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Abstract 
A continually growing number of jurisdictions in Canada and the United States are placing restrictions on 
the use of engineered wood products manufactured with structural adhesives.  Since vertical-use-only 
fingerjoined wood studs are one of the products of concern, Forintek’s L. Richardson was appointed to 
chair a special task group of the American Wood Council (AWC) Subcommittee on Fire Performance of 
Wood to determine what if any fire testing should be carried out, and then to oversee those fire tests in 
order to determine if the use of vertical-use-only fingerjoined wood studs in construction of loadbearing 
walls of buildings presents a greater fire hazard and fire risk than conventional wood or light-frame steel 
studs.  Even in 2005, three Canadian manufacturers of fingerjoined studs requested that Forintek develop 
a strategy for assessing the substitutability/inter-changeability of SPS-3 vertical-use-only fingerjoined 
studs for solid-sawn wood studs in the construction of wood-frame loadbearing walls.  Therefore, 
Forintek concluded that it should focus its efforts in 2005-2006 on assessing the fire performance of 
vertical-use-only fingerjoined wood studs.  This change in direction for the project was supported by the 
project’s technical liaisons and mid-year revisions were made to reflect the change.   
 
In March 2006, a standard ASTM E 119 fire test was conducted on a wall assembly constructed with 
nominal 2x4 No. 2 (and better) SPF SPS-3 fingerjoined studs manufactured with a polyvinyl-acetate 
(PVA) adhesive, one layer of 15.9-mm Type X gypsum board on each face and 90-mm thick batts of 
mineral-fibre insulation filling the stud cavities.  The load applied to the assembly during the test was 
100% of the maximum load permitted according to the National Design Specification® for Wood 
Construction.  An identical wall constructed with Douglas fir studs had exhibited 69 minutes of fire 
resistance during tests carried out for AWC several years earlier.  
 
This wall assembly constructed with fingerjoined studs was unable to support the applied structural load 
after 49 minutes of exposure during the fire test.  The structural failure occurred very quickly and was 
complete.  .  An examination of the wall following the test determined that the nearest fingerjoints in each 
stud to a horizontal joint in the gypsum board on the unexposed face about 1.8-m above the bottom of the 
wall separated and acted as a hinge thereby permitting the studs to fold over.  There was no evidence of 
wood failure in the fingerjoints after they separated and the studs “jack-knifed”.  One fingerjoints that did 
not separate during the fire test was examined.  Tensile strength tests on that fingerjoint indicated that the 
gluebond for the fingerjoint had softened during the fire test and had then regained some of its original 
bond strength as the fingerjoint cooled.  However its recovered strength was significantly less than its 
original strength.  The average peak stress at failure for the specimens obtained from this one fingerjoint 
were about 70 percent of the average peak stress at failure for fingerjoined specimens obtained from a 
stud that was not fire-tested.  Also, in the case of the specimens obtained from one fingerjoint that did not 
separate during the fire test, the failure occurred mostly along the bondline surfaces of the joint with little 
wood failure.  In the case of the specimens from a fingerjoined stud that had not been fire tested, there 
was a great deal of wood failure (nearly 100 percent).   
 
During a series of telephone conferences to discuss the results of this fire test, Robert Glowinski, Vice-
president of the American Forest & Paper Association (AF&PA) and a lawyer, and prior to becoming 
Vice-president of AF&PA, the AWC staff member responsible for fire issues, stated that because building 
codes in the United States were specifically revised at the request of AF&PA to permit inter-
changeability/substitutability of vertical-use-only fingerjoined studs for solid sawn studs, to do nothing 
as a consequence of the results of this test is not an option.  AF&PA has legal obligations, as do each 
of the manufacturers of these products.  AF&PA and all manufacturers of these products have a legal 
obligation to move continuously and directly to address the issues raised by the results of the fire test 
and/or to make the necessary notification.   
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A Task Group consisting of representatives from the Southern Forest Products Association, Western 
Wood Products Association, West Coast Lumber Inspection Bureau, Canada’s National Lumber Grades 
Authority (NLGA), CWC, Forintek and Weyerhaeuser was appointed to work with AWC staff to identify 
and contact stakeholders in the United States and Canada and provide them with background information 
about the test.  The Task Group was also directed to develop a brief communication document to inform 
all United States and Canadian stakeholders (manufacturers) and lumber grading agencies of the results of 
the fire test, its implication for these products within the context of current building codes, and to invite 
them to a meeting to quickly develop one or more study plans on how to proceed.  At the stakeholders’ 
meeting, both technical and legal issues will be considered.  Once the stakeholders have identified the 
components of the study plan(s), they will prioritize each component of the plan and identify how each is 
to be funded.  Forintek will work with the AWC Task Group, NLGA, CWC and Canadian manufacturers 
of vertical-use-only fingerjoined studs in development and implementation of those study plans 
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1 Objectives 
To focus on member’s customers and product end-use performance through assessment of the 
performance of adhesives used in the fabrication of structural composite products when those products are 
exposed to elevated temperatures or fire by: 
• Hosting a think-tank involving a number of manufacturers of composite structural building products, 

in order to identify their research needs with respect to the performance of the adhesives used in the 
manufacturing of their products when those products are exposed to elevated temperatures or fire, and 
to establish the scope for a research project addressing those needs (objective cancelled – Nov. 15, 
2005).   

• Based upon recommendations from the think-tank exercise described above, planning the details for a 
research project which can be carried out by Forintek (and if the scope requires, with fire researchers 
at the USDA Forest Products Laboratory, and either commercial or governmental fire testing 
laboratories) to assess the performance of structural composite building products when those products 
are exposed to elevated temperatures or fire (objective cancelled – Nov. 15, 2005).   

• Carrying out the research project resulting from the two objectives identified above (objective 
cancelled – Nov. 15, 2005).   

• (new objective – Nov. 15, 2005) Demonstrating the substitutability or inter-changeability of SPS-3 
vertical-use-only fingerjoined wood studs (NLGA, 2003) with solid sawn lumber for construction of 
loadbearing walls in single family houses where explicit fire-resistance ratings are not specified and 
in multi-family residential and non-residential structures in the United States where one-hour fire-
resistance-rated construction is mandated (45-min fire-resistance-rated constructions are usually 
specified in Canada). 

 
 

2 Background 
At the same time that fire-resistance issues are becoming the gatekeepers when it comes to acceptance of 
the use of wood products in building construction, a continually growing number of jurisdictions in 
Canada and the United States are placing restrictions on the use of engineered wood products.  While 
wood trusses and I-joists are their primary focuses of concern, building officials are also casting a wary 
eye on the newer composite structural building products.  
 
The use of glued-laminated (glulam) timber beams and columns has a long history and their fire 
performance is well documented.  Since the first composite structural building products were 
manufactured with the same phenol-resorcinol-formaldehyde (PRF) adhesives that had been used with 
glulam beams and columns, or with related phenol-formaldehyde (PF) adhesives having similar 
thermal/chemical properties, there was little reason for building and fire officials to be concerned about 
the fire-resistance of these “glued” products.  However, the cost of PRF and PF adhesives, processing 
costs associated with the use of PRF and PF adhesives, and the highly visible (dark brown) glue lines 
rendered composite structural building products manufactured with PRF and PF adhesives aesthetically 
less appealing and somewhat more costly.  Therefore, adhesive manufacturers began developing and 
promoting alternative adhesives for use in the manufacture of composite structural building products.  In 
doing so, however, the adhesive manufacturers focused on the structural performance of products 
manufactured with their adhesives under “normal” conditions and not under the “extreme” conditions of 
heat and fire.  In recent months, serious concerns have been raised about the performance of some 
composite structural building products manufactured with these new adhesives.  The adhesives in 
question include polyvinyl acetate (PVA) products (which are generally assumed to be unsuitable for all 
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but vertical-stud-use-only applications) and the myriad isocyanate-based products (di-phenylmethane di-
isocyanate; also called EPI for Emulsion Polymer Isocyanate or PEP for Polyurethane Emulsion 
Polymer).  While they are billed as being thermosetting polymers which chemically decompose at 
temperatures higher than those for char formation in wood, full-scale fire tests carried out by 
manufacturers of some composite structural building materials using some of these adhesives 
demonstrated alarmingly unacceptable performance.   
 
Officials from the wood industry, including members of the Wood I-Joist Manufacturers Association 
(WIJMA) and APA – The Engineered Wood Association (APA) have been developing a proposed ASTM 
standard test method for evaluating the shear strength of adhesive bonds on glued wood products at 
elevated temperatures.  Like a test method being developed in Canada by a task group of the Canadian 
Standards Association (CSA A370.05.02 Task Group 2), the test is intended to compare the performance, 
at elevated temperatures, of new adhesives with the performance of those adhesives that historically have 
been deemed acceptable (i.e. phenol-resorcinol-formaldehyde) for the manufacture of composite 
structural building products used as structural elements in fire-rated construction..  The Canadian test 
method involves placing glued-wood shear specimens being subjected to an applied load of 2.1 MPa 
within an oven and then ramping-up the temperature of that oven, over a 30-minute time period, to 240ºC.  
The oven temperature is then held constant until the specimen’s glue-line temperature approaches 210ºC.  
Finally, the temperature of the glue-line is maintained at 220ºC until failure occurs.  The WIJMA/APA 
test method involves placing ASTM D 905 glued shear test specimens within a 232ºC oven (without an 
applied load) until the glue-line temperature reaches 232ºC and maintaining the glue-line at that 
temperature for one-hour.  After the “heat-soak”, the specimen is removed from the oven and the shear 
strength measured.  Some polyurethane-type adhesives used in the manufacture of I-joists do not perform 
well in the WIJMA/APA test.  Therefore Huntsman Polyurethanes hired Hughes Associates (a fire safety 
consulting company) and Omega Point Laboratories to conduct a number of full-scale fire resistance tests 
on unprotected floor assemblies constructed with I-joists manufactured by different WIJMA member 
companies and with different types of adhesives.  The tests demonstrated that I-joist webs burn out in 4 to 
4½ minutes and that the assemblies fail within 6 to 8 minutes.  Subsequently, representatives from 
Huntsman and Hughes presented these results to the International Code Committee Evaluation Services 
(ICC-ES) arguing that the proposed WIJMA/APA test was unfair because all I-joist floor systems fail 
before the adhesive joint between the flanges and web fails.  They then urged ICC-ES to reject the 
proposed WIJMA/APA test because “adhesives that fail the proposed test but compare favourably with 
“approved adhesives” in structural and (ASTM E 119) fire tests may be excluded from the market place”.  
Members of the ICC-ES, all of whom were building officials, expressed shock at Huntsman’s data and 
began to seriously question the continued acceptance of any I-joist products.  In addition, because they 
deemed the test conditions too severe, Huntsman began lobbying WIJMA/APA to revise their test method 
by lowering the exposure temperature to 200ºC and eliminating the 60-minute duration time for heating.  
Huntsman also threatened a restraint of trade lawsuit if the wood industry did not pull back from the 
WIJMA/APA test.   
 
The proposed Canadian and American test methods under development for evaluating the performance of 
adhesives at elevated temperatures, and this project, were the subject of extensive discussions during the 
American Wood Council (AWC) Technical Meetings in Leesburg, VA on July 26-28, 2005.  Of specific 
concern to the industry were two very different groups of products: I-joists and vertical-use-only 
fingerjoined wood studs, and two very different types of adhesives: adhesives for structural wood 
materials such as I-joists (primarily PF and PRF products, and iso-cyanate/polyurethane products) and 
adhesives for vertical-use-only fingerjoined studs (primarily PVA products).  During the meeting, it was 
agreed that test methods for evaluating the performance of adhesives at elevated temperatures and the fire 
performance of products manufactured with those adhesives, mostly I-joists, would be discussed in 
greater detail during meetings coinciding with the October 18-21, 2005 ASTM D07 Committee Week in 
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Dallas, TX.    With regard to vertical-use-only fingerjoined studs, Forintek’s L. Richardson was appointed 
to chair a special task group of the AWC Subcommittee on Fire Performance of Wood to determine what 
if any fire testing should be carried out, and then to oversee those fire tests in order to determine if the use 
of vertical-use-only fingerjoined wood studs in construction of loadbearing walls of buildings presents a 
greater fire hazard and fire risk than conventional wood or light-frame steel studs.  Other members of the 
Task Group included representatives from the Southern Forest Products Association, Western Wood 
Products Association, Canadian Wood Council (CWC), Structural Board Association, and West Coast 
Lumber Inspection Bureau.     
 
Because the entire North American wood industry was already actuated about the performance of 
adhesives for structural wood products exposed to elevated temperatures and had their senior technical 
and marketing officials continuously scurrying from meeting to meeting trying to reach consensus on how 
such performance should be measured and what level of performance should be expected, Forintek’s fire 
researchers concluded that having an additional “think-tank” on this subject would be superfluous.  
Instead, Forintek’s fire researchers concluded that they should focus their efforts in 2005-2006 on 
assessing the fire performance of vertical-use-only fingerjoined wood studs.  The performance of those 
products was also of grave concern to the Canadian wood industry and was not being addressed 
elsewhere.  Earlier in 2005 during a meeting with officials from three Canadian manufacturers of SPS-3 
vertical-use-only FJ studs; Abitibi-Consolidated, CANFOR and Tembec, and CWC; Forintek had agreed 
to develop a strategy for assessing the performance of protected wood-frame bearing walls constructed 
with SPS-3 vertical-use-only fingerjoined studs during fire exposures, and to analyze the risk that use of 
these products present to occupants of buildings during structure fires, and to firefighters conducting 
search and rescue and fire suppression operations in those buildings.  Therefore, this change in direction 
for the project was supported by the project’s technical liaisons.  Accordingly, mid-year revisions were 
made to Forintek’s project statement and project budget to reflect the change.   
 
 

3 Staff 
Leslie R. RichardsonProject Leader,  Research Scientist 
 Group Leader, Fire Research Group 
J.R. Mehaffey, Ph.D. Research Scientist, Fire Research 
Richard Desjardins, P.Eng., M.Sc. Program Manager, Building Systems Department 
Caroline Mancuso  Secretary, Building Systems Department 
. 
 

4 Research Plan 
In 2001, Forintek Canada Corp. carried out a relatively small research project assessing the fire 
performance of FJ lumber, including SPS-3 vertical-use-only fingerjoined studs.  The results of non-
standard intermediate-scale fire-resistance tests on loadbearing wood-frame walls constructed with solid-
sawn lumber, SPS-1 fingerjoined structural lumber (NLGA, 2003) and two different kinds of SPS-3 
vertical-use-only fingerjoined studs (NLGA, 2003) manufactured with PVA and 
polyurethane/MDI/isocyanate adhesives, and sheathed on both faces with fire-rated gypsum wallboard 
were inconclusive.  While the walls constructed with SPS-3 fingerjoined studs exhibited significant 
bowing during the final few minutes of the fire tests and were obviously experiencing significant 
eccentricity in the loads they were supporting, the walls did not exhibit abrupt collapse. However, 
inspections of each wall following the tests demonstrated that the fingerjoints in the SPS-3 FJ studs, 
particularly the studs manufactured with PVA adhesive, separated during the fire tests (Richardson, 
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2002).  Because, the results from this study were inconclusive, the tests on walls constructed with SPS-3 
fingerjoined studs were repeated in 2004.  Again, the results were inconclusive, and for many of the same 
reasons.  Therefore, it was concluded that one or more full-scale fire-resistance tests should be carried out 
on loadbearing walls constructed with fingerjoined studs.    
 
During a teleconference involving officials from Abitibi-Consolidated, CANFOR, Tembec and CWC on 
September 26, 2005 and another on October 5, 2005 involving officials from AWC and CWC, Forintek 
fleshed out many of the details for the first fire test.  In doing so, the following points were discussed: 
 
• The overall goal for the fire test(s) should be general acceptance of the substitutability or inter-

changeability of SPS-3 vertical-use-only fingerjoined studs with solid sawn lumber for construction 
of loadbearing walls in single-family houses where explicit fire-resistance ratings are not specified 
and in multi-family residential and non-residential structures in the United States where one-hour fire-
resistance-rated construction is mandated (45-min fire-resistance-rated constructions are usually 
specified in Canada).   

 
• Because the industry had no information about the fire performance of walls constructed with 

vertical-use-only fingerjoined studs, the immediate goal should be to conduct one or more standard 
fire-resistance tests in order to determine what is achievable for one common application for these 
products: a one-hour fire-resistance-rated wall.  While it would be unlikely that all questions would 
be answered through just one fire test, afterwards it would be easier to identify the details for other 
tests that might be required.  At the same time the industry would gain comfort that the basic 
information required for substitutability or inter-changeability of vertical-use-only fingerjoined studs 
with solid sawn lumber could be provided. 
 

• Because most vertical-use-only fingerjoined studs are currently manufactured with PVA adhesive, 
both in Canada and in the USA, initial fire tests would employ vertical-use-only fingerjoined studs 
manufactured with PVA adhesive.    
 
AWC obtained 69 minutes of fire resistance, when tested according to ASTM E 119, for a wall 
loaded to 100% of the maximum load permitted by the National Design Specification® for Wood 
Construction (NDS) (AWC, 2005) when constructed with nominal 2x4 Select-grade Douglas fir studs 
spaced 16" o.c. (400-mm), one layer of ⅝" (15.9-mm) Type X gypsum board attached to the studs 
using 2¼" long wallboard screws spaced approximately 7" o.c. (178-mm) on each side, and 3½" (90-
mm) thick batts of mineral-fibre insulation filling the cavities between the studs.  When the fastener 
schedule for the gypsum board was increased to 12" o.c. (305-mm) for a similar wall, the fire 
resistance was 65 minutes (AWC, 2002).  The fire resistance ratings for similar walls with no 
insulation, or with the cavities filled with glass-fibre insulation ranged between 56 and 58 minutes 
(Douglas, 2005 and AWC, 2002).  NGC Testing Services in Buffalo NY, where the AWC fire tests 
were conducted, is now an approved third-party self-certifying agency.  
 

• Walls constructed with nominal 2x4’s are prone to bowing during standard fire resistance tests.  The 
ℓ/d ratio (length to depth ratio) for the studs in the approximately 10' (3.05-m) tall test walls starts out 
at 33, but the charring in the studs which accompanies about 45 minutes of fire exposure increases 
that ratio to more than 75.   Because spruce chars at a slightly faster rate than Douglas fir, the fire 
resistance of walls constructed with spruce studs will be somewhat less than those for walls 
constructed with Douglas fir studs.  Although southern pine chars even faster than spruce, the 
National Gypsum Company had obtained one-hour fire resistance ratings for walls constructed with 
southern pine studs.   
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• It has always been the practice among testing laboratories to test assemblies constructed with the 
strongest grades and species of lumber and using the highest possible applied loads because the 
subsequent ratings may then be applied to all lesser grades and species of lumber with lower 
permitted loads.  Fire-resistance ratings resulting from tests on lower grade materials with smaller 
loads are not acceptable for assemblies constructed with higher grade materials.   
 

• The hose-stream test provides no useful information about the performance of wood-frame wall 
assemblies filled with mineral-fibre insulation.  There is no significant thermal degradation of the 
gypsum board on the unexposed face of wood-frame walls after 30 minutes of fire exposure on the 
opposite side.  While the hose stream may cause the gypsum board on the fire-exposed side of the 
wall to fall away, the water pressure is not enough to push the gypsum board on the opposite side of 
the wall from the studs, and during the fire exposure, the gypsum board on the fire-exposed side will 
have provided sufficient thermal protection to the studs that the fingerjoints in vertical-use-only FJ 
studs should not separate under the lateral pressure presented by the stream of water.   
 

• If a fully-loaded (100% of NDS®) wall constructed with nominal 2x4 vertical-use-only fingerjoined 
studs were to achieve 60 minutes or longer of fire resistance in a standard ASTM E 119 test, the 
immediate concerns of the American wood industry would be alleviated.   
 

• AWC’s Brad Douglas agreed to assist by overseeing construction and testing of the wall in order to 
make certain that all construction and testing details mirrored those of the previous AWC tests.   

 
• Ideally, any assembly that is tested should be representative of the most common construction designs 

currently being used.  There would be some advantage in using stud-grade material since the applied 
load would be much lower, and accordingly, the wall would be more likely to exhibit one hour of fire 
resistance.  Conversely, use of the much more common 12" o.c. (305-mm) fastener schedule for the 
gypsum board, would make the desired result less likely.  However, since a starting point from which 
to begin to assess exactly what is achievable with vertical-use-only fingerjoined studs manufactured 
with PVA adhesive, was needed, a standard ASTM E 119 fire test should be conducted at NGC 
Testing Services on a wall assembly constructed with carefully chosen nominal 2x4 No. 2 (and better) 
SPF SPS-3 fingerjoined studs manufactured with PVA adhesive, one layer of 15.9-mm (⅝") Type X 
gypsum board manufactured by National Gypsum Co. on each face and attached horizontally to the 
studs with 57-mm (2¼") long wallboard screws spaced 178-mm (7") o.c., and with “fluffed-up” 90-
mm (3½") thick batts of Thermal Fiber® insulation filling the stud cavities.  The top and bottom plates 
should be solid sawn lumber of similar grade and species.  The load applied to the assembly during 
the test should be 100% of the maximum load permitted according to the NDS®.   

 
During a telephone conference on October 14, 2005 with officials of CANFOR, Perron Industries, 
Tembec and CWC, and a follow-up telephone call with William Love of Tembec on October 17, Forintek 
made the following refinements to the plan.     
 
• Assuming that the results of a fire-resistance test on a wall constructed with SPS-3 fingerjoined studs 

manufactured with PVA adhesive were satisfactory (i.e. ≥60 minutes of fire resistance), every effort 
should be made to have the results of that test recognized by building codes in the USA and Canada.  
 

• If the wall exhibits 60 minutes of fire resistance there would be no need to do a similar test on a non-
bearing wall as the rating for the bearing would also be valid for non-bearing walls.  If it does not 
exhibit 60 minutes of fire resistance, a test on a non-bearing walls would be needed.  Depending upon 
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the results of the first test, a future test might be carried out on a non-bearing wall of similar 
construction but with glass-fibre insulation filling the stud cavities.   
 

• Though some blocks (the individual pieces of wood used in the manufacture of fingerjoined lumber) 
may be up to 1.5-m in length, blocks of 300 to 500-mm in length are commonly used to manufacture 
fingerjoined studs.  As a compromise regarding block length, fingerjoined studs manufactured from 
blocks 380 to 460-mm long (average 400-mm) would be used.  The moisture content of the material 
should be between 12 and 16% when shipped.  The fingerjoined studs should not be dressed after 
gluing (i.e. they should be 38 by 89-mm in cross-sectional size).  While the Grade Species should be 
SPF No. 2 and better, the actual species of the wood should be black spruce (i.e. the highest density) 
and should bear no grade-mark.  Not less than fifty pieces should be shipped.  From these, the best 
(by feel/heft and visual examination) ten pieces would be selected for construction of the test wall.  In 
order to prevent the creation of a “hinge” in the wall, the fingerjoints should not be at the same 
heights.  Ideally, the fingerjoints in one stud should be off-set approximately 175 to 225-mm from the 
fingerjoints in the studs on either side.  The horizontal joints between the gypsum board on the fire 
side of the wall should be approximately 1.2-m and 2.4-m above the bottom of the assembly.  The 
horizontal joints between the gypsum board on the unexposed side of the wall should be 
approximately 0.6-m and 1.8-m above the bottom of the assembly.   
 

• Each 3.66-m fingerjoined stud should be manufactured with one 300-mm long block at each end and 
six 400-mm blocks in between.  When the assemblies are constructed a piece ≈ 115-mm long would 
be cut from one end of each stud.  Then, when the frame for the wall is constructed, the cut ends 
would be alternated along the top and bottom of the wall.  The fingers should be 22-mm (⅞") long.   

 
• Perron Industries agreed to manufacture the fingerjoined studs required for the test using PVA 

adhesive.  Tembec agreed to supply Perron with the 2x4 black spruce, and to ensure better density 
materials, would send 2100Fb 1.8E material for use in making the studs. Perron agreed to 
manufacture one bundle of studs (about 150 pieces).  Following their manufacture, Forintek would E-
rate the studs and ship the required number to NGC Testing Services. 

 
 

5 Materials and Methods 
All measures were done in general agreement with the specified standards and protocols. The precision 
levels were in accordance with the technical requirements in those standards. 
 
Approximately 150 nominal 2x4 (38-mm by 89-mm) SPS-3 fingerjoined SPF studs 3.05-m long (10') 
were manufactured by Perron Industries using black spruce blocks 380-mm (15") to 460-mm (18") in 
length (average 400-mm) and PVA adhesive.  The fingerjoined studs were not dressed after gluing (i.e. 
they were 38 by 89-mm in cross-sectional size).  While the studs met the specifications for Grade Species 
SPF No. 2 and better, at the request of Forintek, there were no grade-markings on the material.   
 
It should be noted that The fingerjoined studs used for this research study were specially manufactured by 
Perron Industries.  They are not typical of those regularly manufactured by that company.  Perron 
Industries generally employs blocks about 2.1-m (7') in length.  Therefore, the fire performance of the 
fingerjoined studs used in this study may not be representative of the fingerjoined studs regularly 
manufactured by Perron Industries.    
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Following their manufacture, the studs were shipped to Forintek’s Eastern Laboratory where the 
dimensions and moisture of each piece was determined and specific gravity and modulus of elasticity of 
each stud was measured using a Metriguard® Model 340 E-Computer.  Seven studs having moduli of 
elasticity of less than 1170 MPa (1.70 Mpsi) were rejected.  From the remaining studs, fifty were selected 
for possible use in the fire test.  Because the moisture content of the studs was higher than that permitted 
for fire tests, before being shipped to NGC Testing Services, the studs were stickered and allowed to air 
dry in the laboratory until their moisture contents were less than 15 percent.   
 
At NGC Testing Services, a 3.04 m by 3.04 m wall was constructed with nine of the fingerjoined studs.  
The frame consisted of one top and two bottom plates (structural loads are applied to wall assemblies 
from below in the NGC Testing Service wall furnace).  The top and bottom plates were nominal 2x4 (38-
mm by 89-mm) SPF No. 2 S-Dry lumber.  The studs were spaced 406 mm (16") o.c.  The top and bottom 
plates were nailed to the studs using 100-mm (4") wire nails.  The cavities between the studs were filled 
with 90-mm (3½") thick unfaced batts of “fluffed up” ThermalFiber® mineral fibre insulation (45.8 
kg/m³ {2.85 pcf}).  Each face of the wall was finished with one layer of 15.9-mm (⅝") Gold Bond® Fire-
Shield Type X wallboard manufactured by National Gypsum Company.  The long edges of the 1.22-m by 
2.44-m (4' by 8') panels of wallboard were oriented horizontally.  The horizontal joints in the wallboard 
were approximately 610-mm (2') and 1.83-m (6') above the bottom of the wall on one side of the wall and 
1.22-m (4') and 2.44-m (8') above the bottom of the wall on the other.  The wallboard was attached to the 
studs and plates using 58 mm (2¼") Type W wallboard screws spaced 180-mm (7") o.c. along each stud 
and along the top and bottom plates.  All joints were taped and finished and all fasteners were covered 
with ProForm® Sta-Smooth HS Joint Compound manufactured by National Gypsum Company.  
[Manufacturer’s information about the gypsum board and joint compound can be found in Appendix I.]  
Brad Douglas from AWC oversaw construction of the wall in order to assure that it mirrored exactly a 
wall constructed with Douglas fir studs several years before and which, when fire-resistance tested, 
exhibited 69 minutes of fire resistance.  Figure 1 shows the two sides of the wall. 
 
 
 

Unexposed side 
Fire-exposed side 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Two faces of test wall before fire test. 
 
 
On March 3, 2006, the fire resistance of the wall was evaluated according to ASTM E 119-00a Standard 
Test Method for Fire Tests of Building Construction and Materials at NGC Testing Services.  The 
structural load applied to the wall throughout the fire test was the maximum allowed according to the 
2005 Edition of the NDS®. 
 



Performance of Adhesives for structural Wood Products During Fire Exposure 

 
 

 
 
  8 of 23 

 

6 Results and Discussion 
The physical characteristics of the fifty studs shipped to NGC Testing Services for use in construction of 
the test wall can be found in Appendix II: a summary in Table 1 
 
Table 1 Summary of characteristics of studs used for fire test 

 MOE 
(Mpsi) 

Specific 
Gravity 

Width 
(mm) 

Thickness
(mm) 

Moisture Contents (three locations) 
(%) 

Minimum. 1.73 0.528 88.37 38.05 13.5 15.6 13.9 
Maximum 2.13 0.605 90.05 39.01 32.5 30.9 40.0 
Average 1.89 0.561 88.88 38.43 19.9 21.0 20.6 
Std dev. 0.08 0.018 0.27 0.21 3.4 3.3 4.6 
COV % 4.1% 3.2% 0.3% 0.6% 17.2% 15.6% 22.5% 

 
The structural load applied to the wall throughout the fire test was 75.3 kN (16,930 lb.).  If the test had 
been conducted according to Canadian specifications, the structural load on the wall, as calculated 
according to CAN/ULC-S101 and CAN/CSA-O86, would have been 75.9 kN (17,055 lb.).   
 
The following were observations made during the fire test. 
 
Time (min: s) Observation 
3:23 Paper on face of gypsum board on fire exposed side of the wall ignited 
 
6:30 All paper on the face of gypsum board on fire exposed side of wall had burned away 
 
8:30 Some feathering could be observed on the thinned-out edges of the filler compound 

covering the joints and fasteners 
10:30 the feathered edges of the joint filler covering the joints and fasteners in the gypsum 

board started to fall from the wall 
 
14:21 One piece of joint filler covering a joint in the gypsum board had fallen from the 

wall, though the remainder was still in-place 
 
19:30 Almost all the joint filler covering joints and fasteners in the gypsum board was still 

in-place 
 
23:06 One thermocouple indicated that the temperature between one of the studs and 

gypsum board on the fire exposed side of the wall had surpassed 160ºC (thereby 
indicating the finish rating of the gypsum board) 

 
25:00 • While it was badly cracked and the feathered edges were loose most of the joint 

filler covering the joints and fasteners was still in-place 
• The crackling sounds of burning wood could be clearly heard when standing near 

the wall 
• There was a horizontal crack in the gypsum board on the fire side of the wall that 

ran completely across the width of the wall about 100-mm (4") above the bottom 
of the wall (just about opposite the top of the bottom plates) 
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29:00 Flames were observed coming from a crack in the joint filler covering one of the 
horizontal joints in the gypsum board on the fire side of the wall.   

 
35:08 There was a horizontal crack in the field of one piece of gypsum board that was about 

300-mm long 
 
40:00 • The wall had bowed outward from the furnace about 25-mm (⅞ to 1⅛") 

• Figure 2 shows the condition of the gypsum wallboard on the fire side of the wall 
at this time in the test. 

 
45:00 • There was significant bowing in the wall, outwards from the furnace 

• All the gypsum board on the fire side of the wall was still in-place 
• Figure 3 shows the condition of the unexposed side of the wall at this time in the 

test 
 
48:55 • All the studs about 1.8-m (6') above the bottom of the wall simultaneously broke 

and the wall started to collapse 
 • Figure 4 shows the condition of the unexposed side of the wall when the test was 

terminated. 
 
A video recording of the test is on file at Forintek.  A copy of the complete report prepared by NGC 
Testing Services on the fire test can be found in Appendix III.   
 
  
 
 
 
 
 
Gypsum wallboard in-place 
 
 
 
 
 
 
 
 
 
Horizontal crack in wallboard 
near top of lower plate 
 
 
 
 
 
 
Figure 2 Fire-exposed face of wall after 40 minutes of ASTM E 119 fire exposure 
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Figure 3 Unexposed face of wall after 45 minutes of ASTM E 119 fire exposure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Unexposed face of wall after 49 minutes of ASTM E 119 fire exposure 
 
An examination of the wall following the test determined that the nearest fingerjoints in each stud to the 
horizontal joint in the gypsum board on the unexposed face about 1.8-m (6') above the bottom of the wall 
separated and acted as a hinge thereby permitting the studs to fold over (see Figure 5).  Figure 6 presents 
fingerjoints cut from two adjacent studs in the wall following the test.  One was taken at the point of 
failure, the other, which was still in-tact, was from about 0.6 m below the point of failure. 
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Figure 5 Two wall studs wall after 49 minutes of ASTM E 119 fire exposure 
 
 
 

B 

B 
A

A
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 Fingerjoints in two wall studs, and their location in the wall, after 49 minutes of 

fire exposure 
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The ASTM E 119 test was terminated because of the inability of the assembly to continue to support the 
structural load that had been applied to it.  However, as can be observed in Figure 4, the nature of that 
structural failure could be termed “catastrophic collapse” since the rate of failure was very fast and the 
wall would have folded up like a jackknife if the “reach” of the hydraulic jacks used to apply the 
structural load to the assembly had been long enough.  When it comes to fire safety, “catastrophic 
collapse” represents the worst failure mechanism.    
 
While the approximate maximum and minimum lengths of the blocks were specified by Forintek, no 
special manufacturing procedures were employed during the manufacture of the studs.   Figure 7 presents 
edge and face views of one fingerjoint in one stud. This fingerjoint was typical of those in all the studs.  
As can be seen, there were ≈1-mm wide spaces at the ends of each of the fingers along one side the 
fingerjoint.  These are permitted by the product standard 
 
 
 
 
 
 
 
 
 
 
 
 

≈1-mm spaces in fingerjoint

Face View 

Edge View 

 
Figure 7 Edge and face views of one fingerjoint in one stud 
 
The development of a crack in the gypsum board across the entire width of the wall, just above the double 
sill plate was a phenomenon which neither Brad Douglas nor Les Richardson, nor any of the staff at NGC 
Testing Services had ever seen before.   
 
When a wall assembly is tested for fire resistance, it is placed within a steel and masonry test frame.  
Neither side of the wall is fastened or placed tightly against that test fame.  Consequently, there is usually 
an approximate 6-mm (¼") space between the test frame and the end-studs in the wall.  That space is 
filled or covered with ceramic-fibre blanket-type insulation during the test to prevent flames and hot gases 
from passing through the space.  In order to hold the wall frame (studs and plates) in-place within the 
steel test frame while the wallboard was attached to each side, a moderate structural load was applied to 
the wall.  However, it was observed that this load caused the two outside studs to bow outwards in the 
plane of the wall until they were restrained by the sides of the test frame.  This too was a phenomenon 
that had never before been observed in wall assemblies.   
 
Other Forintek data have demonstrated that the wallboard on each side of a wall that was fire tested in 
2004 weighed 166 kg and that the wallboard contained approximately 76 percent gypsum.  Assuming that 
all the water of hydration in the gypsum in the wallboard on the fire-exposed side of the wall was 
vaporized during the fire resistance test, 26.5 kg of water vapour was released.  Most of that moisture, in 
the form of steam, would have been carried away in the hot fire gases of the furnace’s exhaust system; 
some would have been transported into the wall where some may have been carried into the studs.  
Because PVA adhesives are sensitive to moisture, SPS-3 vertical-stud-use-only fingerjoined studs are 
only permitted to be used under “dry” service conditions.  It is unknown if the moisture (steam) released 
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by the gypsum board on the fire side of the assembly affected the performance of the fingerjoints.  Brad 
Douglas from AWC, speculated that it probably did.     
 
The gypsum wallboard and joint filler compound performed well throughout the fire test.  The 23-minute 
finish rating observed for the wallboard in this test was typical of that for walls of this design (see 
Underwriter’s Laboratories of Canada listing for Design No. W301: finish rating 22 minutes).   
 
Figure 8 shows the amount of char formation in a stud about 140 mm from a fingerjoint that pulled apart 
when the wall failed.  After 49 minutes of fire exposure, there was more than 65 mm of uncharred wood 
remaining under the char layer.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8 Char formation in stud about 140-mm from fingerjoint that pulled apart 
 
 
 
Figure 9 shows the two sides of one fingerjoint that pulled apart during the test thereby permitting the 
wall to fold over.  The fingers on the end of the upper portion of the stud were severely burned.  However, 
there had been very little charring of the fingers on the end of the lower portion of the stud.  Also, 
although it may not be apparent from the figure, there was no evidence of wood failure in this fingerjoint 
after it pulled separated and the stud folded over.  
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Figure 9 Two sides of fingerjoint that pulled apart during fire test   
 
The fingerjoint that was cut from a stud about 0.6-m below the fingerjoint that pulled apart is shown in 
Figure 10.  After the gypsum board on the unexposed side of the wall had been removed, attempts to 
separate the fingerjoint by “hammering” the piece over the edge of a workbench were unsuccessful.  
Therefore, the piece was sent to Forintek’s Eastern Laboratory so that the joint could be strength tested in 
tension in general agreement with to procedures described in ASTM D 5572-95 (2005). A series of 
approximately 6-mm thick specimens were cut from the piece of stud with the fingerjoint and tested.  The 
results of those tests were compared with that for fingerjoints in a stud that had not been fire tested. 
Figure 11 shows specimens following those tensile tests.  Those on the left were from the fingerjoined 
stud that had been recovered from the wall following the fire test; those on the right were from a 
fingerjoined stud that had not been fire tested.  For the specimens from the fingerjoined stud that had been 
recovered from the wall following the fire test, failure occurred mostly along the bond-line surfaces of the 
joint with little wood failure of any kind.  In the case of the specimens from a fingerjoined stud that had 
not been fire tested, there was a great deal of tensile wood failure at the fingerjoint, failure beginning at 
the fingerjoint and progressing away from the joint, and failure away from the fingerjoint (essentially 100 
percent wood failure).  This indicates that the glue-bond for the fingerjoint in the stud recovered from the 
wall following the fire test had softened during the fire test and had then regained some of its bond 
strength as the fingerjoint cooled.  However its recovered strength was significantly less than its original 
strength.   
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Figure 10 Fingerjoint 0.6 m below the fingerjoint that separated during fire exposure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Stud not fire testedFire tested stud 

 
Figure 11 Fingerjoints in fingerjoined studs following ASTM D 5572-95  
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Table  2 shows the results of the ASTM D 5572-95 (2005) tensile strength tests on fingerjoined 
specimens. 
 
Table 2 Tensile strength of fingerjoint in fire tested stud and in stud not fire tested 

Specimen Specimen No. 
Width 
mm 

Thickness 
mm 

Peak Load 
N 

Peak Stress 
at failure 

MPa 
Fingerjoined A 28.21 6.03 5691 33.4 
Fingerjoined B 26.57 6.00 3871 23.7 
Fingerjoined C 27.30 6.19 3444 20.4 
Fingerjoined D 28.04 6.45 2982 16.5 

Fingerjoint 
from fire 

tested stud 
Average    23.5 

Reference 1 27.51 6.03 6649 40.1 
Reference 2 27.04 6.28 4696 27.6 
Reference 3 27.10 6.35 5224 30.4 
Reference 4 25.55 6.32 5374 33.3 

Fingerjoint 
from stud not 

fire tested 
Average    32.8 

 
The average peak stress at failure for the fingerjoined specimens obtained from the fire tested stud was 
about 70 percent of the average peak stress at failure for the fingerjoined specimens obtained from the 
stud that was not fire tested.  Furthermore, the fingerjoint specimens from the fire-tested stud shown in 
Table 2 are listed in order from the edge of the stud on the side of the wall not directly exposed to the fire 
to the edge of the stud nearest to the fire-exposed side of the wall (charred edge).  As shown by the peak 
stresses at failure for these four specimens, the more severe the fire exposure experienced by the 
specimen during the fire test, the less the tensile strength.   
 
In February 2004, Forintek conducted a full-scale fire resistance test on a non-loadbearing wood-frame 
wall constructed with nominal 2x4 (38-mm by 89-mm) SPF No. 1 and No. 2 S-Dry wood studs.  The wall 
was 3048-mm tall and 3658-mm long.  It was constructed with ten nominal 2x4 wood studs spaced 406-
mm o.c., except for the two outermost studs which were only 329-mm from the nearest studs, and with 
double (two) top and bottom plates.  Batts of R 13.5 [RSI 2.4] ROXUL FlexibattTM Thermal Home 
Insulation filled the cavities between the studs.  The wall was lined on each side with one layer of 15.9-
mm thick x 1219-mm wide x 3048-mm long GP TOUGHROCKTM FIREGUARD® C Gypsum Board 
attached to the studs using 42-mm (1⅝″) Type W wallboard screws spaced 178-mm apart along all edges 
and along all studs in the field of each sheet.  The long edges of the gypsum board were oriented 
vertically.  All joints were taped and finished. and the heads of all fasteners treated, as specified in GA - 
600 - 2000 Fire Resistance Design Manual with CGC Ready to Use/All Purpose DRYWALL 
COMPOUND for Taping and Finishing Gypsum Drywall Panels wallboard screws. 
 
The wall was tested in accordance with CAN/ULC-S101-04 Standard Methods of Fire Endurance Tests of 
Building Construction and Materials, and in particular, with Section 7 Tests on Non-Loadbearing Walls and 
Partitions, using the full-scale wall furnace at NRC.  (CAN/ULC-S101 is technically identical to ASTM E 
119.)  No structural load was applied to the wall during tests.  The test was continued until failure was 
deemed to be imminent.   
 
The assembly was considered to have failed at 79 minutes due to excessive temperature rise at a single 
point on the unexposed face of the wall.  If the assembly had not failed because of excessive temperature 
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rise at a single point on the unexposed face of the wall, it would have been considered to have failed at 85 
minutes due to an excessive rise in the average temperature on the unexposed face of the wall.  Table A-
9.10.3.1. in the National Building Code of Canada assigns a 1-h fire resistance rating to this assembly 
(loadbearing or non-loadbearing).   
 
Throughout the test, temperatures within the furnace and at various locations within the assembly and on 
the unexposed face of the assembly were recorded.  The temperatures between the studs and gypsum 
board on the fire exposed side of the wall, between the sides of the studs and the insulation in the cavities, 
between the gypsum board on the unexposed side of the wall and the studs, and on the unexposed side of 
the wall are presented in Figures 12 through 15.  This information is included here because it provides an 
indication of the temperatures/fire exposures that were experienced by the fingerjoined studs during the 
recent fire resistance test.   
 
 
 
 
 Wall Fire Test 

Temperatures Between Stud and Gypsum Board
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Figure 12 Temperatures between studs and gypsum board on fire-exposed side of wall 
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Figure 13 Temperatures between insulation and sides of studs in centre of wall  
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Figure 14 Temperatures between gypsum board and studs and between gypsum board and 

insulation on the unexposed side of wall 
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Figure 15 Temperatures on the unexposed side of wall 
 
 
Forintek’s WALL2D heat transfer model was also used to predict the thermal response of the wall 
assembly.  The model’s temperature predictions for four key locations within the wall assembly are 
presented in Figure 16.  Again, this information provides an indication of the temperatures experienced by 
the fingerjoined studs during the recent fire resistance test. 

 
It is generally assumed that the PVA glue-bonds in SPS-3 vertical-use-only wood studs soften and lose 
much of their strength when heated to 80ºC.  Using that temperature as a guide, based upon the 
temperatures observed in the February 2004 test on a non-loadbearing wall the edges of the studs in direct 
contact with the wallboard on the fire exposed side of the wall reach 80ºC in approximately three 
minutes; the sides of the studs, even when shielded by mineral-fibre insulation, reach that temperature 
within seven to ten minutes; and the edges of the studs in contact with the wallboard on the unexposed 
side of the wall reach that temperature after about 52 minutes (the edges of the studs in contact with the 
wallboard on the unexposed side of the wall reach 60ºC in approximately thirty minutes).  Forintek’s 
WALL2D heat transfer model suggests that the edges of the studs in direct contact with the wallboard on 
the fire exposed side of the wall reach 80ºC in approximately twelve minutes and the edges of the studs in 
contact with the wallboard on the unexposed side of the wall reach that temperature after about forty 
minutes.   
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Figure 16 WALL2D model’s predictions for thermal response of wall during first 60 minutes 
 
 
 
NGC Testing Services placed five thermocouples between the wallboard on the fire-exposed side of the 
assembly and the fingerjoined studs in order to determine the finish rating.  They placed eleven 
thermocouples on the unexposed side of the wall in order to measure temperature rise on that unexposed 
face.  Five of those thermocouples (see Figure 1, No. 1, 3, 6, 10 and 11) were directly over fingerjoined 
studs (see also Appendix 3).   
 
Figure 17 presents the average temperatures between the gypsum board on the fire-exposed side of the 
wall and the fingerjoined studs (used to assess finish rating), and on the surface of the gypsum board on 
the unexposed side of the wall.  A comparison of Figure 17 with Figures 15 and 16 demonstrate that the 
average temperatures between the gypsum board on the fire-exposed side of the assembly and the 
fingerjoined studs, and on the unexposed side of the wall directly over fingerjoined studs were very 
similar to the temperatures observed during the 2004 fire test on a non-loadbearing wood stud wall and 
the temperatures predicted by Forintek’s WALL2D heat transfer model for a wood-stud wall of this 
design and construction.   This would suggest that the temperatures experienced by the fingerjoined studs 
during the fire test conducted by NGC Testing Services were similar to those experienced by the studs in 
the 2004 fire test. 
 
 
 
 
 
 
 
 



Performance of Adhesives for structural Wood Products During Fire Exposure 

 
 

 
 
  

 

 ASTM E 119 Fire Test
SPS-3 Fingerjoined Stud Wall

0

100

200

300

400

500

600

700

800

900

0 10 20 30

Time (min

Te
m

pe
ra

tu
re

 (o C
)

 

Ave. temp. between stud and 
wallboard on fire-exposed 
side of wall (finish rating) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17 Temperatures between wallboard and stud d

fingerjoined studs 
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American Wood Council, and Forintek.  Robert Glowinski, Vice-president of the American Forest & 
Paper Association (AF&PA) and a lawyer, and prior to becoming Vice-president of AF&PA, the AWC 
staff member responsible for fire issues, also participated in the March 16 teleconference.   
 
Glowinski advised that because building codes in the United States were specifically revised at the 
request of AF&PA to permit inter-changeability/substitutability of vertical-use-only fingerjoined studs for 
solid sawn studs, to do nothing as a consequence of the March 3, 2006 fire test is not an option.  
AF&PA has legal obligations, as do each of the manufacturers of these products.  On the other hand, 
there is no immediate legal obligation to notify anyone.  However, at some time in the not too distant 
future AF&PA will be obliged to notify the building codes.  In the meantime, AF&PA and all 
manufacturers of these products do face a legal obligation to move continuously and directly to 
address the issues raised by the results of the fire test and/or to make the necessary notification.  The 
legal basis for these conclusions was that this was a single preliminary fire test, and the industry and its 
representatives need to learn more in order to go forward.  While the results of the fire test suggested the 
existence of a problem with vertical-use-only fingerjoined studs, the test results should be confirmed and 
the scope and magnitude of the problem(s), if any, identified. Finally, the industry may want, collectively 
or individually, to look at the feasibility of changing to alternative products (e.g. alternative adhesives) 
which do not exhibit the problems suggested by the results of the March 3 fire test.   
 
A Task Group consisting of representatives from the Southern Forest Products Association, Western 
Wood Products Association, West Coast Lumber Inspection Bureau, Canada’s National Lumber Grades 
Authority (NLGA), CWC, Forintek’s Les Richardson and Weyerhaeuser’s Dr Shaw was appointed to 
work with AWC staff to identify and contact stakeholders in the United States and Canada and provide 
them with background information about the test that was carried out by Forintek.  Their deadline for 
completion of this task was to be March 31, 2006.  The Task Group was also directed to develop a two to 
three page communication document to inform all stakeholders, including Canadian manufacturers of 
vertical-use-only fingerjoined studs and Canadian lumber grading agencies of the results of the fire test, 
its implication for these products within the context of current building codes, and to invite them to a 
meeting, probably to be held in Washington, DC in April to quickly develop one or more study plans on 
how to proceed.  At the stakeholder’s meeting, both technical and legal issues which will be considered.  
Once the stakeholders have identified the components of the study plan(s), they will prioritize each 
component of the plan and identify how each is to be funded.  
 
Forintek will work with the AWC Task Group, NLGA, CWC and Canadian manufacturers of vertical-
use-only fingerjoined studs in development and implementation of those study plans.   
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Appendix I 
 

National Gypsum Company Gold Bond Fire-Shield Wallboard and

ProForm Sta-Smooth HS Joint Compound 
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Gold Bond Fire-Shield Wallboard 
 
 
Description 
Gold Bond® BRAND Fire-Shield® Wallboard was developed to work in combination with
other products in an assembly to retard heat transfer through the assembly. Fire Shield
wallboards are made with cores formulated to offer greater fire resistance than regular
wallboard. Generically, these fire resistant wallboards that are used to delay heat transfer
to structural members are designated as "type X" products. 
 
The gypsum core of Fire-Shield wallboard works as a natural "sprinkler system." Gypsum
naturally contains about 21 percent water. When the board is heated, the water in the
core begins to evaporate and is released as steam, retarding heat transfer. Fire-Shield
wallboard remains noncombustible. However, as shrinkage occurs because of the loss of
water volume, cracks occur which permit passage of fire and heat. To lessen this process,
Fire-Shield wallboard is formulated by adding noncombustible fibers to the gypsum to help
maintain the integrity of the core as water volume is lost while providing greater
resistance to heat transfer. 
  
Applications  

• 5/8". (Fire-Shield or Fire-Shield C only) For the single or multi-layer drywall 
construction. The greater thickness provides increased resistance to fire and 
reduced sound transmission. 

 
 

ProForm Sta-Smooth HS Joint Compound 
 

Description 
ProForm® BRAND Sta-Smooth® HS Joint Compound was developed for use in the
manufactured housing industry. A hardening or setting compound which develops high
early strength. Available in set times of 20, 30, 45, 60 and 90 minutes. Available in 25 lb.
bags. 
 
Applications  

• Sta-Smooth HS Joint Compound was developed by National Gypsum for 
manufactured housing and other applications where speed and strength are 
critical production factors.  

• For best results, Sta-Smooth HS must be used in combination with reinforcing 
tapes such as Sta-Smooth HS Tape and Joint Tape. For unsprayed ceilings, Sta-
Smooth Lite is recommended as a finishing coat.  
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Physical and Structural Properties of Studs
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2x4 fingerjointed lumber (SPS-3 joints) 

Perron Industriesr 

Specimen 
# 

MOE 
(Mpsi) 

Specific 
Gravity 

Width 
(mm) 

Thickness
(mm) 

Moisture 
Cont. 
(%) 

Moisture 
Cont. 
(%) 

Moisture 
Cont. 
(%) 

1 1.82 0.555       
2 1.73 0.541 88.59 38.3 32.5 19.6 18.7 
3 1.99 0.553       
4 1.95 0.575 88.99 38.5 19.6 17.3 21.4 
5 1.88 0.559       
6 1.92 0.532       
7 1.98 0.566       
8 2.08 0.562 88.98 38.71 17.3 18.3 17.7 
9 1.86 0.539       

10 1.92 0.535       
11 1.89 0.576       
12 1.86 0.553 88.8 38.2 17.6 20.4 22.8 
13 1.71 0.541       
14 1.90 0.574 88.8 38.35 20.5 24.6 23.4 
15 1.97 0.596 88.84 39.01 21.7 23 17.2 
16 1.80 0.605 88.89 38.3 23 23.1 18.8 
17 1.88 0.530 88.96 38.44 18.9 17.5 14.4 
18 2.15 0.575       
19 1.85 0.622       
20 2.01 0.579 89 38.39 15.9 22 15.2 
21 1.90 0.569 88.91 38.55 28 24 19 
22 1.89 0.588       
23 1.85 0.573 88.78 38.08 20  20.2 
24 1.83 0.531       
25 1.86 0.556       
26 1.77 0.535       
27 1.82 0.556       
28 1.92 0.573       
29 1.85 0.595       
30 1.82 0.532       
31 1.86 0.554       
32 1.74 0.582       
33 1.71 0.566       
34 1.87 0.585       
35 1.77 0.567 89 38.53 18.4 30.9 17.7 
36 1.77 0.540       
37 1.91 0.586       
38 1.94 0.545 88.69 38.22 19.5 16.1 17.9 
39 1.63 0.559       
40 1.93 0.562 88.84 38.2 21 17.2 20.2 
41 1.74 0.549       
42 1.98 0.539 88.62 38.27 14.2 16.6 18.5 
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43 1.82 0.565 88.65 38.05 21.8 23.1 20.3 
44 1.80 0.547       
45 1.92 0.542       
46 1.89 0.560 89.07 38.62 25.4 22 30.3 
47 1.83 0.547       
48 1.82 0.534       
49 1.82 0.528 89.04 38.34 21.8 22.2 20 
50 1.85 0.556 89.27 38.4 20.6 18.9 21.6 
51 1.92 0.571       
52 1.87 0.545 89.04 38.15 20.2 17.3 23.1 
53 1.83 0.573 89 38.57 17.5 21.5 20.2 
54 1.89 0.561 89.1 38.33 18 19.2 15.1 
55 1.79 0.540 90.05 38.53 22.4 15.8 28.5 
56 1.83 0.583       
57 1.72 0.561       
58 1.81 0.567       
59 1.82 0.548       
60 1.84 0.579       
61 1.80 0.538       
62 1.96 0.575       
63 1.63 0.545       
64 1.94 0.609       
65 1.86 0.544       
66 1.90 0.538 88.89 38.78 17.1 15.6 18.3 
67 1.84 0.565 88.88 38.33 22.1 15.9 23.8 
68 1.86 0.571       
69 1.75 0.559 89.07 38.38 21 20.4 21.4 
70 1.91 0.540 88.52 38.46 20 24 21.1 
71 1.85 0.535       
72 1.84 0.541       
73 1.81 0.567 88.37 38.4 17.7 25.3 25.5 
74 1.78 0.549       
75 1.81 0.549 88.65 38.28 16.5 21.5 27 
76 1.83 0.575       
77 1.68 0.584       
78 1.79 0.583       
79 1.71 0.589       
80 1.75 0.540       
81 1.88 0.591       
82 2.04 0.538       
83 1.68 0.545       
84 1.66 0.554       
85 1.70 0.566       
86 1.73 0.560       
87 1.95 0.597 88.68 38.12 24.6 21.8 19.5 
88 1.80 0.555       
89 1.93 0.565 89.09 38.69 19.1 20.8 19.7 
90 1.98 0.560       
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91 1.89 0.553       
92 1.90 0.583       
93 1.91 0.554 88.78 38.53 20.6 22 17.1 
94 1.77 0.573       
95 1.81 0.582 89.02 38.66 27.6 19.6 18.9 
96 2.04 0.586       
97 1.80 0.562       
98 1.99 0.573 88.78 38.52 18.4 21.2 15.9 
99 1.73 0.553       

100 1.78 0.546       
101 1.95 0.599 88.66 38.26 20.9 23.4 40 
102 1.81 0.574       
103 1.67 0.554       
104 1.84 0.556 89.51 38.64 19.1 16.2 18.2 
105 1.92 0.567 88.71 38.38 19.2 16.3 20 
106 1.85 0.543 88.63 38.14 16.4 22.7 18.4 
107 1.91 0.556 88.73 38.23 13.5 22.4 17.9 
108 1.93 0.575 88.9 38.63 17.3 25.5 30.6 
109 1.75 0.557       
110 1.82 0.556       
111 2.00 0.588       
112 1.94 0.570       
113 1.84 0.600       
114 1.83 0.572 88.64 38.2 21.7 27.7 21.7 
115 1.92 0.565 88.88 38.67 15.8 21.2 21.2 
116 1.85 0.562 88.76 38.78 18.4 21.7 18.8 
117 1.90 0.563       
118 1.86 0.560 88.53 38.54 18 22.5 13.9 
119 1.84 0.544 88.77 38.12 20.3 22.5 20 
120 1.45 0.560       
121 1.84 0.558       
122 1.81 0.523       
123 1.79 0.573       
124 1.82 0.549       
125 1.86 0.547 88.88 38.61 17.3 19.1 26.3 
126 1.90 0.552       
127 1.84 0.583 89.07 38.3 17.2 21.2 17.7 
128 1.29 0.488       
129 1.75 0.584       
130 1.77 0.565       
131 1.74 0.572       
132 1.88 0.541       
133 1.83 0.530       
134 1.92 0.562       
135 1.81 0.533       
136 1.99 0.549 89.18 38.8 20.4 20 19 
137 1.93 0.535 88.9 38.5 19.6 21.4 16.6 
138 1.95 0.546       
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139 1.76 0.541       
140 1.85 0.543 88.52 38.43 18.6 25.5 18.5 
141 2.13 0.582       
142 1.81 0.546       
143 2.15 0.549       
144 1.81 0.566       
145 1.97 0.547       
146 1.98 0.560       
147 1.71 0.555       
148 1.76 0.549       
149 1.84 0.579       
150 1.81 0.548           
Min. 1.29 0.488 88.37 38.05 13.5 15.6 13.9 
Max. 2.15 0.622 90.05 39.01 32.5 30.9 40.0 
Avg. 1.85 0.560 88.88 38.43 19.9 21.0 20.6 

Stdev. 0.11 0.020 0.27 0.21 3.4 3.3 4.6 
COV % 6.0% 3.5% 0.3% 0.6% 17.2% 15.6% 22.5% 
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Appendix III 
 

NGC Testing Services Report No. WP-1508
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