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Abstract: In southwest China, there are numerous transmission lines built in mountainous areas with
frequent debris flows. The transmission towers hit by debris flows may tilt or even collapse. After be-
ing validated by relevant experimental results, a series of three-dimensional numerical analyses are per-
formed on the dynamic response of transmission tower foundations impacted by debris flows using the

coupled smoothed particle hydrodynamics (SPH) and finite element method (FEM ). The parameters
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analyses including debris flow density, viscosity coefficient and initial velocity are considered. For all
the scenarios considered, the frontal foundation experiences comparatively larger impact forces than
the rear foundation. The peak impact force tends to gradually increase with the increasing initial veloci-
ty while the debris flow process is mainly affected by density and viscosity coefficient. The impact pro-
cesses caused by low-viscosity and high-viscosity debris flows are different. Low-viscosity debris flows
produce a smaller vacuum area in the downstream flow path of the foundation. In addition, the numeri-
cal simulation results are compared with the predictions of Kwan's formula for impact force and code-
recommended formula for impact pressure. It is found that the Kwan’s formula can well predict the av-
erage trend of the impact force of the debris flow on the foundation, and the maximum prediction error
is less than 30% . The average impact pressure of low-viscosity and high-viscosity debris flows predict-
ed by the code-recommended formula are about 17% and 28% lower, respectively. The relevant in-
vestigation results can likely provide a useful reference for the design and risk assessment of transmis-
sion tower foundations in areas where debris flows are frequently observed.

Keywords: coupled SPH-FEM method; debris flow; transmission tower foundation; impact;

fluid-solid interaction
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Fig.1 Tilt of transmission tower due to impact of debris flow
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Table 3 Material parameters used for debris flows

B TR/ %E/ WA/
(Pa-s) (tsm*) (mes ")
1 R 0.1 1.4 0
2 ik 0.1 1.475 0
3 i P 0.1 1.55 0
4 it 0.1 1.55 8.7
5 s 0.1 1.55 12.2
6 T 0.1 1.55 15
7 iR 0.1 1.55 16.8
8 T 0.1 1.55 23.8
9 T P 0.1 1.625 0
10 T 1 0.1 1.7 0
11 R 0.5 1.8 0
12 Rtk 0.5 1.95 0
13 itk 0.5 2.05 0
14 itk 0.5 2.15 0
15 Rtk 0.5 2.15 8.7
16 Btk 0.5 2.15 12.2
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18 Bk 0.5 2.15 16.8
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23 Rtk 3 2.15 0
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