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Abstract: From 20:00 on July 29 to 7:00 on August 2, 2023, influenced by the residual circulation of
Typhoon Doksuri (No. 5) and the subtropical high-pressure system, Beijing experienced its most intense
rainfall in 140 years of instrumental records. The Anzigou debris flow in Xiayunling Township, Fangshan
District, Beijing, was severely impacted by the heavy rainfall. Massive amounts of debris rushed out and
accumulated in the gully, causing partial destruction of drainage ditches, hollowing out of village road
foundations, farmland erosion, and posing threats to local residents' lives and property. Through detailed field
investigations of the Anzigou debris flow, employing trench exploration, geophysical exploration, and

geotechnical testing, this study identified the fundamental characteristics of the debris flow. Dynamic
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parameters were calculated, and remote sensing imagery was integrated to comprehensively analyze its
formation mechanisms and dynamic characteristics. Ultimately, comprehensive mitigation measures were
implemented for the Anzigou debris flow. Results indicate that due to short-duration intense rainfall,
significant rainwater infiltration formed surface runoff converging in the gully. Increased soil moisture
content elevated pore water pressure and reduced cohesion and internal friction angle of gully deposits,
triggering slope surface instability manifesting itself as collapses and landslides that delivered substantial
loose material into the channel. Subsequent channel scouring and bank erosion generated additional loose
deposits. The dynamic reserves of loose material totaled 78294 m’, with material sources categorized as
collapse-slide type (predominant), channel erosion type, slope erosion type, and waste accumulation type.
Through parameter calculations of debris flow dynamics, an integrated mitigation strategy as ‘“‘channel
clearance-damaged structure removal-check dams-diversion channels” was adopted, effectively addressing
both interception and drainage requirements.

Key words: "23-7"extreme rainfall event (July 2023); Anzigou debris flow; formation mechanism analysis;

basic characteristics; dynamic parameters; mitigation engineering design; Fangshan District, Beijing
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Fig. 1 Remote sensing imagery map of the Anzigou debris flow
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Fig. 2 Topographic and geomorphic map of the Anzigou debris flow gully

MK T, YA P PR FEAE I
2.2 MR &K

MR Y5 B P8 A Je 53t , -V e A i 11 44 ot
PR AR AIE B R, B, A (Hem) ., Bia
QP DI i1 SN i KU 1N 1 e e e 3 N T T
Y38 A A A CE IR 2 <7, 2015) o #HES
B CRIAR R T 20 mm) %55, o 25%~ 40%, 4155
B CREAR/NTF 0.05 mm) 7 24K, 5 6%~ 15%. il
T VA T PN PR AR 45 B A 6 0 33 8 18 1) 123 T LA
Fih, W EEA T o ek, 2 WL HERR, () |
B CRR) A1 249 70%, A2 3 0 7, TUEERE
TR (B ) AR AR — ok 0.2~ 0.6 m, i K E A7 R FZ
A 1.5 mx0.9 mx0.6 m, iz e i b FEPETR A
W4, 2007) 6

G VRV TR £ B A IV T8 K
3 XA, 20005 HEE, 2017) 0 HRAECTEA
K E B IR TAEAHE GA17) ) (T/CAGHP006-
2018) ([ M 5T K F B if TARA Tk Ph43, 2018a)
BRI SEHUAE , TRV TR IR A 2R I A | 98
T R B | I TR AR ek TR R s M AR (e
2018; BAFAVEAE, 2021), Horfr o FRae KR8 A i 1 22

YR YA R TR . KR B AR A R R
TR E YRGB, IR YE EaR RIS
IR A Bl 260980 m?, B B AR
30% THE, iZa Y i shiig 78 294 m’,
2.3 KiREH

LT VRVeA TR ST aT /K IR B A KA
K PR D1 i X 5 2 vk 5 Rl K K S 85/ | 3k
N BT K MR R AR B IR AN B 5 | e A i i s R 7K
Bl J1 40, N T H KA, BRI T o) o 2
SRR R S R R B A K FE R AR E
FEJF R (5, 20195 1 0%, 2022) o T2
LA e i EEIE LR (CERE 2018), BF
DAz 6 A i I 2 R A A TR A i (2 1, 2023) 6

R A 237758 o T J0 ) b 0t T 5 A i Jo K
W FvE R g b 1 IX B A S AR E G AR
T V) AW 0 A7 SR R 1 R OO BT R 5 SR T
PUA R4 K B2 710 mm, 88 [ B Be 4 X SF- 1
FEKEE Y 20% (151 3) o AkHE KA i K SCF R
— W R AR ) (b st TRk SR A 5 iy KR
BN T8 BE, 1999) 1145 42 F V8 BT 7E X
B 100 4F— 185 2 /NS RR 98 A 106 mm/h, 38 1



541 45 5 1)

B st AU L X B 208 & DGR Tl f iR R BT S5 B G TRt 233

[ s [ s [
s [ ]+e=

0 20 km

B3 JbET il X 23 7 MoK S LR A
Fig. 3 Isohyetal map of the"23-7"extreme precipitation event
(July 2023) in Fangshan District, Beijing
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Table 1 Table of dynamic parameters for the Anzigou debris flow
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Table 2 Table of physical and mechanical parameters of

geotechnical materials for the Anzigou debris flow

A FIREFR R IFHIES, (kPa)  FEREEIEREL
WA+ 250 0.4
Mz G RR) 500 0.65

43 MERFLTIEITSE

R A5 AH DGR M, &I PR B B ZU R
FVIEE, BTt BE AR MLm= i A 0.1 g, FFAEJH
WM 0.45 s; R 2 M FTHER L, S KRB HIRE N
1.0 m,
4.4 M HhSREE TR SRR IR R

HR 8 LATE I A iR (1205 ARG, 2019), 78
N =L R T HEBIE A 12 «23-77
5ER 526 RRT v R 1 A R R VR R R T IR, 6 I 1B
INBEEZE . BIIR T ARAE 18I IS SE AN AT A 2 94 0 K
HESFAE, T 0T DA VA FRALE VA 18 A P O AR A
T EE, W/ DR, i I, REARTE AT A R
AIRE . ILAN, T 0F <2375 A R 30 ) 451 5% 1t Hl 7k
0 S B B AR T A THRER
4.5 =34
4.5.1 PSSty Tt

FEPYIN = ZE T R R Ve A U ) A
Wy o, T e U R AL A, RS A AR,
(e AR e I | IRt N 1 1 g 2 I A1 ¥
VAT T Il R UL

(TCAGHP 021-2018) (' [ Hi Jii 5 By if A AT
A P25, 2018b) A CEILAE , AR BTIR TR TR
WLk B e AT T AR 5 A RS AR 45
MIZREIATE, TR I LAHE o0 3 PP 2
HESE G o FEPYIIARY Sy SR 30, Sk 7 )
BOeE 3 A E U, Ao AT 1), A ) T
Tt R TR IR, IITURE iy v 5515 U e B, T A0
J AR B . AR (5 L X = S AR % T
e A T I 3 B R A S ) CIE s b o 1 )
SEEAT PRI AT A 1], 2024) BYAHC SR, AR RAE £
WA 3 R, WIIRAL ) 2 453N
i 1 RPN 4)

1, A= PR TR 12 0.6, /KM
R 12 0,125 24, 34, SHEZPY UM /K 1 R Ky
1:0.8, /KBS 102, IR HERE
G5, IREE R €30, 2o A7 WUS YR A A i
1.5 me MITRBEH R O, I 1m (5] 52), e
0.4 m Ay C30 1R &E - . WL KIE 0.1 m Y
C20 JREE - HZ, M E MRS, KP4 EFE 2 m,
U ) A RIEE 1.2 m, BAIERE 5%, MOKFLAK TR,
FLEOAMNRR S 80 cm x 60 cm, NFE N5 60 cm x
40 cm (%] 5b) o PRI R I 22 3,
4.5.2 PPIMEZSHR

EECERE St STPUR SR VLS EER /Wb i Ay K e
R EARYT, W IE A TR e A IR s 382k 301
DA I O i A FH 0801 00 A A A AR DA {7 o, A
FWEHE S TR SR A SR VA8 (9% 4l i AR D
YEFH, 080/ 38 PRAB G it e 7= A D

X e A TR Be s HEA T TR, T SR A e g
PEREHE BIE I, PR RS, LI i
TSR 4,

H 4 4 R BRI IR EZE R 91250 m, i



5541 %5 1 B st AU L X B 208 & DGR Tl f iR R BT S5 B G TRt 235

w1 #om
(] wim [~ wit
[S] nwnm HERHS
[/ wass

kn
Pl 4 7RI A W B VA AR A ]
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Fig. 5 Check dam layout plan (a) and cross-sectional view (b) for the mitigation engineering design of the Anzigou debris flow
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Table 3 Table of check dam dimensional parameters for the mitigation engineering design of the Anzigou debris flow
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Table 4 Table of check dam sediment retention capacity for the mitigation
engineering design of the Anzigou debris flow

TREAR WA (%)  FURAMLRE (%)  FHAFEER(mM?)  BEURIUEXCEERE (m) WA R (m*)
Ezee bl 202.8 101.4 11000 35 38500
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REz el 61.2 30.6 5600 2.5 14000
AP PE 210 105 5500 35 19250
SHELPY I 230 115 6000 2.5 15000
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Fig. 6 Schematic diagram of load combinations for the check dam in the mitigation engineering design of the Anzigou debris flow
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Table 5 Self-weight calculation table for the check dam
structure in the mitigation engineering design of

the Anzigou debris flow
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Table 6 Overall impact force calculation table for the check dam in the mitigation

engineering design of the Anzigou debris flow

S ﬁ_ffi% TeamEE ?)EE i | Z IS i AR
JER R 5y ye(kN/m?) IE (m/s) W 7 T e f (0) i 71 (kN)
LR 1.33 16.69 1.93 90 8.27
26 1.33 16.69 1.93 90 8.27
3R 1.33 16.69 1.93 90 8.27
AP 1.33 16.69 2.03 90 9.15
SHELPIN 1.33 16.69 222 90 10.94
x®7 RFARARAPARTZHITER
Table 7 Boulder impact force calculation table for the Anzigou debris flow
S ‘z‘:i;ﬁﬁ ?}EE i | Z IS RA R KA \ Ef. ff’@’fﬁ%ﬂ’a e KHeH
s R Hr HitH (m/s) MESJIRIe M) B PEAE REC1+C2 i F(kN)
T34 0.3 1.93 90 3.1 0.005 14.42
2HPERIN 0.3 1.93 90 3.1 0.005 14.42
3R 0.3 1.93 90 3.1 0.005 14.42
ARSI 0.3 2.03 90 3.1 0.005 15.16
SHEERYI 0.3 222 90 3.1 0.005 16.58

®8 ZFHRARIGHBBMAMBIRERITESR

Table 8 Anti-sliding and anti-overturning stability calculation table for the dam structure of the Anzigou debris flow

biinRE R b R e vt R AL
TR R RSN A T RSN 23 A
THT THT THID THNV THV THEV TR D THIT XN THNV THV TRV
=PI 6.88 223 5.46 1.86 3.49 121 2462 11.08 887 5.94 2.49 2.18
2RI 6.78 2.240 5.83 1.90 3.66 1.23 2595  11.70 9.40 6.27 2.47 2.17
WL 718 2.28 5.14 1.82 3.30 1.23 2893 12,67  9.09 6.24 245 2.17
AL 1171 2.60 4.17 1.74 3.08 1.25 4701 1626 7.86 5.86 2.51 2.25
SR 1174 2.63 4,53 1.80 327 1.36 52.09  17.80 8.31 6.23 2.44 221
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Table 9 Foundation stress calculation table for the check

dam of the Anzigou debris flow

TR Hﬂ%ﬁ% e/ T K i
FENE (m) N 7 (kN) 73 (kN)
TP 8 10.3 184.5
24P 8 10.3 184.5
3P 8 7.4 155.6
AP 8 9.1 168.2
SHELRYIN 8 8.2 159.1

He Al Ry 2R B E 450, SR C30 1R%E 158
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SR HI C30 VRBE T BEAR, 8 R Ay 1 F 35 45 T 5
1.0 m, i /K T B % 1 0.46, ¥ /K1 1 :0.05, &
2.0 m; H R EB A #OE AT, IKTE 2.0 m, SEAHHE
R 2.0 m(WIE LA T2 0.5 m, 5 BACF)S BE50),
R 10 cm (9 C20 TREBE L 82 (14 7), HE
T TP B A BE S5 55 43 b BE A AR [R1 IR ) 1 55
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HE AN R R RS AEBR 10 m A2 A5 I 15 B TURRSE,
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Fig. 7 Detailed design drawing of the diversion channel for the

mitigation engineering design of the Anzigou debris flow
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