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1. INTRODUCTION pieces of wood is important. Finger joints

have been developed for this purpose and can

World population is drastically increasing in make rigid connection between wood pieces,

the 20th century, which again causes increa- Finger jointing can produce members as

sed demand for raw materials. Demand for strong as solid wood. Furthermore, members

wood materials is also increasing rapidly. Re- produced by finger jointing have better

cently, this increased demand for wood is dimensional stability than solid wood, There-

compounded with environmental problems, fore, finger joint is widely used in many fields

Therefore, recent trends in wood industry is of wood utilization such as wood construction
changing to the complete utilization of small and furniture manufacturing.

pieces of wood and reducing waste. Even though finger joints are commonly
To accomplish this goal, the technology of used, many characteristics of finger joints
producing large useful members from small have not been well known. Especially, creep
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and fatigue behavior should be studied throughly
for better utilization of finger joints, Up to pres-
ent, most of researches on finger joints have
heen limited to static behavior(Jokerst, 1981 :
Moody, 1970 : Troughton & Chow, 1977).

Materials show increased deformation under
repeated loads, which is called fatigue. Under
fatigue [oads, large deformation is developed
during the utial stage(Jang et. al., 1993} and
the fatigue behavior is largely affected by the
behavior in the initial stage. Long-term beha-
viors such as creep and fatigue are mutually
related to some extent{Jang et. al. 1993 5,
b). Therefore, it is thought that the behavior
under some initial steps of repeated loads,
which can also be described as damping
characteristics, can be related to the long-
term behavior of finger-jointed lumber. This
study was carnied out as a preliminary of
creep and fatigue tests of finger-jointed lum-
ber.

Damping is the ability of material to absorb
ard dissipate energy when transferring vi-
bration or repeated loads{Atherton, et. al,
1980). In semi-rigidly jointed structures, joints
are regarded as main sources of overall damp-
ing of vibration forces{ Atherton et, al., 1980;
Chou & Polensek, 1985 : Polensek, 1976
Polensek, 1984). Nailed joints showed 10% to
40% damping compared to material damping
of 0.35% (Polensek & Bastendorff, 1985). Dam-
ping ratio of whole nailed wood systems was
about 10%/ (Polensek, 1975). It is expected
that the rigid connections like finger joints do
not have so large damping capacity as nailed
joints. However, damping behavior of finger
joints has not been clearly inve- stigated up to
present.

Under repeated loading conditions, finger-
jointed lumber may show different behavior
from solid wood. To reveal what happened in-
side the finger joints under loads, acoustic
emission(AE) technique was used. Recently,
AFE is being used widely in the various field of
wood utilization, such as finding internal de-
cay(Marcia, et. al., 1988 : Noguchi & Nishi-

moto, 1985), dimensional stabilitviRice & Ka-
bir, 1992), wood drying(Skaar et. al., 1080).
wocd machining{Murase et al., 1088). etc.
AE is thought to be developed when change is

happened 1in the micro-structure of mielerial,
Even in elastic range of wood. AE i3 devel-
oped. The behavior of wood can be estimated
more precisely by recording and analyzing AE
signals developed under loads. in

his study.

AE techrigue was applied to estimate the
fracture chacteristics of finger joints durning
repeated loading.

2. DAMPING RATIO

Under one cycle of bidirectional loading and
unloading, finger joints show deformation and
recovery curve as shown in Fig. 1.
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Fig. 1. Typical load-deformation curve un- der
one cycle of bidirectional bending
loads.
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In Fig. 1, damping ratio can be expressed by
the ratio of the dissipated energy to the total
available potential energy as follows (Ray,
1975):

where
A = damping ratio
C == damping coefficient
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C. = critical damping coefficient

A, = dissipated energy (area of ACEDA in
Fig. 1)

As = total available potential energy (area of
OABO in Fig. 1)

In Fig. 1, area ACEDA is almost equally
divided into two parts by x-axis. Therefore,
damping ratio can be obtained from the curves
above x-axis as follows(Polensek, 1984 : Polen-
sek & Bastendorff, 1985) :

Ep
I 5 (2)
where
E, = dissipated energy (area of ACDA in Fig.
1)

E; = total available potential energy (area of
OABO in Fig. 1)

In this study, dissipated energy was
assumed to be the area of triangle ACD be-
cause the loading and unloading curves were
almost linear and for the simplicity of analy-
sis. The average of daming ratios obtained
from curves above and below of x-axis was
taken as the value for the given specimen and
load level.

3. EXPERIMENT

To make specimens, Douglas-fir was used.
Some logs were purchased from log importing
company, and sawn and dried to target mois-
ture content of 10%. Physical and mechanical
properties of the specimen used in this study
are summarized in Table 1.

For the damping tests, ramp loading and
unloading as shown in Fig. 2 has been
employed. Load levels L1, L2, L3 and L4 were
varied depending on the types of specimen as
given in Table 2,

5 types of fingers given in Table 2 were
manufactured and poly-vinyl acetate emulsion
adhesive was used to assemble finger joints,
The number of test replications for each joint
type was 10.

Testing arrangement employed in damping
tests is given in Fig. 3. Specimen size was
4cm x 4cm x 68cm and loading span was 60cm.
Loads were applied as bidirectional bending by
a universal testing machine with loading
speed of 10mm /min. Specimens that was not
failed by cyclic loads were tested to failure by
applying static ramp loads with the same
loading speed.

AE tests were also performed at the same

Table 1. Physical and mechanical properties of testing material.

Moisture  Specific Bending* . Compression parallel to grain®  Shear parallel to grain®

content(%)  gravity MOE MOR o, Sma®® Radial Tangential
8.4 0.41 10423 87.9 17.0 8.33 9.31

*a Unit is MPa. *b Stress at proportional limit, *¢ Maximum strength. ‘

Table 2. Specimen types and load levels employed in damping tests.

Specimen type Load level (N(kgf))
Symbol Specification® L2 L3 14
C Control 490(50) 980(100) 1470(150) 1960(200)

F720V 6—20—1, Vertical 490(50) 930{100) 1470(150) 1960(200)
F715V 6—15—1, Vertical 294(30) 588( 60) 882( 90) 1176{(120)
F710V 6—10~1, Vertical 196(20) 392( 40) 588( 60) 784( 80)
F510V 4—10—1, Vertical 490(50) 980{100) 1470(150) 1960(200)
F510P 4—10—1, Parallel 245(25) 490( 50) 735( 75) 980(100)

*a Figer height-length-tip (mm), direction of finger to loads,



time with damping tests by attaching sensor
to the specimen 10cm away from the loading
point. LOCAN 320 system was used to collect
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Fig. 2. Load function for damping tests.
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Fig. 3. Arrangement for damping tests.

and analyze AE data. Frequency range of the
sensor was 0 to 1000 KHz. Gains of 40 dB In
preamplifier and 20 dB in main amplifier were
employed to collect AE signals. In the range
of threshold under 30 dB, a lot of noise were
detected. Therefore, threshold level was se-
lected as 30 dB.

4. RESULTS AND DISCUSSION

4. 1 Deflection and slope of load-displacement
curves

In this study, three loading cycles were
employed for each load level. Among these
three, the second cycle was selected for
data analysis because the first and third
were somewhat related to the previous and
next loading steps (Atherton et. al., 1980:
Polensek, 1984: Polensek & Bastendorff,
1985). For each specimen, maximum deflec-
tion at each load level and slopes of load-de-
flection curves were calculated and are
given in Table 3.

As shown in Table 3, deflection increased
almost linearly with load levels. On the con-
trary, the slope of load-deflection curves
decreased as load level increased. Maximum
strength was highest for control specimen (no

TJable 3. Maximum deflection and slopes of load-deflection curves.

Specimen  Slope of finger(®) Properties Loading step Maximum strength (N)
Deflection* 1.2 2.5 3.9 5.3 I
C - - 3775
Slope* 408.2 375.3 365.5 358.7
Deflection 1.4 2.9 4.5 6.3
F720V 7.1 : 2140
Slope 350.8 327.3 314.6 273.4
Deflection 0.9 1.8 2.9 4.0 )
F715V 8.5 - 1242
Slope 342.0 306.7 282.2 257.7
Deflection 0.5 1.1 1.8 -
710V 14.0 - - 686
Slope 362.6 338.1 301.8 -
Deflection 1.3 2.8 4.4 -
F510V 8.5 1979
Slope 368.5 326.3 304.8 -
F510V 8.5 Deflection 0.6 1.3 2.0 - 889
2 Slope 400.8 377.3 335.2 -

*a Unit of deflection is mm,

*b Unit of slope of load-deflection curves is kN /m,
*c Some of specimens were failed in this loading step.



finger joint) and decreased as the slope of
finger increased. Among vertically oriented
finger joint specimens, F720V showed the
highest value, F510V was the second highest,
and the lowest was F710V,

Vertically oriented finger joint was more
than twice stronger than parallel orientation.
The stiffness and strength of finger joints
were strongly related to the slope of finger
rather than the height or length of finger.

4. 2 MOE and MOR

MOE and MOR were calculated for the first
load level and for the maximum load before
failure. The change of MOE and MOR
depending on specimen types are given in Fig.
1. MOE was not clearly related to the shape
of finger. MOE was similar in all specimen
types. However, MOR showed close relations
with the slope and orientation of finger, MOR
decreased as the slope of finger increased, and
vertical orientation showed higher MOR than
parallel orientation.

4. 3 Damping ratio

Damping ratios obtained from tests are
given in Figure 5. Damping ratio was expected
to increase as load level increase. However,
damping ratios decreased as load level
increased in this study., which was considered
to be caused by the effect of previous loading
history. In control specimens, damping ratio
decreased almost linearly from 0.0062 (0.62%)
for the first loading step to 0.0026 (0.26%) for
the fourth loading step.

12,000 — 60
3 10,000 50
& 8.000 400,
2 6,000 302
& 4,000 20
= 2,000 0=

0
0 Control F720W F715V F710V F510V F510P
Specimen Type

Fig. 4. Change of MOE and MOR depending
on specimen types.

Finger jointed specimen showed decrease of
damping ratio with increase of loading steps,
however, it increased in the loading step just
prior to failure. It is thought that finger joint
experience partial failure first in the glue line
before complete fracture, which causes slight
relative movement in the joint and increases
energy dissipation,

Damping ratic increased as the slope of
finger increased. Vertical finger orientation
showed smaller damping ratio than parallel
orientation.

4. 4 Failure and acoustic emission characteris-
tics

Finger joint specimens that have low slope
of fingers, such as F720V and F510V, showed
higher percentage of wood failure than those
for high slope finger joint specimens, In
F720V, which has the longest finger among
tha specimens used in this study, some finger
were broken when failure occurred. Finger
jomt specimens with high slope and short
length of finger, such as F710V, were failed
entirely by glue line failure and showed shight
wood failure in the glue line.
Typical amplitude-time relations of AE
signals for specimens are given in Figure 6.
Al signals developed under initial loading
steps (low load levels) were mostly between
30 dB and 60 dB. AE signals having higher
amplitude than 60 dB were thought to be
associated with wood or glue line failure. Du-
ring the final loading step or when failure oc-
curred, number and amplitude of AE signals

—e—Control
—m— F720V
—a— F715V
—¢— FT10V
—3- F510V
—@— F510P

Damping Ratio

\ g

&
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1st 2nd 3rd 4th
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Fig. 5. Damping ratio of finger jointed speci-
mens.
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increased rapidly, and amplitude of AE signals
reached around 100 dB when complete frac-
ture of specimen happened.

signals having amplitude around 100 dB
were developed when complete fracture of
specimens occurred.

F720V and F510V specimens produced many
AE signals ranged between 30 dB and 60 dB
during the imtial loading cycles. However,
F715V, F710V and F510P specimens produced
less AE signals at first and showed abrupt in-
crease in the number and amplitude of AE
signals just before complete fracture. In
F720V and F510V specimens, it is thought
that AE signals were produced by micro-frac-
ture or movement of wood fibers in fingers,
which eventually caused much wood failure in
glue line and fingers. In F715V, F710V and
F510P specimens, failure occurred mostly in
the glue hne. It is thought that adhesive ex
perience less deformation or structural move-
ment before failure than wood, which caused
less AE signal development before fracture of
SPECImEnSs.

5. CONCLUSIONS

From the tests on damping of finger joints,

the following conclusions were obtained:

1. In all specimens, deflection increased al-
most linearly as loading steps increased.

2. MOE was not clearly related to specimen
tvpes and MOR decreased as the slope of
finger increased.

3. Damping ratio decreased as loading step
increased but increased in the loading step
just prior to complete fracture.

4, Damping ratio increased as the slope of
finger increased.

5. Vertical finger direction to loading showed
higher strength and smaller damping ratio
than parallel finger direction.

6. Finger joint specimens having low slope of
finger showed higher percentage of wood
failure and larger number of AE signals
compared to high slope finger joints.

7. AE signals having amplitude higher than 60
dB was thought to be associated with per-
manent wood or glue line failure, and AE
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