 
lumber, SPF No. 2 SPS-1 (PRF) fingerjoined lumber and SPF No. 3/Stud grade SPS-3 (PVA and 
isocyanate adhesive) fingerjoined lumber subjected to tension loads and sub-charring temperatures.   
 



Fire Performance of Loadbearing Walls with Fingerjoined Studs 

 
 
 
 

 
 

14 of 28 
 

Usual methods for evaluating the strength properties of lumber require between 30 and 60 “matched” 
specimens to be tested under each exposure condition in order to have statistical confidence in the validity 
of the results.  Only a limited number of specimens were tested under each exposure level in this study. 
While the MOE of each piece was assessed prior to testing, no attempt was made to use “matched” 
specimens with similar MOE values. Also, no attempt was made to select SPF No. 1 and No. 2 lumber 
with strength properties matching those of the Lodgepole pine lumber employed in Lau’s study. Finally, a 
constant rate of displacement of the grips attached to the two ends of the specimens (61 mm/h) was used 
in this study: Lau’s tests were carried out at a constant rate of loading (0.067 kN/s).   
 
The SPF No. 1 and No. 2 lumber used in this study lost about one-half of its strength in tension when 
heated to 200ºC and almost two-thirds when heated to 250ºC. Failures were due to fracture of the wood at 
naturally occurring defects (knots, etc.).   This is entirely consistent with Lau’s observations.   
 
Because only a limited number of unmatched specimens were tested, and because of differences in 
lumber grade, no conclusions should be drawn about the differences in failure stresses among the various 
specimens under ambient conditions.  
 
The specimens of SPS-1 fingerjoined lumber lost about one-half of their strength in tension when heated 
to 150ºC and about 60% when heated to 200ºC.  The SPS-3 fingerjoined lumber fabricated with 
isocyanate adhesive lost about two-thirds its strength in tension when heated to 150ºC and about three-
quarters when heated to 200ºC.  The SPS-3 fingerjoined lumber fabricated with PVA lost more than 90% 
of its strength in tension when heated to 150ºC and essentially all its strength when heated to 200ºC.   
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Figure 11  Effects of exposure temperatures and tension loads on ultimate tension strength of 
solid-sawn and fingerjoined lumber 
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It is common practice to evaluate the performance of adhesives for wood in terms of the percentages of 
“wood” and “bond” failure in the joint region. Table 3 summarises the failures in SPF No. 2 SPS-1 (PRF) 
fingerjoined lumber and SPF No. 3-Stud grade SPS-3 (PVA and isocyanate adhesive) fingerjoined lumber 
subjected to elevated temperatures and tension loads. The results for SPF No. 2 SPS-1 lumber are 
somewhat misleading since many of the failures observed in regions of the fingerjoints were caused in 
part by breakage of the wood at naturally occurring wood defects at those same locations.  While many of 
the failures at ambient and 150ºC temperatures in SPF No. 3/Stud grade SPS-3 fingerjoined lumber 
manufactured with isocyanate adhesive occurred in the regions of the fingerjoints, the failures were again 
caused in part by breakage of the wood at naturally occurring wood defects at those same locations.  
Every piece of SPF No. 3/Stud grade SPS-3 lumber manufactured with PVA adhesive failed due to the 
fingerjoints pulling apart, including those tested at ambient temperature. 
  
Table 3  Mode of failure in fingerjoined lumber under sub-charring temperatures and 

tension loads  
Approximate percentage glue-bond failure in fingerjoined lumber 

(20 each) Material 
Ambient Temp. 150ºC 200ºC 250ºC 

SPF No. 2 SPS-1 (PRF) 
lumber 

50%  40%  none 10%  

SPF No. 3/Stud grade  
SPS-3 (isocyanate) studs 

20%  20%  100%  100%  

SPF No. 3/Stude grade SPS-3 
(PVA) FJ studs 

100%  100%  100%  100%  

 
Based only on the proportion of “wood” and “glue-bond” failure in each failed piece of fingerjoined 
lumber, one might reasonably conclude that, when exposed to temperatures up to 250ºC, the adhesives in 
each piece of SPF No. 2 SPS-1 fingerjoined lumber fabricated with PRF adhesives has as much strength 
in tension as the wood fibres in the pieces of lumber that the fingerjoints hold together.  Similarly, one 
could conclude that the adhesives in each piece of SPF No. 3/Stud grade SPS-3 fingerjoined lumber 
fabricated with isocyanate adhesive has as much strength in tension, when exposed to temperatures up to 
200ºC, as the wood in the pieces of lumber that the fingerjoints hold together.  Finally, these tests indicate 
that even under ambient conditions, the adhesives in each piece of SPF No. 3/Stud grade SPS-3 
fingerjoined studs fabricated with PVA have less strength in tension (average ultimate failure strength at 
ambient temperature of 14 MPa) than the wood in the pieces that the fingerjoints hold together. 
 
While the above observations might provide some guidance in establishing a minimum temperature for 
tests to determine the acceptance of adhesives being used in the manufacture of fingerjoined lumber, they 
do not provide any indication of how fingerjoined lumber products might perform as studs in a wall 
during a fire.  For that reason alone, the wood industry should discourage building officials from 
specifying such tests for acceptance of fingerjoined studs in fire-resistance-rated walls.   
 
Figures 12 through 15 illustrate the effects of sub-charring temperatures and tension loads on SPF No. 1 
and No. 2 lumber, SPF No. 2 SPS-1 (PRF) fingerjoined lumber and SPF No. 3/Stud grade SPS-3 (PVA 
and isocyanate adhesive) fingerjoined “vertical use only” lumber.  
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It is important to understand that the many photographs comprising Figures 13 through 15 were selected 
to show the various kinds of failures that occurred in fingerjoined specimens.  As noted earlier, these 
ranged from the fingerjoints completely pulling apart to total breakage of the wood fibres at naturally 
occurring defects in the wood. As can be readily observed in Figures 13 and 14, failures in the SPF No. 2 
SPS-1 fingerjoined lumber and SPF No. 3/Stud grade SPS-3 studs fabricated with isocyanate adhesive 
were usually a combination of both part of the fingerjoint pulling apart and fracture of the wood at that 
location.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12 Effects of sub-charring temperatures and tension loads on SPF No. 1 & No. 2 

solid-sawn lumber  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13 Effects of sub-charring temperatures and tension loads on SPF No. 2 SPS-1 

fingerjoined lumber manufactured with PRF adhesive 
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Figure 14 Effects of sub-charring temperatures and tension loads on SPF No. 3/Stud grade 

SPS-3 fingerjoined studs manufactured with isocyanate adhesive 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15 Effects of sub-charring temperatures and tension loads on SPF No. 3/Stud grade 

SPS-3 fingerjoined studs manufactured with PVA adhesive 
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6.3  Fire resistance of gypsum-board-protected wood-stud walls constructed with 
solid-sawn and fingerjoined lumber  

 
In order to assure consistency in performance, standard fire resistance tests are usually carried out on 
wood-frame assemblies subjected to the maximum structural loads permitted by nationally recognised 
design standards (i.e. CAN/CSA-O86-01 for wood design in Canada).  As a result, the structural load 
applied to a wood-frame wall constructed with No. 1 and No. 2 SPF studs spaced 610-mm o.c. is 35% 
less than the load applied to a similar wall constructed with studs spaced 406-mm o.c.  Experience has 
demonstrated that the fire resistances for the two assemblies are essentially identical.  For the same 
reason, the fire resistance of a wall constructed with SPF No. 3/Stud-grade lumber spaced 406-mm o.c. 
should be approximately the same as the fire resistance of an identical wall constructed with SPF No. 1 
and No. 2 lumber spaced 406-mm o.c., even though the applied load on the latter assembly is 25% greater 
than on the former one.   
 
For the fire resistance tests carried out in this study, each wall was subjected to the maximum structural 
load as determined in accordance with CSA-O86-01.  That meant that the walls constructed with SPF No. 
1 and No. 2 lumber, and SPF No. 2 SPS-1 (PRF) fingerjoined lumber were subjected to loads 15% greater 
than the walls constructed with the SPF No. 3/Stud grade SPS-3 “vertical stud use only” fingerjoined 
lumber.  However, as noted above, these differences in structural loads were not expected to have any 
significant impact on the fire resistances of the assemblies.   
 
The repeatability and reproducibility of all fire tests are notoriously poor, and fire resistance tests are 
considered some of the worst.  Many fire scientists suggest that the best that can be achieved in fire 
resistance tests is ±5 min for 1-h fire-resistance-rated assemblies.  The fire-resistance furnaces at the NRC 
are highly automated and computer controlled.  In fire-resistance tests carried out by them for other 
studies, they have found the repeatability of their tests to be about ±2 min for 1-h fire resistance rated 
assemblies.  The furnace used in this study was new.  While they had no information on its repeatability, 
it is of similar construction to their other furnaces and is controlled in exactly the same way.  Therefore, 
there was no reason to expect its repeatability to be worse than that of their other furnaces.   
 
Table 4 summarises the results of the intermediate-scale fire-resistance tests on the five walls.  
 
Table 4 Results of intermediate-scale fire-resistance tests on walls 
 

Test Studs 
Applied 

Load 
(N) 

Fire 
Endurance 

(min/s) 

Failure 
Mode 

1 Nominal 2x3 SPF  
No. 1 & No. 2 Lumber 

22641 36:39 Structural (excessive bowing) 

2 Nominal 2x3 SPF No. 2  
SPS-1 (PRF) fingerjoined lumber 

22641 35:33 Structural (excessive bowing; 
no separation of fingerjoints) 

3 Nominal 2x3 SPF No. 3/Stud 
grade SPS-3 (isocyanate) 

fingerjoined lumber 

19196 42:28 Structural (excessive bowing; 
(separation of fingerjoint in one end-

stud) 



Fire Performance of Loadbearing Walls with Fingerjoined Studs 

 
 
 
 

 
 

19 of 28 
 

Test Studs 
Applied 

Load 
(N) 

Fire 
Endurance 

(min/s) 

Failure 
Mode 

4 Nominal 2x3 SPF No. 3/Stud 
grade SPS-3 (PVA) fingerjoined 

lumber 

19196 31:12 Structural (excessive bowing; 
separation of all fingerjoints) 

5 Nominal 2x3 SPF No. 3/Stud 
grade SPS-3 (PVA) fingerjoined 

lumber1 

19196 36:44 Structural (excessive bowing; 
separation of all fingerjoints) 

1. One layer 15.9-mm Type X gypsum board on each side  
 
In each test, failure was due to the studs in the walls bowing out of the plane of the wall and away from 
the fire.  While measurements of the amount of bowing were not made, in every case, it was greater than 
100-mm and was sufficient that the walls, at mid-height, were forced out of the furnace frame and hot fire 
gases could escape from the furnace between the specimen frame and the outer studs in the walls.  It is 
important to note that in every case, the bowing was only noticeable during the last three or four minutes 
of the tests.  Most importantly, in every case, there was no abrupt collapse of the walls: only a continually 
increasing amount of bowing outwards by the studs during the final minutes.  Fear of the sudden collapse 
of a wall with no obvious indications of its impending failure is the catastrophic event that had originally 
raised concerns in the minds of building and fire officials about fingerjoined studs.  This phenomenon 
was not observed during any of the tests on walls constructed with fingerjoined studs.    
 
An examination of the wall following the test revealed that in Test No. 1 (nominal 2x3 SPF No. 1 and No. 
2 lumber), no studs had broken during the test.  
 
An examination of the wall following the test revealed that in Test No. 2 (nominal 2x3 SPF No. 2 SPS-1 
fingerjoined lumber fabricated with a PRF adhesive), no studs had broken during the tests and no 
fingerjoints had separated. 
 
An examination of the wall following the test revealed that in Test No. 3 (nominal 2x3 SPF No. 3/Stud 
grade SPS-3 fingerjoined lumber fabricated with an isocyanate adhesive), one fingerjoint in the end stud 
on one side of the wall had separated during the test. None of the fingerjoints in the other three studs 
separated and the studs did not break.  The reason the one fingerjoint pulled apart could not be 
ascertained.  
 
An examination of the walls following the tests revealed that in both Tests No. 4 and 5 (nominal 2x3 SPF 
No. 3/Stud grade SPS-3 fingerjoined lumber fabricated with a PVA adhesive), all the fingerjoints in all 
the studs had separated during the tests. It was obvious that the PVA adhesive in the fingerjoints had 
melted during the test thereby permitting the fingerjoints to act as hinges once each stud’s centre of 
resistance to the load was sufficiently eccentric.  However, there was no evidence that failure of the 
fingerjoints in the studs hastened structural failure of the two walls. And as noted above, there was no 
abrupt collapse of the walls. 
 
Figures 16 through 20 depict the average temperatures measured during fire-resistance tests on each wall.  
It is important to note that, in every case, the temperatures of the wood fibres on the edges of the studs in 
direct contact with the gypsum board on the unexposed sides of the walls were less than 100ºC when the 
walls were deemed to have failed.  At the same time, it should also be noted that PVA adhesives have 
been observed to melt at temperatures as low as 60ºC. 
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Figure 16 Assembly temperatures for wall fabricated with nominal 2x3 SPF No. 1 & No. 2 

lumber 
 

Nominal 2x3 SPF No. 2 SPS-1 (PRF) FJ lumber
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Figure 17 Assembly temperatures for wall fabricated with nominal 2x3 SPF No. 2 SPS-1 
(PRF) fingerjoined lumber 
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Nominal 2x3 SPF No. 3/Stud grade SPS-3 (isocyanate) FJ lumber
12.7-mm gypsum board
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Figure 18 Assembly temperatures for wall fabricated with nominal 2x3 SPF No. 3/Stud grade 
SPS-3 (isocyanate) fingerjoined lumber and 12.7-mm Type X gypsum board 

 
 

SPS-3 PVA FJ studs
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Figure 19 Assembly temperatures for wall fabricated with nominal 2x3 SPF No. 3/Stud grade 
SPS-3 (PVA) fingerjoined lumber and 12.7-mm Type X gypsum board 
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SPS-3 PVA FJ studs
15.9-mm gypsum board
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Figure 20 Assembly temperatures for wall fabricated with nominal 2x3 SPF No. 3/Stud grade 

SPS-3 (PVA) fingerjoined lumber and 5.9-mm Type X gypsum board 
 
 
Figure 21 shows the two fingerjoints fabricated with PVA adhesives following the intermediate-scale fire 
resistance tests. 
 
 

 
Figure 21 Fingerjoints fabricated with PVA adhesive following fire resistance tests. 
 
Figures 22 through 25 illustrate the appearance of the walls and the studs in those walls following the fire 
tests. 
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Figure 22  Wall assembly fabricated with nominal 2x3 SPF No. 1 & No. 2 lumber following 

fire test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23  Wall assembly fabricated with nominal 2x3 SPF No. 2 SPS-1 (PRF) fingerjoined 

lumber following fire test 
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Figure 24  Wall assembly fabricated with nominal 2x3 SPF No. 3/Stud grad SPS-3 

(isocyanate) fingerjoined lumber following fire test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 25 Wall assembly fabricated with nominal 2x3 SPF No. 3/Stud grade SPS-3 (PVA) 

fingerjoined lumber following fire test 
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In recent years, newer PVA adhesives have come onto the market for use in manufacturing fingerjoined 
lumber.  It is possible that there may be PVA adhesives that perform differently from the one evaluated in 
this study.  However, it was assumed that the PVA adhesive used in the manufacture of the specific SPS-
3 PVA studs used in this study was representative of that used in Canada since large quantities of these 
studs are exported to the United States for general use in house construction.  These fingerjoined studs are 
typical of the fingerjoined lumber products that are of greatest concern to American building officials.   
 
As discussed earlier, most conventional wood studs generally have greater strength than CSA-O86-01 
assigns for the specific grade species.  Experience in fire testing has demonstrated that higher fire-
resistance ratings can be obtained for wood-frame walls by selecting only those studs with the highest 
MOE when constructing wall specimens.  That was not done in these tests.  Both the fingerjoined and 
non-fingerjoined studs were randomly selected, and not intentionally biased one way or another.   
 
The following caveats appear in ASTM E 119: 

1.4 These test methods prescribe a standard fire exposure for comparing the test 
results of building construction assemblies.  The results of these tests are one factor in 
assessing predicted fire performance of building construction and assemblies.  
Application of these test results to predict the performance of actual building 
construction requires evaluation of test conditions.   
4.2 The test exposes a specimen to a standard fire controlled to achieve specified 
temperatures throughout a specified time period…..The test provides a relative measure 
of the fire-test-response of comparable assemblies under these fire exposure conditions.  
The exposure is not representative of all fire conditions because conditions vary with 
changes in the amount, nature and distribution of fire loading, ventilation, compartment 
size and configuration, and heat sink characteristics of the compartment.  Variation from 
the test conditions or specimen construction, such as size, materials, method of assembly, 
also affects the fire-test-response.   

 
In effect, these caveats are simply warning users that standard fire resistance tests are used to compare the 
relative fire performance of construction assemblies, and that great care should be exercised when using 
the results from such tests to predict the performance of construction assemblies under actual conditions 
of use.  
 
Depending upon design and construction details for the specific test assembly, full-scale standard fire-
resistance tests for wood-frame wall assemblies may cost between $20,000 and $30,000 per test.  To 
minimise costs in this study, intermediate-scale fire resistance tests were utilised.  However, it must be 
noted that the performance of the 1.93-m high wall constructed with nominal 2x3 SPF No. 1 and No. 2 
studs and finished on both sides with Type X gypsum board almost exactly mirrored the performance of 
3.05-m high walls constructed with nominal 2x4 SPF No. 1 and No. 2 studs and finished on both sides 
with Type X gypsum board in full-scale fire resistance tests carried out by NRC for another study (Kodur 
et al.).  This includes overall fire-resistance periods (ratings), temperatures within the assemblies during 
the tests, and bowing of walls during the last few minutes of the tests. 
 
One final point must be made in regard to the fire resistance tests carried out for this study.  Where 
required by the conditions for acceptance (building codes), duplicate test specimens are subjected to the 
impact, erosion and cooling effects of a hose stream immediately after being subjected to a fire resistance 
test for a time period of one-half the fire-resistance rating determined from the test on the initial 
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specimen.  (Note: Hose stream tests are not required for assemblies with fire resistance ratings of less than 
one-hour)  The hose stream is delivered through a 64-mm fire hose discharging through a specified 
playpipe.  Hose stream tests were not carried out for this study.  Nevertheless, it is reasonable to state that 
if the fingerjoints in a stud were no longer holding the pieces of wood comprising the fingerjoined stud 
together, the impact of the hose stream on the wall would cause the wall to collapse. Building codes 
throughout North American do not require major loadbearing elements in one and two-family houses to 
be fire-resistance rated.  Therefore, for those structures, issues related to hose stream tests are not 
relevant.  However, in larger residential, and many non-residential buildings, building codes require 
building elements to have one-hour fire resistance ratings.   
 
   

7 Conclusions 
 
While only a limited number of specimens of each type of fingerjoined lumber were utilised in this study, 
the MOE of those studs were far greater than the “modulus of elasticity for design of compression 
members” assigned by CSA-O86-01 (5500 or 6500 MPa) for the respective grades.  Depending upon the 
grades of fingerjoined lumber and adhesives used in their manufacture, the MOE of between 60 and 95% 
of the pieces were greater than the “specified modulus of elasticity” assigned by CSA-O86-01 (9000 or 
9500 MPa).  Many building officials believe that while the strength properties of fingerjoined studs are 
more consistent, their average strength properties are less than those of visually-grade conventional wood 
studs, and therefore, the fire resistance of walls constructed with fingerjoined studs may not be as great as 
those of walls for constructed with conventional wood studs.  While admittedly limited to an evaluation 
of MOE of a very small “population size” (20-24 specimens of each material), the data generated in this 
study does not support their contention.   
 
SPF No. 1 and No. 2 lumber lost about one-half of its strength in tension when heated to 200ºC and 
almost two-thirds when heated to 250ºC.  Specimens of SPF No. 2 SPS-1 (PRF) fingerjoined lumber lost 
about one-half of their strength in tension when heated to 150ºC and about 60% when heated to 200ºC.  
The SPF No. 3/Stud grade SPS-3 fingerjoined lumber fabricated with an isocyanate adhesive lost about 
two-thirds of its strength in tension when heated to 150ºC and about three-quarters when heated to 200ºC.  
The SPF No. 3/Stud grade SPS-3 fingerjoined lumber fabricated with a PVA adhesive lost more than 90% 
of its strength in tension when heated to 150ºC and essentially all its strength when heated to 200ºC.  
Based only on the proportion of “wood” and “glue-bond” failure in each failed fingerjoint, one might 
reasonably conclude that, when exposed to temperatures up to 250ºC, the adhesive in SPS-1 fingerjoined 
lumber fabricated with PRF adhesives has as much strength in tension as the wood fibres in the pieces of 
lumber that the fingerjoints hold together.  Similarly, one could conclude that the adhesive in each 
fingerjoint in SPS-3 fingerjoined lumber fabricated with isocyanate adhesive has as much strength in 
tension, when exposed to temperatures up to 200ºC, as the wood in the pieces that the fingerjoints hold 
together.  Finally, this study indicated that even under ambient conditions, the adhesive in each fingerjoint 
in SPS-3 fingerjoined studs fabricated with PVA has less strength in tension than the wood in the pieces 
that the fingerjoints hold together.  These observations do not provide any indication about how 
fingerjoined lumber products perform as studs in a wall during a fire.  Therefore, the wood industry 
should discourage building officials from specifying tension tests at elevated temperatures for acceptance 
of fingerjoined studs in fire-resistance-rated walls 
 
Intermediate-scale fire resistance tests were carried out on gypsum-board-protected wood-frame walls 
constructed with solid-sawn and with SPS-1 and SPS-3 fingerjoined lumber.  In each test, failure was due 
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to the studs in the walls bowing out of the plane of the wall and away from the fire.  The amount of 
bowing was sufficient that the walls were forced out of the furnace frame at mid-height, and hot fire gases 
could escape from the furnace between the specimen frame and the outer studs in the walls.  However, the 
bowing was only noticeable during the last three or four minutes of the tests.  Most importantly, in every 
case, there was no abrupt collapse of the wall: only a continually increasing amount of bowing outwards 
by the studs during the final minutes.  Fear of the sudden collapse of a wall with no obvious indications of 
its impending failure is the catastrophic event that had originally raised concerns in the minds of building 
and fire officials about fingerjoined studs.  This phenomenon was not observed during any of the fire 
resistance tests on walls constructed with fingerjoined studs.   The fire resistances of walls constructed 
with nominal 2x3 SPF No. 2 SPS-1 (PRF) lumber and nominal 2x3 SPF No. 3/Stud grade SPS-3 
(isocyanate adhesive) fingerjoined lumber were not significantly different from that of a wall constructed 
with nominal SPF No. 1 and No. 2 solid-sawn studs.   
 
The primary goal of this research was to determine if there might be any foundation for the concerns of 
building and fire officials about the fire performance of wood-frame walls constructed with fingerjoined 
studs.  None were identified.  However, the performance of walls constructed with SPF No. 3/Stud grade 
SPS-3 (PVA) fingerjoined studs in the intermediate-scale fire-resistance tests requires additional research 
since all the fingerjoints in those studs separated during the “non-standard” tests used in this study.     
 
The limited resources available for the study (it was only intended to be an exploratory study), resulted in 
some issues related to the fire performance of fingerjoined lumber not being investigated (hose-stream 
tests) and a number of others being investigated using non-standard testing procedures (intermediate-scale 
fire-resistance tests) and limited numbers of specimens (strength in tension at elevated temperatures).  
Furthermore, whenever fingerjoined lumber is used in fire-rated construction in the USA (e.g. wood-
frame apartment buildings and many non-residential buildings), the loadbearing walls of those buildings 
must have one-hour fire-resistance ratings.  Therefore, a committee composed of representatives from 
major manufacturers of fingerjoined lumber, the committee responsible for writing NLGA standards for 
fingerjoined lumber, and researchers from Forintek should be convened to review the results of this study 
and to establish future directions for the wood industry to take when addressing the concerns of building 
and fire officials about the fire performance of wood-frame walls constructed with fingerjoined studs, and 
of fingerjoined lumber in general.   
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