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Strength Analysis of Cavity Tree Trunks by Finite Element Method Based on Abaqus
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Abstract ; Trees with hollow trunks could result in the death of tree, meanwhile,it would bring serious safe-
ty issues to human body and belongs, because it would fracture at hollow trunk for its low resistance to
wind and snow. To understand the influence of hollow size of trunk on the strength and fracture behavior of
trees,a three-dimensional model of the hollow trunks was established by Abaqus for finite element me-
chanical analysis. The results showed that 1) the bending and torsional damage coefficients of trees in-
creased with the increase of load,and the maximum bending and torsional shear stresses in the outermost
layer of the trunk increased linearly with load before fracture damage. 2) When the trunk cavity developed
to the trunk inner with an outer diameter ratio («) of 0. 7,its bending and torsional damage coefficient in-
creased sharply as the trunk cavity increased continuously.and when a was less than 0. 7,the bending and
torsional damage coefficients had a certain increase, but the increment was small. 3) With the increase of
the inner and outer diameter ratio caused by the trunk cavity,the degree of crown deviation where the tree
first underwent torsional damage would gradually decrease. The mechanical mechanism of the influence of
trunk cavity to the fracture behavior and pattern of tree was revealed preliminarily by this study.
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Fig.1 The simplified mechanical model of a " type hollow trunk
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Table 1 The elasticity coefficients of green wood of Pinus taiwanensis Hayata
B R E,/MPa E,/MPa E,/MPa Uy, U, Uy G,,/MPa G,,/MPa G,,/MPa
B 9 863. 812 448. 47 541.188 0.048 9 0.029 7 0.599 2 725.034 56. 808 215. 556
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Fig. 2 The stress cloud of the cross section
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Fig.3 The curve of Load vs. Damage coefficient of a trunk
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Fig.4 The curve of damage coefficient of a trunk vs. e and 8

HEILFARE T35 0 @ 1.3 m &b 80w 32 4 b 3k
af B IR 22 B BE HL R 5 45 0 L (B R A T P A AR L
Ca) I A AR I WL IE 5 .

A S AT UL DX PR MR «<<0. 5 1), 2
R4 5 A e BE AL AR 5 AR L p<<0. 2 B A T
A RE & A B 2 R R4/ T2 R I 3 58 R
TR R A IR, 52 Uk, B A 23 T 11
B NAMELLTE 0.5 LU, HLAE & = B A T4 5
BELLTE 0. 2 AR WK 24 A2 i B3R s i 24 p=>
0. 2 B, A% T 1T BB & 2B 1 HH 5% W I8 3R 85038 K1 245 i ik



208 PO LA B 2 4 37 &

IRRH BRSO . 2) 0 T3 T 4
FEE @=0. 7 I, 2 T i A0 g JEE A AR S S
L B<C0. 2, Z945F 0. 16 IF B 1T BE & A= B4 AL B OR
FHUNT 2 MR Z80 B 32 AR A il R 5 i 2
B=>0.16 I B T AE B HH L WK 2R BOR T 25 ih R
FH BT S A AR LR . 30 X T AR
P a=0. 9 I, 240 i s T BE AL AR S A L
<<0. 15, Z4955F 0. 13 IF B 1] i S A2 i) HLEE BEOR &
BN T R 2R B 32 R A A il R 5 2 B
=0, 13 Ik, B % Az B0 41 5% R 2R BOR T il AR
FH I T S A A AR OR

W e EmER R 0
R '
S35t
F30¢
v 25 f
. | =09
§ G > o =07
157 2=0.1,0.3,0.5
10 f a=0.7
5t 2=0.1,0.3,0.5
0 1

00 01 02 03 04 05 06
LA L R b

5 WIMRBEHEMTHELL (B)MWXER

Fig. 5 The curve of damage coefficient of a trunk vs.
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Fig. 6 The stress nephogram of circular stem with an eccentric circular hollow
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Fig. 7 The stress nephogram of elliptical stem with a circular hollow
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Fig. 8 The stress nephogram of elliptical stem with an elliptical hollow

CF#1:75%

X
X
X
X
X
22X
)X
X

XXX =

BARSE:
i,

Increment 1:Step Time=1.000
EAE:S,833
EHEBU EHAERRH5.930X 10"

S eI

RS &
G5

ZBOE065566 >

ODB: Job-1.0db quStandagd 21

EAE:SS23
EHESU EWAEHRH+5.930 X 10°

B9 #HEMFREOBERMERTENRE

Fig. 9 The stress nephogram of elliptical stem with an eccentric elliptical hollow
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