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Change of Thermal Images of Lumber Including Knots,
Finger Joints and Metal Plate Connectors
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Photos of temperature changes of a lumber including an edge knot at the tension side in repeated four
point-bending, and a photo of its failure in statical bending.
Arrows indicate positions of lumber edges.
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Photos of temperature changes of a lumber including a central knot in four point-bending.
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Photos of temperature changes of lumber including an edge knot under longitudinal compression.
Arrows indicate positions of lumber edges.
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Photos of temperature changes of lumber including a center knot under longitudinal compression.
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An example of a hysteresis loop of a load-deflec-
tion curve.
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Relationships between "temperature rise in re-
peated longitudinal compression" and "energy loss
by a hysteresis loop of a load-deflection curve ob-
tained in static compression".

No.13 and 22 are the same specimens as those
shown in Fig.6 and 7, respectively.
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Relationships between “temperature rise in re-
Feated bending” and “energy loss by a hysteresis
oop of a load-deflection curve obtained in static
bending”.
Numbers in the figure indicate specimen numbers.
No.25 is the same specimen as that shown in Fig.3.
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Fig.10
Relatlonshlps between “tempexatme rise in re-
peated longitudinal compression” and "energy loss
by a hysteresis loop of a load- deﬂemon curve ob-
tained in dynamic compression".

Refer to Fig 10.
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Photos of temperature changes of the FJ in repeated bending.

Bending load--upper left:800kgf(183kgf/em?), lower left:900kgf(206kgf/em?), upper right:1000kgf(229kgf/
cm?), lower right:1100kgf(251kgf/em?). Figures in parentheses indicate stress at the edge.

Arrows indicate positions of lumber edges.
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An example of temperature change of different
portions of FJ in repeated four point-bending.
The same specimen as Fig. 13.

TH:hot portion at tension edge, CH:hot portion
at compression edge, CE:compression edge,
NA:neutral axis, TE:tension edge
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A photo of temperature distribution of a FJ in
repeated compression.

Temperature

BUKHIHEY 98
~ W —o— BBy TH
& —a— AR AW CH
169 r —a— FEHBCE
-e-- TN A
168 - —%—B|IEMETE
5]
5 ¥ 167
"; P
5
S g 16.6
(5]
[2ad
165
164 ! : ‘ ;
0 400 800 1200 1600
BB L E (kgf)
Repeated load
Fig. 15 #ul LGFRMISPES F ] ol gsl 2
(F ] OB RAFRME)

Another example of temperature changes of dif-
ferent portions of F'J in repeated four point-bend-
ing.

Adhesion of this FJ specimen was better than that
of Fig. 14,
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An example of temperature change of different
portions of FJ in repeated compression.

The same specimen as Fig. 16.

MH:hottest portion, LE:left edge, CL:central line,
RE:right edge
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An example of temperature change of different portions of MC in repeated bending.
The same specimen as Fig. 19 (color).
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Another example of temperature change of different portions of MC in repeated bending.
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Temperature change of different portions of MC with a gap between lumbers in repeated bending.
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Left figure:with no gap, center figure;with Imm gap, right figure:with 2mm gap

C:compression edge, Titension edge, Nicentral line
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ATV YA Lo TELLRMEBME L CU:a little upper from the center, CL:a little lower

A5, ST, B T o B RS from the center, UE:upper end, LE:lower end
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Photos of temperature distribution at MC in re-
peated tension(800kgf).

The neaver the nails were located to the lumber end
of the butt joint, the higher the rise of temperature.
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Fig. 19 #uE Ll (amiictk 9 MC
DB E AL

MeFarf — /e 1:650kgl, 7277
700kgl, 491750, 477F:800kgf,
Photos of temperature changes of
the MC in repeated bending,
Bending load--upper left:660kgf,
lower left:700kgf, upper
right:750kgf, lower right:800kgf
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Distribution of temperature difference between
loading and unloading of MC in bending measured
using thermo-elastic effect--no gap at the connec-
tion.

This distribution is thought to be almost the same
as that of stresses in horizontal direction.
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Distribution of temperature difference between
loading and unloading of MC in tension measured
using thermo-elastic effect,
This distribution is thought to be almost the same
as that of stresses in vertical direction.
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Summary

Aknot itself is not a portion of stress concentration. But a crack often exists in a knot or around a knot,
and bending and/or compression stresses will propagate the crack which will often become the origin of
ultimate failure. Stress-strain relationship at stress concentrated portion shows a hysteresis loop. And
heat is generated according to the loss energy of the hysteresis loop. In this study heat generation was
observed at erack tips around knots and other defects of lumber in bending and also in compression using
infrared thermography. The amount of the generated heat can be magnified by increasing of repetition
number of loading.

An outline of stress distribution can be observed using this hysteresis heat generation thermography, and
the stress distribution in a metal plate connector(MC) was observed in bending and also in tension. The
nearer a nail of MC is located from the butt joint, the greater the share of load transmission distributes,
This was also observed by another thermographical technique under repeated load using thermo-elastic
effect.

According to the results of this series of tests lumbers including defects with high stress concentration
showed large hysteresis loss energy in their load-deformation curves both in bending and compression.
This fact suggests that measuring not only Young's modulus but also hysteresis loop(loss energy) will give

more accurate stress grading.





