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Figure 1 (Color online) The schematic of flume model test system.
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Table 1 Comparison of preset and actual values of the landslide
dam’s geometry

RS Tk SERRMiE
Hy/Cy 2 0.2~3.0
S, () 26.6 11~45
G) 26.6 11~45
Hy/By 0.24 0.02~1

V% H, 1.03 0.5~5
Vi3, 1.13 0.2~10

a) Ho ¥, CousER 8 (I ELRTE T 17); S i s
J; SN T WEIBOH L By A HEIE R IR S L (BT T7 1)), Vo Sy iE g
PRERAR; VOSSR PR 2.

FERHOMER AP R 2 5, M LUB R I S H e i vE
B, A SR B AR 5 S FE AR 3 2 R HE AR ot = 1)
FEHISH. AT LR, o5t TR RIREL S A
o 45 S FEE ) M 2 T LA

Casagli% NPOWC g 7 60,75 42 5 HE S 4 20 Bl 45 1iE
FIEE 4R (B 2(a) AR X 350). =45 i 2R(A, BRIC)XS N T
A SO ARG (O R e Hh 28, iR TE7E B S X 3k A,
RGPS 5 M. B i R R 56 2
Fl2(b), ANIRI R HCHE ZE AL ORI AE WL 62, gk 4
R R, B EWRSES, Al s S50
TRFE—3K, IEFEMRATAG KRR IS %.

N T HORIAR (FORL 1 355 (%)

4% (mm)

(b) ik R B AT

Figure 2 (Color online) The particle gradation curves for landslide dam breach model tests.
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Table 2 Physical properties of landslide deposits with different gradings

HURE DY dso® (mm) & (glem?) cy c KD (cm/s) R
0.32 0.31 1.800 0.51 5.5 0.00615 T-1
FBCA 0.25 0.31 1.765 0.51 5.5 0.00661 T-2
0.10 0.31 1.694 0.51 5.5 0.00725 T-3
0.10 3.0 1.906 1.25 30.0 0.1952 T-4
KB
0.05 3.0 1.800 1.25 30.0 0.2137 T-5
FhcC 0.10 10.2 1.800 3.40 10.5 7.517 T-6
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Figure 3 (Color online) The actual pictures of Baige landslide dam breach process.
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Figure 4 (Color online) Longitudinal breach morphology evolution of the fine-grained landslide dam overtopping breaching.
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Figure 5 (Color online) Longitudinal breach morphology evolution of the medium-grained landslide dam overtopping breaching.

(d) 35 R ARE T AL 2%

(e) IR N A& ILA

B 6 (944 RO P REDAE 2EL M 8 08 T e 2 1 it 11 T ST A 7

Figure 6 (Color online) Longitudinal breach morphology evolution of the coarse-grained landslide dam overtopping breaching.
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Figure 7 (Color online) Transversal breach morphology evolution of the fine-grained landslide dam overtopping breaching.
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Figure 8 (Color online) Transversal breach morphology evolution of the medium-grained landslide dam overtopping breaching.

2274



hERE: BARE 2026 4F HES6 % FH oM

TNV 1 RS A AR R R R AR
RN, 7T RS BAE, X5 CRE s iR
K, ¥THTHRORKERE, P8 T AARTEKREH T4
& (E8(b)); BT T IR, 5t W Tl
R B - A2 - R SRS, fEIRT0)E53 sitt 1
i (I8 (c)); BEE Mgk sk, ot O — b KR, 18
TNV AT A TERR TR B 2435 11 (E18(d)).

F AR ZH RS, 75 B /KL FE v, VA e B R
AR KING, FHBW A TE(K9(a)); 1 T/KIR E 5L
X R HEAT i, R SBURE T b ik R s, ) 35
UK BN GENG, AR AE Bl ) /N 50 B9 U 2R AR Rl IR
(E19(b)); BEA B HRELE T Y, Bl b FpRBURLLE Ui
PoRAEDRR, BIHC B RO, E8TIE39 s
vk I (E9(e)); BEE KB IR, BiHKE
BT EE, AE R WEOT )Y R A BB Y B 45 1
(E9(d)).

SRR, 5t AR R) 4 S KR S ) o
Tt 5 320 3 [ BV SR AR A ik, i RELORE R P 1 ,
Tt VAR AR IR A 7 1 R R R (40 AT HoRL 4 ) F
B DI IR CHURLZE) PR, o - 4ikn 205, IRl
HEIERIF R 12 S BB B, B RFaHAR
NUFHUEAL BT RE, OB R 2 AR
I35 5E, f TR Tt 1. X ok 2R, AR A
FER N T BOE TR R I IR, W0t DR e 1 T B,
= L 5 A g A N ROBE B R 3 B0 L
J&. T RUR RS, HEFE R mv B M 5 3 E K BL g
FEAR R RN, I8 TV o R AR, VB ) AN THK IR 1)

(b) Tl

(a) YEZEARME AN

SRR SRR B LR, 5t R R AR B
DIE SR N E.

3.4 RS SRR S A

K025 H 7 ARG B35t s 2, /AR
Al IR R B AR, diki 4l gn i I Ry
T2, IERERUN, TR R R AR BN RIZY,
PGP BOR; RUR LRI o 72 2 DL gy
fiE. BRI, R SEREB R, R .
AR R LA R, = ARG (T-3, T-4, T-6){E
RLEE 73 A 22 53 3 30 1 AR R H R R

T-32H R Bt i il 2 o T 22, i) T4
R R i o A R ENGS R MR &/
SR RE T I 2 A, T-SALRI0 R B i 2t 2
BRI T 435 1R ZE BT DRI, 35t I R A0
18, ETFE R AR R I AR 4. pAh, =4
R 35 A AT {5 T R R 5 R TE W] I
SERIRAR, Wt HPIERE R EMR IO AN
RSG5t S TUR BB TIIRY B 1) 1 e 5 4 S R AR AL
T AR S R S OC

SRR S 17 HE SRR X5t R RE 1 R
s, HTELLAT DA Y, 5tk P 57 Bk 2 9 8 1Y
TAHIRR R AR UK S BIAE T, (i pE 11
RS KM, RUMDRIZHIEZE R A m e
Il FEEE BN M BB SR, BEAE P B kAt ag
K, BIERHF RGN, FoRI A R, S B
DRI BRIt I B R A R (AR AE

© EFR (d) BEET

B9 (W94 R PET ) REDAE 2EL M 8 A 08 Tt e 1 it 11 T ST A

Figure 9 (Color online) Transversal breach morphology evolution of the coarse-grained landslide dam overtopping breaching.

2275



WSEAE: HE TSR PR 5 T A I8 Tt AL 2

Fir B B B B e B BV
0.006 F T-1(G,: D=0.32)
0.004 5 0560 |
0.002 nWWW
e
0.000 L 1 1 1 1
0.006 | ——T-2 (G,: D=0.25),
0.004 F50975
0.002 oot
0.000 1 1 1 1 1
@
=2 0.006 | ——T-3 (G,: D=0.10)
£ 0.004 00326
=
| 0.002 F oot /Wv ﬁﬁﬁﬁﬁﬁﬁﬁﬁ |
o 1 L L L L
e 0.000
7 0.006 F —— T-4 (G: D=0.10)
#% 0.004 | I” R
0.002 foor /- \M/\\MN&WNM e
0.000 # 1 1 1 T N o
0.006 760652 ——T-5 (G: D;=0.05)
0.004 =
0.002 F001
0.000 1 1 SR e R et p e
0.006 S ——T-6 (Ge: D=0.10)
0.004
0.002 M\r\-\w Ay X
0.000 ; e e e ——
0 50 100 150 200 250 300
1] (s)

Bl 10 (W48 RSORE ) AN R R 2L HE 2 4 35 R B AR 4G
Figure 10 (Color online) Breach hydrographs for landslide dams with
different particle groups.

4 8 12 24 28 32
T T T T T T T 0.0045
160 |-
N -7 9
140 - -
A Q
PSR 370 ) 7:0:0040 >
oy BB A £
: ) =
i y o IR 5=
£ 100 - a7 - - - PO R R &
sl < 0.0035 ,:J’é
L]
60 |-
4 L L L L L 10,0030
0 2 4 6 8 10

Pk sy (mm)

B (R OR B HE ZE R I o S 5 S HE SRR AR 9K 3
Figure 11 (Color online) Relationship of landslide dam breaching
parameters and landslide deposit properties.

FHW ARG R, H T ZHUIAE T, 5t 1 ikidii & th it
HUR IR L SRR & kg, HEZERIANIYSIPERAL 1
L SHBORL S 5 5 LS B L B AL AR A AR A P12,
TS R 5 AR AN SR RE (0 R B AR
A2 I AR v i R A5 R R LN ER, L5t R
Il 4k, ot DR RAER BT KR, A
ARBIGRIS, RGP, (BRI I b

2276

Z PR, A5 DR AR 159 2158 78 R .
PAHRLZH S (T-4) 40, I X5 Fi R IR
DIRE 7 R0 ik e v Ak o R o e e A R B 12), 2811
FZETIRY B 5 b A2 00 32 BN 1, % 2500 2048 fk
HAHEAER. @t b &2 B0G 8 t DUt (] mT LA I,
Mt R B FLIE BWEA (1 = 59 5), IR EIRYIR /1t =
63 s)FIit IR (r = 65s), ot i 24 5 Tk
RRE. HIRRYIR ERE I (¢ = 59~63 ), i
O R T £942.3%, R IR HE SR il 2 52 3
TR G DR BEER (1 = 65 5), REK
PRYIRL AT 4T85 v 7K T, AR il 23830 K B 1K

4 EFERL AR E BRAE T VA Bk
4.1 EIERLph kRS A
HESERR R I R I, i E S A R )y,
roZ AP AR 2 LA BRSO, K3 RS,
a5 55K 3 I 18] EIRAR AR, (024 PRI )R e
FF, e 5% B B AR 13). 3ol 25 22 5
LRI T FANEBL, Wi Briaud s APIZE SF i e £l
B RR R, ORI %6 misi, b
TR R R 1 e P G 3R ] B 2
TR AR R R

P Bt I P gt IV

FrEx 1 BB 1

0 20 40 60 80 100 120 140 160
I 18] (5)

Bl 12 (W4 RCR ) Hhop 2H 3 2 A4 e i ot . JIRIR
VIRL A5 i e 1) A 1 A2

Figure 12 (Color online) Evolutions of breach flow discharge, flow
shear stress, and erosion rate during the medium-grained landslide dam
breaching.



hERE: BARE 2026 4F HES6 % FH oM

0.45 0.7

ol 21 12 ok R B S R s 08 LR nd bR 2 >
: 0.6 TR e EUiET - 0 o
035 F £ 4 0.7 _ -7 Ruhdnd
05 >
2030 F ‘ =z N 7\,;0.6 -
-9 204f S g
2025 o SLhRH S Py iO-S
b 03 s B
Fo20p 5 Py Fo04
o5t o2 s
0.10 | 0.1 0.2
oosp o gkl ool & i a1 o gk
L AR S T S A R T S R S Y i i i i i i
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 0 10 20 30 40 50
7,7, (Pa) 7,7, (Pa) 5,7, (Pa)
B dso 4

B 13 (MEHREE) ESn—rt %R

Figure 13 (Color online) The relationship between £ and 7,—7.

E=ky(zy,—1)"% 2)

b EAMER, kil R EG o WERRVIR ), BRI
K I BRI B DR AR VIR 775 o R ZE R
i FEEEN VIR F1; o ¥ KL, —RHUEN T, AR K
TURER AT E A 5

B ATEVE M, Eg iR AT R
g, HiA vt ih 2802 5 LA HA SRR 4, XS
SEBR LN 2 AR T, — e F R TR Bl ),
T & i A 5 Winterwerp D
R 48 T 37 R0 I KA B2 T Xk 4B D b A o AR

na
E=0.012(+/0 —1.3)D”, (3)

L @4 Shields$; D« NI E AN ER$L.
van Rijn% \POEEF @il 2600 S vb b ikt 56
EJC /I <Y 4 | MU B /NG W

E

_ 0.00033D03 [0— 0, }1'5 @

0 0.

A 0.1 5 Shields#.

REAIE FIRPIAZIG AKX PE A, RAEHEIT
JE T AN (7] % 10 48 25 Ak o ok 20 3006 540 3 47 0 PH B8 IE
(E114). 2(3) % AHMURLAT 5 U 1 TIUINAS B2, (EL Bt 5 JURL
FARIE R, FLARIIAS FEZ T T B, A2 T, X(4)Res
BUF IR dso = 2.7 mm ) AR AT R, 1H 2 m il HoAh
IR ZE R ph i AR

METEE T 256 1) AR R A U0 R

I IDRUEE VNI PEIKE S o S S g VAR A 1 /A
EAE E ], (HZ20E T AR ) S A B
AT VIR, XA RIS AE T, AN A DO
B RV I Y B0 R AT oA B R TR T
XF AR U B AR A AEAN 2. MBI A RUR R T 72,
Hutd Rl SR LR &I RE, 0t D R i A2
—ARIRMZ RO, XHEIERYHE S 2P
AR R R T BUE G K 0 2 b B R TG i HE T AR At
PR AT T HEZERL P iRk

4.2 BRI R b AL 40

SR PRI R T 2 MR, s
BEEERINL . FPEARAL . Vb BRI JE RN ZE T
TR AT AR LA I A 25738l i L | 9
AR BT, G o] HE B A I L TR 1B SRR,
I BAG LSV AR I TR VIR T, 52 24T
I AR T (K A 27 X

ARSI, EARSREEKFAE T, IR SR = ek
PARURTRE O HERS S BN, 2K s B 2 2 8 K
i, RIS AN EIRIEE), HA R IE S RFE
RIImE s SRR, £ Rl KR s, HE
B s s AR WONIT R ZIRIES). XK R Rz shid
REH, 2 [A]RIORE R 2 98 3 AR 3 A ROFE BCH L BE &,
AR R IR LR R, = ORI AL B e
WG, FEVIN kR TR LRk, B3
R R BRI, Bk, R RIRIZ )2 38
e B KA TR SRR it ] B0 32 A

2277



WSEAE: HE TSR PR 5 T A I8 Tt AL 2

4.3 FETahasmiih R B A HEZERL ph AR A S

fEf gt 2 U, phid R B (k) I8 H B — A
EE AR ko fEAR b N S R 28 LR 7K AR
FIF B RS AE, SRR 58 SO B0 e i HE i 4t
RHEFERAE H KB S5 T AT . Sl IR K
W AR Ve S R ZE R i RS FE (& 15(a)), AL
T kg SR P BN ZAL I 7, (8] (55 2R

1.0
4 ds;=0.5 mm

AO'S van Rijn
\2 0.6 Winterwerp
o
:04 r - - -

02} /5/9/% o

®e &
0.0 o 1 &) 1 1 1 1 1
10 20 30 40 50 60 70
7, (Pa)
(a) d5;=0.5 mm
1.0
4 dsy=2.7mm

/_\0'8 van Rijn S o
\é’ 0.6 | — Winterwerp oA .
204}
K

02}

00 i 1 1 1 1 1 1 i 1

10 20 30 40 50 60 70 8 90 100

7, (Pa)
(c) dsy=2.7 mm

Bl 14 (ME RO B B AR ik A o S48 5 S 0 B

kd:

X ARIB N8

MR IR HAE R, S AR B S HEFE RT3
RLAE (A A7LE B 1R R OC R (BT 15(b)), AFIBTT 43 )36
BUWR:

_ 4. B
TTC —ATb s ()

lgd = 0.2d5,— 1.0, (6)
B=-0.1ds,— 0.6. (7)
1.8 4 dy=1.2 mm
L5 T van Rijn
@12F Winterwerp
50.9 r
06T
03f 2o Bas " 4 &%@ * &
ﬂ“Q/ 1 1 I
0'00 10 20 30 40 50 60 70
7, (Pa)

(b) dsp=1.2 mm

4 dyy=5.6 mm
15 3
—_ van Rijn
é’ 12— Winterwerp :
&0.9 o -
5 0.6 wooe
03F o -
00 1 1 1 1

10 20 30 40 50 60 70 80 90 100
7, (Pa)

(d) dsy=5.6 mm

Figure 14 (Color online) Comparison of measured and calculated soil erosion rates.

© A
0.12 LA B
» C
0.10
,=0.08x"%  d;(,=0.31mm
0.08

yp=137M7 dp=3.00mm
ye=1231x" dy:=10.20mm

0.04 -

0.02 |-

0.00 L
0 20 40 60 80 100 120 140 160 180

7, (Pa)

(a) Z:Elﬂg%*jrkd'érb%f%
B 15 (MO DB R MR 5SS HR G R

1g4=0.2d,-1.0; R*=0.88

1 1
o 2 4 6 8 10 12
03[ dsy (mm)
o
06
Q9

[ B=-0.1d,,-0.6; R>=0.83

(b) ¥4, B5d, ok F

Figure 15 (Color online) Relationship among the erosion rate and relevant parameters of landslide deposits.

2278



hERE: BARE 2026 4F HES6 % FH oM

KI15(a)3R M1, TEAHEIRE YR /3264, BEE A
WORL S B RSN, sOR ik Ee g N, R R T
P RRBIRAEH. BT BRA B2 E VR R, 1R
BT R O TRAVRES, BRAITREET T
ey b, fRAERURR ). EARMAT A, EUKERAR
2 TR 5 Wy RS R R P LB IR 5 )
HEEL )T, FHOIRLE S I S )8 38K

Fobh, il HE T AR
_pwgn*0g

AZR;_
o p WKIE B nohy = THER AN IR, RN
IKIIEAR.

7 18 50 v AR A R RS AR R SR, AR SR A
Einstein /5 iE R KR VIR S 4745 1E.  Einstein!* il i
BIES TR AL, I UBEH o2t 1 214k,
i T EEBEAMESR AL TR TT 5

) 1.5
X o ABIERMIKEVIN 71, nghE 2 TREER

7 AT FHU S5 25 H 15 T 0k 3 V4501 UKL I
FHEBIVIN ) 23 i 5

logR,« = 1.242logD, — 0.497 +0.070(logD, ), (10)
At R ABRE A, Ry = u,d /v, Hehu MBI
B, = JrTpo). dHMEIERRLE, vk IIE B
FA, kil S s IR 1t R

; ®)

Tp

2
fc=pw[R*’v*d] . (11
(L) T 88 R 22 K PR A2 37 7
IRWLYINLSS. 2R, AESEPRist i e, Bt HRKAA

—E HIBBRE, PRI T3 R ORE, SR M Z IE ) F

FEBYIN He [
T _ sin(p—f)
Lo _sie_p), (12)

A BT D RIRILE; @ IR R N EEHE A

FEE KN, e AS AR R B 2E 1R Y RS T
LR R EIRE . QIR NI T AR AR
SIS, W TUKIALE NS RS ) 2 IR PUBRL

EEER]; NI BOE B ALIREE, FAME TN
HRAKI ™ A B ST 2 e A ROR S Zh . Ik, i
FE At R R R I UKL RS B I N 25 RE B AL 4 5
JewelS NS GRS, T ANBEHB %
PF N RURLEE B ) B2 IE A 3

T i .
t—,cc =1+ Cszsma, (13)

W o AP RIS BRI SR BTN 77, C
NEBRITIAAE R R, NBBTE0.5, HIBE L
—0.5; R AIBEEE; i NIRRT, i = (1-n)
X (pdpw—1), Frhn NALBRR, p NIBEERE L aviz
77 Tr) 5 3 T ) R A

ARSI TR IR R 5 R 91
TR e RS0, UG T HESE A A 7, 1
1 T R T o S i R A4 L,
ST T IR NE AR B R S A b A R,
W T SR S S AR TR e LB,
LEB T

(1) SESE IR Lo B LA AR R, AR
R 52 R SR R R MR
ARG R IR A A, TSR
- AR R A (e T BRI MR TR, 7
SEPRM TR AT AR, SN DA R I R
KRB, 5202 BLH BRI Mot 5 L A
fiF BRI OB P SRR MOk, 35 CI A Bk Rt
S B HR (A BY )BiF

(2) HETEfR i DR R R A B0
RBE. IR . ORI SR VIR S 5 BB
VPR IEARS: IR 5 P &
GURISE, Tk IR R R e A, I
RIS P AL BRI A S5 AR R, 3%
SO R R, TR T I R 5
SRR 51 3R ILIE I X 7

(3) HESERIE (U A PE T Mook 15 ik
VSRR, TIO7E R 4 P T L W S5 9
RO, G5 1 o A A A T R L E A
F T PRI R, S TURIDEN I i A
TETE SR AR (L S B P e A . A

2279



WSEAE: HE TSR PR 5 T A I8 Tt AL 2

WG TRV R SRR ES 4, HEEE  Taim R bR A, 550X
FEVRI N 5 CRIRIE ARSI R, @5 7 b, SR A BRI ISR AR AR T HE ZE AR G b iR A

S 3

[V N I

17

18

20

21

22

Costa J E, Schuster R L. The formation and failure of natural dams. Geol Soc Am Bull, 1988, 100: 1054-1068

Fan X, Dufresne A, Siva Subramanian S, et al. The formation and impact of landslide dams—State of the art. Earth-Sci Rev, 2020, 203: 103116
Gariano S L, Guzzetti F. Landslides in a changing climate. Earth-Sci Rev, 2016, 162: 227-252

Xiao S, Zhang L, Xiao T, et al. Landslide damming threats along the Jinsha River, China. Engineering, 2024, 42: 326-339

Cai Y J, Cheng HY, Wu S F, et al. Breaches of the Baige Barrier Lake: Emergency response and dam breach flood. Sci China Tech Sci, 2020, 63:
1164-1176

Zhong Q M, Chen X K, Mei S 'Y, et al. Research progress on outburst risk and evolution process of landslide-dammed lakes (in Chinese). Adv
Water Sci, 2022, 33: 659-670 [£f )5 B, Fi/NaE, M5, S5, 1308 221 v XU 5 Rt ot e KR 3E g, 2022, 33: 659-670]
Zhang J, Fan G, Li H, et al. Large-scale field model tests of landslide dam breaching. Eng Geol, 2021, 293: 106322

Zhou G G D, Li S, Lu X, et al. Large-scale landslide dam breach experiments: Overtopping and “overtopping and seepage” failures. Eng Geol,
2022, 304: 106680

Ma C, Peng M, Zhang L, et al. Erosion, deposition and breach evolution of landslide dams composed of various dam material types based on
flume tests. Eng Geol, 2024, 337: 107598

Zhong Q M, Chen S S, Shan Y B. Numerical simulation of the outburst process of Baige landslide-dammed lake in Jinsha River (in Chinese).
Adv Eng Sci, 2020, 52: 29-37 [#1)5 #, FRA/K, SRR, SIDVT AR SR sl FRBUE B, TR S HR, 2020, 52: 29-37]

Zhong Q, Chen S, Wang L, et al. Back analysis of breaching process of Baige landslide dam. Landslides, 2020, 17: 1681-1692

Zhong Q M, Chen S S, Deng Z. Overtopping failure mechanism and dam-break process simulation of landslide dams (in Chinese). Sci Sin Tech,
2018, 48: 959-968 [#l e B, MRAE/K, XBEE. HEZEWTE Tt e LEE 5 e 0l ARSI AR B RL 2% BRELEE, 2018, 48: 959-968]

Zheng Y, Hu W, van Asch T, et al. Experimental study on the failure mechanisms of non-cohesive soil landslide dams with different scales. Eng
Geol, 2024, 333: 107489

Zhu X, Peng J, Liu B, et al. Influence of textural properties on the failure mode and process of landslide dams. Eng Geol, 2020, 271: 105613
Shen D, Shi Z, Zheng H, et al. Effects of grain composition on the stability, breach process, and breach parameters of landslide dams.
Geomorphology, 2022, 413: 108362

Zhao G W, Jiang Y J, Qiao J P, et al. Experimental study on overtopping failure of landslide dams under different compaction conditions (in
Chinese). Chin J Rock Mech Eng, 2018, 37: 1496-1505 [ &3¢, ZI0i&, Fre-F, 55, A% SE& (138 Y B 2L 08 TR ik ie. 5 A 1%
TSR, 2018, 37: 1496-1505]

Gregoretti C, Maltauro A, Lanzoni S. Laboratory experiments on the failure of coarse homogeneous sediment natural dams on a sloping bed. J
Hydraul Eng, 2010, 136: 868-879

Jiang X G, Wu L. Study on dam-break process of landslide dams under different bed slopes (in Chinese). Chin J Rock Mech Eng, 2019, 38:
3008-3014 [ 56N, 5. AFRABE TSI BB AL 40 1285 TRESAR, 2019, 38: 3008-3014]

Liu B X, Zhu X H, Guo J, et al. Experimental study on incision process of breach in landslide dams with different gully bed slopes (in Chinese). J
Yangtze River Sci Res Inst, 2020, 37: 59-66 [XIFRI%, JRM44E, S081, 25 ASEVA PRI HEZEH O R VI R R I 0T 78, KL R BBk,
2020, 37: 59-66]

Shi Z M, Zheng H C, Peng M, et al. Analysis on failure mechanism of landslide dams considering different discharge channel schemes: A case
study of Tangjiashan landslide dam (in Chinese). J Eng Geol, 2016, 24: 741-751 [ 4R, FR6HE, 3244, 2. 25 LB [F) L 5 R 1O HE SE I ik
BB A A —— DU SR AL 3B SE U ). AR R 244K, 2016, 24: 741-751]

Zhao W'Y, Chen X Q, Gao Q, et al. Experimental study on outburst of earthquake-induced landslide-dammed lakes with discharge channels of
different cross-sections (in Chinese). J Sedim Res, 2011, 36: 29-37 [i4 )3 K, BRIGETE, w4, 25, 7 [RIRE I T itk 7 Al £t 72 A1 2 3 e o S 56 1F
5. RIS, 2011, 36: 29-37]

Winterwerp J C, Cornelisse J M, Kuijper C. Parameters to characterize natural muds. In: Proceedings of the International Workshop on Cohesive

2280


https://doi.org/10.1130/0016-7606(1988)100%3c1054:TFAFON%3e2.3.CO;2
https://doi.org/10.1016/j.earscirev.2020.103116
https://doi.org/10.1016/j.earscirev.2016.08.011
https://doi.org/10.1016/j.eng.2024.07.001
https://doi.org/10.1007/s11431-019-1475-y
https://doi.org/10.1016/j.enggeo.2021.106322
https://doi.org/10.1016/j.enggeo.2022.106680
https://doi.org/10.1016/j.enggeo.2024.107598
https://doi.org/10.1007/s10346-020-01398-3
https://doi.org/10.1016/j.enggeo.2024.107489
https://doi.org/10.1016/j.enggeo.2024.107489
https://doi.org/10.1016/j.enggeo.2020.105613
https://doi.org/10.1016/j.geomorph.2022.108362
https://doi.org/10.1061/(ASCE)HY.1943-7900.0000259
https://doi.org/10.1061/(ASCE)HY.1943-7900.0000259

hERE: BARE 2026 4F HES6 % FH oM

23

24

25

26

27

28

29

30

31

32

33

34

35

36
37

38

39

40

41

4

43

44

45

Sediment. 1990. 103-105

Zhang Q. Analysis on outburst flood and long-distance routing of landslide deposits considering material erosion and hyperbolic lateral expansion
characteristics (in Chinese). Dissertation for Doctoral Degree. Xi’an: Xi’an University of Technology. 2024 [5K 5. 2 FEATRL - X il 2840 7]
PSRRI IR HE ZE A SR SR PR B A7 L2 AR S0, D22 2B TR, 2024]

JuJ, Liu S B, Zhang R Y, et al. Evaluation on theories and methods of soil mechanics-based dam-break models (in Chinese). J Sedim Res, 2025,
50: 1-8 [EIL, X, JkA5 ], 4. AU (3G 507 i AN . YV IIT AL, 2025, 50: 1-8]

van Rhee C. Sediment entrainment at high flow velocity. J Hydraul Eng, 2010, 136: 572-582

Chen Z, Ma L, Yu S, et al. Back analysis of the draining process of the Tangjiashan barrier lake. J Hydraul Eng, 2015, 141: 05014011

Zhou G G D, Zhou M, Shrestha M S, et al. Experimental investigation on the longitudinal evolution of landslide dam breaching and outburst
floods. Geomorphology, 2019, 334: 29-43

Xu Y, Zhang L M. Breaching parameters for earth and rockfill dams. J Geotech Geoenviron Eng, 2009, 135: 1957-1970

Peng M, Zhang L M. Breaching parameters of landslide dams. Landslides, 2012, 9: 13-31

Casagli N, Ermini L, Rosati G. Determining grain size distribution of the material composing landslide dams in the Northern Apennines:
Sampling and processing methods. Eng Geol, 2003, 69: 83-97

Kosugi K. Lognormal distribution model for unsaturated soil hydraulic properties. Water Resour Res, 1996, 32: 2697-2703

Yan W, Cudmani R. A general analytical expression for pore size distribution based on probability theory. Eng Geol, 2022, 297: 106501
Briaud J L. Erodibility of fine grained soils and new soil test. Erosion Soils Scour Found, 2005, 10: 1-10

Jul, He C L, Li P F. Overtopping breaching and propagation model for earth-rock dams of landslide-dammed lakes (in Chinese). J Sedim Res,
2024, 49: 1-8 [ELIL, BRERFS, ZRM0de. dE SE ) 130008 Tse 0 SO Y. Jevb ot 52, 2024, 49: 1-8]

Winterwerp J C, Bakker W T, Mastbergen D R, et al. Hyperconcentrated sand-water mixture flows over erodible bed. J Hydraul Eng, 1992, 118:
1508-1525

van Rijn L C, Bisschop R, Rhee C. Modified sediment pick-up function. J Hydraul Eng, 2019, 145: 06018017

Foortse B, Visser P J, Bisschop R, et al. Experimental investigation into the reduction of erosion of sand at high flow velocities. Proc Institution
Civil Engineers-Maritime Eng, 2019, 172: 55-70

Jop P, Forterre Y, Pouliquen O. A constitutive law for dense granular flows. Nature, 2006, 441: 727-730

Zhao Y X. Measurement methods and evolution laws of pore water distribution and strength characteristics of soils in a wide suction range (in
Chinese). Dissertation for Doctoral Degree. Beijing: Beijing Jiaotong University. 2025 [#X#5%2%. & W /7765 Bl AR FLEBR /K 7 A Ao B 1 I =
T3k SRR 7T 12203 bt dERisg @RS, 2025)

Zhang J X. Study on water-vapor migration mechanism of unsaturated subgrade soil based on evolution of pore structure characteristics (in
Chinese). Dissertation for Doctoral Degree. Xi’an: Chang’an University. 2024 [5K 2251, & T~ FL B &5 R R AE 7 AR i B SE AR AN /K -V RS AL
HIWETE. 22 fig s, P2 K22 R4 2024]

Einstein H A. Formulas for the transportation of bed load. T Am Soc Civ Eng, 1942, 107: 561-577

Hu L, Zhong Q, Chen L, et al. From historical evolution to data-driven breakthroughs: Parameter-decoupled enhancement of the shields curve.
Nat Hazards, 2026, 122: 28

Soulsby R L, Whitehouse R J S W. Threshold of sediment motion in coastal environments. In: Proceedings of the Pacific Coasts and Ports 1997
Conference. 1997. 149-154

Jewel A, Fujisawa K, Murakami A. Effect of seepage flow on incipient motion of sand particles in a bed subjected to surface flow. J Hydrol,
2019, 579: 124178

Lobkovsky A E, Jensen B, Kudrolli A, et al. Threshold phenomena in erosion driven by subsurface flow. J Geophys Res, 2004, 109: F04010

2281


https://doi.org/10.1061/(ASCE)HY.1943-7900.0000214
https://doi.org/10.1061/(ASCE)HY.1943-7900.0000965
https://doi.org/10.1016/j.geomorph.2019.02.035
https://doi.org/10.1061/(ASCE)GT.1943-5606.0000162
https://doi.org/10.1007/s10346-011-0271-y
https://doi.org/10.1016/S0013-7952(02)00249-1
https://doi.org/10.1029/96WR01776
https://doi.org/10.1016/j.enggeo.2021.106501
https://doi.org/10.1061/(ASCE)0733-9429(1992)118:11(1508)
https://doi.org/10.1061/(ASCE)HY.1943-7900.0001549
https://doi.org/10.1680/jmaen.2019.6
https://doi.org/10.1680/jmaen.2019.6
https://doi.org/10.1038/nature04801
https://doi.org/10.1061/TACEAT.0005468
https://doi.org/10.1007/s11069-025-07819-7
https://doi.org/10.1016/j.jhydrol.2019.124178
https://doi.org/10.1029/2004JF000172

WSEAE: HE TSR PR 5 T A I8 Tt AL 2

Erosion characteristics of landslide deposits and overtopping-induced
breach mechanisms of landslide dam

HU Liang', ZHONG QiMing'?, CHEN LingChun', SHAN YiBo' & ZHANG LuCheng'

! National Key Laboratory of Water Disaster Prevention, Nanjing 210098, China
2 Key Laboratory of Reservoir and Dam Safety of the Ministry of Water Resources, Nanjing 210029, China

Landslide dams are formed by landslide masses blocking rivers and impounding water, and are highly prone to overtopping
breaching, posing severe flood threats to downstream areas. However, the erosion characteristics of landslide deposits and the breach
evolution mechanism of landslide dams remain unclear. In this study, flume model tests of landslide dam overtopping breaching were
conducted to investigate the influences of gradation and relative density of landslide deposits on the breaching process. The
experimental results show that variations in relative density mainly alter the breach development rate but exert little effect on breach
morphology. The gradation of landslide deposits dominates the evolutionary process of breach morphology. With an increase in
coarse particle content, the longitudinal breach morphology successively exhibits head-cut, scour pit, and linear patterns, while
intermittent instability of the transverse breach slope presents toppling and shear failures in sequence. The peak breach flow is
positively correlated with the uniformity coefficient of landslide deposits, and the breaching duration is negatively correlated with the
mean particle size. Erosion rate tests reveal that the layered movement of bed load is the main cause for the inhibited erosion process
of landslide deposits under high-velocity flow. Based on the mean particle size, bed shear stress, and critical incipient shear stress of
particles, an erosion rate formula for landslide deposits considering the dynamic variation of the erosion coefficient is established,
clarifying the erosion inhibition mechanism during landslide dam breaching. The research findings are of important theoretical
significance for revealing the erosion characteristics of landslide deposits, as well as the evolution mechanisms of breach morphology
and breach flow discharge.

landslide dam, overtopping, erosion characteristics, breach evolution, breach flow discharge, breach mechanisms
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