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Verification of Trunk Modulus of Elasticity Obtained
by Improved Tree Bending Tests*!

Erika HEk1*2, Akio Koizumi*3, Yoshihisa SASAKI*? and Hiroyuki TORITA**

The tree bending test is a non-destructive method for evaluating the Young's modulus (modulus of
elasticity, MOE) of a tree trunk. We attempted to improve the method to obtain increased accuracy of
the estimated MOE. In the proposed method, the load-deflection relationship was graphically displayed
on a tablet PC, and the MOE was calculated using the linear section of the load-deflection relationship.
As a result, errors caused by wind pressure or contact with neighboring tree crowns could be easily
eliminated. The proposed tree bending tests were conducted at plantations of todomatsu (Abies sachal-
inensis), karamatsu (Larix kaempferi), and larch hybrid. The calculated trunk MOEs were compared
with the results obtained from stress wave velocity measurements of the trunks, as well as dynamic
MOE obtained by longitudinal vibration tests of the logs harvested after the tree tests. The correlation
between the trunk MOE and the dynamic MOE for logs was found to be as high as that obtained for
the correlation between the square of the stress wave velocity and the log MOE. The results demon-
strated that the trunk MOE obtained by the proposed tree bending test could be used as a practical
reference index for the mechanical properties of the wood. The dynamic MOE for log specimens ob-
tained by the longitudinal vibration tests was approximately 30% lower than the trunk MOE. This
could be partially explained by the high MOE of the mature wood formed at the outer part of the
trunk, which might affect the trunk MOE.

Keywords : nondestructive test, modulus of elasticity, coniferous plantation, stress wave velocity,
longitudinal vibration
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2. MEERBRBE

2.1 M
JeimEOMRENEMRBRTH S NV~ (Abies
sachalinensis) & 515 <Y (Larix kaempferi) DI
», 74V F1 (Larix gmelinii var. japonica
X L. kaempferi) O 3@FEEMPEMELE L7ze PN
< & AT < FAmER N B X O a0
—MIRAM, 7 A <V MR P LR ZAEFE L 72
Jei A SE RS O REHE (Z8T0) OVATH S
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i S 7z B &R LT, 20134 £ 20144F D 9 H I
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2.2 AT EHER

EEAKIZOWT, Fig 1IIRT AT B %
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T — 5 X [ O T 25 2 v 2 0 R B E ©
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RO Z R L 72Tl CE 2 L9 12% -
72tz X 7ROFHIz R E B o7z DT,
BT %2 BARIICE R S,

Table 1. Outline of sample trees.

. . Number of H” (m) DBH" (cm)
Species Stand age Location samples Mean D Mean SD
Todomatsu®’ 41, 42 Sunagawa 17 164 241 195 4.20
Karamatsu” 30, 31 Shintotsukawa 17 147 158 19.7 2.36
Hybrid larch® 19 Mikasa 40 12.8 1.05 16.5 149

Note: » Average tree height, ” Average diameter at breast height, © Abies sachalinensis, @ Larix kaempferi,

Y Larix gmelinii var. japonica X L. kaempferi.
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Fig. 1. Schematic diagram of the tree bending test.
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Fig. 2. A middle-ordinate gauge, which was bound on
a stem with a rope placed through the opening.

Note: A displacement transducer was frictionally
held at the mid-span of the gauge.
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500
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0030 04
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Fig. 3. Examples of load (P) -deflection (J) curves
observed in tree bending tests.

Note: (a) Karamatsu No. 4, (b) Todomatsu No. 4, (c)
Hybrid larch No.3. Broken lines are regression
lines fitted on the linear ranges for the curves.

Table 2. Elastic characteristics of tree and log specimens.

Species E. (GPa)® E,, (GPa)” E, (GPa)? »* (10°m%/s%) ¥
Mean SD Mean SD Mean SD Mean SD

Todomatsu 1292 157 9.28 0.85 17.11 147 114 1.25
Karamatsu 11.84 1.96 8.06 1.15 12.39 461 10.96 313
Hybrid larch 10.60 2.37 7.32 1.09 9.06 143 9.13 141

Note: * Static Young’s modulus obtained by tree bending tests, ® Dynamic Young's modulus for logs obtained by
longitudinal vibration tests, © Dynamic Young’s modulus calculated from stress wave velocity and sapwood
density, ¢ Square of stress wave velocity measured on a tree stem.
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Fig. 4. Correlations of dynamic Young's modulus for
log specimens (E,,,) with Young’s modulus ob-
tained by tree bending test (Es) and the
square of stress wave velocity measured on a
tree stem (2%).

Note: Regression expressions in the figure are ob-
tained for each species and overall data.

Table 3. Correlation coefficients between E\,, and Es,
Ey and 2%

Species EY EY »*¢
Todomatsu 0.643" 0.175 0.387
Karamatsu 0.724* 0.584* 0.635
Hybrid larch 0.561* 0.089 0.080
Overall 0.688" 0.416™ 0.502**

Note: *¢ See Table 2, *Significant at 5% level, **Sig-
nificant at 1% level.
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Fig. 6. Average Young’'s modulus for small clear speci-
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Note: * Correlation coefficient, *Significant at 5% lev-
el, *Significant at 1% level.
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