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Fig. 1  Overview of the Kanas mountain region, China
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Fig.2 Field investigation in the Kanas region: (a) avalanche fracture depth; (b) deposit height;

(c¢) avalanche-damaged trees; (d) snow characteristics survey
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Fig.3 Avalanche types: (a) gully avalanche; (b) slope avalanche; (c¢) dry-snow avalanche; (d) wet-snow avalanche
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Fig.4 Typical cases affected by avalanche disasters

(a) avalanche entraining trees; (b) avalanche blocking the roadway; (c) damage to road structures; (d) avalanche burying vehicles
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Fig.5 Distribution of road avalanches in the Kanas mountain area
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Fig. 6  Analysis of topographic factors at avalanche points and their distribution patterns ;

(a) distribution of avalanche events by slope aspect and slope; (b) distribution of avalanche events by slope aspect and elevation;

(¢) 3D spatial differentiation of avalanche terrain parameters and their correlation with runout distances
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Fig.7 Field investigation photos of avalanche at S232 K17

(a) deposit height; (b) damaged construction vehicle; (¢) UAV aerial image of the S232 K17 avalanche; (d) fracture depth
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Tab.4 Topographic characteristics and numerical simulation results of different avalanche path zones

Kok PR/ (°) K/ m Bfll/s  BRKRERE/ (m/s)  RKRETI/kPa HEEAL/ (m/s) FE 172 46/ kPa
TE R IX. 37 1953 ~2164 0~34 18.54 115 0~19 0~115
T IX 43 1364 ~1953 35 ~91 29.44 260 15 ~29 99 ~260
HEFIX 25 1264 ~1364 92 ~176 22.57 140 0-~22 0 ~140

N 28 1303 112 19.65 126

(b) ©

VB /m

l12A28

Ji /1/kPa

l260409

B8 EEEBHMERBER: () THIES; (o) TRRSIEE; (o) TH&ME
Fig. 8  Numerical simulation results of avalanche dynamics:

(a) avalanche flow pressure; (b) avalanche flow velocity; (c) avalanche flow depth
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Fig.9 Meteorological data during avalanche occurrence at Kanas from January 6 to January 13
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Characteristics and Triggering Mechanisms of
Avalanche Disasters along Mountainous Roadways
in the Kanas Region, Altay Prefecture, Xinjiang, China

QIANG Xiaowen'?, YANG Zhiwei*, CHENG Qiulian®, LI Yaqun'?, LIU Jie'*’

(1. College of Civil Engineering and Architecture, Xinjiang University, Urumgi 830046, China;
2. Xinjiang Key Laboratory for Safety and Health of Transportation Infrastructure in Alpine and High-Altitude
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Abstract; With the rapid development of ice-snow tourism economies and the extension of transportation
infrastructure into mountainous regions, avalanche has posed an increasingly severe threat to road safety in China’s
mountainous regions. In January 2024, consecutive heavy snowfall along mountainous roadways in the Kanas region
of Altay Prefecture, Xinjiang, China triggered multiple large-scale avalanches, resulting in 3 fatalities, over 4800
individuals stranded, and approximately 150 km of roads blocked.

In this study, it integrated UAV remote sensing interpretation, field surveys, and RAMMS ( Rapid Mass
Movement Simulation) to conduct a systematic analysis of 216 avalanche events along roadway corridors in the
Kanas region, with particular focus on dynamic inversion of a major avalanche occurred at chainage K17 of
Provincial Highway S232 for seeking the knowledge of the characteristics and triggering mechanisms of the
avalanches. It got several findings as listed as below.

(1) Avalanches along roadways in Kanas were predominantly concentrated on semi-sunny slopes aspect range :
112.5° ~ <157.5° and 202. 5° ~ <247.5° and slopes with gradients of 30° ~40°, with distribution densities
reaching 52% and 87.5% respectively.

(2) Retrieved by numerical inversion, the avalanche at S232 K17 reached a peak velocity of 29. 44 m/s
(approximately 106 km/h) and a maximum impact force of 260. 9 kPa. Upon striking the highway, its velocity
attenuated to 20 m/s while still generating a dynamic pressure of 126 kPa (equivalent to 12.8 t/m’). The snow
accumulation reached a height of 4.8 m, forming a deposition fan of approximately 180 m x 260 m, resulting in
prolonged road closure. The simulated avalanche deposition height differed from the field measurement by only
0.2 m, indicating a high level of agreement between the RAMMS model output and on-site observations, thus
demonstrating robust simulation accuracy and regional applicability.

(3) Avalanches were triggered by the coupling of multiple factors, including topographic control, intense
snowfall, low temperatures, and strong winds. Intense snowfall increased snow load, temperature fluctuations
inhibited the stabilization of snow layers, and strong winds redistributed snow, leading to the accumulation of thick
snow deposits (2 —4 times the natural deposition height) in low-pressure zones of trench and funnel-shaped terrain,
thereby inducing avalanches.

This study represents the first scientific interpretation and quantitative dynamic assessment of avalanche events
along the Kanas road, providing critical support for regional avalanche risk identification, road disaster prevention
layout, and emergency response. It also serves as a reference paradigm for avalanche simulation and management in

alpine mountainous regions.
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