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Characteristics of Wave Motion and Flow Regime Transition of Debris Flows in
Deeply Incised Gullies with Alternating Wide and Narrow Sections
HOU Chengyou, LU Liqun, MA Chao, CHEN Yu, ZHANG Yinrui, JIN Jiajun, HUANG Feng, ZHU Guinan

(School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China)
Abstract: [ Objective] The rapid incision of rivers in the Tongde Ancient Basin has resulted in the formation of
debris flow gullies with alternating wide and narrow sections. Investigating the wave motion of debris flows in such
unevenly incised terrain is of great significance for disaster prevention and mitigation. [ Methods ] Field monitoring
of debris flow processes in alternating wide and narrow sections was conducted using mud level gauges and
velocity meters. Additionally, flume experiments were performed to examine the influence of varying rainfall-
runoff discharges (Q,— Q;) on the flow regime transitions and dynamic processes of debris flows in such terrain.
[Results | For moderate-scale (Qs) debris flows, the Froude number increased by 15.63% after passing through
the canyon section compared to before the canyon section, and the flow head showed significant fluidization. The
canyon terrain amplified the velocity of moderate-scale (Q,) debris flows, increasing the speed by 32.21%
compared to before the canyon section. The canyon terrain suppressed the velocity of small-scale (Q,, Q) or
large-scale (Q,, Q) debris flows, reducing their speed by 15.65% to 53.44% compared to before the canyon
section. [ Conclusion] The canyon terrain significantly affects the velocities of the debris flow body and head, as
well as the additional slope drop induced by the flow head. The balance between the thrust of the debris flow body
on the head, the additional gradient formed by the head, and the frictional resistance of the head leads to the
intermittent wave motion of the head. For debris flows triggered by moderate rainfall intensity, the fluctuation of

pore water pressure was pronounced after passing through the canyon section. The debris flow experiences shear
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thinning with low resistance, resulting in higher velocities at the gully outlet under medium intensity rainfall

conditions compared to high intensity rainfall conditions. Meanwhile, the shear stress of the thinned debris flow

body increases, showing a tendency toward headward erosion and amplifying the scale of the debris flow.
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Fig.2 Variation characteristics of incised gullies

1.2

I 7%

SR KRS 12058 1) 7 0 AU e 25 1o 3 0 T A L R
A7 AL B R AR AR S A M 0 3 TE R KA

iz B FR

RS U] e RS g 1:100, KB KK 12 m,
$5 0.6 m, 0.7 m, YWl 0.32C1K 4>, KK b iir ik &
3.94 m X 1.25 m><0.98 m (7K , K H $& K, 40
Ree TV 9L, 7K 6 R /N FL M D T A P O, 3 et

AT AL 1 T R AR B . R E S T
B (Q~Qy) , it & 4 il 4 6.72,13.38,25.65.,36.21,
47.36 L/so /K8 0~2 m Wi KB, e 283 /KA /L
HORBIAE T, 2~12 m B 0.35 m R IR &4,
8.2~9.0 m AU A B, 5% 0.15 m, B 18 1 T %
ANF 5T YD 10 e 25 o 3 o /KORE I T Ry 85 B 4R 4k
DR W AR I 20 B4, OF A B 11 & m i s R ALid sk
S FNUR A7, BT 2 Adobe Premiere Pro #4443 #7 Fil
THIR I A A M AR AR Ak . AR KA Y 3.8.5.2.6.4,
7.0.10.5 m &b A B FLHE A 4 AR SRR | SR S 0T 0
Sk 10 Hz, 2 s 0 2t O 1 3 v i 1) L Bt /K R o R R
J178 4k

TR Z H 19 T U1V IR Pl AL O A e 2% A0 VD 21
URL 2 IC UL 18] a1 56 K Al 14 1 PR U8 ¥ i 8 60 4 5
B OB AR 5.0~40.0 mm) Fl & 40 50k Chr 42 0.5~
2.0 mm) 4 i%,, WOk %5 B A 2.65 g/cm®, ML 40 TORL L)
9: 1 LB A MUK, & A 1% 09 A R Bk T, 8 T
PURIIETRES S Uik A7 33 A0 T ot/ 4 LN ES Yo

BH % /m

B3 TIABERARMERRIENTENZM

Fig.3 Influence of canyon section in incised gullies on debris flow motion process

(@ 4y . (b) BRI 4
124 v 00:00  02:00  04:00 06:00  02:00  10:00
o A T p 0 0
£ 8 =
;}: 60 | / o — 0.2
12 4 ! Eo04 ..
N | sl 8 £
0f . =06 =
2 1 1 1 1 1 1 1 1 1 2 e
02 4 6 33;0 12 14 16 18 E g :%%
= | et e
16 ﬂ.wm :_:__‘__! ‘o Big
14 | =
12
1.2
s 10F VDL R -5
Rl NV
e S y "
= 48 ) | 2023F10H5H
d
3: l N __.' S2 24 r T 7
-2 ' ' i 1 1 HE(SD P
0 2 4 6 8 10 20 E(S3) io 18
10 i /m Sy ] 1212
2 o, L6 E:-JS
; Iy :%, 1.2 "
= l vD 27 | 0350 04:00 09:10 0420 0430 044D 0450 G500
E R . = 08 i BHEEE #)
i 4 \} VainN gm =
iz 2L \_ B | 04+ jbl ﬂl
0ok _I 3 0 1 I 1 1 " 1 ]
R i | 00:00 02:00 04:00 06:00 08:00 10:00
002 4 6 8 10 12 14 16 18 EZI(E: 53)

B4 KKE
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