
AI translation ・View original & related papers at
chinarxiv.org/items/chinaxiv-202508.00260

Postprint: Quantitative Analysis of Large Rock-
fall Guiding Steel Wire Rope Ring Nets Based on
an Improved Truss Equivalent Method
Authors: Yin Baoguo, Yin Yueping, Zhang Zhihua, Jin Yuntao, Zhang
Chenyang, Wang Luqi, Xuebing Wang, Yi Zhiqiang

Date: 2025-08-20T00:00:00+00:00

Abstract
Efficient design of flexible rockfall guiding nets necessitates a clear understand-
ing of how slope topography influences rockfall energy attenuation and system
loads, a task often hindered by the computational cost of traditional models.
To this end, this study first developed, calibrated, and validated an improved
equivalent truss constitutive model suitable for ring nets based on nine sets of
quasi-static and dynamic test data. Systematic numerical analyses were sub-
sequently conducted on the performance of rockfall guiding nets across differ-
ent slope angles and geometries using the validated equivalent truss method.
Experimental data verification demonstrates that the equivalent truss method
offers high accuracy advantages, with computational errors consistently main-
tained within 10%. The key breakthrough lies in the fact that, compared to
traditional circular ring beam models, the computational efficiency of the equiv-
alent truss model is improved by approximately 12 times, establishing it as a
powerful tool for engineering-scale analysis. Parametric studies reveal that, un-
der protective conditions, the rockfall energy attenuation rate exhibits a linear
negative correlation with slope angle. More importantly, slope morphology is
confirmed as the dominant factor—although stepped, concave, and Type II com-
posite slopes can enable the high protective performance of rockfall guiding nets,
the latter two terrain types generate maximum structural loads within the sys-
tem. The research findings establish the equivalent truss model as a robust and
efficient tool for analyzing rockfall guiding nets, providing a critical theoretical
framework and practical methodology for optimizing protection system design
by quantitatively correlating net performance, structural demands, and specific
terrain conditions.
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Abstract
Efficient design of flexible rockfall guiding nets requires a clear understanding of
how slope topography influences rockfall energy attenuation and system loads,
a task often hindered by the computational cost of traditional models. To this
end, this study first developed, calibrated, and validated an improved truss
equivalent constitutive model suitable for ring nets based on nine sets of quasi-
static and dynamic test data. Systematic numerical analyses were subsequently
conducted on the performance of rockfall guiding nets across various slope angles
and configurations using the validated truss equivalent method.

Experimental validation demonstrates that the truss equivalent method achieves
high accuracy, with computational errors consistently maintained within 10%.
The key breakthrough lies in an approximately twelvefold improvement in com-
putational efficiency compared to traditional ring beam models, establishing it
as a powerful tool for engineering-scale analysis. Parametric studies reveal that
under protective conditions, the rockfall energy attenuation rate exhibits a lin-
ear negative correlation with slope angle. More importantly, slope morphology
emerges as the dominant influencing factor—while stepped, concave, and Type
II composite slopes enable the high protective performance of rockfall guiding
nets, the latter two terrain types generate maximum structural loads within the
system.

These research findings establish the equivalent truss model as a robust and
efficient tool for analyzing rockfall guiding nets, providing a critical theoretical
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framework and practical methodology for optimizing protection system design
by quantitatively correlating net performance, structural demands, and specific
terrain conditions.
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