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Fracture, lodging mode and mechanical mechanism of ancient trees

SHAO Zhuoping”
( College of Forestry and Landscape Architecture, Anhui Agricultural University, Hefei 230036, China )

Abstract: The main external causes of ancient trees breaking and falling in nature are disastrous weather conditions. The ones
that can directly damage ancient trees are wind, snow and freezing rain, which are briefly referred to as wind and snow load. At
present, the damage methods of ancient trees are only divided into two types: fracture and loading, without further detailed research
on the complex fracture behavior. However, as a multi-cellular layered biological composite material, tree wood has strong
anisotropic properties in terms of mechanics. Ancient trees will undergo different fracture adamage modes under different force
conditions. This is not only related to the anisotropic nature of the tree material, but also to the different internal forces caused by
the morphological structure, as well as the size and location of the decayed cavities in the trunk. The hollow tree walls vary from
thick to thin, and the ancient trees exhibit various fracture behaviors, such as bending fractures, torsional cracking, along the grain
cracking, and crushing bending, etc. Understanding the mechanical mechanism of ancient tree destruction can guide the
development of grading protection measures: when the ratio of the inner and outer diameters of tree trunk cavities is less than 0.7,
priority should be given to conducting root and foundation stability tests. When it is within the range of 0.7 to 0.8, it is necessary to
focus on investigating the potential high torque risk of the tree. If it is greater than 0.8, steel hoops should be added for
reinforcement while suppressing the bending and torsional deformation. This research provides a solid scientific basis and

operational guidance for precisely formulating extreme weather defense measures for ancient trees.
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Fig. 3 Attachment of snow on coniferous tree
T AU RSERT ; BN IFRT . AR B RASUR ST B B RS ST 308, TEAMB 51 .

Notes: A. The snow on the crown of the welcoming pine tree; B. Snow on the pine needles. This figure and all subsequent figures in this paper were independently

taken by the authors, with no external citations.
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Fig. 4 Condensation of freezing rain on different tree species
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Notes: A. Freezing rain condenses on the branches; B. Freezing rain condenses on the pine needles.

B5 FRRSTHEIFFZE

Fig. 5 Emergency protection support in freezing rain weather
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Notes: A. Welcoming Pine; B. Phoenix Pine.
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Fig. 6 Types of tree trunk damage
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Note: A. Broken in half; B. First twist and then break; C. Crack along the grain first and then break.
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Fig. 7 Branch breakage
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Notes: A. Snow breaks branches; B. The strong wind broke the branches.
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Fig. 8 Branch breakage
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Notes: A. Branch breakage caused by snow pressure; B. The main branch of the plane tree broke at the fork.
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Fig.9 Trees lodging
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Notes: A. The big tree fell down because its main root broke against the wind; B. The hardening of the road surface causes the root system to grow unhealthily.
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Fig. 11 Mechanical analysis and examples of ancient trees without holes and unbalanced crowns under wind force
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Notes: A. Trees are affected by wind force; B. Internal forces on the cross-section; C. Stress and distribution; D. The trunk is bent and broken.
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Fig. 12 Mechanical analysis diagram of the stress of trees in the central hole under the action of wind
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Notes: A. The trees in the central cavity are affected by wind force; B. Internal forces on the cross-section; C. Stress and distribution on the cross-section.
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Fig. 15 Trunk cavity cross section
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Notes: A. Cross-section of the central tree hole; B. Eccentric cross-section of

the tree hole, with an eccentricity of 10 cm.
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Fig. 17 Stress analysis and examples of thin-walled trunk
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Notes: A. Force analysis diagram of thin-walled tree trunks; B. First crack along the grain and then break in four pieces.
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Fig. 18 Mechanical analysis diagram of partial crown trees
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Notes: A. The crown trees are affected by wind force; B. Internal force elements on the cross-section; C. Bending normal stress and torsional shear stress on the

cross-section and their distribution.
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Fig. 19 Mechanical analysis and examples of shear stress
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Notes: A. The shear stress along the grain of the trunk is equal to that on the cross-section; B. The hollow and rotten tree trunk first twists and cracks, and then is

crushed after losing its overall rigidity.
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Fig. 20 Mechanical analysis diagram of partial crown trees under snow load
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Notes: A. Snow load on the tree with a slightly sloping crown; B. Internal force elements on the cross-section of the trunk; C.Stress distribution on the cross-section.
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Fig. 21 Mechanical analysis diagram of trees and their cross sections during snowstorm
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Notes: A. Analysis of the forces on Trees during wind and snow; B. Internal force elements on the cross-section of the tree trunk; C. Stress distribution on the cross-

section.
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Fig. 22  Analysis of branch and twine breakage and damage
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Notes: A. Branches broken under snow load; B. Tree branches torn by snow; C. Branches and twigs are twisted under wind force.
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Fig. 23 Root system soil plate and root excavation force analysis
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Fig. 24 The fallen trees in the violent storm
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Fig. 25 Trees have rotten roots and fallen over due to the

hardening of the road surface
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