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Abstract: Accurate simulation of wind loads on street trees is a prerequisite for analyzing wind-induced failure
modes and implementing reinforcement treatments. In order to precisely simulate the wind loads on street trees, we
propose a numerical simulation method for wind loads on typical street trees based on the equivalent fusion of 3D
laser scanning and tree crown morphology, and discuss the wind-induced failure modes of typical street trees. Firstly,

the point cloud models of the Camellia and Jacaranda street trees are established through mobile 3D laser scanning,

Received: 2023-05-30; Accepted: 2023-10-19; Online (CNKI): 2024-01-26
Foundation: National Natural Science Foundation of China (52178491); Natural Science Foundation of Guangdong Province
(2021A1515011769, 2022A1515011499); Natural Science Foundation of Shenzhen (JCYJ 20210324093809023)
Corresponding author: Associate professor LI Lixiao (lilixiao@szu. edu. cn)
Citation: SUN Mengsi, ZHOU Xiaoqing, HUANG Xigui, et al. Simulation of wind load on street trees based on laser scanning and crown
morphological equivalence [J]. Journal of Shenzhen University Science and Engineering, 2024, 41(2): 127-135. (in Chinese)




128 RYINRK 4R PR T RR B

and the numerical analysis model of the street trees is constructed by applying the morphological equivalence
principle for the crown part. Next, the reduction pattern of model size with different wind speeds in equivalent
modeling method is explored. Finally, the wind vibration response characteristics and failure modes of the street tree
model under different wind speeds are discussed. The results indicate that the wind load simulation method of street
trees based on the 3D laser scanning and crown morphology equivalence can accurately simulate the wind load
characteristics of street trees, with an error between the simulated and experimental values of downwind resistance of
street trees less than 5%. The predominant damage pattern of trees is mainly bending deformation, and the initial
damage of branches at all levels of trees presents the sequence characteristics of tertiary branch, secondary branch,
primary branch and trunk. However, when the wind speed is high, the damage of trunk or important branches
precedes that of secondary branches. The proposed method for simulating wind loads on street trees with equivalent
crown morphology is accurate and has important guiding significance for analysis of wind-induced vulnerability of
urban street trees and disaster prevention and mitigation planning of urban greenery systems.
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Fig. 1 Street trees wind load simulation process.
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Fig.2 (a) Computational domain and (b) model grid of Camellia scale model.
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Fig. 3 Relationship of (a) sphere radius ratio and (b) downwind resistance to wind speed.
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Table 2 Relationship between bending moment and shear stress of main branches of Jacaranda with wind speed
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mode. (a) Trunk (branch-0), (b) primary branch (branch-1), (c) secondary branch (branch-11), and (d) tertiary branch (branch-111).
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speed, where i, j, and k represent the primary, secondary, and tertiary branches respectively, and Branch-0 represents the main trunk.
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red line, blue line, green line) of Jacaranda at (a) 0° and (b) 90° wind direction angles.
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