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Growth Strains in Trunks and Branches of

Planted Chamaecyparis formosensis Matsum.
Shin-Shin Chen,””  Ling-Long Kuo-Huang,” Chin-Mei Lee,” Yan-San Huang"

[ Summary ]

The distribution of growth strain in basal sweeping trunks of Chamaecyparis formosensis
Matsum. was measured by the kerf method using strain gauges. Effects of both tree height and pe-
ripheral positions on the trunk on the released surface strains were examined. The residual internal
growth strains were also measured. The microfibril angles (MFAs) of the S, layer of cell wall were
measured using the iodine deposition method to examine their influences on growth strain. The
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results showed that there was no obvious relationship between tree height and growth strain. We
found large compressive stresses on the lower side of sweeping trunks that differed greatly from
the tensile stresses in normal erect trunks. Regarding the residual internal stresses within erect
trunks, contract strain or tensile stress was present toward the outside, whereas extension strain or
compressive stress was induced toward the inside of the trunk. The MFA of compression wood was
larger than that of normal wood.

Branches suffered bending stresses due to their own weight. This stress was then superposed
on the growth stress. It was found that growth strains on the upper side or lower side of branches
were larger than those in the stems. It was shown that the growth strain increased with an increase
in the spring-back strain on the lower side of branches, and the former was obviously larger than
the latter. This suggests that the generation of growth stresses on the lower side of branches con-
taining highly developed compression wood is affected by the gravitational bending stress due to
their own weight. It was concluded that the branch form is affected by the interaction between the
bending moment due to its own weight and that due to growth stresses.

Key words: compression wood, microfibril angle, growth strain, residual internal stress, spring back
strain.
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Diametrical plank for internal
strain measurement

Fig. 1. Measurements of the trunk and of the peripheral positions of a basal sweeping

trunk.
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Fig. 2. Effects of tree height on released
surface growth strain (trees A, B, and C).
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Fig. 3. Distribution of residual internal
strain in the erect portion of the trunk
(tree E).
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Fig. 4 Peripheral distribution of released
surface strain in the longitudinal direction
in a basal sweeping trunk (tree D).
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angle (tree D).
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Table 1. Branch shape, growth strains, and spring-back strains at different distances from

the trunk

Spring-back strain

Surface growth strain

Branch  Branch L D, D,* (ue)

no. type (em) (cm) (cm) Upper Lower Upper Lower

side side side side

6 300 265 -3121 4133 1280 6895

28 280 2.70 -2139 2495 450 4936

1 I 52 240 270 -1510 2263 211 3154

75 220 290 -323 685 - 609

96 220 230 -1695 365 -667 119

6 290 210 -2433 2517 2141 5719

17 250 220 -1525 2335 629 4950

2 I 30 220 220 -2093 2197 486 4796

44 200 220 -401 1992 105 3036

64 1.60 2.05 -1594 1545 - 1650

10 530 4385 -1552 1403 1310 3397

31 460 5.00 -973 1247 396 3219

3 I 52 425 470 -946 853 252 -

75 4.00 4.10 -393 731 247 72

100 375 3.80 -194 845 172 -30

12 255 240 -2218 1509 436 2905

37 230 220 -2247 1602 417 2869

4 I 62 210 2.00 -1275 1256 -677 2109

8 1.80 1.80 -1254 1273 -206 1495

113 150 1.50 -1674 713 -1017 391

16 720 550 -2063 3230 783 6615

5 I 46 720 5.00 -2676 3053 -50 5776

72 650 430 -1409 2887 490 5893

94 590 4.70 -2127 2791 -306 4260

25 680 4.70 - 3879 - 5937

55 650 440 -515 1005 2820 5249

6 I 91 590 450 -1170 973 982 3524

124 490 3.80 -945 983 700 2975

150 430 3.80 -1062 1049 27 1606

184 390 3.60 -1121 1166 -174 1768

15 350 3.30 -1456 2062 -1063 2754

7 I 27 330 3.00 -1202 1452 -407 2416

31 3.00 220 -848 1014 -34 1284

10 113 1.02 -4196 3536 -2789 4032

3 1 33  1.05 1.10 -1117 2537 911 3186

59 083 0.89 -1179 1281 -1674 1588

77 078  0.73 -847 1112 -848 1636
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continue
Spring-back strain Surface growth strain
Branch  Branch L D, D,* (ne) (1e)
no. type (cm) (cm) (cm) Upper Lower Upper Lower
side side side side
9 126 1.07 -3818 4730 -2471 5523
9 I 24 113 1.04 -2997 3302 -2330 4107
45 097 091 -2831 3348 -1875 3767
66 0.86 1.00 -3038 2485 -2961 2542
8 150 1.30 -4181 5756 -4045 -
28 1.55  1.20 -2225 2589 -1244 4009
10 I 53 1.50 1.25 -1773 1797 -541 3055
79 140 1.10 -1804 1857 - 2696
107 120 1.10 -1518 1490 -406 2228
8 1.60 145 -3577 5052 -4348 4138
25 140 1.70 -2164 2924 -1609 3194
11 I 43 1.60  1.30 -881 1621 1524 3205
61 1.50  1.00 -1988 1723 416 2606
77  1.10  1.10 -1913 1750 =725 2068

* L, distance from the trunk; D,, vertical axial diameter of a branch cross-section; D,, horizontal axial
diameter of a branch cross-section; Type I, bending upward; Type 11, horizontal; Type 111, bending

downward.
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Fig. 6. Relationship between surface
growth strains and spring-back strains in
a branch.
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Type 111

Bending Horizontal Bending
upwards or slightly slanted downwards

Fig. 7. Relationship between branch shape and growth strain distribution.

Table 2. Growth strain in the bark

Positi Erect trunk Sweeping trunk Branch
osthon recttrun Upper side Side Lowerside Upperside Side Lower side
Growth strain (pe) -920 -1595 -1126 -401.5 -768.3 -363.4
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