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Bending Work of Plantation Grown Chinese
Fir (Cunninghamia lanceolata Hook.) *!

Yuan Liu*?, Yoshio NAKAYAMA*?,
Yasushi KANAGAWA*?, Shinji FUJIWARA*?

This study used small, clear samples from twenty trees of 23-year-old plantation Chinese fir
(Cunninghamia lanceolata Hook.) grown on four sites in Guangdong Province, China. We investigat-
ed the radial variation in bending work properties and comparative parameters of work in bending
with the site qualities, and discussed the effects of some basic wood properties on work before
rupture (Wh), work after rupture (Wa), and Janka specific work (&) by static bending tests.

The bending work properties, Tetmajer’s coefficient (), and « increased from the pith towards
the bark, when Janka plastic modulus (Z) was not' almost changed or decreased slightly. A
significant difference in bending work properties and comparative parameters of work in bending
was observed only between site quality A with fast growth and others, and the Wb in site quality A
was 34~37% less than that of others. The percentage We(elastic work)/ Wb was about 11%, and
showed no significant difference between rings and between site qualities.

The effects of specific gravity and micro fibril angle on both W& and & became larger from the
pith outward, whereas that of mean ring width of specimen became smaller.

Multiple regression analysis showed that the Wb and a were decided obviously by specific gravity,
while Wa was mainly affected by tracheid length.

Keywords :  bending work, Chinese fir, plantation grown, site quality.
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Fig. 1.  Average load-deflection curves at different

number of rings from the pith in the central

position of specimens at site quality B.

Legend: P, and Y,=load and deflection until pro-
portional limit, respectively, P» and Y,=
maximum load and deflection until failure,
respectively. I, II, III, IV, and V represent 2
nd, 6 th, 9th, 12 th, and 15 th rings from the
pith in the central position of specimens,
respectively.
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Fig.2.  Variation in We (elastic work), Wp (plastic

work), Wb (work before rupture), and Wa
(work after rupture) of specimens with the
number of rings from the pith in the central
position of specimens.

Legend: AM, BM, CM, and DM represent average of
mean trees (approximately equate the aver-
age diameter at breast height of trees
within a site quality ) at site qualities A, B,
C, and D, respectively.
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Fig.3.  Average load-deflection curves at different number of rings from the pith in the
central position of specimens at site qualities A, B, C, and D, respectively.
Legend: L I III, IV, and V are the same as those shown in Fig. 1, and @ represent 3rd rings
from the pith in the central position of specimens at site quality D.
Table 1. Averages of bending work and comparative parameters of work in bending at each site quality and
analyses of variances of them among site qualities.
Properties Site qualities F. values
A B C D
We (Elastic work, J/cm?X107%) 6.5 (19.7) 8.1 (13.5) 8.5 (26.0) 8.4 (17.1) 29.6**
Wp (Plastic work, J/cm?®Xx10-%) 50.6 (34.3) 68.4(24.2) 68.7(32.9) 69.8 (22.6) 19.5**
Wb (Work before rupture, J/cm?®Xx1073) 57.1(31.6) 76.5(22.0) 77.2(31.5) 78.2(20.6) 21.6**
Wa (Work after rupture, J/cm?®X10%) 12.4 (40.8) 16.3(33.1) 14.9 (42.7) 13.3 (31.6) 2.93*
n (Tetmarjer’s coefficient) 0.660 (3.9) 0.664 (4.5) 0.655 (4.0) 0.644 (4.6) 5.2%*
Z (Janka plastic modulus, cm/N X107  4.11 (30.6) 2.72 (15.3) 3.00 (16.8) 2.48 (21.6) 52.7**
a (Janka specific work, N) 207 (19.0) 290 (12.4) 273 (18.3) 292 (14.4) 70.8**
We/ Wb (%) 11.9 (21.7) 11.0(21.2) 11.3(18.6) 11.1(24.6) 2.0m

Legend: Valuesin ( ) are coefficients of variations (%) ; **: Significant at 1% level ; *: Significant at 5%
level ; " : Not significant. #, Z, and «' % were determined by the following equations:
7=A/(PnYn), Z=(Yn— Ys)/(Pn—P»), and a=A/ Yn, respectively, where: A represents area under
load-deflection curve until failure, P, and Y, represent load and deflection until proportional limit,
respectively, P» and Y represent maximum load and deflection until failure, respectively.

Note:

The number of specimens at site qualities A, B, C, and D were 89, 66, 48, and 45, respectively ; sources

of the variations derived from among site qualities and within them, and the degrees of freedom were

3 and 244, respectively.
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Fig.4. Variation in percentage of We to Wb of

specimens with the number of rings from
the pith in the central position of specimens.
Legend: AM, BM, CM, and DM as well as We and
Wb are the same as those shown in Fig. 2.
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Fig.5. Variation in # (tetmajer’s coefficient), Z

(janka plastic modulus), « (janka specific
work) of specimens with the number of
rings from the pith in the central position of
specimens.

Legend: AM, BM, CM, and DM are the same as
those shown in Fig. 2.
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Table 2. Results of f test between site qualities for bending work and comparative parameters of work in

bending.

Properties A-B A-C A-D B-C B-D C-D
We —8.54** —6.84** —7.83** —1.18™ —1.01" 0.33"
Wp —6.38** —5.26%* —6.23** —0.08" —0.44™ —0.27%
Wb —6.74** —5.51** —6.61** —0.18™ —0.52m —0.23™
Wa —2.75% —1.78™ —0.70m 0.74" 1.717 0.95"
7 —0.78" 1.21™ 3.33** 1.67m 3.43** 1.90m
V4 8.53** 5.927* 8.32** —3.26** 2.61* 4.85%
a —13.39** —8.64** —11.55%* 2.06* —0.24™ —1.93%

Note: We, Wp, Wb, Wa, 5, Z, a, *, **, and ™ are described in Table 1.
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Table 3. Correlation coefficient R by liner regression for Wa, Wb, and « versus basic wood properties.

Range of Basic wood
annua% rings properties Wb Wa «
SG R=0.73** R=0.33** R=0.84**
2-6 th MRW R=—0.57** R=—0.47** R=-—0.73**
ring MFA R=—0.04" R=-0.64** R=—0.31**
TL R=0.05" R=0.68** R=0.20*
SG R=0.77** R=0.29** R=0.83**
7-11th MRW R=-—0.54** R=—0.64** R=—0.68**
ring MFA R=—0.30** R=—0.79** R=—0.48**
TL R=0.03" R=0.85** R=0.14™
SG R=0.84** R=0.36** R=0.91**
12-15th MRW R=-0.50** R=-0.31** R=—0.61**
ring MFA R=—0.49** R=—0.74** R=—0.60**
TL R=0.24* R=0.79** R=0.28**
SG R=0.77** R=0.33** R=0.84**
Total MRW R=—0.49** R=—0.44** R=—0.65**
MFA R=-—0.13" R=—0.73** R=—0.41**
TL R=0.06" R=0.77** R=0.30**

Note: The SG, MRW, TL, and MFA represent specific gravity, mean ring width, tracheid length, and
microfibril angle, respectively. Wb, Wa, a, *, **, and ™ are described in Table 1.

Table 4. Multiple correlation coefficient squared (R?) for the best one- , two- , and three-variable models as
well as for four-variable models.
Independent variables in models and associated R?
D dent .
V‘;ﬁ?ﬁbﬁﬁ gaeiitag?gs Best two-variables Best three-variables Four-variables
model model model model
2-6 th ring
Wb SG, R*=0.54 SG, MRW ; R*=0.55 SG, MRW, MFA; R*=0.55* SG, MRW, MFA, TL; R*=0.55
a SG, R*=0.70 SG, MFA ; R*=0.77 SG, MFA, MRW ; R*=0.79 SG, MFA, MRW,k TL; R?*=(.79°
Wa TL, R*=0.47 TL, MRW R*=0.50 TL, MRW, SG; R*=0.51 TL, MRW, SG, MFA; R*=(.51%
7-11 th ring
Wb SG, R*=0.59 SG, MRW ; R*=0.60 SG, MRW, MFA; R*=0.60* SG, MRW, MFA, TL; R*=0.60?
a SG, R*=0.68 SG, MFA; R*=0.72 SG, MFA, MRW ; R*=0.74 SG, MFA, MRW, TL ; R*=(.74
Wa TL, R*=0.73 - TL, MRW ; R*=0.76 TL, MRW, SG; R2 0.77 TL, MRW, SG, MFA ; R*=(.77®

12-15 th ring
Wb SG, R*=0.71 SG, MRW ; R*=0.72 SG, MRW, MFA; R*=0.73 SG, MRW, MFA, TL; R*=0.74

a SG, R*=0.82 SG, MFA; R*=0.87 SG, MFA, MRW ; R*=0.88 SG, MFA, MRW, TL; R*=(.88¢°

Wa TL, R*=0.62 TL, MRW ; R*=0.64 TL, MRW,6 SG; R*=0.65 TL, MRW, SG, MFA ; R*=0.66
Total

Wb SG, R*=0.59 SG, MRW ; R*=0.60 SG, MRW, MFA; R*=0.60® SG, MRW, MFA, TL; R*=0.60?

a SG, R*=0.70 SG, MFA; R*=0.77 SG, MFA, MRW ; R*=0.78 SG, MFA, MRW, TL; R*=(.78%

Wa 7L, R*=0.59 TL, MRW, R?*=0.62 TL, MRW, SG; R*=0.63 TL, MRW, SG, MFA; R*=0.64

Note: Wa, Wb, 5, and a are described in Table 1. SG, MRW , MFA, and TL are described in Table 3.
aAddition of this variable not significant (P>0.05).
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