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Physical model experiments of dynamic interaction between
debris flow and bridge pier model
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Abstract: The debris flows are recognised as a major threat to bridge piers located in mountainous gullies, especially in the areas of
the active seismological and hydrologic region in Southwest China. It is important to build the dynamic evolution model and
quantitatively describe the dynamic process of debris flow impacting bridge pier. In this study, all of the large-scale laboratory tests
are conducted by using large multi-functional debris-flow simulation system. The main objectives of our experiments are to find the
correlation between impacting pressures and variable factors including velocity, flow depth, and dimensionless characteristic
parameters of fluid mechanics and to obtain the dynamic behaviour of bridge pier under the impact of debris flow. The experimental
results and dimensionless analysis show that the dynamic process is mainly controlled by two dimensionless numbers of Froude
number (Fr) and Reynolds number (Re). Generally, the dimensionless impact pressure is the function of Fr for the low-viscosity
debris flows, while for the high-viscosity debris flows, it is the function of both Re and Fr. Different types of debris flows present
significant differences in both the peak impacting pressure and impacting power spectrum. Under the same bulk density, the
low-viscosity debris flow has greater impact energy than that of the high-viscosity debris flow. In addition, various types of debris
flows are essentially distinguished by the critical Fr line. To provide technical support and scientific basis, we analysed the impact
signals of different types of debris flows and discussed the mechanism of impact model.
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Table 1 Summary of experimental results
P WARARR 7 J(KN/m?) P, /kPa hlcm v /[(m/s) me 1% my 1% o % Fr
1 TR AR 11.0 8.2 3.6 24 / / / 1.92
2 Fit e A i 12.1 1313 5.7 4.1 4.0 54.2 492 5.60
3 Mt A 12.7 41.5 7.0 2.1 10.2 58.1 492 1.47
4 Mt A 13.0 110.6 6.8 2.5 12.3 492 50.0 2.08
5 PRI 13.0 221.2 12.7 5.3 7.7 30.8 20.0 9.36
6 FatEVR A i 13.1 10.4 4.6 3.0 13.3 533 50.0 3.00
7 i ERIPEPi 13.5 242.7 12.7 43 9.1 51.8 49.2 6.16
8 L RIEE SR 14.0 131.5 5.6 2.1 9.6 542 49.2 1.47
9 MR A 14.2 200.8 12.3 42 13.0 51.8 50.2 5.88
10 L e R E S 15.0 73.2 12.6 4.1 9.9 56.2 492 5.60
11 R AR 16.0 271.3 7.1 33 10.3 55.0 50.0 3.63
12 PRtV A i 16.0 190.8 142 4.0 102 58.1 492 533
13 PRtV A i 17.0 72.6 8.9 3.7 10.5 59.7 492 4.56
14 i e RIEE SR 17.0 200.7 11.3 4.0 14.1 56.5 62.5 5.33
15 L e RE S 174 146.9 6.9 2.5 13.8 59.7 50.0 2.08
16 L e RE S 18.0 2122 13.0 32 10.8 61.1 492 3.41
17 e AR 18.0 29.9 9.8 29 9.1 61.1 492 2.80
18 TR A 15.0 214.2 14.6 2.8 13.3 533 50.0 2.61
19 PR AR 19.0 259.0 153 4.1 11.0 62.3 492 5.60
20 e ERIER N/ 16.0 334 15.7 1.3 13.8 55.0 50.0 0.56
21 R A 16.0 9.0 14.7 2.5 12.9 514 50.0 2.08
22 R A 17.0 25.2 21.5 1.6 10.5 59.6 492 0.85
23 Fhitkve A 18.0 8.5 12.8 1.8 14.4 57.8 50.0 1.08
24 FPERAIR 18.0 61.4 23.9 1.4 14.4 57.8 50.0 0.65
25 FPERAIR 18.6 12.5 20.6 1.8 12.1 55.0 50.0 1.08
26 KR 10.0 12.7 6.6 8.0 0.0 0.0 0.0 21.33
27 VeHI 16.0 81.3 7.9 7.5 13.8 53.1 50.0 18.75
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