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1. INTRODUCTION

Light-frame wood trusses have a merit of a
mass produced structural component for housing
which can be easily adapted to Korean building
practice with a minimum on-site labor. Light-
frame wood trusses are highly engineered and
most material- and performance-efficient wood
structural system manufactured under con-
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metal plate connection. load-displacement

trolled condition in factory.

It is important to design joints of trusses care
fully, because structural members transfer their
loads to other members through joints which are
the weakest structural elements in wood struc—
tures. When loads are applied in wood structures
such as trusses. corresponding displacement
appears in the structures. This displacement
shows more complex aspects in joints.
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Various kind of analysis methods for the
connections have been developed to model the
loadd-isplacement characteristics of the struc-
tural systems. Load-displacement relationship
of the connections showed the nonlinear charac-~
ter. so this nonlinearity should be taken into
account if the designer want to estimate allow-
able or ultimate loads based on joint behavior,

Using a finite element elasto-plastic analysis,
Foschi® developed a nonlinear character model
of the load-displacement relationship for nailed
joints. Foschi’ also developed a finite element
model. which treated the problem without recor-
ding to equivalent spring or fititious members
for the three parameter nonlinear performance
of truss plate joints.

In order to apply Foschi's model, parameter
values should be fitted to experimentally deter-
mined load-displacement curves. MaCarthy and
Wolfe”' determined Foschi's nonlinear model
parameters to characterize the lateral resis-
tance of truss plated joints. The parameters ob-
tained could be used to model the nonlinear per-
formance of truss plate joints in full scale roof
system models. Lau® reported that the appli-
cability and usefulness of existing computerbased
techniques could be expanded if better joint
models could be incorporated into SAT Y oorif
PPSA 1T ¥ could be advanced to describe the be
havior of joints. Gebremedhin, Jorgensen and
Woelfel” developed models that would predict
the load-displacement relationships and stiff-
ness values for the joint.

The objective of this study was to evaluate
load-displacement characteristics of the connec-
tions under load by deriving parameters of
Foschi’s model for 20 gage galvanized steel plates
in Korean red pine lumber. Parameters of nonli-
near model are be useful to estimate full-scale
truss performance by eliminating time- and cost
consuming full-scale truss tests.

2. MATERIALS & METHODS

2.1 Materials
2.1.1 Material preparation
Lumber for this study was selected from 38

89mminominal 2x4inch) lumber of Korean red
pine (Pinus densiflova) that met No. 2 or better
" Lumber was four side
surfaced and was conditioned to 12 percent
moisture content.

The modulus of elasticity of lumber used ran-
ged from 69 to 123x10%kgf/cm®. with an aver-
age of 90> 103kgf/cm® Specific gravity based
on oven-dry volume of lumber ranged from 0.45
to 0.59 with an average of 0.52.

Metal plate connectors applied for lumber
joints were 20 gage (nominal thickness: 0.89
mm) galvanized steel plates manufactured by
Truswal Systems Corporation, U.S.A. These
plate connectors were used for joint tests of four
standard configurations, two nonstandard con-
figurations. Galvanized steel plates had tooth
density of 3.1 teeth per cm®. tooth length of 6.9
mm. In all cases of test joints, there were 40

grade specifications

teeth per target plate wood interface. Connec-
tors for joints loaded parallel to plate principal
axis were 81.0mm wide by 134.0mm long. Con-
nectors for joints loaded perpendicular to plate
principal axis were 75.0mm wide by 81.0mm
long. For two nonstandard configuration joints,
connectors were prepared by removing teeth
to have 40 teeth per target plate wood interface.
2.1.2 Joint fabrication

Five test joints for each four standard joint
configuration were fabricated(Fig. 1). Two
tvpes of nonstandard joint configurations were
fabricated to have 30 and 60 degrees between
the grain direction of target plate side lumber
and plate principal axis.

Testing machines were used to give uniform
pressure of the metal plate connectors on the
joint during fabricating connections. After fa-
brication, the connections were stored in a con-
ditioning room of 12 percent MC for more than
14 days before testing in order to minimize po-
ssible variation due to time effects.

2.2 Test procedure of standard - and non-
standard- joint configurations

For joint tests. load was applied at a cons-

tant strain rate of 1.0mm/min using a universal

testing machine of 15.000 kgf capacity. The
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(a) Parallel to plate principal axis
and parailel to the grain direc—
tionn {AA) and joints for com-
bined load

(b) Perpendicular te plate princi~
pal axis and parallel to the
grain dirvection {EA)

(¢} Parallel to plate principal axis
and perpendicular to the grain

.

3

<

(d) Perpendicular to plate princi-

pal axis and perpendicular to
the grain direction(AE).

Fig.

data from load cell and LVDTs (Linear Vari-
able Differential Transducers) was acquisited
by computer. Moisture content of each block
of joint specimen was measured by a resistance
tvpe moisture meter after joint testing.

The sheet steel plates were tested according
to ASTM E 489" to determine tensile properties
of the plate. MOE for sheet plate of galvanized
steel averaged 1,780x10° kgf/cm2 with coeffi-
cient of variance of 4.3 percent.

Four standard configuration joints were tes-
ted according to CSA S347 M1980 standard” .

-

direction{AE).
¥
125
F 0
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{e) With 30 degrees between
plate principal axis and
the grain direction(A30G).

125

(f) With 60 degrees between
plate principal axis and
the grain direction (AG0G).

1. Standard-and nonstandard-joint configuration of metal plate connectors.

Two nonstandard configuration joints were tes-
ted to evaluate joint performance at interme-
diate angle between the grain direction of target
plate side lumber and plate principal axis.

Four LVDTs were installed at each side of the
joint specimen and at each metal plate to mea-
sure the joint displacement.

2.3 Modeling of the load-dispiacement rela-
tionships for joint tension performance
Three parameter nonlinear model described
by Foschi’ was used to determine the load-
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displacement behavior of the connections. He
proposed the following model to describe the
load-displacement behavior of the connections

Po= (4140 [1-exp( AL
0
...................................................... (1)
where
Pt the load on the joint. kg,
£+ 1 the joint displacement, cm.
K the initial stiffness, that is. the
initial slope of the curve,
M; : the stiffness at large displacement,
Mo © the intercept of the asympdote with

slope M: (Fig. 2).

Three parameters. K, M:, My, in this model
were determined by least-square method for
each of the four standard joint configurations.

3. RESULTS & DISCUSSION

3.1 Joint faiture modes

Two kind of failure modes were possible in
standard joint configurations: tooth with draw-
al and wood failure. Tooth withdrawal was e~
vident in all AA and EA joints. Both tooth with—-
drawal and wood failure appeared in all AE. EE,
A30G, and AG0G joints, and this failure mode
was considered to be due to weaker wood bear-

Load

MOFT S

Displacernent

Fig 2. Foschi’s three parameter nonlinear
model for metal plate load-displace—
ment curve,

ing strength for AE. EE. A30G, and AGOG jo-
ints than that for AA and EA joints.

3.2 Load-displacement curves and stiff-
ness values of each joint configurations

The load-displacement curves of standard
and nonstandard- joint configurations showed
a nonlinear characteristics. The lower one third
section by load of the curve could be described
as nearly linear. The slope of the load-displace-
ment curve decreased nonlinearly according to
approaching the maximum load of the connec-
tions after this one third section. This facts
showed the semi-rigid properties of the connec-
tions experimentally.

For the standard joint configurations tested
in tension, the average ultimate load per tooth
varied from 23.8 to 13.7 kgf(Fig. 3 and Table
1}. Basic design load per tooth, determined by
the load at the critical value of 0.38mm displa-
ranged from 18.5 to 13.6 kgf. For
the connections of nonstandard joint configura-
tions loaded with the angle of 30 and 60 degrees
in tension, the average ultimate load per tooth
were 19.5 and 17.3 kef. respectively, and basic
design load per tooth were 18.3 and 17.2 kgf.
respectively.

The stiffness for the joints was determined
by dividing basic design load by the critical dis—
as shown in Table 2. The stiff-
ness for the connections varied from 39.078
to 28,789 kgf/cm. and showed 1.4 times of
difference according to joint configurations.

The load capacity and the stiffness for stan-
dard joint configurations showed the largest
value at joint configuration AA, decreased from
joint configuration EA to AE, and showed the
smallest at joint configuration EE. These values
for standard- and nonstandard- joint configura-

i
cement ',

A
placement™ "

tions showed the largest value at the joint con-
figuration AA, and decreased according to in-
crease of intermediate angle between the grain
and loading direction.

The trend that structural performance of the
connections perpendicular to the grain was
smaller than that of the connections parallel
to the grain, agreed well with the literatures
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Fig 3. Experimental and predicted load-displacement curves for each standard-and nonstandard-
joint configuration of galvanized steel plate connentors.

171 The trend that structural performance

of the connections perpendicular to the plate

was smaller than that of the connections para-
el to the plate, was similar to the results by



Table 1. Ultimate load and design load for standard- and nonstandard-joint configurations.

At ultimate load

At basic design load

Joint

Ultimate load Load per tooth Displacement Load Load per tooth

configuration  Average vV Average vV Average CV Average CcvV Average vV
(kgf) (%) (mm) (%) (mm) (%) (mm) (%) {mm) (%)

AA 1,908 9.7 23.8 9.7 .14 252 1.485 6.2 18.5 6.2

EA 1.645 8.9 20.5 8.9 0.8 31.3 1.361 7.4 17.0 7.4

AA 1.286 7.2 16.0 7.2 0.40 6.8 1.286 5.5 16.0 5.5

EE 1.098 10.7 13.7 10.7 0.41 16.9 1.094 4.9 13.6 4.9

A30G 1.563 11.2 19.5 11.2 Q.51 21.7 1.467 6.8 18.3 6.8

ABOG 1.386 9.6 17.5 9.6 0.43 9.1 1.380 4.5 17.2 4.5

Table 2. Stiffness values for the connection.

Stiffness by critical displacement

Joint
configuration Average CV
(kgf/cm) (%)
AA 39.078 6.2
EA 35,815 7.4
AE 33,842 5.5
EE 28,789 4.9
A30G 38,605 6.8
AB0G 36.315 4.5

Triche™’. but this trend was somewhat diffe-
rent from the results’ that load capacity of the
connections perpendicular to the plate was some-
what larger than that of the connections para-
liel to the plate. These showed that there were
two types of trend in structural performance
by each joint configurations. The different trends
by connection types were considered due to the
combined effect of the plate characteristics : that
is. tooth width, tooth length, and plate stiff-
ness. These load capacity and stiffness by each
joint configurations can be applied to accomplish
advanced design of the connections by using
database of the connections and by interpola-
ting for intermediate angled joint elements
easily found in light frame wood trusses.

3.3 Model parameters of the load-displace
ment curves for standard joint configura-
tions

The three parameter nonlinear model® was
fitted quite well to the experimental load and
displacement data for the connections. Table

3 showed the model parameters curve-fitted

by the least square method. The intercept of

the asymptote with slope M1, Mo, was evaluated

in the order of their magnitude from the joint
configuration EE, the largest, to AE, EA, and
AA, the smallest. The stiffness at large dis-
placement, M1, was in the order of their magni-
tude from the joint configuration AA, the lar-
gest, to EA, AE, and EE, the smallest. The
initial stiffness, K. was evaluated in the order
of their magnitude from the joint configuration
AA, the largest, to EA, AE, and EE, the small-
est, and was evaluated in the same order of
stiffness. The parameters were compared to
other data obtained by McCarthy and Wolfe®'.
Triche'” and Foschi*'. The parameters for the
connections were most close to the results by
McCarthy and Wolfe” except negative M; for
joint con—figurations AE and EE, but the trend
in this study was somewhat different from their
results’’ that the parameters of the connections
perpendicular to the plate showed bigger value
than those parallel to the plate. The negative
M; in this study was occured because the para-
meters were derived from the entire curve, ex-
tending from zero to the ultimate load. letting
M; become negative®. The different trend of
characteristics by type of the connection were
considered due to the combined effect of the
plate characteristics: that is. tooth width, tooth
length, and plate stiffness.

4. CONCLUSION

This study was accomplished to evaluate load-
displacement characteristics for metal plate
connections in Korean red pine lumber. Failure
modes were tooth withdrawal for all specimens
in standard joint configurations AA and EA.
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Table 3. Nonlinear model parameters for each
standard jiont configurations com-
pared with results of other studies.

It Cprent g0 W s p g
Parameter’ cobfigu- v McCarthy™ Triche™ Foschi
. study
ration
AN 1.316 1.910 5.370
K EA 1,192 1,969 4.940
kgt cm) AE 904 632 637
EE 820 607 607
AA 17.9 18.3 26.7 225
A EA 16.7 20.7 211 8.4
(kaf) AE 219 11.5 279 6.9
EE 36.0 22.5 B8 7R
AA 55.9 91 467 0
Ay EA 41.7 75 430 0
(kgf/cm) AE ~70.8 38 0 0
EE -323.2 50 378 4]

* Evaluated by the load-displacement data based on load
per tooth.

*2 20 gage galvanized plates and Korean red pine(2”~4")
lumber

*3 20 gage malvanized plates and Southern pine(2” <4
lumber,

*4 20 gage galvanized plates and Hem-fir lumber.
*5 20 gage galvamized plates and spruce(2#6"} lumber.

<

Combined tooth withdrawal and wood failure
were evident in the joint configuration AE, E
E. A30G. and A60G. The load-displacement
curves for standard- and nonstandard- joint
configurations showed nonlinear characteristics,
The lower one third section by load of the curve
could be described as nearly linear. Slope of
the load-displacement curve decreased nonlin
early according to approaching the maximum
load of the connection.

The load capacity and the stiffness for stan
dard joint configurations showed the largest
value at joint configuration AA. decreased from
joint configurations EA and AE. and showed
the smallest at joint configuration EE. These
values for standard- and nonstandard-joint co
nfigurations showed the largest value at the
joints loaded parallel to the plate and the grain.
and decreased according to the increase of in-
termediate angle between the grain and loa-
ding direction. Load-displacement relationships
estimated by Fosch’s nonlinear model for the
connections was fitted quite well to the expe-
rimental values.
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