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Abstract
Gusset-plate and metal-plated connectors are commonly used in joints of upholstered furniture frames due to their high load

resistance. To successfully introduce oriented strandboard (OSB) into furniture frames, basic data on the performance of the
joints constructed of OSB members is needed. In this study, out-of-plane static moment capacity and rotational stiffness of
T-shaped joints with gusset-plates and metal-plate connectors (MPC) were determined experimentally for different configura-
tions. On average, gusset-plate joints exhibited about 80 percent higher out-of-plane static moment capacity than MPC joints.
The rotational stiffness of gusset-plate joints without glue was similar to that of MPC joints; however, the stiffness of glued
gusset-plate joints was, on average, 70 percent higher. Among MPC joints tested, those with two pairs of 2- by 6-in metal plates
showed the highest unit resistance. For gusset-plate joints, an increase in length of the gusset plate from 4 to 8 inches increased
the moment capacity for both glued and unglued joints, but a further increase of the length did not result in any significant
increase in the strength. It can be concluded that for the studied joint geometry, the 8-in gusset-plate presented the optimum
design. Comparisons with previous in-plane bending tests on the joints of the same type and configurations showed that the
in-plane moment capacity was 4 to 6 times higher than that out-of-plane.

The wood-based panel industry has experienced increas-
ing growth since its inception and is predicted to increase its
production capacity further by economizing the utilization
of raw materials. Oriented strandboard (OSB) production
capacity in Canada increased from 3.21 to 10.30 million m3

during the decade 1994 to 2004 and is expected to reach
13.13 million m3 by 2008 (RISI 2004). To date, OSB has cap-
tured about 75 percent of the residential construction market
as a sheathing material. But there is a limit for OSB volumes
that can be supplied for construction applications because
the demand varies with the price of structural panels. As
a result, OSB manufacturers are looking for new markets for
their product in order to maintain their increasing pro-
duction capacity. The upholstered furniture sector is one mar-
ket where there is a potential for expansion (APA 1997,
Tabarasi 2002). However, such new applications require tech-
nical information about the performance of the wood-based
panels and their joints for proper design and manufacturing of
furniture.

Metal-plate connectors (MPC) and gusset-plates provide high
load resistance, rapid joint assembly, and easy connection

of members, and they are used for critical joints such as front
post–front rail and side rail–back post joints in traditional
upholstered furniture frame construction (Zhang et al. 2001
and 2005). However, the use of MPCs in frames made with
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OSB and the use of OSB gusset-plates are relatively new.
Technical details such joints are found in Wang et al. 2007a
and 2007b.

From past research, some information is available on the
moment capacities of metal-plated and gusset-plate joints
loaded in the plane of the joint. Eckelman (1971) and Zhang et
al. (2001) studied the performance of T-shaped, end-to-side

joints with glued-on plywood gusset-plates of different con-
figurations. Eckelman (1980) studied the performance of T-
shaped, end to side-grain joints constructed of red oak, yel-
low-poplar, soft maple, and Douglas-fir with 18- and 20-gage
metal plates of various shapes. Zhang et al. (2005) expanded
Eckelman’s research by using furniture grade 3/4-in (19-mm)
thick 7-ply southern yellow pine plywood as material. They
reported that metal-plate and rail widths affected the moment
capacity of MPC plywood joints significantly.

There is limited research on connections in OSB furniture
frames. Wang et al. (2007a, 2007b) evaluated the feasibility of
using OSB as a material for gusset-plate and MPC joints in
upholstered furniture. The results show that the in-plane mo-
ment capacity of the joints increased in proportion to the
length of the gusset-plate until the strength of the gusset-
plates exceeded that of the main member. Application of glue
altered the failure modes of the joints and increased their
strength significantly. Tables 1 and 2 show the in-plane mo-
ment capacities of metal-plated and gusset-plate joints for
OSB determined by Wang et al. (2007a and 2007b).

Table 1. — In-plane moment capacity and failure modes of gusset-plate joints constructed of OSB (adapted from Wang et al. 2007a).

Joint configuration
Gusset-plate
length (in)

Staple
length (in)

Number of
staples

Number of
specimens

Moment capacity

Mode of failure a
Average
(kip-in)

COV
(percent)

Unglued a 4 1.5 20 10 9.38 Ab 4.8 40% W, 10% W+S, 50% SO

b 6 1.5 20 10 11.9 B 7.6 30% W, 10% W+S, 20% W+SO,
10% W+GR, 20% GR+SO, 10% GR

c 8 1.5 20 10 14.1 C 5.3 40% W, 20% W+GR, 20% W+GR+S,
20% SO

d 10 1.5 20 10 14.3 C 5.3 60% W, 10% W+GR, 10% GR,
10% MR, 10% SO

e 12 1.5 20 10 13.7 C 6.3 70% W, 20% W+GR, 10% MR

f 10 1.0 32 10 12.2 B 7.8 70% W, 20% W+GR, 10% W+S

g 10 1.0 32 10 12.2 B 7.0 70% W, 10% W+GR, 20% W+S

h 10 1.0 36 10 13.6 C 9.4 50% W, 30% W+GR, 20% W+S

i 8 1.0 40 10 12.9 B,C 8.4 10% W, 10% W+GR, 20% W+SO,
40% W+S, 10% GR+S, 10% GR

Glued a-g 4 1.0 8 10 9.52 A 7.0 100% S

b-g 6 1.0 8 10 12.9 B,C 6.9 10% MR, 30% GR+S, 60% S

c-g 8 1.0 8 10 16.1 D 8.7 30% MR, 60% GR+S, 10% S

d-g 10 1.0 8 10 17.8 E 11.6 40% MR, 60% GR

e-g 12 1.0 8 10 17.4 D,E 11.8 100% GR
aW = staple withdrawal; S = in-plane shear failure of OSB; SO = shear-out of OSB; MR = member rupture; GR = gusset-plate rupture.
bValues with the same letter index are not statistically different at 95 percent significance level.
1 in = 25.4 mm; kip = 1000 lbf = 4.448 KN.

Table 2. — In-plane moment capacity, rotational stiffness and failure modes of MPC joints constructed of OSB (Wang et al. 2007b).

Joint
configuration

Metal-plate
size (in)

Pair of
metal-plates

Number of
specimens

Moment capacity Rotational stiffness

Mode of failure a
Average
(kip-in)

COV
(percent)

Average
(kip-in/rad)

COV
(percent)

G1 1 by 6 2 10 8.05 Cb 7.7 1677 Ab 29 50% PY, 20% PY+TP, 10 % TP, 20% CR

G2 2 by 6 1 10 5.38 D 9.1 252 D 31 100% PY

G3 2 by 6 2 10 11.2 A 8.3 1852 A 35 50% TP, 30% TP+S, 10% CR, 10% MR

G4 3 by 6 1 10 7.59 C 6.0 558 C 34 90% PY, 10% TP

G5 4 by 6 1 10 9.76 B 5.8 1295 B 10 100% TP

G6 6 by 6 1 10 10.9 A 9.3 1391 B 8 90% MR, 10% TP
aPY = metal-plate yield in tension; TP = metal-plate tooth pull-out; CR = OSB crushed on the top corner of rail member; S = in-plane shear of OSB; MR = OSB
member rupture.

bValues with the same letter index are not statistically different at 95 percent significance level.
1 in = 25.4 mm; 1kip = 1000 lbf = 4.448 KN.

Table 3.— Physical and mechanical properties of OSB
members.

Property Units Average COV%

Modulus of elasticity flatwise MOE GPa 6.33 8.2

Modulus of elasticity edgewise MOE GPa 4.74 5.4

Modulus of rupture flatwise MOR MPa 32.2 12.1

Modulus of rupture edgewise MOR MPa 22.4 11.7

Density kg/m3 594 6.8

MC percent 6.8 7.7

Internal bond MPa 0.426 18.2
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Certain features of upholstered furniture design require that
joints and components be subjected to out-of-plane loads,
i.e., loads acting laterally to the plane of the members.
For example, loads acting on the sofa seat springs apply an

out-of-plane bending to the front
rail. The primary objective of this re-
search was to develop basic data on
the out-of- plane static bending re-
sistance of T-shaped, gusset-plate,
and MPC joints constructed of OSB.
The specific objectives were 1) to
evaluate how plate configurations
affect out-of-plane moment resis-
tance of T-shaped joints, 2) to deter-
mine the out-of-plane rotational
stiffness of joints constructed of
OSB, 3) to understand the behavior
of the joints based on their failure
modes, and 4) to determine an opti-
mum configuration of metal-plated
and gusset-plate joints. The data
will be further used for the optimiza-
tion of upholstered furniture frame
designs.

Materials and methods
Each test specimen consisted of a

post and a rail made of structural
23/32-in (18-mm) OSB joined in a
T-shape with one pair of gusset-
plates or one pair or two pairs of
metal plates symmetrically attached
on both sides of the joint. Basic ma-
terial properties, fabrication proce-
dures, and configuration details of
the joints are reported in a previous
paper by the authors (Wang et al.
2007a, 2007b). For this study, panel
materials from the same batch were
used (see Table 3), and joints of the
same configurations were con-
structed using the same procedures.
The configurations of the test speci-
mens are shown in Figures 1 to 3.

Tables 4 and 5 provide information on the tested configura-
tions and the number of replicates.

In order to conform to durability performance test standards
such as the General Service Administration (GSA) test regi-
men FNAE–80–214 A (GSA 1998), structural design of up-
holstered furniture frames requires information on the perfor-
mance of each joint in a typical sofa frame. According to the
GSA, for a 72-in (1.83-m) long three-seat sofa of light-duty
category, three concentrated vertical loads of 300 lbf (1.33
KN) are applied to the front rail with a total of 900 lbf (4.00
KN) (see Table 6). Tackett and Zhang (2007) studied the dis-
tribution of horizontal and vertical loads in front rails of
spring-supported seats. Table 7 shows the load distribution
for the front rail in a seat with five springs as measured by
Tackett and Zhang (2007). If the front rail is assumed to have
two rigid joints with front posts, each joint will carry an out-
of-plane bending moment of 61 × 4 + 76 × 8 + 81 × 12/2 = 1.34
kip-in (151 N-m) due to horizontal load components in fatigue
test (see Fig. 4). To estimate the static load capacity, the loads
are doubled, resulting in a static moment capacity of 2.68 kip-
in (302 N-m). With a 14-in (356-mm) long arm used in the
tests, the target static load on the joint is approximately 2.68/
14 = 0.19 kip (850 N).

Figure 1. — Configurations of MPC joints.

Figure 2. — Dimensions of a typical staple-glued gusset-plate
joint (mm).
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The specimens were loaded using
a Tinius-Olsen universal testing ma-
chine. The post member of the speci-
men was clamped to the supporting
frame. Upward load was applied to
the rail at a rate of 0.2 in/min (5 mm/
min), and the load at failure was re-
corded using a load cell with an ac-
curacy of 0.2 percent. As shown in
Figure 5, the displacement of the
joint was measured using a Linear
Variable Differential Transducer
(LVDT) installed underneath the
specimen at the point A at a distance
of 6.5 in (165 mm) from the juncture
of the post and rail. During the test,
the LVDT retracted the distance
AA� = a (see Fig. 6). Therefore, the

Figure 3. — Placement of staples in gusset-plates of unglued joints (mm).

Table 4. — Out-of-plane moment capacity, rotational stiffness and failure modes of MPC joints constructed of OSB.

Joint
configuration

Metal-plate
size (in)

Pair of
metal-plates

Number of
specimens

Moment capacity Stiffness

Mode of failurea
Average
(kip-in)

COV
(percent)

Average
(kip-in/rad)

COV
(percent)

G1 1 by 6 2 5 1.59 Bb 13 19.6 C b 5.7 20% PY+TP+MB,
20% TP+MB,
40% MB

G2 2 by 6 1 5 1.39 C 12 15.7 D 5.4 100% TP

G3 2 by 6 2 5 1.86 A 3.7 24.3 A 7.3 100% TP+S

G4 3 by 6 1 5 1.41 C 13 18.3 C 2.8 100% TP+S

G5 4 by 6 1 5 1.71 A,B 5.6 22.1 B 4.5 100% TP+S

G6 6 by 6 1 5 1.87 A 5.4 25.0 A 8.1 100% TP+S
aPY = metal-plate yield in tension; TP = metal-plate tooth pull-out; MB = metal-plate bend; S = in-plane shear of OSB member.
bValues with the same letter index are not statistically different at 95 percent significance level.
1 in = 25.4 mm; 1kip = 1000 lbf = 4.448 KN.

Table 5. — Out-of-plane moment capacity, stiffness and failure modes of gusset-plate joints constructed of OSB.

Joint
configuration

Gusset-plate
length

Staple
length

Number of
staples

Number of
specimens

Moment capacity Stiffness

Mode of failure a
Average
(kip-in)

COV
(percent)

Average
(kip-in/rad)

COV
(percent)

- - - - - - - - (in) - - - - - - - -

Unglued a 4 1.5 20 5 1.58 Gb 15.4 15.6 Hb 5.8 100% GW+S

b 6 1.5 20 5 2.26 E,F 6.1 20.0 G 12.8 100% GW+S

c 8 1.5 20 5 2.81 B,C 5.3 22.3 F 4.7 80% GW+S, 20% GR+S

d 10 1.5 20 5 2.84 A,B 7.4 26.1 E 9.9 20% GR, 20% MR,
20% GW+S, 40% S

e 12 1.5 20 5 2.92 A,B 15.0 26.9 E 4.8 80% S, 20% S+GR

f 10 1.0 32 5 2.57 C,D 13.8 27.2 E 7.1 60% S, 40% MR

g 10 1.0 32 5 3.11 A 5.1 27.3 E 5.8 40% S, 60% MR

h 10 1.0 36 5 2.78 B,C,D 6.3 25.9 E 5.2 80% S, 20% MR

i 8 1.0 40 5 2.52 D,E 10.5 21.9 F,G 6.0 20% S, 20% GR, 60% MR

Glued a-g 4 1.0 8 5 1.65 G 8.4 22.6 F 3.3 100% S

b-g 6 1.0 8 5 2.24 F 5.7 30.9 D 4.8 100% S

c-g 8 1.0 8 5 2.73 B,C,D 3.9 40.4 C 3.1 80% S, 20% MR

d-g 10 1.0 8 5 2.94 A,B 4.6 46.9 B 5.8 100% S

e-g 12 1.0 8 5 3.09 A 10.7 50.2 A 4.1 100% S
aGW = gusset-plate staple withdrawal; S = in-plane shear failure of OSB member; MR = member rupture; GR = gusset-plate rupture.
bValues with the same letter index are not statistically different at 95 percent significance level.
1 in = 25.4 mm; kip = 1000 lbf = 4.448 KN.
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angle of rotation, �, of the arm can
be expressed as a function of dis-
placement a:

tg� =
a

165
[1]

Moment-rotation curves were used
to calculate the rotational stiffness of
the joints expressed as a slope of the
straight line between 140-lbf-in (16
N-m) and 40 percent of the maxi-
mum moment.

Results and discussion

Failure modes
In tested assemblies, seven types

of failure modes were observed as
shown in Figure 7 and Tables 4 and
5. For MPC joints, assemblies with
two pairs of narrow metal plates
(G1) experienced mixed failure
modes, including metal-plate yield in tension (Fig. 7(a)),
metal-plate tooth pull-out (Fig. 7(b)), and metal-plate bend
(Fig. 7(c)). MPC tooth pull-out mixed with in-plane shear of
OSB member was more common in the joints with wider
metal plates (see Table 4). For gusset-plate joints, in-plane
shear failure of OSB member (Figs. 7(d), 7(e)) was evident
for all configurations, especially for large plates and for joints
with glue. For joints without glue, gusset-plate staple with-

drawal (Fig. 7(f)) controlled the smaller gussets (4, 6, and 8-in
long). When gusset length increased to 10 and 12 inches,
mixed failure modes were observed which included gusset-
plate rupture (Fig. 7(g)), OSB member rupture (Fig. 7(h)),
and gusset-plate staple withdrawal combined with in-plane
shear failure of OSB member. In configurations with 10-in-
long gusset-plates without glue, the OSB member rupture was
frequently observed.

Figure 4. — Schematic of out-of-plane loading on the front rail.
Figure 5. — An example of out-of-plane bending test of a joint
with an LVDT at point A.

Figure 6. — Measurement of the angle of rotation, � (dimensions in mm).

Table 6. — Acceptance performance levels of upholstered furniture
components (GSA 1998).

Cyclic
vertical
load test

Initial
load

Load
increments

Number
of loads

Light-
service

acceptance
level

Medium-
service

acceptance
level

Heavy-
service

acceptance
level

- - - - - - (lbf) - - - - - - - - - - - - - - - - - - - (lbf) - - - - - - - - - - - - - -

On front rail 100 100 3 300 400 600

On back rail 100 100 3 200 300 500

1.000 lbf = 4.448 N.

Table 7. — Distribution of loads in springs of a sofa seat
(Tackett and Zhang 2007).

Load
distribution Spring 1 Spring 2 Spring 3 Spring 4 Spring 5

- - - - - - - - - - - - - - - - - - - - - - - - (lbf) - - - - - - - - - - - - - - - - - - - - - - - -

Horizontal 61 76 81 76 61

Vertical 30 60 65 60 30

1.000 lbf = 4.448 N.
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Out-of-plane moment capacity
Average values and coefficients of variation (COV) of out-of-

plane moment capacities of metal-plated and gusset-plate OSB
joints are summarized in Tables 4 and 5, respectively. Statistical

comparisons of results were per-
formed using an analysis of variance
(ANOVA) general linear model and
the Tukey’s multiple tests.

In joints with one pair of metal
plates, an increase of the MPC width
from 2 to 3 in showed no significant
difference, whereas an increase
from 3 to 4 in and from 4 to 6 in
significantly increased the average
moment capacity by 21 percent and
9 percent, respectively. In assem-
blies with two pairs of metal plates,
significant differences were found.
For example, the average moment
capacity of two pairs of 2 by 6-in
metal plates (G3) was 17 percent
higher than that of assemblies with
two pairs of 1 by 6-in metal plates
(G1). Assemblies made with two
pairs of 1 by 6 in (G1) were, on
average, 14 percent stronger than
those made with one pair of 2 by 6-in
(G2) and 12 percent stronger than
those with one pair of 3 by 6-in (G4)
metal plates. The average moment
capacity of assemblies with two
pairs of 2 by 6 in (G3) was 9 percent
higher than that of assemblies
with one pair of 4 by 6-in (G5), and
similar to that of assemblies with
one pair of 6 by 6-in plates (G6).
The assemblies with one pair of 6 by
6-in MPC (G6) and two pairs of 2
by 6-in MPC (G3) were the stron-
gest, as can be seen in Table 4 and
Figure 8. However, in terms of the
strength per unit area, the joints with
two pairs of 2 by 6-in metal plates
(G3) were almost 50 percent more
efficient than those with one pair of
6 by 6-in plates (G6). It can be con-
cluded that for this particular joint
geometry and size, the two pairs of 2
by 6-in MPC was the optimum de-
sign configuration.

Comparisons were made for the
out-of-plane moment capacities
(Table 4) with the previously ob-
tained data for in-plane moment ca-
pacities of assemblies with similar
MPC configurations (Table 2). The
in-plane moment capacities were 4
to 6 times the out-of-plane capaci-
ties. However, both types of loading
produced similar trends in terms of
the influence of the MPC configura-
tion on the moment resistance.

For unglued gusset-plate joints with 20 1.5-in long staples,
an increase of gusset-plate length from 4 to 6 in and from 6 to
8 in increased the moment capacity by 43 percent and 24 per-
cent, respectively. Further increase of gusset-plate length did

Figure 7. — Typical failure modes of tested joints.
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not increase the capacity of the joints as can be seen in Table
5 and Figure 8. Therefore, among the tested joints, the 8-in
gusset-plate presented the optimum design. Comparison of
configurations f and g (Fig. 3) shows that changing positions
of staples in gusset-plates did influence the strength signifi-
cantly (21 percent difference).

The moment capacity of glued joints increased in propor-
tion with the size of the gusset-plates up to a length of 10 in
(see Fig. 8). Further increase in length of the gusset-plate did
not result in any significant improvement because the strength
of the glue bond exceeded the strength of the OSB material.
For the same size of gusset-plate joints with and without glue
(a, b, c, d, and e), the moment capacities were not significantly
different. Comparison with the in-plane bending test data on
joints of the same configurations (Table 2) shows that
the in-plane moment capacities were, on average, 5 and 6
times the out-of-plane capacities for unglued and glued joints,
respectively.

Rotational Stiffness.— For MPC joints, rotational stiffness
followed the trend observed for the moment capacities. The
stiffness of the joints with one pair of 6 by 6-in (G6) and two
pairs of 2 by 2-in (G3) metal plates were the highest as shown
in Table 4 and Figure 9. Assemblies with two pairs of 1 by
6-in metal plates (G1) were stiffer than those with one pair of
3 by 6-in metal plates (G4). The stiffness of joints with one
pair of 2 by 6-in plates (G2) was the lowest.

The gusset-plate joints with glue were, on average, 70 per-
cent stiffer than joints without glue (see Table 5 and Fig. 9).
Different configurations with 10-in unglued gusset-plates
demonstrated no significant differences in stiffness. The stiff-
ness values of metal-plated joints and unglued gusset-plate
joints were similar.

Figure 10 shows the average moment-rotation curves for
the three series of joints which outperformed the other tested
configurations, each in their category. From these graphs, it
can be concluded that glued gusset-plate joints were the most
efficient in resisting the out-of-plane moment, while the MPC
joints were the least effective.

Conclusion
Effects of metal-plate width, number of metal plates, gus-

set-plate length, placement of staples, and glue application on
the out-of-plane static bending resistance of T-shape OSB

gusset-plate and MPC joints were investigated. Comparison
with in-plane bending tests on joints of identical configura-
tions showed that in-plane moment capacities were 4 to 6
times the out-of-plane capacities for both types of connectors.

For the studied joint geometry, the 8-in gusset-plate with
glue presented the optimum design. Among MPC joints, as-
semblies with two pairs of 2 by 6-in plates showed the highest
moment resistance and rotational stiffness. Similar stiffness
values were observed for MPC joints and unglued gusset-
plate joints. For joints with gusset-plates, application of glue
was the most important factor affecting the stiffness of the
joints, which allowed for an average of 70 percent increase,
with little increase in the out-of-plane moment capacity. An
increase in length of gusset-plate from 4 to 8 in increased the
moment capacity for both glued and unglued joints. However,
a further increase of gusset-plate length did not enhance the
strength of the joints. Changing positions of staples in gusset-
plates did affect the strength of the joints of tested configura-
tions. Comparison between the types of the connections tested
showed that glued gusset-plate joints were the most effective
and the MPC joints were the least effective in the out-of-plane
resistance.

Figure 8. — Average out-of-plane moment capacities of gusset-
plate and metal-plated joints.

Figure 9. — Average rotational stiffness of gusset-plate and
metal-plated joints.

Figure 10. — Average moment-rotation curves of 8-in gusset-
plate joints with and without glue (series c and c-g) and MPC
joints with two pairs of 2 by 6-in plates (series G3).
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