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Abstract 
Work reported in this study was carried out with the key objective of evaluating fasteners holding 
capacity in commercial wood panels for the purpose of exploring potential markets or expanding existing 
ones for OSB and other panel products in the upholstered furniture industry.  
 
In order to have a better understanding of the upholstery furniture industry, visits were made to major 
upholstered furniture manufacturers in the Montreal area in November and December of 2003. These 
visits provided the research group with a comprehensive knowledge on the various types of wood 
materials and processing technologies being used at these plants, including ways of connecting the 
various components of the frames. Interviews with the plants staff indicated that fasteners holding 
capacity in OSB and other panel products are some of the major issues that are currently limiting the 
increased use of wood-based panels in the upholstered furniture industry.  
 
In order to better understand the relationship between the fasteners holding capacity and the density 
distribution in panels, a comprehensive testing program was established. A total of 20 panels of medium 
density fiberboard (MDF), 16-mm thick, particleboard (PB), 16 mm thick, and oriented strand board 
(OSB), 11 mm, 15 mm, and 18 mm thick, with 4 replications each, were scanned using a commercial X 
ray system to obtain in-plane (horizontal) density distribution of the full size panels. In addition, basic 
panel properties (i.e., bending strength (MOR) and stiffness (MOE), internal bond (IB) and density 
profile) were determined. Sampling of test specimens from mapped panels was carried out in such away 
to cover low and high horizontal density zones.  
 
Fasteners holding capacity tests including; lateral resistance of screws, edge and face withdrawal and 
head pull-through resistance of screws and staples were carried out. Correlations between fasteners 
holding capacities and localized horizontal density distributions were established in order to investigate 
how density distribution within the plane of the panel could affect the fasteners holding capacity. 
Investigations on the fasteners holding capacity in panel specimens subjected to static and cyclic loadings 
were made as well for the purpose of examining the effect of repeated cycles of loading and unloading 
events (i.e., short-term fatigue).  
 
Findings from this study indicated that poor fasteners holding capacity especially on the edge of the panel 
is one of the key panel attributes that is currently limiting the use of OSB and other wood panel products 
in the upholstered furniture. Fastener driven in low density points or zones may fail at much lower load 
level than that driven in high density points with failure initiating at those low density zones and 
progressing to other zones from there (i.e., loaded end or edge distance). For the type of cyclic loading 
regimes used in this study (90 cycles at different load levels), no significant differences were observed.  
 
Recommendations are given on how to improve the panel attributes in order to increase the fasteners 
holding capacity and resolve some of the technical issues limiting the market access of wood panel 
products in the upholstered furniture industry. 
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1 Objectives 
The main objective of this study was to evaluate the fasteners holding capacity (i.e., lateral resistance, 
withdrawal and head pull-through) in commercial panel products (i.e., OSB, MDF and Particle Board) 
and to determine how was that affected by the localized in-plane density distribution in the panel for the 
purpose of expanding the Canadian panel products markets in the upholstered furniture industry. 
 

2 Introduction 
The wood-based panel industry has grown quickly and is predicted to continue its growth with increased 
efficiency in the utilization of row material. For example, the Canadian OSB capacity between 1994 and 
2001 has grown from 3.21 to 9.03 million m3 and is expected to further increase to 12.15 million m3 by 
2006 (RISI 2002). As a result, the wood panel producers are exploring new markets for their products. 
Based on some marketing studies carried out at Forintek and elsewhere, it has been identified that the 
upholstered furniture sector is one market where there is a good potential for expansion (APA 1997, 
Tabarasi 2002). However, such new markets require improved performance of the wood panels in terms 
of design and manufacturing processes to suit their end-use applications. 
 
The recent development in the Computer Numeric Control (CNC) technology and machinery encourages 
upholstered furniture producers to think of alternative ways of cutting down the cost of the row material 
and speeding up the production. CNC panel saws and routers can cut an upholstery frame from a 4’ X 8’ 
panel in less than ten (10) minutes (Wang and Knudson 2002). CNC technology is not feasible with 
hardwood lumber unless the lumber can be economically glued into panel sizes suitable for a CNC 
machine which is a lengthy and costly process. In addition, CNC allows for efficient designs of frames 
with fewer parts. With a router or CNC band saw, nested cutting patterns are possible which can 
dramatically increase the yield. CNC technology also allows for the production of a large number of 
furniture frame designs. When these designs are programmed in a CNC router or saw, production can be 
driven without inventories in a full manufacturing system, producing just in time the required quantities 
of parts (APA 1997). CNC operations have been successfully applied for MDF furniture parts for many 
years and more recently, have been utilized for processing plywood, even though their use is limited. 
 
Of particular interest is the control of the mean density and density distributions within the panel (both in-
plane and across panel thickness) as they have a significant effect on the strength properties of these 
panels. In-plane (horizontal) density variation exists due to random particle or strand deposition in mat 
forming (Suchsland and Xu 1989). This variation could strongly affect the fastener holding capacity of 
the panel which is a major concern in certain end-use products, such as the upholstered furniture. So far, 
panel producers have been focusing on improving the properties of the panels by increasing the mean 
density while maintaining the cost-effectiveness of production. Less success has been made in reducing 
the in-plane density variation, especially for oriented strand board (OSB). 
 
Conversations and interviews conducted with some people within the upholstered furniture industry have 
indicated that fasteners holding capacity is of a major concern when using panel products in comparison 
to solid wood and other engineered wood products. There is a need to evaluate the fasteners holding 
capacity of commonly used fasteners in the manufacturing of upholstered furniture frames, identify the 
major product attributes that affect the fasteners holding capacity and find ways of improving such 
property in order to address the industry concerns.  
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This study is linked to a previous one carried out jointly by Robert Knudson of Forintek’s Western 
Laboratory and Sunguo Wang from ARC (Wang and Knudson 2002) which was focused on OSB. There 
were three main components of that study. The first part looked at comparing the commercial OSB panels 
with those panels marketed as furniture grade and currently used in the upholstered furniture industry. 
The second involved a pilot plant manufacture and testing of OSB panels to identify the effects of panel 
manufacturing variables on performance properties. The last component of the report dealt with a limited 
study relating the local density variation with fastener performance, where withdrawal strength of screws 
only was examined. Results indicated that localized density is very critical to screw withdrawal 
resistance. As the previous study focused on investigating the density-fastener holding capacity of only 
one type of fastener (screws) in OSB panels, it was suggested to extend the study to cover other types of 
fasteners commonly used in the furniture industry (e.g., staples) and to examine the lateral resistance and 
head pull-through of such fasteners in addition to withdrawal resistance. It was also recommended by 
some of wood panel producers to investigate the fasteners holding capacity in other types of wood panels 
that are currently used in the manufacturing of upholstered furniture frames but their use is limited due to 
their poor fasteners holding capacity. More over, as upholstered furniture frames are subjected to loading 
and unloading events, it was necessary to investigate the fasteners holding capacity under both static and 
cyclic loading conditions, which simulates a fatigue type of loading due to repeated cycles of loading and 
unloading.  
 
The study described in this report is it was quite important as it was intended to address some of the 
critical technical issues associated with use of wood panels in the upholstered furniture industry which are 
currently limiting the increased use of such panels in the industry. Findings from this work will certainly 
provide a better understanding of the fasteners holding capacity in commercial wood panel products 
including OSB, MDF and PB and the major product attributes that could affect the fasteners holding 
capacity, especially, the in-plane density variation. Ultimately, this will contribute towards increasing the 
market share of wood panels in the upholstered furniture industry. The project was carried out jointly with 
University Laval (being the project partner) which has also increased the value of research through 
alliances with other research institutes and universities and has reinforced collaboration between Forintek 
and its partners. 
 

3 Staff 
Mohammad Mohammad, Eng., Ph.D. Group Leader, Structure, Building Systems 
Xiao-dong Wang Graduate student, Laval University 
Jean-Claude Garant Technologist, Building Systems 
Anes Omeranovic Technologist, Building Systems 
 

4 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. 
 
4.1 Visits to Upholstery Furniture Manufactures  
In order to have a better understanding and appreciation of real upholstery furniture industry and issues of 
concern, as opposed to pure academic research in the field, five (5) visits were made to major upholstered 
furniture manufacturers in the Montreal area in November and December of 2003. Those visits were also 
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necessary for establishing future collaboration with the furniture industry in order to work together in 
finding ways of improving existing upholstered furniture designs and help in expanding the use of wood 
panels in such industry. 
 
4.1.1 Elran 

Elran is considered to be one of the major recliners manufacturers in Canada. It has been in the upholstery 
furniture business for about 36 years. Since 1988 they have been using a 250,000 square feet 
(2.3 hectares) building located in Pointe Claire, Montréal. It has 750 employees and 12 production lines.  
 
Elran produces mainly recliners for one (lazy boy), two (love seats) or three (sofa) persons (i.e., over 90% 
of their products). They are the 7th biggest recliner company in the world, holding 20% of the whole 
recliner market in Canada. They produce 135,000 pieces/year (with an average of 2.2 seats per piece). 
More than 50% of the production is made of leather and the rest in other types of fabric. Their products 
are exported to Europe, the USA, Israel, Japan and other countries, with 20~25% of the exports go to the 
United States. 
 
Elran utilizes mainly plywood for their main frame. However, it uses timberstrand for certain structurally 
demanded parts and OSB and PB is not used much. Elran has used plywood for 25 years. The material is 
used for most frame parts. The plywood is made of pine or spruce with 6 or 5 plies, ¾" (19mm) thick 
provided by Weyerhauser and Slocan. Elran uses timberstrand for front and back rails with 7/8" (22mm) 
thickness. Timberstrand is not only 30% cheaper than solid wood, but they are also stronger than 
plywood. Elran receives pre-cut pieces of timberstrand from Weyerhauser with the appropriate width. 
Thus Elran does not need to do any machining and no waste is generated as a result. Spring clips are 
inserted in the edges of the timberstrand to use it on edge. Elran uses particleboard mainly for less 
structurally demanding parts such as footrests due to its light weight and cheapness. According to Elran, 
MDF would be too heavy to have a well balanced rocking mechanism. The company also uses particle 
board for making drawers underneath the sofa for storage. OSB is only used for reinforcing the sides. 
 
Types of connections used for making frames at Elran are staples with glue as staples are easy and quick 
to install. Those are mainly standard crown galvanized ½" staples. Bigger staples are used to produce 
strong joints for certain structurally demanding areas. Screws are used in critical places where twist is 
significant (where the rocking mechanism is connected to frames. Wood dowels are only used for making 
drawers underneath the middle seat of the sofa. Those are mainly made of hardwoods (i.e. birch) and have 
a spiral profile.  
 
With fifteen (15) people working in the research and development department of the company, they are 
able to create good and unique designs. However, most of their products are based on standard frames, 
where backs and seats designs are all standardized for all models and variation is made out of this basic 
standard frame design by changing the arm seating or side styles to create new models. Its facilities are 
highly automated as Elran incorporates CNC technology in their process. The design for the various parts 
takes place in the drawings shop, where AutoCad drawings are generated. The designer maximizes the 
yield from a typical 2x4 plywood sheet in their designs. Then designs are fed to the CNC band saw with a 
102° rotation arm capable of processing 17 sheets of plywood simultaneously. The various parts are 
collected and stored on individual carts for further processing. This method is very fast and it has been 
optimized, using up to 90% wood and only 10% waste. Elran is one out of only two or three companies in 
Canada that run CNC machines. Such a machine costs about half a million dollars, but its high efficiency 
makes it profitable. The factory is able to produce a big number of sofas per day compared to typical 
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traditional plants as they rely on automation and standardization. Elran has 12 production lines with 
automated assembly machines to staple and apply glue automatically. Some of the production lines are 
dedicated to the backs and seats of sofas.  
 
4.1.2 Berkline Canada 

The second manufacturer visited was Berkline Canada, which is a US-based company. The Canadian 
branch has over 150 employees in Montréal. Visiting the company, you will have the impression that 
Berkline Canada is a small traditional furniture company doing a lot of manual work. Their total 
production in one year is equal to a week’s production at the company’s main site in the United States, 
where the manufacturing process is more automated. 
 
Berkline produces mainly recliners for one, two or three persons. The company uses solid wood, 
plywood, OSB, particle board, MDF and combinations of these. Berkline uses two types of plywood: 
Russian birch plywood and Southern Yellow Pine (SYP) plywood. OSB panels used in this factory are 
typical sheathing panels. No attempts were made to acquire furniture grade OSB. OSB is used mainly for 
less structurally critical sections. The OSB used by Berkline Canada is produced by Goodfellow 
(Grade 1) common sheathing panels, which are not specially produced for furniture. OSB used for front 
rail has a thickness of 3/8" (16mm), while 7/16" (11mm) is used for making back rails. Some of the major 
problems that the company has with the use of OSB are the splitting due to fastening in edge. Bending of 
staples could also be a problem due to the presence of glue pockets within the OSB. Moreover cutting 
OSB results in a considerable wear and tear on saws and knives compared to plywood or solid wood. 
 
Particleboard is used by Berkline for less structurally demanding components, particularly for making 
foot and arm rests. The advantages of PB are that it is not too expensive and not that heavy. The company 
staples on the face and edge of the PB, without any signs of splitting (as compared to OSB). MDF used 
by Berkline is made by Uniboard and is preferred due to its weight and its light color. Berkline Canada 
uses a combination of MDF and plywood for arm rails, connected with staples. For a three person 
recliner, the middle seat is made of MDF because it does not move. It is painted in black to make it 
invisible for the customer.  
 
Staples are the main type of fastener used in jointing the main frame members together since they can be 
inserted quickly. Apart from staples, screws, dowels, t-nut, toothed metal connector plates and a kind of 
tenon-mortise are used as well. Berkline Canada uses standard staples grade 19 from SENCO with 1¾" 
(44mm) legs and 1½" (38mm) crown. Most staples are used with glued joints to keep the joined 
components together during handling and prior to full curing of the glue. However, some are used in a 
combination with metal truss plates. Birch dowels are used for solid wood and solid wood and plywood 
connections. Some wood dowels are also used for crossing and rocking sections. Screws manufactured by 
Robertson, are mainly used to reinforce certain glued joints in certain models. Nails are not used at all.  
 
When asked about the potential change from plywood and timberstrand to OSB, the R&D manager 
replied that the price of OSB compared to plywood will certainly dictate which way to go in the future. 
But other factors such as the fasteners holding capacity in OSB and the material quality would need to be 
considered if the company switches from plywood to OSB, especially when it comes to critical 
components like railings. Elran management does not believe that all sofas parts could be made of OSB. 
However, it can be used to make the majority of the components. But the concern is if the company will 
end up using both OSB and plywood as the CNC processing technology works more efficiently if all 
components are made of the same material. Using OSB and plywood would double the sawing time and 
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significantly decrease the output. OSB is currently used only to reinforce the sides. With improved 
mechanical properties of OSB (fastener retention, end splitting, consistency of thickness as well as 
structural resistance), the company would certainly examine the possibility of using OSB in upholstery 
furniture frames. 
 
4.1.3 Jaymar 

Jaymar is another upholstered furniture manufacture who is using panel products extensively for certain 
models (up to 90%). But in the majority of sofas frames they produce, solid wood is mainly the material 
used (Figure 1). The company produces one, two- or three-person fixed frames sofas only. No recliners. 
The company uses mostly Russian plywood (made of Birch) due to increased prices of local plywood. 
However, in the US South, SYP plywood (3/4") is used in making frames. Plywood or MDF reinforced 
with solid wood to carry the tension forces in the springs are used for the front rails of the frames. Jaymar 
is using a CNC band saw to process plywood sheets (Figure 2). However, the CNC saw can only process 
2 sheets at the same time, limiting its production capability. The company has 8 people working for the 
R&D department for designing new frames and the optimization of the manufacturing process.  
 
Different types of connections are used in the fabrication of the sofas frames. Staples (3/8" crown and 
1½" legs) are the most commonly used type of fasteners and is used mostly with glue. Screws of 1" or 
1½" are also used for critical connections. Jaymar used OSB for making quite few components of the 
frames in the past, but due to problems associated with the material quality problems and connections 
difficulty, they decided to switch to plywood. 
 

 
Figure 1 A typical sofa frame made of a combination of plywood and solid wood at Jaymar 
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Figure 2 A CNC machine used at Jaymar to process 2 sheets of plywood for sofa frames 
 
4.1.4 Shermag and Sofas International 

Even though Sofa International was bought by Shermag in 1997, the two plants are operating more or 
less, independently from each other. Therefore, two visits were made: one to Sofa International plant and 
the other to Shermag production lines. An unusual concept called “Cameleon” is used at Shermag 
(initially created at Sofas International). Cameleon is an interactive concept consisting of platforms on 
which backs and arms are inserted (Figure 3). These can be easily interchanged or rotated. All elements 
are designed to connect together allowing for various configurations to be adopted. Their market has been 
limited to Canada and the US but they have plans to expand in Europe and far east. Over 50% of Shermag 
products find their way to the US market while the rest are produced for the local Canadian market.  
 
Most frames are done with softwood plywood. Some hardwood is used to support high forces in the 
springs. Canadian plywood (3/4" and 5/8") is used for making certain components of the sofa frames. The 
product is considered unconventional upholstery and it targets medium to high end markets. Shermag 
produces mostly fixed sofas (no recliners). 
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Figure 3 Basic plywood and solid wood frame used at Sofa International for the “Cameleon” 

concept  
 
The results from the various visits were quite important as it provided the research group with a 
comprehensive knowledge on the various types of wood materials and processing technologies being used 
at these plants, including ways of connecting the various components of the frames. In addition it helped 
in exploring the potential increase in using more and more of wood based panel products. The new 
processing technologies being adopted in some of these plants (i.e., CNC) will certainly encourage the use 
of more wood panel products due to lower processing costs, better utilization of the material (i.e., less 
wastes), flexibility in designs (where irregular shapes could be created), and finally, the ability for 
standardization which will affect the speed of assembly.  
 
It was interesting to know that the Russian birch plywood is extensively used in the furniture industry as 
many of the furniture manufacturers visited seem to think that Russian plywood is cheaper than typical 
Canadian plywood with comparable quality. OSB seem to have a good potential in the upholstery 
furniture industry however, man y concerns have been expressed by the furniture manufacturers on the 
quality of the material and its fastening properties. With improvement in the physical and mechanical 
properties of OSB (fastener retention, end splitting, consistency of thickness, density as well as structural 
resistance), the various companies would consider using OSB in upholstery furniture frames. Other types 
of wood based panels (i.e. MDF and PB) will continue to be used in the furniture industry for certain 
components that are less structurally demanding but their use will be limited as the panels are not 
structural and are not meant to resist high loads compared to plywood or OSB. Some of those 
manufacturers were ready to provide frames made with composite panel products for potential testing at 
Forintek or University Laval. This reflects the seriousness on the part of the furniture industry in 
exploring potential use of more wood based panel products in their industry.  
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4.2 Materials 
For this study, a total of twenty (20) full-size (1.22 by 2.44 m) panels with four (4) replications of each of 
the following products: 1) medium density fiberboard (MDF) panels, 16-mm thick, grade 150; 
2) particleboard (PB) panels, 16-mm thick, grades M2 and MS (two of each); 3) OSB panels, 11-mm 
thick; 4) OSB panels, 15-mm thick; and 5) OSB panels, 18-mm thick were acquired. All OSB panels 
were aspen, grade O2. 
 
4.3 Mapping of panels horizontal density distribution 
To measure the horizontal density distributions, all panels were scanned using the X-ray density scanning 
system VSX9811 at Alberta Research Council. This system generates analytic X-ray beam of 60 KeV and 
measures the attenuations of the X-ray transmitted through the panels. In each scan of the 1.22 by 2.44 m 
panel, the system divides the panel area into 224x450 pixels and measures the X-ray attenuation at each 
pixel. The X-ray attenuation at each pixel is calibrated to the average panel density at the pixel area with 
the scan resolution of approximately 5 mm. By adding the densities of all the pixel areas, a complete 
image of the horizontal density distribution in the plane of the panel is produced, while the vertical 
density variation is averaged. The density distribution of the panel is further processed to produce a 
colored contour image with a final resolution of 12.5 mm. The different colors represent the density 
variation in the plane of the full-size panel. Each color represents a range of densities of 50 kg/m3.  
 
Sampling of test specimens from mapped panels was carried out in such away to cover low and high 
horizontal density zones. Test samples of known density range (based on the colors) were cut from those 
panels for fasteners holding capacity and other basic properties tests. Figure 4 shows a typical horizontal 
density distribution image of OSB panel, while Figure 5 shows a typical image of MDF panel. In 
Figure 6, a typical scanned image of PB panel is shown. Such images were generated with a 25-mm 
square mesh for all panels. Mapping of the localized density of panels was necessary in order to define 
localized in-plane density zones which were used to identify where the fasteners should be located within 
the plane of the panel. This was mainly done for the purpose of establishing a correlation between the 
panels localized in-plane density distribution and fastener holding capacity. 
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Figure 4 A typical scanned image of OSB panel showing the horizontal density distribution 

(23/32") 
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Figure 5 A typical scanned image of a MDF panel showing variation of the horizontal 

density profile 
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Figure 6 A typical image of scanned PB panel showing horizontal density variation 
 
4.4 Evaluation of Basic Panel Properties 
Flat-wise static bending tests were performed to determine the bending strength (MOR) and stiffness 
(MOE) values in accordance with ASTM D 1037-99 (ASTM 2003). The span to depth ratio used was 24 
as recommended by the standard. For OSB panels, testing was carried out parallel and perpendicular to 
the long axis of the panel. All static bending tests were conducted at Forintek using a universal testing 
machine (INSTRON 4201). Load-deflection data was recorded. Immediately following the bending test, 
2-in. wide strips were cut across the specimen near the failure zone and moisture content and density 
measurements were made. The oven dry mass and volume were measured after 3 days of drying in an 
oven at 103oC. 
 
Small 50-mm square specimens were cut from the panels to determine the vertical density profiles across 
panel thickness. At least twenty-four 50-mm specimens were cut from each panel covering the entire 
range of horizontal density distribution within the panel. The vertical density profiles were measured 
using an X-ray QMS Density Profiler QDP-01X, at a scan speed of 0.6 mm/sec. The principle of this 
machine is similar to the VSX9811 X-ray scanner, except that it is designed for small-size specimens. The 
scanning resolution is approximately 0.06 mm across-thickness. During scanning, the X-ray beam, 
parallel to the plane of the panel, passes across the thickness of the specimen. This technique averages the 
in-plane density of the panel.  
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Internal bond (IB) tests were conducted on OSB, MDF & PB specimens at Forintek using a universal 
testing machine (MTS Alliance RT/50) in accordance with procedure outlined in CSA O437.0 (CSA 
1993). IB tests were conducted on the same specimens used for the vertical density profile. A summary of 
the various material tests, number of specimens used and the testing standards followed is given in 
Table 1. 
 
Table 1 A summary of panel basic properties tests conducted on OSB, MDF and PB 

specimens 

Property Total number 
of specimens Size of the specimens Standard 

Parallel to long axis 80 MOE 
in bending Perp. to long axis 80 

Parallel to long axis 80 MOR Perp. to long axis 80 

76 x 
((24xthickness)+50mm) 

 
ASTM D1037 

Vertical density profile1 480 
Internal bond (IB) 480 

51 x 51mm 
(2"x2") CSA0437 

1 Specimens for density profile were cut in such a way that most of them contained a single color but covering a 
range of colors. 

 
4.5 Evaluation of fasteners holding capacity in panel products 
The following fastener holding capacity tests were carried out on specimens sampled from each 
type/thickness of panels covering the range of densities within each panel type. This included the three 
different thicknesses of OSB and a single thickness of MDF and PB panels. Only screws and staples were 
evaluated as nails are never used in upholstery furniture (based on the visits made earlier). Nails are more 
common in the construction industry. So it was decided to withdraw nails testing from the testing 
program and focus on screws and staples as they are the most commonly used types of fasteners in the 
furniture industry. Tests were conducted in accordance with procedure given in ASTM D 1037 and 
ASTM D 1761. Both static and cyclic loading types were used in all fasteners holding capacity tests. The 
following specific fasteners holding capacity tests were carried out: 
 
1. Face withdrawal (screws and staples) 
2. Edge withdrawal (screws and staples) 
3. Lateral resistance  (screws only) 
4. Head pull-through (screws and staples) 
 
4.5.1 Specimens 

Attempts were made to follow as closely as possible the specimen sizes and fastener configurations 
specified in the various ASTM standards (e.g., D1037, D1761, etc.). However, some deviations off the 
standard procedure were made due to the specific nature of the test specimen, loading regime or the test 
set-up. All panel specimens used for the evaluation of the fastener holding capacity were 76mm x 151mm 
(3"x6"). Sampling of test specimens from mapped OSB, MDF and PB panels was carried out in such 
away to cover low and high horizontal density zones (as identified by colors) so that fasteners could be 
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driven in various density regions. Test samples of known density were cut from those panels in order to 
establish a correlation between the panels localized in-plane density and fastener holding capacity.  
 
For screw withdrawal from the 18mm (23/32") OSB panel specimens, screws were driven into the 
specimen face approximately 17mm deep, as specified in ASTM D1037. For 11mm (7/16") and 15mm 
(19/32") OSB panel, 16mm MDF and PB panel specimens, the screws were driven through the full 
thickness of the panel specimen. A typical specimen for face and edge withdrawal resistance of screws is 
shown in Figure 7. Similarly, in all staple face withdrawal specimens, 38-mm long staples were driven 
through the thickness, so that the staple crown was projected 13mm above the face, as specified in ASTM 
D1761. For edge withdrawal, screws were driven into the edge of each specimen, approximately 17mm 
and staples were driven into the edge about 25mm, according to ASTM D1037 and D1761, respectively. 
A typical specimen for edge withdrawal resistance of staples can be seen in Figure 8. For head pull-
through resistance tests, screws and staples were driven into panel specimen face in accordance with 
ASTM D1037 and D1761. 
 
Even though ten (10) specimens were sampled from each type/thickness of panels, the number of fastener 
withdrawal tests carried out in each specimen varied depending on the type of test conducted. For all 
static tests on screw withdrawal, four (4) screws were tested on face and four (4) on edges, while for 
screw lateral resistance and head pull-through six (6) screws were tested in each specimen. As for staple 
withdrawal, three (3) staples tested on face and four (4) on edge. For staple head pull-through, four (4) 
were staples were tested in each specimens. As for cyclic tests, only two (2) fasteners were tested per 
specimen. A summary of fasteners holding capacity tests in OSB, MDF and PB panel specimens is given 
in Table 2. 
 

Figure 7 Specimen for face (left) and edge (right) withdrawal resistance of screws with in-
plane density zones clearly identified by the different colors 
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Figure 8 A typical specimen for edge withdrawal resistance of staples 
 
Table 2 Summary of fasteners holding capacity tests in OSB, MDF and PB panels 

Fastener Property 
Number of 
specimens 
per panel 

Panel 
type1 

Number 
of fastener 
per panel 

Size of  
specimens Standard 

Static 10 40 Face 
withdrawal Cyclic 10 20 

Static 10 40 Parallel 
to long 

axis Cyclic 10 20 

Static 10 40 

Gage 10 
Screw 
(25mm 
long) 

 
 

Edge 
withdrawal Perp. to 

long axis Cyclic 10 

 
 
 

D 

20 

ASTM 
D1037 

Static 10 60 Parallel 
to long 

axis Cyclic 10 20 

Static 10 60 

Lateral 
resistance Perp. to 

long axis Cyclic 10 

 
 

A 
20 

 

Static 10 60 

Gage10 
Screw 
(50mm 
long) 

Head pull-
through Cyclic 10 

½ of 
B 20 

 

Static 15  45 Face 
withdrawal Cyclic 10 20 

Static 10 40 Parallel to 
long  axis Cyclic 10 20 

Static 10 40 

 
 

Edge 
withdrawal 

Perp. to 
long axis Cyclic 10 

 
 
 

C 
20 

ASTM 
D1761 

Static 10 40 

Gage 16 
Staple 
(38mm 
long,  

12.7mm 
crown) Head pull-

through Cyclic 10 
½ of 

B 20 

76mm 
(3") 
X          

151mm 
(6") 

 
1 A, B, C, and D indicate the four panel replicates of each material type of or thickness. 
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4.5.2 Set-up and apparatus 

Standard jigs as specified in ASTM D1037 and D1761 were used to carry out the fasteners holding 
capacity tests (i.e., withdrawal, lateral and head pull-through) subjected to static monotonic loading. 
However, for evaluating the fasteners holding capacity in panel specimens subjected to cyclic loading, 
special jig were built to allow for loading and unloading cycles without slacks. That was quite challenging 
some times and load control was used to carry out the testing instead of displacement controlled used in 
the static loading. Examples of the different types of jigs used for the various tests are shown in Figure 9, 
Figure 10 and Figure 11. 
 

 
Figure 9 A test set-up for edge (left) and face (right) withdrawal resistance of screws 
 

 
Figure 10 A test set-up for carrying out cyclic lateral loading resistance of screws 
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Figure 11 A test set-up for static (left) and cyclic (right) staples head pull-through  
 
4.5.3 Loading regimes 

Two types of loading regimes were used to evaluate the fasteners holding capacity of staples and screws. 
Those are: static and cyclic. Static loading involved testing the panel specimens in accordance with 
procedure specified in ASTM standards (D1037 and D1761), where specimens were loaded 
monotonically to failure at a specified displacement rate. Cyclic tests, on the other hand, were carried out 
by cycling the load between two pre-specified load levels for a certain number of cycles before loading 
ultimately to failure. The idea was to simulate fatigue type of loading that fasteners in panels could be 
subjected in service due to loading and unloading conditions that an upholstered furniture frame could be 
subjected to in service. This type of fatigue loading is referred to as a short-term fatigue to distinguish it 
from a typical fatigue type of loading which is usually carried out with a large number of loading and 
unloading cycles until failure occurs. Upholstered furniture frames are subjected in service to a wide 
range of loading including cyclic. This is expressed in terms of continuous events of loading and 
unloading of the piece of furniture. Typically, in the furniture industry, long-term fatigue loading is 
carried out using a large number of loading and unloading cycles (over 25,000 cycles depending on the 
performance acceptance level) with an average of twenty (20) cycles per minute (GSA 2001). However, 
due to the long time needed to perform a single test following the GSA procedure, it was decided to carry 
out a short-term cyclic test that lasts about six (6) minutes. That allowed for testing sufficient number of 
specimens from the various panel types and thicknesses. 
 
Prior to testing in cyclic, specimens were subjected to static monotonic loading. The ultimate reference 
load for a specific type of test (e.g., face or edge withdrawal) was determined from static monotonic 
loading test and was used to calculate the load levels needed for the cyclic stepped loading. The cyclic 
loading regime used consisted of three (3) cyclic steps, with thirty (30) cycles per step. Thirty (30) cycles 
between 40 N and 15% of the ultimate reference were initially made, and then the load was increased to 
35% and 30 more cycles were made between 40 N and the new 35% load level. At the end of the 2nd 30th 
cycle, load was increased to 70% of the ultimate reference load and additional 30 cycles were made 
before loading to failure as can be seen in Figure 12. The low load level (40 N) used in all cycles was 
selected in such away to have a reliable cycling loading regime with the system used for testing. 
Reference static loads used to establish load levels for all fasteners holding capacity are given in 
Appendix I (Tables I-1 through I-4). Note that for cyclic staple edge withdrawal parallel and 



Evaluation of Fasteners Holding Capacity in Panels for Upholstered Furniture Industry 

 
 
 

 
 

 

 17 of 53 

 

perpendicular, the first upper load levels used were 30% and 25%, respectively, of the reference ultimate 
load, instead of 15%.  
 
In the monotonic tests, the cross-head movement of the testing machine was used to measure the 
withdrawal, slip or the displacement due to head pull-through. In withdrawal tests, a cross-head 
movement of 15mm per minute for screws and 2.54mm per minute for staples were used. For screw 
lateral resistance, a cross-head are 6mm per minute was used, while for screw and staple head pull-
through, a displacement rate of 1.5mm per minute was applied. In cyclic loading, however, a load control 
was used to produce 15 cycles per minute. This meant that the loading rate used for cycles carried out at 
higher load level (e.g., 70%) was much larger than that for cycles at low load levels (e.g., 15%). 
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Figure 12 A typical cyclic loading regime used for fasteners holding capacity tests 
 

5 Results and Discussion 
5.1 Basic panel properties 
5.1.1 Static bending tests (MOE and MOR) 

Results from the bending tests on panel samples are given in Figure 13 to Figure 17. A summary of 
results is also given in Appendix II (Table II-1). For OSB panels, average MOR value for the 15mm 
panels was approximately 24% higher than that of the 11mm panels in both directions (parallel and 
perpendicular to the strong axis of the panels). MOR values of the 18mm panels parallel to the strong axis 
varied corresponded well with the variation in density. As for MOE, the 15mm and 18mm panels had 
similar values in either directions and met the CSA 0437 standard requirements (CSA 1993). Results on 
the 11mm panels demonstrated that MOE values parallel to the strong axis were approximately 15% less 
than CSA 0437 requirements (Figure 13 and Figure 14). 
 



Evaluation of Fasteners Holding Capacity in Panels for Upholstered Furniture Industry 

 
 
 

 
 

 

 18 of 53 

 

Examining the MOR values on MDF and PB, it is evident that MOR values for PB were significantly 
lower than those of MDF or OSB (in the direction parallel to the strong axis of the panel), while the 
values were in the same order as those for OSB tested in the direction perpendicular to the strong axis. 
MOE results showed a similar trend as those of the MOR for all panel specimens as can be seen in 
Figure 15 and Figure 16. 
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Figure 13 Summary of average MOR values of all OSB, MDF and PB specimens sampled 

parallel to the long axis of the panel 
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Figure 14 Summary of average MOR values of all OSB, MDF and PB specimens sampled 

perpendicular to the long axis of the panel 
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Figure 15 Summary of average MOE values of all OSB, MDF and PB specimens sampled 

parallel to the long axis of the panel   
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Figure 16 Summary of average MOE values of all OSB, MDF and PB specimens sampled 

perpendicular to the long axis of the panel   
 
5.1.2 Density and thickness variations 

Thickness and density variations for all panels are given in Table 3. For OSB, the average density of 
15mm (19/32") panels was approximately 11% higher than that of the other panels. However, the density 
variation for the 18mm (23/32") panels was higher (up to 9%) than that of panels 11mm and 15mm. 
Thickness variation of the 11mm (7/16") panels was up to 5% , while the thickness variations of 15mm 
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and 18mm panels were significantly lower. For MDF, the average density was the highest among all 
panels, and the density variation was the smallest. As for PB, the average density was found to be higher 
than OSB and lower than that of MDF. However, the density variation was smaller than OSB and bigger 
than MDF. 
 
Table 3 Thickness and density variation for all panels 

Panel Type Panel designation Actual thickness 
mm 

Panel density 
kg/m3 

7/16-A 11.02 (1.28)  592.3 (5.0) 
7/16-B 10.64 (5.04) 593.3 (5.7) 
7/16-C 10.66 (3.02) 588.9 (4.6) 
7/16-D 11.16 (4.99) 600.5 (4.7) 

Ave. 11mm (7/16") 10.82 (3.59) 593.5 (5.1) 
19/32-A 15.04 (0.45) 654.3 (5.6) 
19/32-B 14.96 (0.62) 662.0 (6.6) 
19/32-C 14.99 (0.36) 661.8 (5.4) 
19/32-D 14.85 (1.39) 664.1 (6.2) 

Ave. 15mm (19/32") 14.91 (0.74) 660.8 (5.9) 
23/32-A 18.05 (1.55) 590.0 (7.8) 
23/32-B 18.49 (0.56) 570.8 (9.1) 
23/32-C 18.26 (0.15) 590.7 (7.6) 
23/32-D 18.52 (0.18) 575.2 (7.9) 

OSB 

Ave. 18mm (23/32") 18.28 (0.60) 581.4 (8.0) 
MDF-A 16.18 (0.10) 781.9 (1.2) 
MDF-B 16.15 (0.25) 767.4 (2.6) 
MDF-C 16.18 (0.07) 774.8 (1.2) 
MDF-D 16.04 (0.46) 764.7 (2.3) 

MDF 

Ave. MDF 16mm (5/8") 16.17 (0.18) 774.4 (1.9) 
PB-A 16.18 (0.07) 648.4 (3.1) 
PB-B 16.12 (0.11) 702.3 (8.8) 
PB-C 16.35 (0.10) 740.4 (6.6) 
PB-D 16.13 (0.03) 659.4 (5.9) 

PB 

Ave. PB 16mm (5/8") 16.19 (0.08) 687.9 (8.4) 
Note: number between brackets is the coefficient of variation (COV), %  

5.1.3 Internal bond (IB) 

Figure 17 shows the results from internal bond (IB) tests on all types of panels. For OSB panels, the IB of 
15mm panels was higher and with the least variation, while 11mm panels did not meet CSA 0437 
requirements (see Table II-1 of Appendix II). Much higher values for the IB of MDF were found 
compared to PB or OSB. In general PB exhibited more variation than other panel products but the IB 
values were generally higher than those of OSB, regardless of the panel thickness. 
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Figure 17 Summary of average IB values of OSB, MDF and PB specimens  
 
5.1.4 Vertical density profile 

Figure 18 shows average vertical density profiles from samples taken from the three different thicknesses 
of OSB panels and those of MDF and PB. The density profile analysis showed that considerable 
differences existed between the three groups of OSB panels. The 11mm (7/16") panels had the lowest 
face density, while 18mm (23/32") panels had the lowest core density. The 11mm (7/16") and the 15mm 
(19/32") OSB panel specimens seem to have the same core density. The smallest variations in density 
between the face and the core across the thickness were observed for MDF in comparison to other types 
of panels, while variations in the density of PB samples were in the same order as those of the OSB with 
nearly a similar thickness (15mm vs. 16mm). 
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Figure 18 Vertical density profile of OSB, MDF and PB specimens 
 
5.1.5 X-ray mapping of horizontal and vertical densities vs. measured density 

The average density of each 50 mm square specimen taken from the horizontal (in-plane) density profile 
as determined by VSX-9811 X-ray system was compared with the density measurements based on mass 
and volume (gravimetric data). Results of linear regression analysis are shown in Figure 19. The analysis 
revealed strong correlations between X-ray horizontal and gravimetric densities for the OSB and PB 
panels. The coefficients of determination (R2) were between 0.81 and 0.88 for OSB panels and 0.96 for 
PB panels. This indicates that X-ray scanning system is fairly reliable and accurate for these products. 
Much weaker correlation was found for MDF panels, with R2 = 0.42, due to the narrow range of the 
density variation. To achieve higher correlation, the scanning resolution and sensitivity of the X-ray 
system should be improved. 
 
To examine the effect of the resolution on the relationships, three hundred small 25-mm square specimens 
were cut from the OSB panels and their gravimetric densities were measured. Figure 20 shows the 
relationships between gravimetric and X-ray in-plane densities for these samples. The R2 values 
significantly decreased when the specimen size was reduced from 50 mm to 25 mm. This indicates that 
the current scanning and image resolution employed by the X-ray scanning system was too coarse to 
accurately measure the density variation in the small area for those wood composites that exhibit high 
variations in their in-plane density profiles. 
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Figure 19 Comparison of gravimetric density and in-plane density determined by X-ray 

scanning method (50-mm samples) 
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Figure 21 shows strong relationships of vertical density profile to the gravimetric measurements for all 
panels. The coefficients of determination were from 0.79 to 0.82 for OSB, 0.99 for PB, and 0.92 for MDF 
panels. This indicates that the QMS X-ray scanning system is accurate for all types and thicknesses of 
products tested. Compared to the VSX9811 X-ray system, it produced similar or better results for OSB 
and PB panels, and certainly, much better correlations for MDF panels. The better performance of the 
QMS system on MDF panels demonstrated a positive correlation between accuracy and scanning 
resolution. The QMS Density Profiler employs higher scanning resolution (0.06 mm) than the VSX9811 
system (5 mm). However, this system can only scan small size samples as opposed to the VSX9811 
system which scans the full size panels. 
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Figure 21 Through-thickness density vs. gravimetric density (50-mm samples) 
 
5.2 Fastener holding capacity and localized density relationships 
Results on the evaluation of the three types of fastener holding capacities and their correlation to 
horizontal density of panels from which specimens were sampled are given below. The three types of 
fasteners holding capacity evaluations were: face and edge withdrawals of screws and staples, lateral 
resistance of screws and head pull-through resistance of screws and staples. Results include both static 
and cyclic type of loading. Fasteners holding capacity evaluations covered three types of panels; OSB, 
MDF and PB.  
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5.2.1 Face and edge withdrawal resistance 

5.2.1.1 Screws 

Figure 22 shows a summary of test results from screw face and edge withdrawal tests subjected to static 
loading, while Figure 23 provides a summary of results for cyclic loading. Both face and edge withdrawal 
resistances were determined per unit thickness (ultimate load divided by actual penetration depth) in order 
to be able to compare face and edge withdrawal values on panels with different thicknesses. One can see 
that face withdrawal strength was higher than edge withdrawal strength in almost all cases and regardless 
of the type of panel or the type of loading (static vs. cyclic). This result was expected, as the edge 
withdrawal strength is controlled by the core density, which is significantly lower than the face density. 
The 18mm thick OSB panel was the exception as the cyclic face withdrawal resistance was in the same 
order as that of the edge withdrawal resistance reference to either the long or the short axis of the panel. 
Indeed this is one of the major concerns that have been identified by the upholstered furniture industry as 
a weakness side of using panel products for such applications. No significant differences were found 
between the loading direction references to the strong/long axis of the panels (parallel vs. perpendicular).  
 
As for differences in the withdrawal resistance between the various thicknesses of the OSB panel 
specimens, it was found that average face withdrawal strength of the 11mm and 15mm panels was 
97 N/mm, which was 38% higher than that of the 18mm panels. This seems unusual, considering that the 
face density of 11mm panels was lower than that of the other thicknesses of OSB panels (i.e., 15mm and 
18mm). These results suggest that the withdrawal strength is not linearly proportional with the penetration 
depth, which was observed by other researchers in the past (Eckelman 1969 Zhang et al. 2002).  
 
The 11mm panels showed the lowest values for the edge withdrawal strength. Since the core density of 
these panels was not significantly different from the other panels, the low edge withdrawal strength can 
be explained by the smaller thickness and high risk of splitting. In fact, few specimens exhibited some 
splitting during the insertion of screws and prior to any testing. Slightly lower edge withdrawal strength 
of 18mm panels vs. 15mm panels corresponds with its lower core density. 
 
Compare with OSB, the face withdrawal of MDF is similar to that of OSB, but the edge withdrawal is 
much higher than OSB and the difference between face and edge withdrawal of MDF is much smaller. 
This is not surprising considering that MDF has a more uniform density. For PB, the face withdrawal is 
about 30% less than MDF and 40% less than 7/16", 19/32" OSB panels, but similar with 23/32" OSB 
panels. The correlation between static screw withdrawal and localized density of all panels is given in 
Table III-1 of Appendix III. There were no significant differences between edge parallel and edge 
perpendicular withdrawal resistance for all panels tested.  
 
Similar observations were found for specimens subjected to cyclic withdrawal loading in terms of 
differences between face and edge withdrawal resistances, with the exception that for the 18mm thick 
OSB panel, the cyclic face withdrawal resistance was in the same order as that of the edge withdrawal 
resistance reference to either the long or short axis of the panel. It is difficult to explain why the face 
withdrawal resistance is more critical to cyclic loading than that of the edge. Perhaps it is related to the 
orientation of the strands and the way the testing is done for face withdrawal as strands get usually peeled 
off with the repeated cycles of loading and unloading. The correlation between cyclic screw withdrawal 
and localized density of all panels is given in Table III-2 of Appendix III. 
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Generally, no major differences were found between static and cyclic withdrawal resistances of screws 
from both edge and face tests. Some minor differences especially in the OSB panel specimens were 
found, where the face withdrawal resistance was higher for static loading. This could be attributed to 
mainly differences in the average density values. In fact, for edge withdrawal resistance both parallel and 
perpendicular to the long axis of the panel, the cyclic edge withdrawal was slightly higher than that of the 
static edge withdrawal. Differences in density are one reason, but another could be related to the 
densification of the wood strands, particles or fibers due to the repeated cycles of loading and unloading. 
More research is needed in this area with an increasing number of cycles to determine the exact influence. 
There is a need to carry out further analysis on the cyclic response of screws in OSB, MDF and PB 
panels. The ultimate fastener holding capacity has been used as indicator in this exercise. However, other 
parameters associated with the load-deformation relationship could be established to better identify the 
differences between the static and cyclic behavior of fasteners. This could include, the initial stiffness, the 
slip or fastener movement in the panel specimen at a certain load level (e.g., 35%, 75%) or at ultimate 
load). Such analysis could provide additional information on the differences between the static and cyclic 
loading and how the fastener reacts to such different loading events. 
 

0.00

20.00

40.00

60.00

80.00

100.00

120.00

OSB7/16 OSB19/32 OSB23/32 MDF PB

Panel type

Sc
re

w
 w

ith
dr

aw
al

 (N
/m

m
)

Face Edge (pa) Edge (Per)

 
Figure 22 Average screw static withdrawal resistance of OSB, MDF and PB specimens 
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Figure 23 Average screw cyclic withdrawal resistance of OSB, MDF and PB specimens 
 
ANOVA statistical analysis was carried to verify if a relationship exists between the screws face and edge 
withdrawal resistances and the localized density of the panel. Results indicated that for face withdrawal in 
static and cyclic in all OSB and PB panels, the relationship was significant at 95% confidence level. The 
values for R2 were found to range from 0.22 to 0.69 (Tables III-1 and 2 of Appendix III). However, Poor 
relationship was observed for MDF. This could be attributed to the uniformity in the MDF localized 
density as less variation was found in the horizontal density distribution of MDF in comparison to OSB or 
PB panels.  
 
For edge withdrawal of screws in static or cyclic, the relationship was found to be significant for all OSB 
panel specimens perpendicular to the long axis of the panel, while for parallel, the relationship was only 
significant for 11mm and 18mm OSB. As for PB, relationship between the static edge withdrawal 
resistance and localized density was found to be significant for both parallel and perpendicular (with R2 
values of 0.48 and 0.64 (Table III-1, Appendix III), while for cyclic, the relationship was poor for both 
MDF and PB panels (Table III-2, Appendix III). An example of typical correlations between static and 
cyclic screw face withdrawal resistances in all OSB panel specimens and localized panel density is shown 
in Figure IV-1 of Appendix IV.  
 
5.2.1.2 Staples 

Results of static staple face and edge withdrawal tests are given in Figure 24, while cyclic results are 
shown in Figure 25. Similar to screw withdrawal, staple withdrawal strength was determined per unit 
thickness (ultimate load divided by the actual penetration depth). It can be seen that staple face 
withdrawal strength was on average at least twice as high as the edge withdrawal for all types of panels 
including MDF and PB. Staple withdrawal from the 15mm OSB panel specimens was the highest among 
all OSB panel specimens. MDF panel specimens exhibited the highest face withdrawal, regardless of the 
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type of loading (static vs. cyclic). Face withdrawal in PB was the lowest for all panel types subjected to 
static loading, while the face withdrawal of the 11mm OSB panel specimens was the lowest for 
specimens subjected to cyclic face withdrawal (Figure 25). Generally, slightly lower face and edge 
withdrawal resistances were observed following cyclic loading in comparison to static loading. Such 
reduction in the face and edge withdrawal seems to be more associated with OSB panel specimens that 
with other types of panels tested (i.e., MDF and PB). Therefore, it could be concluded that staple face and 
edge withdrawal in OSB is more sensitive to cyclic loading than that in other panel products tested. 
 
Average edge withdrawal strength per mm thickness for 11mm panels was about 50% of that of the 
15mm and 18mm panels. The low edge withdrawal resistance of the 11mm panels can be explained by 
the splitting associated with stapling due to the small thickness as that was visible in some specimens 
following the installation of staples. For MDF, PB, average staple edge withdrawal resistances were in the 
same order as those of the OSB regardless of the type of loading. There were no significant differences 
between edge parallel and edge perpendicular withdrawal resistance for all panels tested.  
 
Examining the relationships between the localized density and the face withdrawal of the staples in cyclic, 
it was evident that the relationships are significant for all OSB thicknesses and PB panels, but not MDF at 
95% confidence level as can be seen in Tables III-1 and 2 (Appendix III). The R2 values ranged from 0.3 
to 0.7. For static face withdrawal, the relationship was less significant as only two thicknesses of OSB 
(11mm and 18mm) and PB were having significant relationships between the staple withdrawal resistance 
and localized density distribution. MDF in both static and cyclic face withdrawals exhibited poor 
relationships.  
 
For staple edge withdrawal resistance parallel in cyclic, the relationships were reasonably significant for 
all OSB panels but not for MDF and PB. However, for cyclic perpendicular edge withdrawal resistance, 
the correlation was only significant for the 15mm and 18mm OSB and MDF panels. PB did not exhibit 
any significant relationship between the two parameters. As for parallel static staple edge resistance, the 
relationships generally, were less significant. The 18mm OSB and the PB were the only two panel 
specimens that showed some correlation. However, such correlation was relatively poor. For 
perpendicular static staple edge withdrawal, the relationship was only significant for two thickness of 
OSB (15mm and 18mm). Poor correlations were found for the other thickness of OSB or for the other 
types of panels. An example of typical correlations between static and cyclic staple face withdrawal 
resistances in all OSB panel specimens and localized panel density is shown in Figure IV-2 of 
Appendix IV. 
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Figure 24 Average staple static withdrawal resistance of OSB, MDF and PB specimens 
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Figure 25 Average staple cyclic withdrawal resistance of OSB, MDF and PB specimens 
 
5.2.2 Lateral resistance of screws 

Results from screw lateral resistance tests are shown in Figure 26 and Figure 27 for static and cyclic 
loading. For all tests, the screws were centered on the width or length of panel specimens and located 1/4" 
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from the edge in order to be able to compare lateral resistance values on panels with different thicknesses 
and different materials. Examining Figure 26, it is apparent that the screw unit lateral resistance expressed 
as the ultimate resistance per mm thickness increases when the thickness is increased for OSB panels. 
Considering the average total screw lateral resistance, the lateral resistance of 11mm OSB and 16mm PB 
panels were about half of that of the 18mm OSB and 16mm MDF panels. For the 15mm and 18mm OSB 
panels, parallel screw lateral resistance was found to be relatively higher than perpendicular, while no 
significant differences were found between parallel and perpendicular screw lateral resistances for 11mm 
OSB, MDF and PB panels tested. The lateral resistance of PB was found to be the lowest, while MDF has 
the highest average static lateral screws resistance among all panel types. 
 
The unit cyclic lateral resistances of screws in OSB panels were generally slightly lower than those 
determined from static loading, with the exception of that of the 15mm OSB panel, where similar values 
were obtained. However, such differences were not that significant. There is no explanation as to why the 
15mm OSB panel responded differently from other types of OSB panels. 
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Figure 26 Average screw lateral resistance for all OSB, MDF and PB panel specimens 

subjected to static loading 
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Figure 27 Average screw lateral resistance for all OSB, MDF and PB panel specimens 

subjected to cyclic loading 
 
Significant linear relationships between localized density and the lateral resistance of screws in static and 
cyclic were found in all OSB panels for screws loaded parallel to the long axis of the panel (Tables III-1 
and 2 of Appendix III). The relationship was significant at 95% confidence level, with R2 values ranging 
from 0.46 to 0.65. The relationship was insignificant for MDF and PB. For the cyclic lateral resistance of 
screws loaded perpendicular to the long axis, the relationship was found significant for only two 
thicknesses of OSB (11mm and 15mm), while for static, the relationship was significant for all OSB 
thicknesses and PB panels. The values for R2 ranged from 0.21 to 0.59. Poor correlation was found 
between screws static or cyclic head pull-through resistances and localized density for MDF panels. This 
could be attributed to the uniform distribution of horizontal density of MDF panels compared to other 
types of panels.  
 
In Figure 28, the relationship between screws lateral resistance under static load and localized density is 
shown for all OSB panels combined. Even though the relationship was found reasonably significant for 
the lateral resistance from each individual panel with relatively high R2 value, once all panels are 
combined, the new R2 value dropped considerably to 0.23, but still significant however. Aside from 
isolated data points, the trend is clearly indicative of a good linear relationship. Increasing the localized 
density will certainly lead to improvement in the lateral resistance of screws. An example of a typical 
correlation between cyclic screw lateral resistance in all OSB panel specimens and localized panel density 
is shown in Figure IV-3 of Appendix IV. 
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Figure 28 Lateral resistance of screws for all OSB panels in relation to localized density 
 
5.2.3 Head pull-through 

5.2.3.1 Screws 

Results from screw head pull-through tests are shown in Figure 29. The head pull-though resistance is 
expressed as a unit resistance per mm thickness to be able to compare the head pull-through of the various 
thicknesses and types of panels tested.  
 
The average cyclic unit lateral resistance of screws was found to be slightly higher than that of the static 
unit resistance for all types of panels. This may sound surprising, however, one possible explanation is 
that repeated cycles of loading and unloading lead to a densification of the wood fiber underneath the 
screw head. This is not usually the situation when carrying out the tests under static loading, where 
limited densification occurs. In reality, such densification is only possible if the head pull-through 
resistance of screws does not exceed that of the withdrawal resistance of the screw shank from the edge or 
face of the other member. Otherwise, the screws will withdraw completely from the other component 
long before the full head pull-through resistance is developed.  
 
The slightly lower unit screw head pull-through resistance of the 18mm vs. the 15mm OSB panels could 
be attributed to the high density and the more uniformity that was observed for 15mm panels compared to 
18mm thick panels. In all cases, the unit head pull-through resistance of PB was found to be the lowest 
among all other panel types and thicknesses. The average unit head pull-through resistance of MDF seems 
to be in the same order as that of OSB panels due to the high average and face density of MDF compared 
to other types of panels. 
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Figure 29 Average screw static and cyclic head pull-through of all OSB, MDF and PB panel 

specimens 
 
Investigations on the relationship between the localized density and fasteners static and cyclic head pull-
through resistances were carried out (Table III-1 and 2 of Appendix III). Results from statistical analysis 
indicated that the relationships between the screw head pull-through static and cyclic resistances and 
localized density of all OSB and PB panels were significant at 95% confidence levels, with R2 values 
ranging from 0.41 and 0.63. Poor correlation was found between screws static or cyclic head pull-through 
resistances and localized density for MDF panels. An example of typical correlations of screw static and 
cyclic head pull-through resistances in all OSB panel specimens and localized panel density is shown in 
Figure IV-4 of Appendix IV.  
 
5.2.3.2 Staples 

In Figure 30, results from staple head pull-through tests using static or cyclic loading regimes are shown. 
One can see that the unit staple static head pull-through exhibited a similar trend as those of the screw 
head pull-through. Even though average static staple head pull-through for 11mm OSB panels was about 
40% lower than that of the 15mm panels, the head unit pull-through resistance per mm thickness did not 
exhibit any significant difference leading to the conclusions of consistent property between 11mm and the 
15mm panels. The unit pull-through resistances of staples in the 18mm OSB panel subjected to both static 
and cyclic loading were considerably lower than that of the 11mm and the 15mm thick panels. This could 
be associated to the localized density of samples tested. Examining the cyclic staple head pull-through 
resistance however, in the 15mm thick OSB and PB panel specimens, it is evident that the resistance due 
to cyclic loading is higher than that of the static one. No significant differences were observed for the 
other OSB panels. One could speculate that potential increase in the staple head pull-through could be 
attributed to the localized densification of the wood fibers underneath the staple crown that occurs due to 
continued events of loading and unloading. But there is no explanation as to why such phenomenon was 
associated with the 15mm thick OSB and PB but not other OSB thicknesses or MDF panels. Slightly 
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lower staple head pull-through strength of 18mm panels vs. 15mm panels corresponds with the fact that  
more homogenous distribution of wood flakes of 15mm panels were observed compared to the 18mm 
panels (which was evident in the lower horizontal density variation of the 15mm panels). Average unit 
static and cyclic staple head pull-through resistance from MDF panel specimens was in the same order as 
that of 11mm and 15mm OSB panels, but considerably higher than that of the PB, due to the higher face 
and core density of the panels.  
 
It was observed that in certain tests, and at high load levels (close to failure load), the gripping device was 
not able to sustain the locking mechanism of the staples legs, where at some stage, one leg slipped off the 
gripping device, while the other remained in the griping device. Ultimately, the staple was pulled out of 
the panel specimen completely, but the overall failure load recorded was lower than that where slippage 
did not occur. This was more pronounced for static head pull-through tests than for cyclic. 
 
Investigations on the relationship between the localized density and fasteners static and cyclic head pull-
through resistances were carried out (Table III-1 and 2 of Appendix III). Results from statistical analysis 
indicated that the relationships between the staple head pull-through static resistance and localized density 
of 11mm and 18mm OSB panels were significant at a 95% confidence levels, with R2 values of 0.42 and 
0.65, respectively (Table III-1 in Appendix III). In cyclic staple head pull-through resistance tests, the 
relationships were significant for all thicknesses of OSB and for PB but not MDF panels (Table III-2 in 
Appendix III). The small value of R2 (0.22 to 0.33) associated with the relationship could be attributed to 
the small number of samples tested. An example of typical correlation between staple static and cyclic 
head pull-through resistances in all OSB panel specimens and localized panel density is shown in 
Figure IV-5 of Appendix IV. 
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Figure 30 Average unit staple static and cyclic head pull-through of all OSB, MDF & PB 

panels 
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6 Conclusions 
The work reported in this study is focused on evaluating the fasteners holding capacity in panel products 
in relation with the localized density of the panels for potential use in the upholstered furniture industry. 
A large data base of screws lateral resistance and staples and screws withdrawal and head pull-through 
resistances was developed to provide better understanding on the relationship between fasteners holding 
capacity and variations in the panel horizontal density. Basic panel properties including bending strength 
and stiffness (MOR and MOE), internal bond (IB), and vertical density profiles were carried out to 
provide basic information on the tested panels. Static and cyclic loading regimes were used to evaluate 
the fasteners holding capacity in panel specimens. The following conclusions have been made following 
the completion of this study: 
 
• X-ray scanning technique has great potential for non-destructive evaluation of density and density 

distributions for a broad range of wood composite panels, based on the limited study carried out in 
this report. 

 
• There is a large range of basic panel properties among the panels tested and OSB in particular. 

Localized density (density variations) in the plane of the panel has been found to be very critical to 
screw and staple holding capacity (i.e., withdrawal, lateral and head pull-through) in panel products. 
Fastener driven in low density points or zones may fail at much lower load level than that driven in 
high density points with failure initiating at those low density zones and progressing to other zones 
from there (i.e., loaded end or edge distance).  

 
• For the type of cyclic loading regimes used in this study (90 cycles at different load levels), no 

significant differences were observed between the static and cyclic behavior in terms of ultimate 
fasteners holding capacity for most cases. However, certain fasteners capacities in some panels 
exhibited lower or higher values in response to cyclic loading. Localized densification of wood fibers 
could be attributed to increasing fasteners capacities for certain panel and fasteners combinations 
following repeated cycles of loading and unloading events. Lower values of cyclic fasteners capacity 
for other combinations could be associated with the fatigue effect. In order to fully understand the 
fatigue response, different loading regimes with increased number of loading cycles are needed. 
Further analysis of the load-deformation including initial stiffness and deformation at a certain load 
level is needed in order to better characterize such differences. 

 
• Increasing panel density will ultimately improve the fasteners holding capacity. However, reducing 

the variation in localized density by producing panels with more consistent and uniform density 
distribution for use in the upholstered furniture industry could be more effective and economical way 
of improving the fasteners holding capacity in panels. Previous research indicated that optimization of 
other panel manufacturing variables such as strand or particle quality, geometry, amount and 
distribution of resin could also improve the fasteners holding capacity, but density and uniformity in 
density distribution have the greatest impact on fasteners holding capacity, especially for OSB panels.  
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7 Recommendations 
With fastener holding capacity identified by the industry as being one of the major issues limiting the use 
of panel products in the upholstered furniture industry, it is important that panel manufacturers especially, 
OSB producers, invest considerable efforts in improving the fasteners holding capacity of panels. Such 
property depends, on the first place, on the localized density of the panel. This has been found to be more 
pronounced for OSB panels as more variation in horizontal density have been found compared to other 
types of wood panels. By reducing the panel density variability in the plane of the panel and across the 
thickness, the fasteners holding capacity will ultimately improve. 
 
Basic panel properties would have to be looked at carefully as product consistency in basic strength 
properties is critical for the furniture industry. Certain panel components in a typical upholstered furniture 
frame are subjected to high loads and it is quite important for the panel producers to manufacture high 
quality panels oriented for the furniture industry with better strength and stiffness properties.  
 
Full size testing of upholstered furniture frames made of panel products must be tested and various forces 
especially at the connection between front, back and side frame systems must be analyzed in order to 
better understand the forces distribution in a typical sofa frame. Analytical techniques are needed as well 
in order to avoid having to test every design and configuration. By knowing the magnitude of stresses that 
the various frame components are subjected to, then such information could be transferred to the panel 
industry in order to work on improving the panel manufacturing process to meet such performance 
requirements.  
 
It is important to understand that panels should be especially manufactured to suit the type of end 
application they are going to be used for. Panels produced for the furniture industry shall have high 
density and less density variation, thus improved fasteners holding capacity compared to typical panels 
made for other applications (e.g., construction panels). This is more critical for OSB panels as the greatest 
variations in horizontal density distribution were observed for OSB panels.  
 
The panel industry must work very closely with the fasteners manufacturers in order to develop new and 
innovated types of mechanical fasteners that are more suited for connecting the various components made 
of panel products (e.g., T- nut). Such fasteners would have to be reliable, economical and easy to install. 
The upholstered furniture manufacturers are willing to use more and more of wood panels provided that 
concerns over fasteners issues and product quality are resolved.  
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Appendix I 
 

Reference Load Levels for Cyclic Loading 
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Table I- 1 Reference load levels for screw withdrawal resistance both on face and edge (N) 

Panel type Face Edge (Parallel) Edge (Perpendicular) 

15% 163 15% 107 15% 120 
35% 380 35% 249 35% 280 

OSB 
11mm 
(7/16") 

 
1086.7 

70% 761 

 
712.1 

70% 498 

 
800.9 

70% 561 
15% 217 15% 143 15% 157 
35% 507 35% 334 35% 366 

OSB 
15mm 

(19/32") 

 
1448.2 

70% 1014 

 
953.1 

70% 667 

 
1046.5 

70% 733 
15% 196 15% 142 15% 132 
35% 458 35% 332 35% 308 

OSB 
18mm 

(23/32") 

 
1307.8 

70% 915 

 
949.3 

70% 665 

 
880.3 

70% 616 
15% 209 15% 186 15% 179 
35% 488 35% 434 35% 417 

MDF  
(16mm) 

 
1394 

70% 976 

 
1239 

70% 867 

 
1191 

70% 834 
15% 181 15% 121 15% 124 
35% 422 35% 283 35% 289 

PB  
(16mm) 

 
1206 

70% 844 

 
808 

70% 566 

 
827 

70% 579 
 
 
Table I- 2 Reference load levels for staple withdrawal resistance both on face and edge (N) 

 Panel 
type Face Edge (Parallel) Edge (Perpendicular) 

15% 72 30% 61 25% 69 
35% 169 35% 71 35% 97 OSB 11mm 

(7/16") 482.2 
70% 338 

203.5 
70% 142 

276.6 
70% 194 

15% 118 15% 72 15% 82 
35% 275 35% 168 35% 192 OSB 15mm 

(19/32") 
785.19 

 70% 550 

479.4 
 70% 336 

548 
 70% 384 

15% 130 15% 85 15% 83 
35% 304 35% 198 35% 193 OSB 18mm 

(23/32") 869.95 
70% 609 

564.5 
70% 395 

551 
70% 386 

15% 146 15% 94 15% 92 
35% 342 35% 220 35% 214 MDF 

(16mm) 
 

976 70% 683 

 
628 70% 440 

 
612 70% 428 

15% 97 517 15% 78 15% 74 
35% 225  35% 181 35% 172 PB 

(16mm) 
 

644 70% 451  70% 362 

 
492 70% 344 
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Table I- 3 Reference load levels for screw lateral resistance (N) 

Panel type (Parallel) (Perpendicular) 

15% 168 15% 169 
35% 393 35% 394 OSB 11mm (7/16") 1122.2 
70% 786 

1127.2 
70% 789 

15% 276 15% 301 
35% 645 35% 703 OSB 15mm (19/32") 1841.9 
70% 1289 

2007.7 
70% 1405 

15% 330 15% 376 
35% 770 35% 877 OSB 18mm (23/32") 2201 
70% 1540 

2505.2 
70% 1755 

15% 340 15% 337 
35% 793 35% 786 MDF 

(16mm) 2265 
70% 1586 

2247 
70% 1573 

15% 172 15% 168 
35% 402 35% 392 PB 

(16mm) 1148 
70% 804 

1119 
70% 783 

 
 
Table I- 4 Reference load levels for screw and staple head pull-through (N) 

Panel type Screw Staple 

15% 224 15% 132 
35% 522 35% 309 11mm (7/16") 1491.4
70% 1044 

882.1 
70% 617 

15% 402 15% 172 
35% 937 35% 402 15mm (19/32") 2676.9
70% 1874 

1148.3 
70% 804 

15% 369 15% 161 
35% 861 35% 375 18mm (23/32") 2459.9
70% 1722 

1071 
70% 750 

15% 404 15% 205 
35% 943 35% 479 MDF 

(16mm) 2694 
70% 1886 

1369 
70% 958 

15% 238 15% 126 
35% 555 35% 295 PB 

(16mm) 1587 
70% 1111 

842 
70% 589 
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Appendix II 
 

Basic Material Properties 
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Table II- 1 Summary of results on basic material properties 
 Pa
nel number 

Moisture 
content 

(%) 

Density 
(kg/m3) 

MOR Pa. 
(MPa) 

MOR Per. 
(MPa) 

MOE Pa. 
(MPa) 

MOE Per. 
(MPa) 

Internal 
Bond 
(MPa) 

OSB 7/16A 5.5 (1.5) 587.5 (7.6) 30.85 (35.9) 12.85 (20.1) 4767.5 (16.9) 1595.4 (16.6) 0.272 (28.3) 

OSB 7/16B 5.5 (2.2) 590.5 (7.0) 31.18 (32.5) 12.59 (16.0) 4972.5 (21.5) 1734.33 (31.6) 0.219 (28.5) 

OSB 7/16C 5.4 (1.9) 614.4 (6.5) 30.95 (19.3) 17.11 (28.1) 5189.8 (17.6) 1995.75 (15.0) 0.213 (24.8) 

OSB 7/16D 5.5 (1.8) 581.3 (6.2) 29.6 (14.6) 16.48 (29.3) 4753.4(13.6) 1869.33 (21.5) 0.234 (28.0) 

Ave. OSB 
11mm 5.5 (1.9) 593.4 (6.7) 30.76 (26.6) 15.49 (28.7) 4947.0 (18.3) 1839.0 (20.3) 0.232 (28.2) 

OSB 19/32A 5.4 (2.1) 615.7 (4.6) 37.55 (15.2) N/A 5795.7 (7.4) N/A 0.378 (25.1) 

OSB 19/32B 5.2 (2.1) 666.1 (6.1) 37.51 (5.1) 20.08 (1.6) 6518.7 (4.4) 2690.0 (2.8) 0.399 (23.1) 

OSB 19/32C 5.2 (1.7) 638.6 (5.7) 37.06 (14.8) 19.26 (24.5) 6019.4 (8.5) 2416.4 (7.2) 0.441 (18.9) 

OSB 19/32D 5.2 (1.8) 669.3 (3.0) 38.85 (9.7) 19.53 (12.6) 6282.0 (7.6) 2460.57 (17.0) 0.404 (34.4) 

Ave.  OSB 
15mm 5.3 (2.3) 647.4 (5.8) 37.74 (11.7) 19.55 (15.4) 6102.0 (8.1) 2492.0 (12.4) 0.396 (28.3) 

OSB 23/32A 5.2 (0.9) 570.6 (4.7) 33.38 (7.7) 17.9 (9.8) 6404.3 (2.2) 2290.5 (7.3) 0.481 (14.3) 

OSB 23/32B 5.2 (1.4) 565.6 (6.3) 30.17 (3.7) 16.73 (24.8) 6104.3 (4.4) 2134.67 (13.5) 0.311 (19.0) 

OSB 23/32C 5.2 (1.4) 577.7 (5.7) 43.20 (6.6) 18.05 (18.9) 6647.0 (3.2) 2323.13 (11.6) 0.352 (22.2) 

OSB 23/32D 5.3 (3.9) 555.8 (5.3) 37.26 (17.9) 16.96 (19.7) 6374.8 (11.1) 2216.0 (9.8) 0.347 (34.1) 

Ave. 18mm 5.2 (2.5) 567.4 (5.4) 36.00 (16.8) 17.4 (17.3) 6383.0 (6.9) 2252.0 (10.1) 0.360 (28.2) 

CSA 0437 for 
OSB   29.0 12.4 5500 1500 0.345 

MDF2  781.9 (1.2) 35.27 (6.1) 32.7 (2.4) 3745 (3.7) 3394 (2.7) 0.966 (12.3) 

MDF3  767.4 (2.6) 30.2 (8.1) 30.03 (11.4) 3453 (5.8) 3250 (8.2) 1.005 (13.2) 

MDF4  774.8 (1.2) 32.05 (4.8) 32.81 (5.5) 3577 (2.1) 3274 (5.6) 0.986 (17.6) 

MDF5  764.7 (2.3) 
 35.54 (6.8) 33.88 (5.8) 3477 (4.0) 3319 (3.1) 0.803 (21.9) 

MDF Ave.  774.4 (1.9) 32.33 (9.1) 31.85 (7.7) 3581 (5.2) 3306 (5.7) 0.990 (14.5) 

ANSI A208.2 
for MDF 

Grade 150 
  31.0 31.0 3100 3100 0.90 

PB-MS-A6  648.4 (3.1) 13.38 (9.1) 2350 (10.0) 0.587 (17.1) 

PB-MS-B6  702.3 (8.8) 12.64 (14.9) 2101 (14.8) 0.302 (29.9) 

ANSI A208.1 
for 

PB MS grade 
  12.5 1900 0.40 

PB-M2-C6  740.4 (6.6) 15.37 (10.4) 2502 (9.6) 0.681 (14.4) 

PB-M2-D6  659.4 (5.9) 17.20 (7.3) 2688 (5.8) 0.49 (25.7) 

ANSI A208.1 
for 

PB M2 grade 
  14.5 2250 0.45 

Note: number between brackets is the coefficient of variation (COV), % 
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Table II- 2 Average screw static withdrawal strength on face and edge 

Face Edge (Parallel) Edge (Perp.) 
Panel type 

N/mm N/mm N/mm 
11mm (7/16") 97.37 (26.9) 41.89 (24.9) 47.11 (27.2) 

15mm (19/32") 97.52 (21.7) 56.06 (29.9) 61.56 (22.4) OSB 
18mm (23/32") 76.93 (21.3) 55.84 (32.4) 51.78 (30.2) 

MDF (16mm) 87.13 (7.4) 72.88 (6.7) 70.06 (9.8) 
PB (16mm) 75.37 (12.5) 47.53 (10.5) 48.65 (11.9) 

Note: number between brackets is the coefficient of variation (COV), % 
 
 
 
 
Table II- 3 Average screw cyclic withdrawal strength on face and edge 

Face Edge (Parallel) Edge (Perp.) 
Panel type 

N/mm N/mm N/mm 
11mm (7/16") 81.64 (37.4) 47.81 (23.8) 51.26 (18.2) 

15mm (19/32") 96.53 (20.2) 66.85 (16.4) 65.92 (18.8) OSB 
18mm (23/32") 67.22 (25.8) 67.84 (23) 68.98 (25.7) 

MDF (16mm) 87.13 (7.4) 70.24 (11.5) 70.94 (9.3) 
PB (16mm) 73.94 (9.5) 49.00 (10.8) 47.65 (12.5) 

Note: number between brackets is the coefficient of variation (COV), % 
 
 
 
 
Table II- 4 Average staple static withdrawal strength on face and edge 

Face Edge (Parallel)   Edge (Perp.)  
Panel type 

N/mm N/mm N/mm 
11mm (7/16") 45.23 (36.1) 8.14 (40.4) 11.06 (30.3) 

15mm (19/32") 52.38 (28.0) 19.18 (25.6) 21.92 (18.1) OSB 
18mm (23/32") 47.64 (28.7) 22.58 (46.6) 22.04 (27.1) 

MDF (16mm) 61.00 (8.4) 25.12 (21.5) 24.48 (25.6) 
PB (16mm) 40.25 (21.6) 20.68 (12.7) 19.68 (11.5) 

Note: number between brackets is the coefficient of variation (COV), % 
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Table II- 5 Average staple cyclic withdrawal strength on face and edge 

Face Edge (Parallel)   Edge (Perp.)  
Panel type 

N/mm N/mm N/mm 
11mm (7/16") 34.27 (44.7) 8.36 (47.2) 9.52 (36.1) 

15mm (19/32") 50.13 (29.0) 15.52 (34.4) 18.36 (27.9) OSB 
18mm (23/32") 45.83 (21.9) 18.44 (21.8) 18.52 (35.4) 

MDF (16mm) 64.31 (10.2) 21.72 (14.7) 24.16 (13.4) 
PB (16mm) 40.56 (19.8) 18.96 (20.7) 19.32 (10.9) 

Note: number between brackets is the coefficient of variation (COV), % 
 
 
 
Table II- 6 Average parallel and perpendicular screw lateral resistance  

Panel type Parallel Perp. 

 Static Cyclic Static Cyclic 

 (N/mm) (N/mm) 
11mm (7/16") 102.12 (35.3) 86.64 (35) 102.47 (39.1) 111.36 (22) 

15mm (19/32") 122.75 (24.7) 121.93 (27) 133.73 (27.4) 131.40 (25.9) OSB 
18mm (23/32")  122.28 (26.0) 120.11 (26.2) 139.02 (22.1) 112.56 (23.9) 

MDF 16mm 141.58 (7.0) 132.13 (9.6) 140.46 (6.7) 135.13 (15) 
PB 16mm 72.13 (13.4) 64.81 (17.8) 69.92 (13.2) 60.38 (14.8) 

Note: number between brackets is the coefficient of variation (COV), %  
 
 
Table II- 7 Average screw head pull-through 

Head pull-through 

Static Cyclic Panel type 

(N/mm) (N/mm) 
11mm (7/16") 135.58 (22.5) 160.37 (25.73) 

15mm (19/32")  178.46 (15.4) 194.54 (14.6) OSB 
18mm (23/32")  136.66 (17.8) 161.33 (23.38) 

MDF 16mm  168.56 (7.9) 188.0 (3.68) 
PB 16mm  99.19 (12.0) 120.05 (8.31) 

Note: number between brackets is the coefficient of variation (COV), % 
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Table II- 8 Average staple head pull-through 

Head pull-through 
Panel type 

Static Cyclic 

 (N/mm) (N/mm) 

11mm (7/16") 79.0 (27.9) 74.91 (22.57) 
15mm (19/32") 77.3 (30.3) 95.87 (28.35) OSB 
18mm (23/32") 57.8 (32.5) 64.39 (18.1) 

MDF 16mm 85.6 (18.7) 84.13 (9.23) 
PB 16mm 52.6 (17.5) 68.81 (13.12) 

Note: number between brackets is the coefficient of variation (COV), % 
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Appendix III 
 

Statistical Analysis Results of Fasteners Holding Capacity and Localized Density 
Relationships 
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Table III- 1 Statistical analysis of fastener-density relationship (static loading) using various types of fasteners 

Fastener Property 
Ave. x 
density 
(kg/m3) 

Ave. y 
max. force 

(N) 
Equation R2 MAE RMAE 

7/16 645.0 1086.7 y = 2.1833x - 321.53 0.6825* 118.5 160.4 
19/32 672.5 1448.2 y = 2.2482x - 63.691 0.2244* 206.7 270.3 

O
S
B 23/32 587.5 1307.8 y = 2.1253x + 59.177 0.2747* 184.9 230.9 
MDF 16mm 785.6 1394.5 y = 0.4339x + 1053.6 0.0128 81.0 101.9 

Face withdrawal 

PB 16mm 687.2 1206.3 y = 2.0966x - 234.51 0.4643* 87.9 109.0 
7/16 608.8 712.1 y = 1.7299x - 340.94 0.3546* 105.7 140.9 

19/32 663.8 953.1 y = 1.5286x - 61.503 0.0748 213.6 270.4 
O
S
B 23/32 585.0 949.3 y = 2.7286x - 646.89 0.2545* 207.0 262.1 
MDF 16mm 783.3 1239.2 y = 1.1697x + 322.88 0.1183 63.9 75.9 

Parallel to 
strong axis 

PB 16mm 669.9 807.6 y = 1.8687x - 444.15 0.6376* 37.3 50.5 
7/16 605.6 800.9 y = 1.4913x - 102.31 0.2448* 151.3 186.7 

19/32 660.0 1046.5 y = 2.8232x - 816.79 0.3566* 150.2 185.8 
O
S
B 23/32 545.6 880.3 y = 2.799x - 646.9 0.2585* 187.7 226.2 
MDF 16mm 783.6 1191.0 y = 0.4032x + 875.02 0.0082 94.5 113.9 

Screw 
Gage 10, 

25mm 
long  

Edge 
withdrawal 

Perpendicular 
to long axis 

PB 16mm 682.8 827.1 y = 2.0808x - 593.75 0.4786* 54.4 70.0 
7/16 570.5 1123.3 y = 3.5444x - 898.81 0.6539* 180.0 233.2 

19/32 634.5 1841.3 y = 4.867x - 1246.8 0.3437* 281.7 368.5 
O
S
B 23/32 589.3 2201.0 y = 6.6583x - 1723 0.5000* 302.9 401.9 
MDF 16mm 780.1 2265.3 y = 0.2757x + 2050.2 0.0024 124.4 156.5 

Parallel to 
strong axis 

PB 16mm 681.6 1154.0 y = 0.7379x + 651.01 0.0147 116.1 153.7 
7/16 568.1 1127.2 y = 4.1022x - 1203.1 0.5930* 230.8 278.8 

19/32 651.5 2005.9 y = 5.134x - 1339.1 0.2134* 399.2 488.3 
O
S
B 23/32 590.9 2502.4 y = 5.8117x - 931.95 0.3630* 343.0 441.7 
MDF 16mm 790.3 2247.3 y = -0.5023x + 2644.2 0.0043 105.5 148.4 

Lateral 
resistance 

Perpendicular 
to strong axis 

PB 16mm 668.6 1118.7 y = 2.3418x - 447.1 0.2516* 103.1 126.5 
7/16 593.8 1491.4 y = 2.4428x + 40.961 0.4134* 184.2 254.7 

19/32 660.4 2676.9 y = 4.6936x - 422.82 0.5334* 225.4 280.0 
O
S
B 23/32 596.3 2459.9 y = 4.6232x - 296.67 0.4270* 268.5 327.8 
MDF 16mm 793.3 2697.0 y = -1.3767x + 3789.1 0.0363 165.9 204.9 

Screw 
Gage 10. 

50mm 
long 

Head Pull-through 

PB 16mm 701.1 1587.0 y = 2.6855x - 295.67 0.4418* 112.5 140.1 
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Continued 

Fastener Property 
Ave. x 
density
(kg/m3) 

Ave. y 
max. force 

(N) 

Equation 
 

( y = ax + b) 
R2 MAE RMAE 

7/16 608.3 481.9 y = 1.3952x - 366.83 0.4575* 99.9 122.9 
19/32 653.3 819.8 y = 0.8837x + 242.42 0.0799 159.1 208.2 

O
S
B 23/32 606.1 891.6 y = 1.3724x + 59.789 0.1664* 177.4 217.3 
MDF 16mm 786.0 976.1 y = 0.0895x + 905.69 0.0008 62.9 81.0 

Face withdrawal 

PB 16mm 741,3 630,1 y = 2.4275x - 1169.4 0.3183* 67,0 85,1 
7/16 595,7 203,5 y = 0.2694x + 43.05 0,0649 62,2 78,3 

19/32 651,8 479,4 y = 0.5021x + 152.08 0,0470 94,9 117,9 
O
S
B 23/32 603,1 509,7 y = 2.4668x - 978.09 0.3327* 169,9 212,5 
MDF 16mm 779,8 627,9 y = 0.7382x + 52.311 0.0159 107.3 130.8 

Parallel to 
strong axis 

PB 16mm 749.0 513.3 y = 0.7373x - 38.942 0.1424* 45.9 63.2 
7/16 591.7 276.6 y = -0.0463x + 303.98 0.0014 73.6 82.3 

19/32 661.7 548.2 y = 0.8462x - 11.731 0.1902* 73.8 87.8 
O
S
B 23/32 596.1 444.8 y = 2.3162x - 935.87 0.2824* 13.5 174.4 
MDF 16mm 783.1 612.1 y = 0.2121x + 445.96 0.0006 130.0 153.3 

 
Edge 

withdrawal 
Perpendicular 
to strong axis 

PB 16mm 753.9 491.4 y = 0.2071x + 335.3 0.0079 46.9 55.5 
7/16 594.4 882.1 y = 2.0266x - 322.45 0.6446* 111.4 139.7 

19/32 643.8 1148.3 y = -0.197x + 1275 0.0019 281.3 343.4 
O
S
B 23/32 577.5 1071.0 y = 2.8484x - 573.99 0.4213* 207.0 261.1 
MDF 16mm 771.0 1387.2 y = 4.5747x - 2139.9 0.1318 188.3 223.4 

Staple 
Gage 16. 

38mm 
long, 

12.7mm 
crown 

Head Pull-through 

PB 16mm 700.2 842.3 y = -0.5088x + 1198.6 0.0071 129.2 145.1 
* Significant at a probability level of 0.05 
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Table III- 2 Statistical analysis of fastener-density relationship (cyclic loading) using various types of fasteners 

Fastener Property 
Ave. x 
density 
(kgm3) 

Ave. y 
max. force 

(N) 
Equation R2 MAE RMAE 

7/16 586 898.0 y = 2.577x - 612.73 0.694* 147 182 
19/32 616 1448.0 y = 1.9969x + 217.67 0.281* 191 243 

O
S
B 23/32 585 1210.0 y = 1.7638x + 179.19 0.218* 240 271 
MDF 16mm 788 1394.0 y = -0.2734x + 1609 0.004 77.4 101 

Face withdrawal 

PB 16mm 688 1183.0 y = 2.6649x - 650.56 0.344* 72.1 89.1 
7/16 568 812.8 y = 1.2763x + 88.479 0.256* 117 162 

19/32 665 1136.5 y = 0.1207x + 1056.2 0.002 151 182 
O
S
B 23/32 596 1153.3 y = 3.0788x - 682.45 0.580* 136 167 
MDF 16mm 782 1194.0 y = 1.5415x - 10.857 0.059 97.5 132 

Parallel to 
strong axis 

PB 16mm 703 833.0 y = 1.5805x - 277.3 0.18 67.7 79.1 
7/16 554 871.5 y = 1.1803x + 217.87 0.216* 111 137 

19/32 676 1120.6 y = 2.0091x - 238.12 0.350* 140 165 
O
S
B 23/32 593 1172.7 y = 2.9123x - 552.9 0.204* 207 262 
MDF 16mm 791 1206.0 y = 0.6743x + 673.12 0.042 88.7 108 

Screw 
Gage 10, 

25mm 
long  

Edge 
withdrawal 

Perpendicular 
to strong axis 

PB 16mm 683 810.0 y = 0.2865x + 614.66 0.008 79.3 98.5 
7/16 568 953.0 y = 3.1658x - 844.8 0.483* 198.1 238.6 

19/32 655 1829.0 y = 3.9954x - 787.82 0.456* 296 355 
O
S
B 23/32 615 2162.0 y = 6.9884x - 2136 0.623* 293 340 
MDF 16mm 784 2114.0 y = 0.8945x + 1412.5 0.011 152 196 

Parallel to 
strong axis 

PB 16mm 688 1037.0 y = -0.5649x + 1425.9 0.007 142 181 
7/16 583 1225.0 y = 2.3549x - 147.32 0.312* 180 222 

19/32 645 1971.0 y = 4.3076x - 807.45 0.327* 350 408 
O
S
B 23/32 562 2026.0 y = 3.2876x + 177.9 0.111 359 449 
MDF 16mm 793 2162.0 y = 4.2279x - 1191.8 0.114 217 305 

Lateral 
resistance 

Perpendicular 
to strong axis 

PB 16mm 675 966.0 y = 1.6135x - 123.12 0.113 112 131 
7/16 613 1764.1 y = 3.1305x - 155.91 0.613* 234 278 

19/32 675 2918.1 y = 2.4228x + 1282.7 0.184* 302 378 
O
S
B 23/32 582 2903.9 y = 6.6096x - 940.72 0.633* 312 404 
MDF 16mm 779 3008.0 y = 1.8038x + 1602.5 0.108 79.4 101 

Screw 
Gage 10, 

50mm 
long 

Head Pull-through 

PB 16mm 685 1920.8 y = 3.7066x - 616.34 0.501* 80.3 110 
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Continued 

Fastener Property 
Ave. x 
density 
(kgm3) 

Ave. y 
max. force 

(N) 
Equation R2 MAE RMAE 

7/16 599 377 y = 1.276x - 387.21 0.670* 80.1 94.3 
19/32 649 752 y = 1.74x - 377.8 0.330* 142 176 

O
S
B 23/32 588 825 y = 1.651x - 145.42 0.420* 97.4 134 
MDF 16mm 791 1029 y = 0.2149x + 858.69 0.002 85 102 

Face withdrawal 

PB 16mm 762 649 y = 1.529x - 515.97 0.302* 81.4 106 
7/16 580 209 y = 1.0371x - 392.64 0.617* 47.6 59.4 

19/32 650 388 y = 1.5453x - 616.02 0.279* 89.2 111 
O
S
B 23/32 605 461 y = 0.7357x + 16.167 0.283* 71.5 83.6 
MDF 16mm 776 543 y = -1.5496x + 1745.6 0.119 58.4 73.2 

Parallel to 
strong axis 

PB 16mm 741 474 y = -0.6823x + 979.34 0.040 76 94.3 
7/16 598 238 y = -0.0363x + 259.29 0.0004 69.3 83.9 

19/32 608 459 y = 1.4869x - 445.34 0.253* 87.8 108 
O
S
B 23/32 609 463 y = 2.0309x - 773.79 0.413* 97.9 124 
MDF 16mm 775 604 y = 1.4644x - 531.73 0.233* 55.2 70.8 

 
Edge 

withdrawal 
Perpendicular 
to strong axis 

PB 16mm 760 483 y = 0.5894x + 35.342 0.149 38.4 47.4 
7/16 566 824 y = 1.2384x + 122.78 0.2377* 137 159 

19/32 688 1438 y = 4.1961x - 1446.6 0.2195* 275 351 
O
S
B 23/32 589 1159 y = 1.4928x + 280.24 0.282* 140 173 
MDF 16mm 778 1346 y = -0.7893x + 1959.4 0.0194 99 120 

Staple 
Gage 16, 

38mm 
long, 

12.7mm 
crown 

Head Pull-through 

PB 16mm 702 1101 y = 1.9683x - 281.56 0.2924* 87.2 118 
* Significant at a probability level of 0.05 
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Appendix IV  
 

Plots of Localized Density Distributions and Fastener Holding Capacity in OSB Panel 
Specimens 
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Figure IV-1 Comparison of localized density and screw face withdrawal resistance in OSB 

panels 
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Figure IV-2 Comparison of localized density and staple face withdrawal resistance in OSB 
panels 
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Figure IV-3 Comparison of localized density and lateral screw resistance in OSB panels 
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Figure IV-4 Comparison of localized density and screw head-pull through resistance in OSB 

panels 
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Figure IV-5 Comparison of localized density and staple head-pull through resistance in 

OSB panels 


