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Trunk break rule of tree under wind loads

XU Huadong" LING Hao YU Kuanjie
( College of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040,China )

Abstract: To better protect the health of tree trunks and reduce their risk of wind breakage, this paper explores the break rule of
tree trunk under different wind loads. Using the characteristics of tree self-similarity and self-affinity, a geometric model of the
above ground part of trees with diversified structural morphology is constructed based on the idea of parametric modeling. Under
the action of wind load, three common trees (Populus tomentosa Carriére, Ulmus pumila L. and Picea koraiensis Nakai) in
Northeast China were simulated by using the principle of fluid-structure coupling and finite element theory. The simulation results
show that the resistance of trees to trunk break is affected by structural form, diameter at breast height (DBH) and tree species, For
the same species, DBH is the most significant factor. The larger the DBH, the stronger its resistance to trunk break. And the
resistance to trunk break of the different tree species is different. When the wind speed reaches 15 m/s, Populus alba with a
diameter at breast height of less than 18 cm is prone to trunk break and collapse; U. pumila with a diameter at breast height of less
than 15 cm is at risk of trunk break when wind speed increases to 20 m/s. Deformation and tilt data are obtained by tensile testing
in field. When the applied tension force is in the range of 0-0.6 kN, the deformation value of P. tomentosa is 17.65-32.47 um, and
the tilt is 0.046°-0.101°; the deformation value of U. pumila is 8.67-22.34 um, and the tilt is 0.008°-0.04°; and the deformation
value of Picea asperata is 0.93-2.46 um, and the tilt is 0.031°-0.061° . The accuracy of the simulation results was verified.
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Fig. 1 Field test of tree tensile

HE: AL B R C. SR DSEHIE 3 m 4.

Notes: A.Tensile force gauge; B. Elastometer; C. Inclinometer; D. 3 m above

the ground.
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Fig.2 Construction process of No 1 Poplar tree model
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Notes: A.Two-dimensional model of a double-branch base unit; B. Base unit
(double, triple, quadruple-branch); C. Model parameterization and assembly;

D. Overall model of tree.
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Tab.1 Geometrical parameters of primary branch

CHMES SR ELmm M5 ETRMAS R Dimm CEBEE T —BHEET
Primary branch Length of primary Angle between primary Primary branch I Ili] * fi B/ . ,E il 1= E{ H/mm
number branches branch and trunk basal diameter Angle Ofé primary branch in - Height of primary branch
front view of the trunk from the base of the trunk
1855 20 30.4 15 6930
2 1045 20 60.7 15 6930
®2 1SEH_FFBILMSH
Tab.2 Geometrical parameters of secondary branch
RS~ ZRR — A ZRBUE— 2R
SHERFYS E—SERFS ZHERKEL/mm Bk iy 4 KA DM TE WL S Bl B 1 FE H /mm
Secondary branch Number at the Length of secondary Angle between Secondary branch Angle of a secondary Height of secondary
number first level branches secondary and primary  basal diameter branch in front view of  branch from primary
branch a primary branch branch
01 1 1017 35 22.8 30 557
02 1 1065 35 23.2 20 742
03 1 1023 45 22.6 40 742
04 2 1041 40 23.4 45 314
05 2 920 55 21.3 30 418
06 2 1134 25 23.7 35 627
07 2 976 25 22.1 25 627
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Tab.3 Geometrical parameters of tertiary branch

S Y%

S RABR THAE S OB T A

=ZYRF S FIE_HEIT S =W AKEL/mm KT f A /o ZHABHEARD /mm ML IE S £ Bl = [ H /mm
Tertiary branch Number at the Length of tertiary Anel ); tween terti Tertiary branch Angle of a tertiary Height of tertiary
number second level branches nigie between feriary basal diameter branch in front view of ~ branches from
and secondary branch
a secondary branch  secondary branches

001 01 307 50 9.3 20 286

002 01 320 45 10.7 30 610

003 01 408 55 12.2 45 814

004 02 350 35 13.8 35 303

005 02 318 60 11.7 25 790

006 03 402 65 10.1 60 385

007 03 357 60 9.5 55 614

008 04 385 55 10.4 40 342

009 04 312 40 153 30 730

010 04 287 20 12.2 55 833

011 05 348 15 12.8 15 423

012 06 372 20 14.6 35 345

013 06 430 55 11.7 25 680

014 06 364 35 13.6 50 794

015 07 303 30 12.4 20 537

016 07 312 25 14.5 30 280
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Fig.3 Sketch of tree tensile force analysis and cross-section
stress calculation
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Notes: A. Schematic diagram of the force on the trunk; B. Compression
positive stress; C. Bending positive stress; D. Composite diagram of the force;
H is the distance between the point of tension and the test section, which is 1.5 m.
F is the tension force exerted by the rope to the tree and decomposed into axial
force Fy and transverse tension Fy; o and o are the maximum bending
positive stress and axial compression positive stress, respectively; M,,, is the
maximum bending moment; 4 and W are the area of the force and the section

modulus, respectively.
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Tab.4 Anisotropic mechanical parameters of three types of trees

i o S (ke 0P B2 it /MPa THS I 5 b1 8 bt /MPa
. AL ) m/( 'g m) Elastic modulus Poisson's ratio Shear modulus
Species Location Density
E Ey Ex Hrr Hir Her Gy Gr Gy
Sk 7] T 300 8400 805 452 0.70 0.37 0.49 540 350 33
Poplar Trunk
— R 6720 644 362 432 280 26
Primary branch
Y53 5040 483 271 324 210 20
Secondary branch
i B B+ 460 11239 1172 621 0.72 0.49 0.63 690 896 228
Elm Trunk
— G 8991 938 497 552 717 182
Primary branch
TR 6743 703 373 414 538 137
Secondary branch
YA T 380 9500 896 496 0.43 0.37 0.47 690 758 39
Spruce Trunk
— P 7600 717 397 552 606 31
Primary branch
TR 5700 538 298 414 455 23
Secondary branch

T B Ex FIEST BRI 7K A2 1] F K S 5% o) 3584 A6 0 5 a7 1) SEE & IO 3 B9 VA AR LU, P g a5 5300 2R 20 T 1) IS8 48 J& 7 3 49 T

FALE; Guro Guel Gred3 ) 9 N -5% TG\ WGE 230 A28 fi] 1K F- 10 59 40 8 4k

Notes: E|, Ey and E; are elastic modulus along grain, horizontal radial and horizontal chord elastic modulus, respectively; uyr is Poisson's ratio of radial

extension stress, /4 and g ; are Poisson's ratios of parallel extension stress in two directions respectively; Gy, G, and Gy are the shear moduli along grain-chord

plane, along grain-radial direction and horizontal plane, respectively.
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Fig.4 Stress cloud at branch and at trunk bottom of elm
TE: AR ) = 415 15 B AT ) = A [

Notes: A. Detailed view of the stress cloud at the branches; B. Detailed view

of the stress cloud in the trunk section.
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Fig. 5 Fitted curves of the mean values of maximum stress
values at the trunks for different DBH (Diameter at Breast

Height)
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Tab.5 Mean values of maximum stresses in each group of trunk model under wind load

i 71 Stresses / MPa
WU (ms™) 1 14l 1145 24 B 12 A 221 At =24
Wind speed Poplar group 1 Poplar group 2 Elm group 1 Elm group 2 Spruce group 1 Spruce group 2
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
10 36.35 0.39 30.85 0.56 33.17 0.89 27.76 0.49 25.62 0.43 21.52 0.38
15 48.56 0.56 40.89 1.50 43.54 0.72 36.30 0.39 34.15 0.31 28.19 0.35
20 55.13 1.24 48.03 0.61 49.56 1.15 40.82 0.63 38.27 1.19 31.97 0.33

7 : MeanZ 7Rk 3F ¥ {H ; Standard Deviation(SD)3 7 A5 i 22

Notes: Mean indicates average, SD indicates Standard Deviation.
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