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Abstract
This study evaluated the fatigue performance of T-shaped,

end-to-side, metal-plated joints made of 18-mm (23/32-in)
structural oriented strandboard (OSB) to obtain the static-to-
fatigue moment capacity ratios. A total of 80 joints with metal
plates of different configurations were subjected to one-side
cyclic stepped bending loads. Test results showed that assem-
blies with OSB metal-plates would fail within 25,000 cycles
when a stepped load level exceeded 63 percent of their static
moment capacity. The passing static-to-fatigue ratios aver-
aged 2.5 with a COV of 22 percent. In all metal-plated joints,
the dominating failure mode was metal-plate yield; the rest
was shear-out of OSB.

Upholstered furniture generally refers to seating furni-
ture, such as sofas, chairs, and stools, which are padded for
comfort and covered with fabric. The framework of uphol-
stered furniture is usually wood or wood-based products.
The growth of the industry is influenced by the rate of new
home construction and the number of existing homes being
remodeled.

High quality products, made possible by the availability of
technical information on the materials and joints connecting
the various components, are important to the upholstered fur-
niture industry. Such information will help the industry to de-
velop and produce well-designed and durable furniture. Wood
and wood-based products are used widely in furniture produc-
tion and are rapidly gaining popularity. Oriented strandboard
(OSB) is one of these wood-based panels which has experi-
enced high production growth and is expected to continue this
trend. For OSB to access the upholstered furniture market,
technical data on the performance of connections made with

OSB must be provided to ensure that it is well-designed and
well-suited for such applications.

The behavior of joints under load is a function of the fas-
teners and materials that are used to construct the joints. Dif-
ferent types of connections are used to make joints in the up-
holstered furniture. A connector or a fastener is a mechanical
device (e.g., nails, bolts, screws, etc.) or a mechanical assem-
bly (e.g., shear plates, nailed or toothed metal plates, etc.), or
an adhesive used to hold together two or more pieces of wood
or wood-based products.

Metal-plate connectors (MPC) are made of sheet steel with
punched teeth. The teeth are integral metal projections of the
plate formed perpendicular to the plate during the stamping
process. When pressed into the fiber of wood, these teeth can
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transmit lateral loads. In North America, the highest capacity
wood structural members in general use are MPC trusses.

In engineering, the term fatigue is defined as the progres-
sive damage that occurs in materials subjected to cyclic load-
ing (USDA 1999), and it has been much less studied in the
past than the static loading. In daily use, upholstered furniture
is exposed to repeated loads, which may cause fatigue failure.
The response of the furniture, or more specifically the joints,
to repeated loads determines the quality of the joints and sub-
sequently the furniture. In order to promote the use of OSB in
furniture, relevant technical information is needed. This paper
focuses on the fatigue performance of joints made with OSB
framing members and metal-plates, and it is one of a series of
publications dealing with introduction of OSB in upholstered
furniture frames (Wang et al. 2007a, 2007b, 2007c).

Multicycle fatigue tests are expensive as they require spe-
cialized equipment and considerable testing time in compari-
son with static tests. Therefore, it would be useful to correlate
static and fatigue performance to characterize various types of
joints. Several previous studies have focused on correlating
the static and fatigue moment resistance of wood joints with
various fasteners. Zhang et al. (2003) investigated the fatigue
life of T-shaped, end-to-side assemblies using two-pin dowel
joints by subjecting them to one-sided constant and stepped
cyclic bending loading. A mathematical representation was
developed to correlate the applied moment to the number of
cycles to failure. Zhang et al. (2006) studied the bending fa-
tigue life of metal-plate-connected joints in furniture grade
pine plywood subjected to one-sided cyclic stepped bending
loads. This work reported that there was a strong relationship
between static moment capacity and the load level causing
failure in a fatigue test. The passing fatigue moment level
achieved just prior to failure was 46 percent of the static mo-
ment capacity. Wang et al. (2007b) evaluated the moment ca-
pacity of OSB gusset-plate joints for upholstered furniture un-
der fatigue load. Test results showed that assemblies with
OSB gusset-plates would fail within
25,000 cycles when a stepped load
level exceeded 63 percent of their
static moment capacity. The passing
static-to-fatigue capacity ratio aver-
aged 2.1 with a COV of 12 percent.

The authors are not aware of other
technical information available on
the fatigue performance of metal-
plated joints constructed of OSB.
The main objective of this study was
to evaluate the fatigue resistance of
OSB metal-plated joints and deter-
mine the ratio of the static to their
fatigue moment capacities for de-
sign purposes. The second objective
was to gather the information on the
failure modes of such assemblies un-
der stepped fatigue loads.

Materials and methods
Each test specimen consisted of a

post and a rail made of 18-mm (23/
32-in) structural OSB joined with
one pair or two pairs of metal-plates
symmetrically attached on both

sides of the joint. Basic material properties, fabrication pro-
cedures, and configuration details of the joints tested statically
are reported in a previous paper by the authors (Wang et al.
2007c). For fatigue tests, the panel materials from the same
batch were used, and the joints of the same configurations
were constructed using the same procedures with the excep-
tion of the length of the rail. The rail length was increased
from 406 mm (16 in) to 584 mm (23 in) to accommodate the
load capacity of the pneumatic cylinders used in the test setup.
The metal-plated series used in fatigue tests were G1, G5, G3,
and G4. Series G2 and G6 were not tested in fatigue because
static tests showed that G2 and G6 metal-plates were not ef-
ficient (Wang et al. 2007c). The configurations of the T-
shaped, end-to-side MPC joint specimens for this study are
shown in Figure 1. Table 1 provides the information on the
tested configurations and the number of replicates.

Joints were subjected to two loading schedules from Gen-
eral Service Administration (GSA) test regimen FNAE-80–
214 A (GSA 1998), representing 1) the backrest frame, and 2)
seat load foundation test for a 1.83-m (72-in) -long three-seat
sofa frame without middle upright on the back (Fig. 2). To
determine the loads for the first schedule (Table 2), it was
assumed that three equidistant point loads shown in Figure
2(a) were applied horizontally at the top back rail connected to
the top ends of two back posts. The magnitudes of these loads
at each load step are shown in column 1 (Table 2). These
forces deliver loads acting on each of the two back posts with
a magnitude equal to half of the total load, as is shown in
column 2 (Table 2). Assuming that the height of the back post
in a real sofa is 711 mm (28 in), the loads produce moment
couples shown in column 3 (Table 2). To produce the same
magnitude of moments during the tests with a moment arm of
533 mm (21 in), test loads were calculated and were applied to
the rail (as given in column 4 of Table 2). Similarly, for the
second schedule (Table 3), three equidistant point loads ap-
plied vertically to the bottom back rail were assumed as

Figure 1. — Configurations of metal-plated joints.
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shown in Figure 2(b) and column 1 (Table 3). Therefore, the
end post was subjected to a moment couple shown in column
2 (Table 3), which produced a test load values as given in
column 3 applied at a 508-mm (20-in) arm.

The fatigue tests were conducted using specially designed
pneumatic cylinders attached to a supporting frame as illus-
trated in Figure 3, which allowed testing of 10 specimens si-
multaneously. In both backrest frame and seat load foundation
tests, 25,000 load cycles were applied at a rate of 20 cycles/
min. at each load level according to the schedules given in
Tables 2 and 3, respectively. After 25,000 cycles, the load
was increased to the next level and load cycling continued.
Limit switches were installed on each cylinder to stop testing
of individual specimens that suffered major damage. When
backrest frame joints passed all levels in the main load sched-
ule, the tests continued on to the extended load schedule
shown in Table 2 until all the specimens failed. The highest
load level sustained by a specimen after 25,000 load cycles
without failure was used to calculate the “passed” moment.
The number of cycles sustained by the specimen at the next
load level was included into the cumulative number of cycles,
and the load level at failure was used to calculate the “failed”
moment. Failure modes were determined for each specimen.

Results and discussion
Test results of backrest frame and

seat foundation joints are summa-
rized in Tables 4 and 5, respec-
tively. Columns 4 to 6 show the
average values and coefficients of
variation of the passed and failed
moments and the cumulative num-
ber of cycles to failure. An analysis
of variance (ANOVA) general lin-
ear model procedure was per-
formed for different configurations
of metal-plates on the fatigue passed
load, fatigue failed load, fatigue
passed moment, fatigue failed mo-
ment, and fatigue cumulative num-
ber of cycles to failure. Tukey’s
multiple tests were also performed
for the classification of the aver-
age fatigue cumulative number of
cycles to failure (column 6). The
average values of passed and failed
moments and the corresponding
average static moment capacities
(column 3) were used to calculate,
respectively, the passed and failed
static-to-fatigue moment capacity
ratios shown in columns 7 and 8.
Higher static-to-fatigue ratios in-
dicate a larger gap between the fa-
tigue moment capacity of the joint
and its capacity determined in static
tests. The last column in Tables
4 and 5 lists the observed fail-
ure modes and their relative fre-
quency of occurrence within the
test group.

As was expected from the static
tests, series with two pairs of metal-

plate joints (Table 4) showed significantly higher failure
loads and fatigue life in comparison with those where one pair
of same or similar width of metal-plate joints were used. The
joints with two pairs of 25- by 152-mm (1- by 6-in) plates
(G1) demonstrated no significant difference of fatigue failure
loads of joints with one pair of 102 by 152-mm (4- by 6-in)
plates (G5). Joints with two pairs of 51- by 152-mm (2- by
6-in) plates (G3) demonstrated statistically highest fatigue re-
sistance and, accordingly, higher fatigue life; however, their
static-to-fatigue ratio was similar to that of joints with two
pairs of 25- by 152-mm (1- by 6-in) plates (G1). Analysis of
the failure modes indicated that mixed metal-plate yield with
shear-out of OSB failure modes were generally associated
with the higher fatigue life joints, while the joints with lower
fatigue life mostly associated with metal-plate yield.

Similar correlations are shown in Table 5. The joints with
two pairs of plates showed significantly higher failure loads
and fatigue life in comparison with the joints with one pair of
plates of same or similar width. The joints with two pairs of
51- by 152-mm (2- by 6-in) plates (G3) demonstrated the
highest fatigue resistance. However, their static-to-fatigue ra-
tio was the lowest because of the high static moment capacity.
Analysis of failure modes showed that all specimens in series

Figure 2. — Schematic of a three-seat sofa frame. a) Side rail to back post joint; b) Back
rail to back post joint.

Table 1. — Test specimen configurations.

Metal-plate dimensionsa Pair of metal-plates Number of replicates

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

G1 1 by 6 2 10

G5 4 by 6 1 10

G3 2 by 6 2 10

G4 3 by 6 1 10
a1 in = 25.4 mm
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G4 with the lowest fatigue life failed because of metal-plate
yield, while the higher fatigue life series (G1, G5, and G3)
failed in a mixed metal-plate yield and shear-out-of-OSB fail-
ure modes.

Static to fatigue moment capacity ratio
The ratio of static to failed fatigue moment varied from 1.24

to 1.66 for joints with two pairs of plates and from 1.33 to 1.90
for joints with one pair of plates. The corresponding ratio for
the passed fatigue moment varied from 1.86 to 2.68 and from

2.16 to 3.25 for the joints with two
pairs and one pair of plates, respec-
tively. The overall average ratio of
static moment to fatigue failed mo-
ment for all eight test series sub-
jected to two different loading
schedules was 1.59 with a coeffi-
cient of variation (COV) of 20 per-
cent. In other words, the average
OSB metal-plated joint failed under
a load level of 63 percent of its static
moment capacity after being sub-
jected to a series of cyclic stepped
loads. The results are similar to
those obtained with OSB gusset-
plate (Wang et al. 2007b). Under
stepped loads with a maximum mag-
nitude of 63 percent of static mo-
ment capacity, the fatigue moment
resistance of metal-plated connected
joints was mostly governed by fail-
ure in the OSB material, rather than
metal tooth rupture.

The average ratio of static to fa-
tigue passed moment was 2.5 with a
COV of 22 percent. Previously, an
average static to fatigue passed mo-
ment capacity ratio of 2.2 with a
COV of 13 percent was reported for
two-pin dowel joints (Zhang et al.
2003), 2.5 with a COV of 11 percent
for metal-plated connected joints in
furniture grade pine plywood

(Zhang et al. 2006), and 2.1 with a COV of 12 percent for OSB
gusset-plated joints (Wang et al. 2007b). Comparison with
these studies shows that the average ratio of static to fatigue
moment capacity of upholstered furniture frame joints varies
from one fastening system to another. However, based on this
information and for simplification purposes, it could be sug-
gested that an approximate ratio of 2.5 for the metal-plate con-
nectors with plywood or OSB could be adopted for uphol-
stered furniture designs.

Conclusions
Cyclic load fatigue tests on OSB joints with metal-plates of

four configurations were performed and compared with their
static moment resistance to determine the influence of the
metal-plate configuration, material and fastening system on
the static-to-fatigue moment capacity ratio and on failure
modes of the joints. Results showed that despite differences in
failure modes joints with either one pair or two pairs of metal
connector plates had similar static-to-fatigue moment capac-
ity ratios. In joints with two pairs of plates, a mixture of metal-
plate yield and shear-out of OSB was the dominant failure
mode. In joints with one pair of plates, lower fatigue life was
associated with essentially metal-plate yield. Statistical analy-
sis and comparison with previous studies showed that a static-
to-fatigue ratio of 2.5 can be adopted as the passing ratio for
design of upholstered furniture frames. In other words, it is
advised to design metal-plated joints so that they will not
be loaded to more than 40 percent of their static moment
capacity.

Table 2. — Cyclic stepped load levels using GSA backrest frame testing schedule.

Backrest frame testa

Applied momentsc

Joint testb

Rail loads Reaction forces Test loads Cumulative No. of
cycles(lbf) (kip-in) (lbf)

3 × 75 113 3.15 150 25,000

3 × 100 150 4.20 200 50,000

3 × 125 188 5.25 250 75,000

3 × 150 225 6.30 300 100,000

Extended test

3 × 175 263 7.35 350 125,000

3 × 200 300 8.40 400 150,000

3 × 225 338 9.45 450 175,000

3 × 250 375 10.5 500 200,000
aMoment arm = 28 in (1 in = 25.4 mm).
bMoment arm = 21 in (1 in = 25.4 mm).
c1 kip = 1000 lbf = 4.448 kN.

Table 3. — Cyclic stepped load levels using GSA seat load foundation testing schedule.

Seat load foundation test loads Applied momentsb

Joint testa

Test loads Cumulative No. of cycles

(lbf) (kip-in) (lbf)

3 × 100 3.00 150 25,000

3 × 200 6.00 300 50,000

3 × 300 9.00 450 75,000

3 × 400 12.0 600 100,000

3 × 500 15.0 750 125,000
aMoment arm = 20 in (1 in = 25.4 mm).
b1 kip = 1000 lbf = 4.448 kN.

Figure 3. — Set-up for fatigue test of metal-plate connected
joint assemblies.
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Practicality
Information obtained in this study of joint assemblies sub-

jected to cyclic stepped loads provides designers with techni-
cal data that can be used to develop rational and optimum
designs of upholstered furniture frames to meet desired per-
formance requirements.
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Table 4. — Test results using GSA backrest frame schedule.

Static peak
load (Avg.)

Static
moment
(Avg.)

Fatigue Ratio

Mode of failureb
Passed

momentd
Failed

momentd
Cumulative No. of

cycles to failure
Static/
passed

Static/
failed

(lbf) - - - - - - - - - - - - - - - (kip-in) - - - - - - - - - - - - - - - -

G1 575 (7.7)a 8.04 4.20 (0)a 5.25 (0) 50,000 + 7,801 (7) Bc 1.92 1.53 20% M-P Y, 80% M-P Y + SP

G5 697 (5.8) 9.76 4.52 (11) 5.57 (9) 50,000 + 15,006 (17) B 2.16 1.75 100% M-P Y + SP

G3 798 (8.3) 11.2 5.67 (10) 6.72 (8) 75,000 + 16,967 (14) A 1.97 1.66 30% M-P Y, 70% M-P Y + SP

G4 542 (6.0) 7.58 2.52 (52) 3.99 (11) 25,000 + 4,674 (24) C 3.01 1.90 90% M-P Y, 10% M-P Y + SP
aValues in parentheses are the COV (%).
bMode of failure: M-P Y = Metal-plate yield; SP = Shear- out of OSB.
cValues with the same letter index are not statistically different at 95 percent significance level.
d1 in = 25.4 mm; 1kip = 1000 lbf = 4.448 kN.

Table 5. — Test results using GSA seat load foundation schedule.

Static peak load
(Avg.)

Static moment
(Avg.)

Fatigue Ratio

Mode of failureb
Passed

momentd
Failed

momentd
Cumulative No. of cycles

to failure
Static/
passed

Static/
failed

(lbf) - - - - - - - - - - - - - - (kip-in) - - - - - - - - - - - - - - -

G1 575 (7.7) 8.04 3.00 (0)a 6.00 (0) 25,000 + 2,182 (3) Cc 2.68 1.34 40% M-P Y, 60% M-P Y + SP

G5 697 (5.8) 9.76 3.00 (0) 6.00 (0) 25,000 + 12,629 (10) B 3.25 1.63 30% M-P Y, 70% M-P Y + SP

G3 798 (8.3) 11.2 6.00 (0) 9.00 (0) 50,000 + 1,618 (3) A 1.86 1.24 10% M-P Y, 10% SP, 80% M-P Y + SP

G4 542 (6.0) 7.58 2.70 (35) 5.70 (17) 25,000 + 192 (9) D 2.81 1.33 100% M-P Y
aValues in parentheses are the COV (%).
bMode of failure: M-P Y = Metal-plate yield; SP = Shear-out of OSB.
cValues with the same letter index are not statistically different at 95 percent significance level.
d1 in = 25.4 mm; 1kip = 1000 lbf = 4.448 kN.
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