#5 (ORIGINAL)

WA < E T b BRI o BT R

(S | RS R /S NI | R

Fatigue Properties of Nailed Wood-Metal Joints

Tomoyuki Havasur** and Hikaru SAsakr***

Abstract

Repetitive loading (fatigue), constant loading (creep) and ramp loading tests in
tension were made on the butt-jointed 2x4 sized spruce specimen with two flat metal
plates (1.2x40x90 mm) nailed on both surfaces of the specimen with four common
nails (ZN 40) each.

Performance of the joint under these three different types of loading was discussed
on the relative displacement (opening of the butt-joint).

The results are summarized as follows:

(1) The relationship between applied repetitive load (Pr) and number of cycles to
failure (N) is expressed with a single continuous curve, and the fatigue limit of the
joint is estimated at 23% of the standard static tensile strength (Po).

(2) The failure mode of the joint in ramp load tests is characterized by withdrawal of
the nails. But in fatigue tests, it is classified into three categories same as already obser-
ved with metal plate connectors?. Nails are pulled out of the wood block by repetition
of loading at relatively high levels (P:/Po<(553%), but they are sheared off in fatigue at
location 5-10 mm distant from the head at relatively low loading levels (P:/Po<30%).
At intermediate loading levels, some nails are pulled out and the rest are sheared off.
(3) The residual strength of unbroken joints does not decrease after repetition or dura-
tion of loading in the extent of this experiment.

(4) The ultimate strength of the joint increases much with increasing loading rate in
ramp load tests.

(5) The relative displacemant of the joint by repetitive or constant loading are roughly
proportional to logarithm of number of cycles or loading time, respectively.

(6) The relative displacement are remarkable when loads more than fifty percent level

of the standard static strength are applied.
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Fig. 1. Shape and size of the specimen.

Fig. 2. Electronic controlled servohydraulic
dynamic testing machine used.

Fig. 3. Setting a specimen to the dynamic
testing machine through especially
designed clamps.
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(1)Repe&it‘|ve loading (2) Constant loading (3) Ramp-loading
(Fatigue) (Creep)

Fig. 4. Types of loading used.
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Fig. 5. Relation between repetitive load and cycles

to failure of specimen (S-N curve).

Specimen failed through withdrawal
of nails which is observed in repeti-
tion of load higher than a certain
level and ramp-load test
also in creep test).

(perhaps

Specimen failed through fatigue of
nails at a location 5~10mm from
the nail head, which is observed in
repetition of load lower than a cer-
tain_level.

Fig. 8.

Specimen failed through mixture of

withdrawal and fatigue of nails, which
is observed in repetition of the media-

te load.
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Fig. 9. Relation between ultimate load and rate of loading in
ramp-load (static) test. ‘‘Load ratio’® means ratio to
the ultimate load in the standard test (rate of loading:
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Fig. 10. Relation between load and relative displacement
(opening at the butt joint) observed in the
standard ramp-load test.
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Fig. 11. Increment of relative displacement as a function
of loading cycle in fatigue tests.
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