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Numerical Simulation of Influence Factors on Stress Wave Propagation
in Larch Standing Trees
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Abstract; The primary purpose was to investigate the influence factors on stress wave propagation in larch
standing trees and pave a foundation for further study on the propagation mechanism of stress wave in
standing trees. Standing trees were considered to be a two-layers material only consisted of heartwood and
sapwood, and the propagation of siress wave in standing trees was simulated. The effect of loading
impulse frequency, diameter at breast height (DBH) and ratio of heartwood on stress wave propagation in
standing trees were studied by using COMSOL Multiphysics finite element analysis software based on
stress wave propagation theory in the solid medium and orthotropic assumption of standing trees. It was
found that the velocity of stress wave in standing trees was decreased with the increase of impulse
frequency; for a tree model with 10 em DBH, the wave front of stress wave was changed into one-
dimensional plane wave as the propagation distance was increased to 1.2 m, however, the stress wave
still propagated as three-dimensional dilatational wave for a tree model with DBH over 30 ¢m though the
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propagation distance was increased to 1.2 m; DBH had an influence on the propagation speed of stress

wave, wave velocity was firstly small and almost no change as DBH was less than 10 cm, and then it was

increased when DBH was changed from 10 c¢cm to 40 cm, finally, slightly increased and remained

relatively stable as DBH was over 40 cm; the velocity of stress wave in standing trees was decreased with

the increase of ratio of heartwood. DBH had an impact on the propagation patterns and shapes of stress

waves in standing trees, however, the impulse frequency and the ratio of heartwood had no effect on the

propagation patterns and shapes of stress. But all of them had an influence on wave propagation velocity.

The optimal loading impulse frequency was 2. 5 kHz. The propagation velocity of stress wave in standing

trees was not only depended on the mechanical properties of sapwood, but in fact relied on both

heartwood and sapwood.

Key words: larch; standing trees; stress wave; numerical simulation
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Tab.1 Three-dimensional geometry size of

the first kind of tree model

AN ik B ARl RERY3 R4 LS
L/cm 200 200 200 200 200
D/cm 10 30 50 70 90
d/cm 5 25 45 65 85
D,/cm 7 21 35 49 63
d,/cm 3.5 17.5 31.5 45.5 59.5
R,/ % 70 70 70 70 70
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Fig. 1 Schematic for large end of tree model with

different diameter values
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Fig.2 Three-dimensional geometry model of the first
kind of tree model ( Model 3)
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Tab.2 Three-dimensional geometry size of the

second kind of tree model

Ak BRI A2 BIRI3 R4 BERLS
L/em 200 200 200 200 200
D/em 35 35 35 35 35
d/em 30 30 30 30 30
D,/cm 17.5 21.0 24.5 28.0 31.5
d,/cm 15 18 21 24 27
R,/ % 50 60 70 80 90
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Fig.3 Schematic for large end of tree model with

different heartwood ratios
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Fig.4 Schematic of orthotropic characteristics of wood

SCRAY TN WP~ BTAR % DY b S 2 S L E R TR ALY
030 g R A = 5 g 3 O I A 4 A A A
4 ADAS[RIEUREA B ) 430 12 A 5Pk 7 88, 1 e i
B H A28 AR A T R A EL SRR U N TR s
By %R 40 a, TGS AR SRR LR 95% , Bk S
B 3 4 Bk,
1.3 HERE

HRAEEFAI 7 PR00 ik s FoR, 7E
T35 SE AR A P A 485 14 L7 30 2 /) VA 285 e o
B AR A 1 X6 T 3 e T s AR FH AT R b e
PRI A A, SR (B A 40 3 B30 A R F 2 1B 9% ik o i
BOKAE SR T3, ik X oh

Asm(ZTrft) (t<1/7(2f))

Fv) = (1=1/(2)) (D)



206 P 1 R = 4

2020 4

x3 OHMEREEEHREE

Tab.3 Elastic constant values of heartwood

S8 e
Hin] 6792. 08
FLPERT i/ MPa | 282.27
2 342.00
R-TH 414.58
B E/ MPa L—R T 426. 86
L-TTf 375.23
R—T )7 0.76
HEL/N =4 L—-R 771 0.21
L-T7J5I 0.28
W/ (kgom~3) 500

x4 HDHMEREEEHREE

Tab.4 Elastic constant values of sapwood

E 24 HifH
EAD| 10 137. 00
HPEAR G/ MPa 5% 1] 387. 82
e 914. 95
R-T T 555.56
B PIRE/ MPa L—R T 430. 05
LT i 445.78
R-THIh 0. 81
NEL/N L-RJ71 0.26
L-TJ5m 0.36
W/ (kgom =) 750
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Fig.5 Schematic of stress wave field testing
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Fig.7 Meshing diagram of standing tree model (Model 1)
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different impact pulse frequencies
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propagation in the first kind of tree models
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Fig. 11  Relationship between stress wave velocity

and DBH of standing trees
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Fig. 12 Three-dimensional stress wave front propagation

in the second kind of tree models
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