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Abstract: To reveal the low-temperature kinematic mechanism of ice-bearing debris flow transformed from ice-rock avalanches on
the Qinghai-Tibet Plateau and quantify the controlling effects of ice content and total mass on its flow behavior, it performed
integrated tests under intelligent temperature-controlled conditions. Combining rheological tests of moraine soil slurry and physical
model tests of ice-bearing debris flow, it analyzed the influences of varying ice contents (25% , 50% , 75%) and total masses (10

kg, 15 kg, 20 kg) on the dynamic response, velocity field evolution, and deposition characteristics of the debris flows via
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acceleration monitoring and Particle Image Velocimetry (PIV) inversion. Rheological test results demonstrate that the yield stress
of the slurry is highly sensitive to bulk density. Specifically, in low bulk density systems, yield stress increases multiplicatively
with rising bulk density, whereas the strengthening effect of moraine materials tends to saturate in high bulk density systems.
Physical model tests reveal that the runout distance of ice-bearing debris flow exhibits a significantly positive correlation with both
ice content and total mass, with a nonlinear coupling enhancement effect observed between the two factors. Ice content dominates
the flow regime transition of the system by regulating the particle contact network, which dictates the evolution direction of the
“friction-cementation-lubrication” mechanical behavior. Total mass modulates the transformation intensity of mechanical behavior
and energy transfer efficiency through inertial effects. Together, these two factors synergistically control the ultra-long-distance,
high-mobility transport capacity of ice-bearing debris flows. It established a multivariate nonlinear prediction model for “runout
distance-spread width-impact scope” that incorporates the friction-lubrication coupling mechanism, with a coefficient of
determination (R*>>0.94). This model provides a quantitative basis for hazard range assessment of ice-rock avalanche disasters on
the Qinghai-Tibet Plateau, and can effectively guide the route selection, construction, and safe operation and maintenance of
major engineering projects.

Key words: high-elevation ice-rock avalanche-debris flow; physical model experiment; rheological property; dynamic response;

engineering geology.
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Fig.1 General situation of the Tianmo Gully high-altitude glacier debris flow basin
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Fig.2 Rheological test process of moraine soil slurry with different unit weights
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Table 1 Sieving test data of soil samples from different zones of Tianmo Gully
UKL o5 L (R 20)
554
=20 20~10 10~5 5~2 2~1 1~0.5 0.5~0.25 0.25~0.1 0.1~0.075 <<0.075
1 6.43 8.55 6.56 11.00 4.86 11.77 25.26 15.35 7.45 2.77
HEFRIX 2 3.24 12.18 9.57 5.62 4.84 14.56 25.29 10.28 9.59 4.84
3 7.27 10.65 6.88 7.02 10.75 11.64 25.38 15.33 3.16 1.92
Ty 5.76 10.49 7.62 7.79 7.11 12.59 25.32 13.76 6.47 3.09
1 7.61 12.26 8.12 9.31 8.60 10.47 20.85 13.61 7.95 1.21
it 38 X 2 5.58 5.29 5.01 16.66 16.94 4.81 23.74 10.03 4.61 7.34
3 7.40 9.24 5.93 8.15 15.22 9.14 19.01 14.20 9.31 2.40
Ty 6.95 9.25 6.50 11.07 13.18 8.39 21.09 12.76 7.43 3.38
1 3.28 12.05 10.78 15.98 6.56 15.25 14.37 7.44 7.71 6.58
Y X 2 4.57 5.65 8.44 21.08 4.31 10.62 19.73 13.89 5.76 5.94
3 8.61 7.27 15.43 10.87 12.59 11.13 11.19 5.35 8.73 8.84
T 5.49 8.33 11.55 15.98 7.82 12.33 15.10 8.89 7.40 7.12
1000
a  —Al —BH —CA 0y — p—
——D#H ——E4 ——F4l — I —XHA
800 800
£ £
T 600 < 750
< <
2 =
B 400 = 700F
=N =N
200 650
0 600 1 1 1 L 1 1
0 10 20 30 40 50 60

BP)E %y (ST

BP) 3 Y (ST

P4 TR R 2 o

Fig.4 Rheological curves of different bulk density experimental groups
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Table 2 Rheological parameters of different groups

13 B VIS TiRY/REg s Jat IRz g
(t/m?) (%) 7,(Pa)
X A 1.9 50 587
AH 1.7 0 76
B4 1.7 30 113
CH 1.7 50 142
D 1.8 0 239
E4H 1.8 30 288
F 4l 1.8 50 326
G4 1.9 0 474
H4 1.9 30 515
14H 1.9 50 545
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Table 4 Test scheme of rock-ice avalanche-debris flow based on prototype rock particle gradation

HBA S S (kg) Bk UK BT (kg) A0 i (kg) AR AL
Wi 10 25% 2.50 7.50 8.394%/11.684%/10.884 % /23.304 % /45.734 %
W2 10 50% 5.00 5.00 8.394%/11.684%/10.884 % /23.304 % /45.734 %
W3 10 75% 7.50 2.50 8.394%/11.684%/10.884 % /23.304 % /45.734 %
W4 15 25% 3.75 11.25 8.394%/11.684%/10.884 % /23.304 % /45.734 %
W5 15 50% 7.50 7.50 8.394%/11.684%/10.884 % /23.304 % /45.734 %
W6 15 75% 11.25 3.75 8.394%/11.684%/10.884 % /23.304 % /45.734 %
w7 20 25% 5.00 15.00 8.394%/11.684%/10.884 % /23.304 % /45.734 %
w8 20 50% 10.00 10.00 8.394%/11.684%/10.884 % /23.304 % /45.734 %
W9 20 5% 15.00 5.00 8.394%/11.684%/10.884 % /23.304 % /45.734 %
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