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Modeling for Debris Flow Behavior on Expressway Using FLO-2D

ABSTRACT

This study demonstrates the applicability of the FLO-2D for the influence analysis of the debris flow on expressway. To do this, the
behavior of debris flow on the expressway was reproduced by applying the FLO-2D to actual generated debris flow. The study area is
a part of the Deokyusan Service Area on the Daejon-Jinju Expressway, where traffic was blocked for 24 hours due to the debris flow
in August 2005. Geographical analysis with GIS, hydrological analysis with HEC-HMS, and estimation of the amount of debris flow
were carried out using field survey and soil property test data. Then, the optimum parameter combination of FLO-2D was selected
through the parameter sensitivity analysis, and the behavior analysis of debris flow on expressway was applied. The comparison of the
predictions with the observations shows the availability of FLO-2D for the behavior analysis of debris flow on the expressway.
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Table 1. Yield Stress(7 )and Viscosity(n) (O'Brien, 1986)

EAR7H S o7 T

° 2 Ak giF-219t aEE2 gk 7R 2005
8Y 3 00A-11A7FA] & 234 mme] 7493 L A7 Fof

54 mmol ek AEESE cdske] B2 AT Ao
W B SRR F96o] o] T2

ok AW el Fig 1& A7498 Rolrn, &
A 1 AT B U, 2, S 90
2] Vfelo} HiSEAS Hol w3l o) 2 olaf B ¢
w2 fquhe e 2k o) YA thi-E
S % T AROIM BRI WSOt B Ao
=

Bl N B R LR R R

T, = ¢ (dynes/cm?) n=ae’“ (poises)
Source
a B a B
Aspen Pit 1 0.181 25.7 0.0360 22.1
Aspen Pit 2 2.72 10.4 0.0538 14.5
Aspen Natural Soil 0.152 18.7 0.00136 28.4
Aspen Mine Fill 0.0473 21.1 0.128 12.0
Aspen Watershed 0.0383 19.6 0.000495 27.1
Aspen Mine Source Area 0.291 14.3 0.000201 33.1
Glenwood 1 0.0345 20.1 0.00283 23.0
Glenwood 2 0.0765 16.9 0.0648 6.20
Glenwood 3 0.000707 29.8 0.00632 19.9
Glenwood 4 0.00172 29.5 0.000602 33.1
Tida(1938) - - 0.0000373 36.6
Dai et al.(1980) 2.60 17.48 0.00750 14.39
Kang and Zhang(1980) 1.75 7.82 0.0405 8.29
Qian et al.(1980) 0.00156 212 - -
0.050 15.48 - -
Chien and Ma(1958) 0.0588 19.1-32.7 - -
Fei(1981) 0.166 25.6 - -
0.00470 222 - -
Table 2. Resistance Parameter for Laminar Flow (Woolhiser, 1975; O'Brien, 2018)
Surface Range of A’
Concrete/asphalt 24-108
Bare sand 30-120
Graded surface 90 - 400
Bare clay-loam soil, eroded 100 - 500
Sparse Vegetation 1,000 - 4,000
Short prairie grass 3,000 - 10,000
Bluegrass sod 7,000 - 50,000
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© Debris flow generation point
The number refers to the highway
location of damage district

Fig. 1. Study Area

Table 3. Rainfall at Deogyu Mountain on August 3, 2005
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Fig. 2. Investigated Deposition Status for Debris Flow on August

3,2005
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Fig. 3. Observed Deposition Height
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Table 4. Computed Runoff from HEC-HMS

Table 5. Amount of Debris Flow by Generation Part

Runoff (m’/s)
Time (hr)
146.05km | 146.0km | 1459km | 145.6km
01:00 0.0 0.0 0.0 0.0
02:00 0.0 0.0 0.0 0.0
03:00 0.2 0.0 0.0 0.1
04:00 0.4 0.1 0.1 0.2
05:00 0.6 0.1 0.1 0.2
06:00 0.5 0.2 0.1 0.2
07:00 0.8 0.1 0.2 0.3
08:00 1.5 0.2 0.3 0.6
09:00 1.5 0.4 0.3 0.6
10:00 1.1 0.4 0.2 0.2
11:00 0.6 0.3 0.1 0.1
12:00 0.2 0.2 0.1 0.0
13:00 0.1 0.0 0.0 0.0
14:00 0.0 0.0 0.0 0.0
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Egs. (7) and (8)& AFY3i).
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Highway Total amount of | Generation |Amount of debris
location (km) | debris flow (m®) | point (Fig. 1) flow (m®)
146.05 2,752 A 2752
B 2,750
C 1,234
146.0 4,728
D 180
E 564
F 1,522
145.9 2,706
G 1,184
H 5,592
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Fig. 4. Time-Distributed Amount of Debris Flow
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Fig. 5. Behavior of Debris Flow Under Topographical and Geological Conditions
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Fig. 6. Comparison of Observed and Computed Deposition Height
Under Topographical and Geological Conditions
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Fig. 7. Behavior of Debris Flow Under Resistance Parameter
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Fig. 8. Comparison of Observed and Computed Deposition Height
Under Resistance Parameter
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Fig. 9. Behavior of Debris Flow Under Parameter Combination
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Fig. 10. Behavior of Debris Flow Under Calibrated Parameter
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