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Effect of Loading Speed on Fracture
of Timbers with a Crack*!

Maki OcawA*? and Nobuo SOBUE*?

Effects of loading speed on fracture of a single-edge-notched tangential-longitudinal system
(SENT-TL) with specimen subjected to tensile force in perpendicular to fiber direction were studied.
The crosshead speeds used were 0.01, 0.1, 1, 10, and 100 mm/min. The initial slope in load-crack
opening displacement (COD) diagram increased, and the fracture became brittle with increase of
crosshead speed. The acoustic emissions (AE) occurred at small COD with increase of crosshead
speed. Load-COD diagrams were reproduced based on stress relaxation tests at several stress levels
by using a generalized Maxwell model. The total stress was shared by equilibrium stress by about
859% and the remains were by three Maxwell elements by almost equal rate. The elastic constants
showed no stress level dependence. However, the relaxation times of the Maxwell elements showed
remarkable stress level dependence above about 80% of maximum load. The reproduced diagrams
agreed very well with experimental results below the stress level of two thirds of maximum load.
The critical value Ps according to ASTM E399 was almost independent of crosshead speed and
constant. However, at high loading speed, Py value located after frequent generation of AE due to
initiation of catastrophic propagation of a crack. This result contradicts physical meaning of
fracture. The proposed elastic COD criterion, namely a crack propagates when the elastic part of
apparent COD arrives at a critical value, was almost independent of loading speed.

Keywords : 1oad-COD diagram, loading speed, acoustic emissions, generalized Maxwell model,
fracture criterion.
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Fig. L.
Notes :

Table 1. Physical constants of specimens.

Experiment Species Density (g/cm?) MC AARW NS

b P Average Max. Min. (%) (mm)
. Hemlock 0.447 0.490 0.425 10.0 2.69 25
Loading speed test Sugi 0.371 0.392  0.362 10.9 4.92 25
Stepwise loading test | Hemlock 0.397 0.409 0.387 8.0 3.34 13
Stress relaxation test | Hemlock 0.421 0.489 0.390 10.1 2.51 30
Crack gauge test Hemlock 0.418 0.458 0.392 10.1 2.50 6

Legend : MC: Moisture content, AARW : Average annual ring width, NS: Number of specimens.
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Fig.2.  Effects of loading speed on load-COD dia-

gram.
Legend : wmmmmm: Crosshead speed is 100 mm/min,
—— : Crosshead speed is 0.01 mm/min.
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Fig.3. Averaged load-COD diagrams at each load-

ing speed.

Notes: Crosshead speed of (1) to (5) are, 0.01 mm/
min, 0.1 mm/min, 1 mm/min, 10 mm/min and
100 mm/min, respectively.
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Fig. 4. Load-COD diagram and AE count at each

loading speed.

Notes: X-Y graph: Load-COD diagram, Bar
graph: AE count,
@ : Critical value of P, method (ASTM
E399),
-------- : Critical COD based on elastic COD,
O': Load at maximum AE count.
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b) Reproduced load-COD diagram.

Fig.6. Stepwise loading test at interval of 6 hours.
Note: Figure b) was reproduced from the Figure
a).
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Maxwell elements.
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Notes: Crosshead speeds of (1) to (7) are, instantane-
ous loading, 100 mm/min, 10 mm/min, 1 mm/
min, 0.1 mm/min, 0.01 mm/min, and 0.00014
mm/min, respectively.
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Legend: O: Initial slope at different loading speed
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Legend: @ : CODc based on apparent AE vs. COD
diagram,
O COD¢ based on P, value (ASTM E399),
[J: COD. based on AE ws. elastic COD
diagram.
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Fig. 16. Load-COD diagram and AE count.

Notes: X-Y graph: Load-COD diagram, Bar
graph: AE count,
CODsy, : Critical value of elastic COD,
AE, : AE corresponding to apparent COD,
AE. : AE corresponding to elastic COD,
A : AE at arbitrary apparent COD,
A’: Load at the point A,
B: AE at elastic COD converted from appar-
ent COD of point A,
B’: Load at elastic COD converted from
apparent COD of point A’,
M : Maximum AE count,
M’: Load at maximum AE count,
N: Maximum AE count at elastic COD
converted from apparent COD of point M,
N’: Load at elastic COD converted from
apparent COD of point M/,
AB=AB, MN=MN".
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