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1. INTRODUCTION

For light-frame wocd truss construction,
fasteners such as nails, boits, and metal plate
connectors are used. Rigid connections of
prefabricated laminated frames and arches
can also be obtained by using these. Nails are
used when the loads are relatively small, and
other types of structural connec-tions such as
bolts are used for larger loads. The holts are
essentially fixed in position by the metal side
plates. Therefore, the only movement permit-
ted is that allowed by the clearance between
the bolt holes,

The significant mechanical fastener of mod-
ern times is the toothed metal plates. Metal
plates in which teeth have been punched out
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are made of light gage galvanized steel plates
in a variety of sizes and tooth patterns, They
support the almost unlimited variety of
components that can be assembled with
plates and dimension lumber. Metal plate
connections (MPCs) used primarily for the
fabrication of light-frame wood truss, are nor-
mally not assumed to provide moment resist-
ance. So these conne-ctors are designed to
transmit axial forces and shear between con-
nected members. As a result, most metal
plate research has been focused on perform-
ance under axial load and how these
connections are affected by various tests and
environmental variables. > *+® Corvella etal.
tried to develop theoretical model to predict
MPC joint stiffness under axial tension.
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Nail connections between plywood and lum-
ber are very common in structural work.
Since plywood is commonly available in thick-
ness 12mm and less, the bearing of head end
of the nail in the plywood can become the
weakest element of such joints. The objec-
tive of this study was to investigate the joint
assembly on MPCs compared with plywood
gusset plate connections. The another objec-
tive of this study was to investigate the ef-
fect of adhesive applied to plywood gusset
plate connection between plywood and lum-
ber. This paper is only limited to plywood
gusset plate connections and MPCs subjected
to axial tension only,

2. MATERIALS AND METHODS

A test matrix was used to compare the two
types of truss plate to connect wood member
to wood member as shown in Table 1. Lum-
ber was used representing a narrow ranges of
specific gravity(SG). These lumbers were 4
cm by 8m Korean pine thinning lumber.
Each piece for wood member was cut into 40
cm long samples and 2 cm long SG block was
cut from the center of the each samples,
leaving two end-matched piece 19 cm long to
be joined with an MPC and plywood gusset
plate connections to form the test specimens.
All specimens were cut to avoid knots in the
area of the end joint. The pieces were tightly
butted and held in alignment to produce test
specimens that were straight with no gap.

Tablel. Specimens for truss plate joint types

plate treatment  no of Specific gravity

type test mean SD*
PGPC* no adhesive 10 0.427  0.031
adhesive 9 0.418  0.020

MPC no adhesive 10 0.418 0.035
*PGPC : plywood gusset plate connection
“*SD : standard deviation

The metal plates used in this study were
gangnail GN20 plates. The metal plates were
obtained from the U.S. retailers, They were
made of 20-gauge plate galvanized steel and
were 7 cm wide and 9 ¢m long, with an aver-
age tooth density of 1.27 teeth per square
centimeter, One tooth is punched from each
opening, Average tooth length was 0.9 cm.
All test samples fabricated and conditioned in
the same manner. MPCs were manually
pressed by cold press one at a time to full
uniform contact between plate and wood, giv-
ing a total of 80 effective teeth per member
(40 teeth per side). The sketch of fabricated
MPC specimen is shown in Fig.1 Plywood
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Fig. 1. Sketch of metal plate connection sys-
tem



with 12 mm thick were cut to 8 cm wide and
10 cm long used to connect the wood-to-wood
members for giued and unglued specimens by
using 6d galvanized nail. Nail spacing was
used to avoid unused splitting of the wood.
Splitting greatly reduces the strength of a
connection, So two pairs of nails were present
in the upper member and two pairs of nails
were present in the lower member. The nails
were full penetrations of one side plywood
and members. Room temperature setting ad-
hesive(Polyviny! acetate)was applied to all
adhesive treatment specimen bandline for ply-
wood gusset plate connections between
members and plywoods,

The specimen was attached to the testing
machine with universal joints to eliminate po-
tential moments produced by misalignment,
The load was applied by screw-driven cross-
head testing machine. Tensile forces were ap-
plied parailel to the longitudinal plate di-
mensions, A machine’s platen speed of 5
mm /min, was applied to load until failure.
The load-displacements were continuously
recorded to failure with an X-Y recorder.

3. RESULTS AND DISCUSSION

Any specimen which contains more than
one nail provides an load-displacement curve
which makes it difficult to separate vari-ables
affecting response. Therefore, data analysis
focused on the axial load at the location of
joints. Under pure axial loads were assumed
to to be uniformly distributed over the length
of the specimen between load points, A
sample of the load-displacement charact-
eristics for the joint is shown in Fig.2 All
joints exhibited a nonlinear load-displacement
behavior beyond the initial elastic response.
0.4mm displacement has historical pre-
cedence. The 2.5mm displacement has been
recommended to eliminate gap and friction
test variations. The 3.2mm displacement is
based on the international conference of

Building Officials requirement(5). Ultimate
load defines an ultimate factor of safety.
Therefore, all truss plate type joints were
compared at each other four different dis-
placement levels 0.4mm, 2.5mm, 3.2mm. and
ultimate load.
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Fig. 2. Average load-displacement for various
joint types

Average load values and standard devi-
ations (SDs)at four displacement levels are
summarized in Table 2. These comparisons
also shown graphically in Fig.2 The com-
parisons of ratio of mean load of other joints
to plywood gusset plate connection with no
adhesive treatment are made in Table 3.
Table 2 and Fig. 2 shows that the effsct of
adhesive layer is greater on strength at the
plywood gusset plate conn-ections, At the 0.
4mm displacement level and the ultimate
load, adhesive treatment connection had
about 85% increase in mean lateral loads
compared with no adhesive treatment for ply-
wood gusset plate connection, At the 2.5mm
displacement level adhesive treatment con-
nection had about 200% increase the mean



lateral load compared with no treatment,
MPCs had 56—87% increase in the mean lat-
eral load compared with no adhesive treat-
ment plywood gusset plate connection. MPCs
had about 10% lower than that of adhesive
treatment for plywood gusset plate connec-
tion. The displacement in a MPC joint
explains why an increased allowable load is
permitted when MPCs are used instead of
plywood side members, MPCs are usually
thin steel pla-tes{usually sheet metal), and
consequently there is less length in which
joint displacement can occur. Even for
thicker metal plates, the tooth is probably
held more rigidly and displacement is limited.
The adhesive for plywood gusset plate con-
nection contributing to change the ultimate
load and stiffness was the manner in which
the stresses was distributed along the length
of bandline,

Table 2. Lateral-loads for various joint types

Joint  Treatment Load(kglat4 deflection value Maximum

type 0.4mm  25mm  3.2mm lead(kg) slipimm}
PGPC* no adhesive
X= 300 213.1 2000 4000 1278
SD™ 64 33.52 50.71 4877 1M
adhesive
X 55.7 645.7 - 740.0 302
SD 7.3 202.14 - 469 064

MPC no adhesive
X 50.0 364.3 5040 8238 471

Sp 478 11208 199.67 9038 L63

*PGPC : plywood gusset plate connection
=X :average
=*3D : standard deviation

‘All MPCs failed by tooth withdrawal. The

observed failures were curvature bending of
the nails for plywood gusset plate connection,

Visual examination of failed surface for ad-
hesive treated plywood gusset plate connec-
tion showed that most of the members sur-

Table 3. Ratios of mean stength values of
plywood gusset plate connection with
-no adhesive treatment to othey joint

Joint Treat Load at 4 deflection value Maximum
-ment

type 0.4mm  25mm  3.2mm load

PGPG*  adhesive 1.85 3.03 - 1.8

MPC  no adhesive 167 1.7 1.87 1%
*PGPC : plywood gusset plate connection

face covered with plywood surface, This
means that the adhesive influences the ten-
sile behavior for plywood gusset plate connec-
tion, Evaluation of load were based on the
average of test values. The qualitative ef-
fects of treatment might be from a program
relatively small test sample size. No attempts
were made to closely examine the test data
from a statistical view point because the
sample size would make further judgement of
the results from such an analysis in appropri-
ate. The actual values of capacity were not
of importance at this time, so it was necess-
ary to complete test with various species and
grade of wood, MCs, metal plate sizes, orien-
tation and resin tvpes for plywood gusset
plate connection,

4. CONCLUSIONS

MPCs shows a good tensile behavior over
the plywood gusset plate connection for truss
joint, The real benefit may depends on the
fabication of truss joint, Addition of adhesive
to the plywood gusset plate connection sig-
nmificantly alter the tensile beh-avior., Test
results of adhesive treatment shows that the
increase in lateral load compared with no ad-
hesive treatment for plywood gusset plate
connection. Additional testing is required to
determine if this increase is applicable to
other species, nail sizes, penetration, and
metal plate sizes,
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