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ABSTRACT

A mechanical model based on a two-mass system for herbaceous plants is developed

for assessment of plant failure in high winds. The model enables us to investigate the
possible plant failure modes like stem failure, root failure, and uprooting, and is better

than the commonly used plant failure model in terms of a cantilever beam system. The

{ model is used to investigate the behavior of isolated herbaceous plants in high winds by
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calculating base bending moments. The result is then used in stem base and root failure
criteria to estimate failure wind speeds. The plants and soil parameters are of great
importance in lodging process, including the plant’s ear area, shoot’s center of gravity
height, dry natural frequency, plant’s shoot number, stem base radius, wall thickness,
failure yield stress, root plate diameter, structural rooting depth, soil characteristic and
root-soil plate mass. The meteorological factors influencing lodging are wind speeds and
rainfalls. The simulated results show that the relative error is within 16%, which is in
good agreement with the published experimental data of rice failure in wind tunnels. The
present research further conducts a series of assessment for commonly seen herbaceous
plants such as wheat and rice. It is concluded that the failure wind speeds for wheat and
rice are 21 and 18 m s, respectively. The stem bending moment of rice is higher than that
of wheat because the rice stem is sturdier. The root failure of rice, however, may occur

since the higher soil water content in rice field causes the soil shearing stress to be

reduced.
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