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Abstract: A debris flow broke out on August 20th, 2019, in Banzi Gully of Wenchuan county. The
debris flow damaged houses, a factory, a hydropower station and grid dams in the gully, and de-
stroyed the bridge at the mouth of the gully, which broke off the Du-Wen Expressway S9. Based on
field investigation and laboratory test, we analyzed the characteristics of “8-20” debris flow. The
“8+20” debris flow, with an average velocity of 5.6 m/s, maximum discharge of 535.98 m’/s, runout
discharge of 69.63>X 10" m’, and runout solid material discharge of 25.97 X 10" m®, had the characteris-
tics of blocking gully debris flow. Based on the Tamotsu Takahashi model, a method is proposed to
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predict the rainfall thresholds of debris flow, which could be used to judge the critical rainfall intensity

and eruption time of debris flow. The critical rainfall intensity of “8+20” debris flow was 5.7 mm,

which was less than that of previous years. Based on the results of hydrological calculation, the preven-

tion and control measures for Banzi Gully were put forward: the scheme of an embankment with

thecorresponding height could be adopted with the design standards of 10-year and 20-year return peri-

od, and the scheme of an embankment combined with a check dam could be adopted with the design

standards of 50-year and 100-year return period.

Keywords: debris flow characteristics; mitigation measures; rainfall threshold ; Banzi Gully
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Table 3 Calculation results of related parameters for the

hazard analysis and prediction

S A ki
1% 2% 5% 10%
H, mm 17.6 17.6 17.6 17.6
Hy mm 25.0 25.0 25.0 25.0
C., / 0.37 0.37 0.37 0.37
C.s / 0.30 0.30 0.30 0.30
K, / 2.19 1.99 1.71 1.50
K, / 1.92 1.77 1.57 1.40
n / 0.88 0.87 0.85 0.84
S mm 38.54  35.02 30.10 26.40
0 / 6.30 6.30 6.30 6.30
m / 0.46 0.46 0.46 0.46
z' h 2.75 2.84 2.98 3.11
K, / 1.66 1.56 1.42 1.31
2 / 2.79 2.63 2.39 2.20
¢ / 0.93 0.93 0.93 0.93
Q. m'/s 19732 173.81  143.22  119.76
Dy / 3.0 2.8 2.6 2.4
¢ / 0.74 0.59 0.44 0.34
e  tUm’ 1.70 1.62 1.50 1.42
m'/s 102815 776.17  535.98  385.27
Q. 10'm’ 99.39  69.63 4357 28.70
Qu  10'm* 4217 25.97 23.30 7.29
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Table 4 Calculation results of related parameters according to morphological survey

fii frm LTI I T2 T S e e
1% N 1305 3.5 41.0 0.10 143.5 5.30 760.97
2% PLRB T i 1322 3.8 34.0 0.10 129.10 5.60 723.75
3% 7T 1364 2.1 91.0 0.11 191.10 3.77 720.91
4% W F A 1461 2.2 70.0 0.11 154.00 4.08 628.50
5% Bizp i) 1719 2.2 71.0 0.10 156.20 3.89 607.81
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Fig.9 Proposed mitigation measures in the gully mouth
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Table 5 Calculation results of maximum mud depths

FLAL:m
1% 2% 5% 1026
1# 4.55 3.63 2.72 2.13
2% 5.23 4.16 3.10 2.41
34 2.59 2.09 1.58 1.25
4+ 3.06 2.47 1.86 1.47
5% 3.12 2.52 1.90 1.50

L5 m B B L TR U AR 50 AF — 8, BT
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PR AASE P O 27 46
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WAE T M ORCE S (18 28 38) A TR A i
Sl L A A S R R s, B
S5 IR /I SRR R A BOR
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Table 6 Discharge capacity under S9 bridge

5 W 2 i /m FiHE /m it 5 /m” Tk /(mes") i (ms™)
A 1 3 M ELAR 1. Om A I 45 2H A 2.36 5.3 12.5
A 2 2.0 2.5 5.0 5.3 26.5
TR 3 1.0 6.0 6.0 5.3 31.8

B 78 KA 5.0 41 205.0 5.3 1086.5
il 1157.3/(m%s™")

AR I8 A1 U 75 3E B 5 Ah, X By 4 3 2R AT

H=h,+ Ah (27)
SR FHK s A2 3RS TR L B R
REE IR W R 7(4# SHRFESAF L IHE ).

Ahzzﬁvz

gR

UL 7, % 81000 7 KR U6 A T, 15~
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1.47.1.50 m; % J& 5% % KW 00 U6 A F AT, 15~
SE U E mi fe /N BB BE 4 ) Ry 3.29.3.67.2.26
1.86.1.90 m; % J& 250 2 & W% (1 e A i B, 15~
SERF m e /NP 5 v BE S ) Ry 4.34.4.86.2.92.
2.47.2.52 m; % I8 100 B KRB A T, 15~

(28)
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Table 7 Protection embankment heights

$1§L :m

i R

5 il
1% 2% 5% 10%
1# 5.39 4.34 3.29 2.60
24 6.06 4.86 3.67 2.87
3F 3.55 2.92 2.26 1.81
4% 3.06 2.47 1.86 1.47
5¢ 3.12 2.52 1.90 1.50
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