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Abstract
The main objective of this study was to characterize localized density effects on some common fasteners’ holding capacities

in wood-based panels. Oriented strand board (OSB) of three different thicknesses, medium density fiberboard (MDF), and
particle board (PB) were tested for screw and staple withdrawal from face and edge, head pull-through, and for screw lateral
resistance. The fastener holding capacities were correlated with localized density of the panels. Test results indicated that in the
OSB panels, density variation had a significant effect on the screw withdrawal, head pull-through, and lateral resistances, but the
effects were less evident for the staple withdrawal and head pull-through. For PB, density variation had a significant effect on the
screw withdrawal and head pull-through resistances, but the effects were less pronounced for screw lateral resistance, staple
withdrawal and head pull-through. For MDF, no significant correlations were found; this could be attributed to the low density
variation in these panels. The data will be used for the optimization of furniture frames, and to provide recommendations to the
panel industry on the use of the fasteners with their products.

Upholstered furniture manufacturers are always looking
for ways to reduce the cost of their products through the use of
new engineered materials and processes. With the develop-
ment of CNC technology, wood-based composite panels are
becoming a good alternative for solid wood. CNC technology
also allows for efficient and versatile designs of frames with
fewer parts replacing redundant and bulky hardwood compo-
nents (APA 1997).

Power-driven screws and staples are two of the most fre-
quently used types of fasteners for joining framing members
in upholstered furniture because of their quick and easy instal-
lation. A comprehensive knowledge of the performance of
these fasteners in panel products is necessary for the best use
in these applications. However, the data available in technical
literature are scattered and incomplete. Performance stan-
dards for structural-use panels (OSB and plywood) provide
requirements for lateral and withdrawal capacities for nails
but not for screws or staples. Screw withdrawal capacities
from face and edge of MDF and PB have been published by
Composite Panel Association (CPA 1999 and 2002). Techni-
cal Note E830 A published by APA - The Engineered Wood
Association (APA 1982) provided ultimate lateral and with-
drawal loads for plywood-to-metal and plywood-to-plywood
edge connections for screws in structural applications. Based
on a limited number of tests, APA (1993) issued interim rec-
ommendations for adjustment of these values for APA-
trademarked OSB.

Fastener holding capacities of different wood-based panels
have been measured by several researchers in the past (Chow
et al. 1988, Williams and Nielson 1999). Table 1 shows screw
and staple holding capacities for some panel products found in
the literature. Zhang et al. (2002b, 2002c, and 2002d), Erdil et
al. (2002) and Erdil (2003) studied the performance of screws
and staples in joints of solid wood, plywood and OSB used in
furniture. Although fastener holding capacity is related to the
SG of wood or the wood-based composites, the influence of
the density distribution within the panels on their fastener
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holding capacity has not been well studied yet. In the furniture
industry, the question of non-uniform density distribution
through the thickness and in the plane of the panel is of high
concern because fasteners are often driven near or in the
edges. Wang and Knudson (2002) examined holding capaci-
ties of nails, screws, and staples by testing OSB from various
mills and revealed significant variation between the panels,
which was mainly due to density variation. Fakopp Enterprise
(2005) advertised a portable screw withdrawal force meter
with a correlation coefficient of 0.79 between the screw with-
drawal force and density of solid wood. Recently, Sackey et
al. (2005) and Semple et al. (2005) found that face and edge
screw withdrawal resistances were strongly correlated with
the internal bond of furniture grade particleboard. However,
the correlation with density was weak because of low density
variation in the panel.

In order to provide new markets or expand the existing mar-
ket for OSB, MDF and particle board in upholstered furniture
industry, comprehensive tests were conducted on fasteners
holding capacity of the wood-based panels. The key objec-
tives of this study were to: 1) develop data on the fasteners’
lateral, withdrawal and head pull-through capacities in OSB,
MDF and PB; and 2) investigate the effects of localized den-
sity distribution in panels on the fastener holding capacities.

Materials and methods
A total of 20 full-size (1.22 by 2.44 m) panels were used

with four replications of each of the following products: 1)
MDF: 16-mm thick, grade 150; 2) PB: 16-mm thick, grades
M2 and MS (two of each); 3) OSB: 11-mm (7/16 in) thick; 4)
OSB: 15-mm (19/32 in) thick; and 5) OSB: 18 mm (23/32 in)
thick. The OSB panels were grade O2, made of aspen. Each of
the four replications was obtained from a different panel
manufacturer.

At first, mapping of the horizontal (in-plane) density of pan-
els was carried out to determine in-plane density variation and
to identify where fasteners should be located within the plane
of the panel. All panels were scanned using x-ray density
scanning system VSX9811. The panels were scanned with a
5-mm resolution, the data were further processed to produce a

colored contour image of the density
distribution with a final resolution of
12.5 mm, and the final images were
printed out with a 25-mm square
mesh.

To determine the vertical density
profiles across panel thickness, 24
small 50-mm square specimens
were cut from each panel. These
specimens were selected to cover the
entire range of horizontal density
distribution within the panel. The
vertical (through-thickness) density
profiles were measured using an x-
ray QMS Density Profiler QDP-
01X, where the x-ray beam travels
parallel to the plane of the panel at a
speed of 0.6 mm/s and the average
in-plane density of the 50-mm speci-
men is assessed with a resolution of
0.6 mm across the thickness of the
specimen.

All panels were tested in bending as received, and the mois-
ture content (MC) was measured following testing. Sixteen 50
by 76 mm samples were randomly cut from each panel to de-
termine MC according to ASTM standard D4442 (ASTM
2003c) Method A. For each type of fastener holding capacity
test, 10 samples of 76 by151 mm were cut from each panel in
such a way to cover the full range of density zones identified
by colors. The number of tests carried out in each sample var-
ied depending on the type of test. Table 2 provides detailed
information on the type and number of tests performed. The
tests were conducted in accordance with ASTM standards
D1037 (ASTM 2003a) and D1761 (ASTM 2003b).

For all tests, the thickness of panels as manufactured was
used to represent the actual in-service conditions of uphol-
stered furniture frames. In accordance with ASTM D1037
guidelines for screw face withdrawal, screws were driven into
the 18-mm OSB specimens approximately 17 mm deep,
whereas in all other panels, the screws were driven through
the full thickness of the panel. In staple face withdrawal speci-
mens, staples were driven through the full thickness, so that
the staple crown was projected 13 mm above the face. For
edge withdrawal, screws and staples penetrated 17 and 25 mm
into the specimen, respectively. For screw withdrawal tests,
lead holes were predrilled using a drilling bit of 3.2 mm in
diameter. For head pull-through resistance tests, the fasteners
were driven through the specimen with the head or crown
flush with the panel surface (the staples’ crowns were 45° to
the panel edge). For lateral resistance tests, the screws were
centered on the width or length of the specimens and located
6.4 mm from the edge.

An analysis of variance (ANOVA) general linear model
procedure was performed for individual fastener holding ca-
pacities and individual types of panels on the correlation of
localized density and the ultimate holding capacity. The indi-
vidual holding capacities were: screw withdrawal, staple
withdrawal, screw lateral, screw head pull-through and staple
head pull-through; and the individual types of panels were: 11
mm, 15 mm and 18 mm OSB, 16 mm MDF and 16 mm PB. In

Table 1. — Screw and staple holding capacities available in literature.

Reference Panel

Screw
withdrawal (N)

Staple
withdrawal (N) Staple head

pull-throughFace Edge Face Edge

ANSI A208.2 to 2002 MDF 150 16 mm 1400 1200 - - - - - -

ANSI A208.1 to 1999

PB MS 16 mm 900 800 - - - - - -

PB M2 16 mm 1000 900 - - - - - -

Chow (1988)

OSB-1 11 mm -- - - 482a (40)g - - 1472a (20)g

OSB-2 11 mm -- - - 402a (49)g - - 1419a (20) g

Wang and Knudson (2002)

OSB 11 mm 1268b 1154d 555c 861d, e - -

OSB 15 mm 1330b 1173d 682c 1008d, e - -

OSB 18 mm 1307b 1120d 864c 968d, e - -

Williams and Nielson (1999) OSB 18 mm 1516f (5) 1109f (26) - - - - - -

MDF 19 mm 1710f (3) 1410f (2)
aStaple: Gauge 16, 2-inch long, 1/2-inch crown.
bScrew: No. 10, 1.5-inch (38 mm) sheet metal screw (ThreadFast).
cStaple: 2-inch (50 mm), 16 gauge, 0.5-inch (12.7 mm) standard crown galvanized staples.
dTwo or three panels were glued together.
eThe penetration of the staple: 38 mm.
fScrew: Standard 1 inch No. 10 gauge, flathead, low-carbon steel wood screws.
gNumbers in parentheses = COV (%).
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order to classify the averages of fasteners holding capacity of
the panels, the Duncan’s multiple tests were performed on the
averages.

Results and discussion
Panel density and MC

Figure 1 shows typical images of horizontal density distri-
bution of OSB, MDF and PB panels. The different colors rep-
resent the density variation in the plane of panel, and each
color represents a density range of 50 kg/m3. OSB panels had
high density variation: from 400 to 850 kg/m3. PB had less
variation of density than OSB: from 550 to 800 kg/m3. MDF
had the lowest density variation: between 700 and 850 kg/m3.

Figure 2 shows average vertical density profiles from
samples taken from all panels tested. Considerable differ-
ences were found between the three groups of OSB panels.
The 11-mm panels had the lowest face density, while the 18-
mm panels had the lowest core density. The 11-mm and the
15-mm OSB panels had similar core density. The highest den-
sity and the least variation in density between the face and the
core were observed in MDF. Variations in the density of PB
samples were similar to those of 15-mm OSB.

The MCs of the OSB, MDF and PB specimens were 5.7 ±
0.3%, 7.0 ± 0.2%, and 6.8 ± 0.2%, respectively.

Withdrawal
resistance of screws

Table 3 and Figure 3 show a sum-
mary of results of screw withdrawal
tests. Classified averages of screw
withdrawal of each type of panel
conducted by the Duncan’s multiple
tests are given in Table 3. The face
withdrawal resistance was signifi-
cantly higher than the edge with-
drawal resistance for all panels. This
result was expected, as the edge
withdrawal strength is controlled by
panel core density, which is signifi-
cantly lower than the face density
(Fig. 2). Indeed, this is one of the
major concerns that have been iden-
tified by the furniture manufacturers
using panel products. There were no

significant differences between edge parallel and perpendicu-
lar withdrawal resistances for all panels tested.

It was found that the average face withdrawal resistance of
the 18-mm OSB was nearly 11 percent lower than that of the
15-mm OSB panels, suggesting that the withdrawal resistance
is not linearly proportional to the penetration depth, as ob-
served by other researchers for dowel joints (Eckelman 1969,
Zhang et al. 2002a). In edge withdrawal, the 11-mm OSB pan-
els showed the lowest resistance. Since the core density of
these panels was similar to the other panels, the low edge
withdrawal resistance can be explained by the smaller thick-
ness and high probability of splitting. Some specimens exhib-
ited splitting during the insertion of screws prior to testing.
Slightly lower edge withdrawal resistance of 18-mm vs.15-
mm OSB panels corresponds to their low core density.

The face withdrawal resistance of MDF was similar to that
of OSB; however, it was stronger than OSB in edge with-
drawal. Smaller differences were found between face and
edge withdrawal resistances of MDF due to a more uniform
vertical density profile. For PB, the face withdrawal strength
was approximately 14 percent, 17 percent, and 8 percent less
than that of MDF, 15-mm and 18-mm OSB panels, respec-
tively.

Figure 1. — Typical images of horizontal density variation in OSB, MDF, and PB.

Table 2. — Type and number of tests performed.

Fastener type Property

Number of
specimens
per panel Panel typea

Number of
tests

per panel Rate of loading

(mm/min)

Gage 10 screw (25-mm long) Withdrawal Face 10 D 40 15

Edge Parallel to long axis 10 40

Perp. to long axis 10 40

Gage10 screw (50-mm long) Lateral resistance Parallel to long axis 10 A 60 6.0

Perp. to long axis 10 60

Head pull-through 10 1/2 of B 60 1.5

Gauge 16 staple
(38-mm long, 11-mm crown)

Withdrawal Face 15 C 45 2.5

Edge Parallel to long axis 10 40

Perp. to long axis 10 40

Head pull-through 10 1/2 of B 40 1.5
aA, B, C, and D indicate the four panel replicates of each material type or thickness.
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The average face withdrawal ca-
pacities of tested panels corre-
sponded well with the previously
published data (Table 1). Both PB
and MDF did meet the minimum re-
quirements of ANSI A208.1 (CPA
1999) and ANSI A208.2 (CPA
2002), respectively. However, the
edge withdrawal capacities of PB
and OSB were lower than published
values. Note that Wang and Knud-
son (2002) glued two or three panels
together for edge withdrawal, re-
quired by ASTM D1037 standard to
reduce the chance of splitting, while
our tests were performed using a
single panel thickness causing high
possibility of splitting.

ANOVA statistical analysis was
carried out to examine the relation-Figure 2. — Vertical density profiles of OSB, MDF and PB specimens.

Table 3. — Statistical analysis of fastener-localized density relationship for screws.

Fastener Property Panel
Nominal
thickness

Average
density X

Average holding
capacity (N)
(Observed Y)

Regression
equation

(Predicted Y) r Dif.a RMSEb

(mm) (kg/m3) (%)

Screw Gage
10, 25 mm long

Face withdrawal OSB 11 645 1087 (26.9)c Dd y = 2.18x − 32.2 0.82e −3 160.4

15 673 1448 (21.7) A y = 2.25x − 63.7 0.47e −3 270.3

18 588 1308 (21.3) CB y = 2.13x + 59.2 0.52e −3 230.9

MDF 16 786 1394 (7.4) AB y = 0.43x + 1054 0.10 −1 101.9

PB 1 687 1206 (12.5) C y = 2.10x − 235 0.68e −1 109.0

Edge withdrawal Parallel to strong
axis

OSB 11 609 712 (24.9) D y = 1.73x − 341 0.59e −5 140.9

15 664 953 (29.9) B y = 1.53x − 61.5 0.26 −8 270.4

18 585 949 (32.4) B y = 2.73x − 647 0.50e −12 262.1

MDF 16 783 1239 (6.7) A y = 1.17x + 323 0.35 0 75.9

PB 16 670 808 (10.5) C y = 1.87x − 444 0.80e 0 50.5

Perpendicular to
long axis

OSB 11 606 801 (27.2) C y = 1.49x − 102 0.50e −7 186.7

15 660 1047 (22.4) B y = 2.82x − 817 0.60e −4 185.8

18 546 880 (30.2) C y = 2.80x − 647 0.51e −9 226.2

MDF 16 784 1191 (9.8) A y = 0.40x + 875 0.10 −1 113.9

PB 16 683 827 (11.9) C y = 2.08x − 594 0.69e −1 70.0

Screw Gage
10, 50 mm long

Lateral resistance Parallel to strong
axis

OSB 11 571 1122 (35.3) C y = 3.54x − 899 0.81e −4 233.2

15 635 1842 (24.7) B y = 4.87x − 1247 0.58e −5 368.5

18 589 2201 (26.0) A y = 6.66x − 1723 0.71e −5 401.9

MDF 16 780 2265 (7.0) A y = 0.28x + 2050 0.00 0 156.5

PB 16 682 1154 (13.5) C y = 0.74x + 651 0.10 −2 153.7

Perpendicular to
strong axis

OSB 11 568 1127 (39.1) D y = 4.10x − 1203 0.77e −7 278.8

1 652 2006 (27.7) C y = 5.13x − 1339 0.46e −6 488.3

18 591 2505 (22.1) A y = 5.81x − 932 0.60e −3 441.7

MDF 16 790 2247 (6.7) B y = -0.50x + 2644 0.00 0 148.4

PB 16 669 1119 (13.2) D y = 2.34x − 447 0.50e −1 126.5

Head Pull-through OSB 11 594 1491 (22.5) C y = 2.44x + 41.0 0.64e −3 254.7

15 660 2677 (15.4) A y = 4.69x − 423 0.73e −1 280.0

18 596 2460 (17.8) B y = 4.62x − 297 0.66e −2 327.8

MDF 16 793 2697 (7.9) A y = -1.38x + 3789 0.20 −1 204.9

PB 16 701 1587 (12.0) C y = 2.69x − 296 0.66e −1 140.1
aValues = differences between observed Y values and predicted Y values.
bValues = square root of mean squared error.
cValues in parentheses = COV based on all same test specimens.
dValues with the same capital letter are not statistically significant.
eSignificant at a probability level of 0.05.
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ship between the screw withdrawal resistance and the local-
ized density of the panel. Results indicated significant rela-
tionships at 95 percent confidence level for the screw face and
edge withdrawal from OSB and PB panels, except for the edge
withdrawal parallel to the long axis of 15-mm OSB panel;

r-values were found to range from 0.47 to 0.82 (Table 3).
There was a good correlation between screw face withdrawal
resistance and localized panel density of all OSB specimens
with r = 0.54. Poor relationship was observed for MDF due to
lower variation in the horizontal density distribution of MDF

in comparison with other types of
panels.

Withdrawal
resistance of staples

Results of staple withdrawal tests
are presented in Table 4, including
classified average staple withdrawal
resistances of the panels according
to the Duncan’s multiple tests. The
face withdrawal resistance was sig-
nificantly higher than the edge with-
drawal for all types of panels. The
MDF specimens showed the highest
withdrawal values for both face and
edge.

All tested panels showed similar
edge withdrawal resistances, except
for 11-mm OSB panels, which were
approximately half as strong as the
other panels because of splitting.
There were no significant differ-
ences between edge parallel and
edge perpendicular withdrawal re-Figure 3. — Average screw withdrawal resistance of OSB, MDF and PB specimens.

Table 4. — Statistical analysis of fastener-localized density relationship for staples.

Fastener Property Panel
Nominal
thickness

Average
density X

Average
holding

capacity (N)
(Observed Y)

Regression
equation

(Predicted Y) r Dif.a RMSEb

(mm) (kg/m3) (%)

Staple gauge
16, 38-mm long,
11-mm crown

Face withdrawal OSB 11 608 482 (35.0)c Ed y = 1.40x − 367 0.68e −7 122.9

15 653 820 (26.8) C y = 0.88x + 242 0.28 −12 208.2

18 606 892 (27.0) B y = 1.37x + 59.8 0.41e −7 217.3

MDF 16 786 976 (8.4) A y = 0.09x + 906 0.00 −1 81.0

PB 16 741 630 (21.6) D y = 2.43x − 1169 0.57e −2 85.1

Edge withdrawal Parallel to strong
axis

OSB 11 596 204 (40.4) D y = 0.27x + 43.1 0.24 −16 78.3

15 652 479 (25.6) C y = 0.50x + 152 0.22 −8 117.9

18 603 565 (46.6) AB y = 2.47x − 978 0.57e 0 173.4

MDF 16 780 628 (21.5) A y = 0.74x + 52.3 0.14 −4 130.8

PB 16 749 513 (12.7) CB y = 0.74x − 38.9 0.37e −2 63.2

Perpendicular to
strong axis

OSB 11 592 277 (30.3) D y = -0.05x + 304 0.00 −11 82.3

15 662 548 (18.1) B y = 0.85x − 11.7 0.44e −3 87.8

18 596 551 (27.1) B y = 2.32x − 936 0.53e 6 164.6

MDF 16 783 612 (25.6) A y = 0.21x + 446 0.00 −7 153.3

PB 16 754 492 (11.5) C y = 0.21x + 335 0.10 −1 55.5

Head Pull-through OSB 11 594 882 (27.9) C y = 2.03x − 322 0.80e −3 144.8

15 644 1148 (30.3) B y = -0.20x + 1275 0.00 −9 343.4

18 578 1071 (32.5) B y = 2.85x − 574 0.65e −7 261.1

MDF 16 771 1387 (18.7) A y = 4.57x − 2140 0.36 −3 223.4

PB 16 700 842 (17.5) C y = -0.51x + 1199 0.10 −3 145.1
aValues = differences between observed Y values and predicted Y values.
bValues = square root of mean squared error.
cValues in parentheses = COV based on all same test specimens.
dValues with the same capital letter are not statistically significant.
eSignificant at a probability level of 0.05.
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sistances for all tested panels. The
average staple face withdrawal re-
sistance of OSB corresponded well
with the findings of Chow et al.
(1988) and Wang and Knudson
(2002) (see Table 1). However, the
edge withdrawal values were lower
than those reported by Wang and
Knudson (2002), who used longer
staples and two or three panels glued
together.

The relationships between local-
ized density and face withdrawal of
staples were very poor for MDF,
whereas significant correlations at
95 percent confidence level were
found for PB and 11-mm and 18-mm
OSB panels (with r-values ranging
from 0.41 to 0.68). The correlations
for staple edge withdrawal resis-
tance of 18-mm OSB were also sig-
nificant, while the other panels
showed no or very weak relation-
ships (see Table 4). The correlation was relatively weak be-
tween staple face withdrawal resistance and localized panel
density of all OSB specimens (r = 0.38).

Lateral resistance of screws
Results of screw lateral resistance tests in Table 3 show that

the 18-mm OSB and MDF panels both had high resistances.
The resistances of the 11-mm OSB and PB were about half
that of the other panels. Except for the 15-mm and 18-mm
OSB, there were no significant differences between screw lat-
eral resistances parallel and perpendicular to the long axis of
the panels.

Significant linear relationships between localized density
and the lateral resistance of screws were found for all OSB
panels in both loading directions, while the relationships were
insignificant or poor for MDF and PB (see Table 3). The re-
lationship between the screw lateral resistance and localized
density for all OSB panels combined which was found signifi-
cant with r = 0.54.

Screw head pull-through
Screw head pull-though resistances are shown in Table 3.

The average resistance values of MDF and 15-mm OSB were
the highest and that of PB and 11-mm OSB were the lowest.
The 15-mm OSB showed, unexpectedly, high head pull-
through resistance relative to the other OSB panels, probably
caused by high density and uniform density distribution
through the thickness of the panels.

Statistical analysis indicates that the relationships between
the screw head pull-through resistances and localized density
for OSB and PB panels were significant at 95 percent confi-
dence levels, with r-values ranging from 0.64 and 0.73 for PB
and OSB, respectively. For MDF panels, the correlation could
not be proven statistically significant because of the low
variation of the horizontal density. In Figure 4, the relation-
ship between the screw head pull-through resistance and lo-
calized density is shown for all OSB panels combined. The
relationship was found significant with r = 0.65. Aside from
isolated data points, the trend is clearly indicative of a good
linear relationship. Increasing the OSB density would cer-

tainly improve the lateral resistance of screws, but that would
probably mean increasing the cost of the panels.

Staple head pull-through
Staple head pull-through tests showed similar trends with

those observed for screws (Table 4). The average resistance
of the MDF was the highest while that of the 11-mm OSB and
PB panels were the lowest. The 18-mm OSB had slightly
lower head pull-through resistance compared to the 15-mm
OSB panels, likely due to lower density. Compared to the val-
ues given by Chow et al. (1988) (see Table 1), the staple head
pull-through resistance of OSB showed considerably lower
values, explained by the smaller crown and shorter staple
used. Also, it should be noted that in some tests, at load levels
near failure, the gripping device was not able to sustain the
locking mechanism of the staple’s legs, and one leg slipped
off, while another remained locked. Consequently, the staple
was pulled out of the panel by one leg, and the overall failure
load was lower than in those cases where slippage did not
occur. It might cause the poor correlation of the test data with
the panel localized density.

The relationships between staple head pull-through resis-
tance and localized density were not statistically significant
except for the 11-mm and 18-mm OSB (see Table 4). The
correlation computed for all OSB panels was relatively weak
(r = 0.45).

Conclusions and recommendations
This study focused on evaluating the holding capacity of

screws and staples in OSB, MDF and PB panels. A database
of the fasteners’ face and edge withdrawal, head pull-through,
and lateral resistance under static load was developed, and
correlations between fasteners’ holding capacity and the lo-
calized panel density were examined. The following conclu-
sions and recommendations were made:

• Overall, the structure of the panel material was the most
important factor for the fastener holding capacity, but for
the same type of the panel and the same type of fastener
holding capacity, localized density was an important factor.

Figure 4. — Screw head pull-through resistance of OSB panels in relation to average
localized density.
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• Among tested panels, OSB showed the highest density
variation in plane and through thickness, which was more
critical to the screw than to the staple holding capacities.
The density of MDF panels varied the least, which gen-
erally led to a more uniform fastener holding capacity.

• Generally, fasteners driven in low density zones fail at
lower load levels than those driven in high density zones.
Therefore, the panels with higher density and less density
variation are beneficial for fastener performance.

The panel industry should work very closely with the fas-
teners and furniture manufacturers in order to develop new
types of fasteners that are more suited for connecting various
panel components (e.g., T-nut) taking into consideration the
nature and behavior of the panel. Such fasteners would have to
be reliable, economical and easy to install. If typical panels
with traditional fasteners (i.e., screws and staples) are to be
used in the upholstered furniture frames, then new joint de-
signs should be developed to enhance their capacity and re-
duce the likelihood of premature failures due to fasteners
driven in low density zones.
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