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Fig. 1 Location of Benggang-related mud-sand flows happened at Jingshen village, Deqing county, Guangdong province, China
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Fig.2  Geologic map of Guanxu town, Deqing county, Guangdong province, China and its adjacent regions
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Fig.3 sampling sections and field observation sites located at the Jingshen mud-sand flow ;

(a) schematic diagram of observation ( sampling)sites; (b) photo of field work
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Fig.4 In situ surveying and sampling during the event of the Jingshen mud-sand flow on August 13, 2021 .

(a) surface flow into the main channel; (b) sampling and monitoring at first time;

(¢) sampling and monitoring at second time; (d) sampling and monitoring at fourth time
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Tab.1 Observation data collected at sections of main channel
L H 4] PRI G VT T 4 Fid/ (em - s7h) 58/ em TERHR em R/ (w57

I 44 35 3.8 5.85x107?

1 11 44 84 2.4 8.87 x107?
v 47 90 2.2 9.31 x1073

2021 -08 - 10

I 24 31 2.0 1.49 x107?

2 111 26 77 1.2 2.40x1073
v 26 71 1.5 2.77 1073
I 73 60 3.6 1.58 x10 2

1 1 87 95 2.6 2.15 %1072
v 80 92 4.0 2.94 %1072
I 109 68 6.7 4.97 x1072

2 11 145 97 4.8 6.75x10 72
v 125 92 7.3 8.40 x 1072

2021 -08 - 13

I 135 72 6.6 6.42 x10 72

3 11 158 99 5.7 8.92 x10 2
v 132 98 7.4 9.57 x10 2
I 143 72 7.2 7.41 x10 2

4 11 172 101 5.8 1.01 x10 !
v 145 109 7.6 1.20 x10 7!
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Tab.2 Particle size characteristics of the Jingshen mud-sand flow
ANTRPRLAZ G Vb UL Y S5 1 4 L/ %% i
Rpep D OREE ORISR RS s iy Bk L —
M5 WF (tem7)  E o 2~ 0.5~ 0.25 ~ 0.075 ~ <0.005
P Swm 0.25mm 0.075mm 0,005 mm  mm mm
1 .03 2.67 0 0.16 3.03 19.39 49.55 27.87  0.029
I 2 1.04  2.63 0 0.10 1.01 9.08 57.45 32,36 0.022
1 .03 2.64 0 0.04 0.32 8.09 58.56 32,99 0.021
! 2 .02 2.64 0 0.22 0.25 8.30 58.71 32.52 0.021
2021 -08 - 10
1 .07 2.66 0 0.14 1.57 23.97 47.21 27.11  0.031
" 2 111 2.65 312 36.51 16.20 16.17 14.51 13.49  0.301
1 .05 2.65 0 0.40 0.18 7.53 59.00 32.89  0.021
Y 2 .12 2.62 0.22  23.56 5.00 11.84 39.77 19.61  0.047
1 1.07  2.64 237 20.97 11.15 16.31 27.36 21.84  0.079
2 1.09  2.65 3.03  25.39 7.49 17.92 29.33 16.84  0.097
I 3 115 2.67 2.51  30.54 18.35 17.70 16.21 14.69  0.264
4 .18 2.65 2.98  45.04 12.29 13.26 14.95 11.48  0.444
1 1.04  2.62 0 1.15 2.57 20.95 51.10 24.23  0.032
2 .05 2.65 0.04  6.46 9.21 25.92 38.56 19.81  0.051
! 3 .10 2.64 0.51  22.16 12.83 19.87 25.35 19.28  0.109
4 .10 2.65 0.18  7.66 5.80 24.60 38.81 22,95 0.044
2021 -08 - 13
1 111 2.65 4.58  16.79 9.45 18.58 34.72 15.88  0.072
2 111 2.64 477 26.01 5.11 17.48 28.68 17.95  0.095
" 3 1.08  2.66 0.0  0.29 1.14 20.59 55.58 22,39 0.031
4 1,10 2.64 0.0 0.70 3.09 24.50 61.21 10.49  0.040
1 .09  2.62 0.89  20.14 10.32 13.79 31.94 22,92 0.055
2 .22 2.67 2.79  42.33 14.74 17.34 19.47 333 0.374
v 3 .20 2.63 2.03  38.58 16.85 14.59 14.11 13.84  0.316
4 117 2.65 0.66  19.90 14.69 22.23 25.56 16.96  0.120
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Fig.5 Grain size distribution curve of the Jingshen mud-sand flow: (a) sampling at first time on August 10, 2021

(b) sampling at second time on August 10, 2021; (c) sampling at first time on August 13, 2021; (d) sampling at second time on

August 13, 2021; (e) sampling at third time on August 13, 2021; (f) sampling at fourth time on August 13, 2021
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Tab.3 Hydrodynamic parameters of the Jingshen mud-sand flow
S W i W R IR BLIRE REERRE KW IR v SiTRvIES
LI A .
z%% Yi’\)? Fr Re f n 7/Pa w/[N-(m-s)’lJ P/(m-s’l)
1 0.72 16 852 0.82 0.057 2.09 0.92 0.03
I
2 0.54 5069 1.57 0.072 1.20 0.29 0.02
1 0.87 11 503 — — — — —
I
2 0.52 3133 — — — — —
2021 -08 - 10
1 0.91 11 414 0.60 0.046 1.58 0.69 0.03
I
2 0.76 3695 0.88 0.050 0.84 0.22 0.02
1 1.01 11 539 0.48 0.041 1.43 0.67 0.03
v
2 0.68 4050 1.08 0.058 1.04 0.27 0.02
1 1.23 28 990 0.31 0.035 2.23 1.62 0.05
2 1.35 73 708 0.24 0.034 3.98 4.34 0.07
I
3 1.68 91 164 0.16 0.028 4.18 5.65 0.09
4 1.70 104 668 0.15 0.027 4.61 6.59 0.09
1 1.07 12 924 — — — — —
2 0.90 34 900 — — — — —
I
3 1.06 41 467 — — — — —
4 1.09 41 568 — — — — —
2021 -08 - 13
1 1.72 25112 0.17 0.025 1.77 1.54 0.06
2 2.11 75 106 0.11 0.022 3.15 4.57 0.09
I
3 2.11 92 779 0.10 0.022 3.59 5.67 0.10
4 2.28 100 441 0.09 0.021 3.73 6.41 0.11
1 1.28 34 447 0.29 0.035 2.61 2.09 0.05
2 1.48 93 455 0.21 0.032 5.00 6.24 0.08
v
3 1.55 100 499 0.19 0.031 5.02 6.62 0.09
4 1.68 109 931 0.16 0.029 5.06 7.33 0.09
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Tab.4 Sediment-yield characteristics of the Jingshen mud-sand flow
— Wi oL i/ RRbN- f— e wUE/ CFEsYR/ Wi, WD/
H5 o UWF (wlesThH) (mdesT! m’ (kg-m™) (kg -m™?) kg (kg +s™")
1 5.85x107*  5.85x1073 195 1.14 48.96 48.96 55.81 0.29
: 2 1.49x107>  3.67x107% 1010 3.71 62.72 55.84 207.17 0.20
1 2.86x107> 2,86 %1073 195 0.56 48.35 48.35 27.08 0.14
! 2 4.80x10°*  1.67x1073 1010 1.69 33.23 40.79 68.94 0.07
2021 -08 - 10
1 8.87x10™>  8.87x1073 195 1.73 111.12 111.12 192.24 0.99
" 2 2.40x107%  5.64x107> 1010 5.70 169. 02 140. 07 798. 40 0.79
1 9.31x1073  9.31x107? 195 1.82 74.84 74.84 136.21 0.70
v 2 2.77x107*  6.04x1073 1010 6.10 187.56 131.20 800. 32 0.79
1 1.58x107>  1.58 x10 2 168 2.65 105.42 105.42 279.36 1.67
2 4.97x1072  3.28x1072 400 13.12 151.23 128.33 1683. 69 4.21
: 3 6.42x107%  4.32x107? 774 33.44 245.98 167.54 5602. 54 7.24
4 7.41x1072  5.10x1072 1203 61.35 292.49 198.78 12195.15  10.14
1 4.22x107%  4.22x10°3 168 0.71 61.58 61.58 43.72 0.26
2 1.58x107>  1.00x1072 400 4.00 75.25 68.42 273.68 0.68
! 3 2.16 x1072  1.39x1072 774 10.76 164.63 100.49 1081.27 1.40
4 2.38x1072  1.64x10°2 1203 19.73 161.24 115.68 2282.37 1.90
2021 -08 - 13
1 2.15x1072  2.15x1072 168 3.61 170.38 170.38 615.07 3.66
2 6.75x1072  4.45x1072 400 17.80 176.35 173.37 3085.99 7.71
IH 3 8.92x1072  5.94x1072 774 45.98 127.49 158.07 7268. 06 9.39
4 1.0Ix107"  6.98x1072 1203 83.97 165. 05 159. 82 13420.09  11.16
1 2.94x1072  2.94x1072 168 4.94 147.86 147.86 730. 43 4.35
2 8.40x1072  5.67x1072 400 22.68 351.82 249.84 5666.37  14.17
v 3 9.57x1072  6.97x1072 774 53.95 323.93 274.54 14811.43  19.14
4 1.20x10°"  8.23x10°2 1203 99.01 267.09 272.68 26998.05  22.44
L PNES & AP A K o R I S AN T o
AT TR, B b K T A b i > 50 kg/m® B
4 e AT AL R BEDLHUMR , BI85 1 VK 0 3 %
SR K i AR R I R R, TRLAR < 0. 01 mm 1Y
4.1 RWRETEIDKIR FPEANIOR & B AOA N R — A R R,

Vb B R R AE A R D TR A B i &
BERR . S UK S VKR 0 X ) R
AL C R T ORI AR WA, /s a vk
FiWE SN & U 200 ~ 300 kg/m® e DL F B vb
KT WA B ORE TR 200 ke/m® AR RS
VKR SR S KRB R o SR, X T —K
WEF 77 A B BV K O, B3 4 U > 150 kg/m’ B

MR <0.01 mm [ AIE0R: A SR 3 — 5L
(LN , KRR 2 I AR B0 P2 £ o A B s, BV
ARG RE o F v KRR <0. 01 mm
AL BORE &5 Vb B — I AE 40 ~ 60 kg/m’™ | 43
Y YR I 7 2 B v A T I ST A A v
>150 kg/m’® FI/BRA% <0. 01 mm [ 1 41 550k
EU R > 40 kg/m’ I, AT KR B A UK.
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Fig.6 A section of gully wall in the middle reaches of the main
channel caving in due to lateral erosion of the Jingshen mud-sand flow:
(a) sudden increase in sediment supply as a result of gully wall
collapsing, leading to an increase observed in silt concentration at
section III; (b) channel jam due to gully wall collapsing near
the upstream of section III, leading to a drop in silt concentration

at section II1

U, TERIFSY i VD K I Hh 20 SR B Xo R s o
()52 ) B, 266 P 200 SR B o ) R O (B B IR B
35 kg/m’, H4 & b &Eik 5] 150 ~ 200 kg/m’ 1}, 7K
BN ATHEA R S KRR

PeVb KA Ui £ g 400 ~ 600 kg/m’, J& T 75
VORI o TR T L B G 0 8
WoRE S B & v 1ok 257. 03 ~960. 55 kg/m3 By
465.52 kg/m’ , BIRCIAEN @ & vk bR e, HH B
KA 1.60 v/m’ CIEE TRPETR A R aiams" .
I AR R EAR TR A B S 1 24 ASVRRD TR S B v
= 33.23 ~351.82 kg/m3 (F4),¥Fy155.15 kg/m3 s
IR HC I B R U D D (B EL R B2 & v i
> 150 kg/m® BIFRIE o BEAb,24 D PRTS AL &b
A 11 ARER BRI <0. 01 mm (9B 1E 40 B0R: & v
B >40 kg/m’ (%5) .t 7T LB AR i Je b
VLB & U AR, B EDIE T 0 gk
R FARS B S5 E
4.2 RERREEREMA

VB K A S T SR A 5 AR TR
PRSI AR N, EE R S
BRI _F 37 SE0A v 12 PR O B 6 A R R B 394, 7K
V25 Sl PR TR T HE A VDA R A (250 R M A
W) PRI B TR AR AR i 5 Y 1 HB T
A5, EWEIR A FE R bE S MR, o
A7 TT S FURFRIE {4 PR &2 Bt , PR IR T 10 45 v 1 A
IV SRR T, K 59 ) 1 ALK S R B |

x5 RREARNREBWIR<0.01 mm FHEAFTRSHE

Tab.5 Content of viscous fine particles with size <0.01 mm in diameter in the Jingshen mud-sand flow

‘ WiE ORKE REES Bl % . Wi OREE REES AR
Rk H 1 L - ” . FREH W L o . O
' ¥ /% (kg-m™) ' WIT H/ % (kg +-m™?)
1 40.32 19.74 1 27.68 17.04
I
2 50.20 31.49 2 34.47 25.94
I
1 45.86 22.17 3 21.10 34.73
I
2 47.33 15.73 4 29.41 47.43
2021 -08 =10
1 36. 60 40.67 1 23.57 40. 16
I
2 15.88 26.85 2 21.64 38.17
2021 -08 - 13 I
1 44.60 33.38 3 37.81 48.21
v
2 31.15 58.42 4 31.02 51.20
1 25.38 26.76 1 29.40 43.47
2 22.84 34.54 2 16.82 59.18
2021 -08 - 13 1 v
3 17.48 42.99 3 18.86 61.10
4 13.09 38.29 4 21.51 57.44
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VAR DS EL TR A B A P 28 6 T i R
>0.5 mm/min B A]JE B & VK 5 1 AR g BT
IREFTIREE > 1. 1 mm/min I, fi5 i) 18 45 7K 0 B9 7
VRO EAE SRR . A5, &

BOS RO TRP AR RN E A, REDFAIPRE TR B Y U 0 A 0 P 2 R W e N

TS HHAS R R LI, 4 U8 v Ok T 45 ik
1D e 7S G VAR L R e AR Rt T R PR U
B AR IR B HLDURL A0 Bl 0 s > 2k
AR A BOMBH g 28 8l N, YW 7K S RE s b | hig
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Tab.6  Correlation coefficient of hydrodynamic parameters and sediment yield and sediment yield rate of the Jingshen mud-sand flow

ZRHYFE o

R6 RRBHEWMRKNNEZSHSHWDENRDEHNEXREY

1.33 mm/min, Hids& | 4 A>EF B B R R R RN
SR, REAS T J 7 I T X Ufe A 3 i v o D g 1D

Hi [ 7 RN, R e TC 18 R o i v el e i
A WA HH O IEAR A, B JeRb I ey v i

, IR
WP ZH
Fr Re f n T 12} P
b 0.59 % * 0.80 % =* -0.46 -0.47 = 0.75 % * 0.81 % =* 0.68 % *
b= 0.69 % * 0.88 % * -0.60 % * -0.60 * * 0.88 % * 0.90 % = 0.78 % =
Heow o BEMEAKFE T p<0.01; = KK p<0.05,
r 28000 124
28000 (@) ; 24 (b) o
—a— b E —a— b E
21000 e EYE Ly 21000 e WBE g
T o o
E 2 W 2
B 14000 2.2 A 1400 12
2 - & 2
® 2 =
& &
7000 16 7000 | 16
0 A I o Laa——f———"10|
0 10 15 20 25 30 0 5 10 15 20 25 30
[ R &#/mm f% R &/mm
28000 [ 124 28 000 d 124
e e R @
—o— Enyh#
21000 wOE g 21000 f 118 _
o0 @ ) o
= % 4 2
I8 14000 | 112 i‘“ 06 14000 - 112 ‘f’
7000 16 7000 s HYE {6
0 0 0 . . . . . 0
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[ R &/mm f% Y &/mm
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Fig.7 Influence of precipitation on sediment yield and sediment yield rate ( the mud-sand

flow event on August 13, 2021) :(a) section I; (b) section II; (c) section III; (d) section IV
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flow event on August 13, 2021) : (a)section I; (b)section II; (c)section III; (d)section IV
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Hydrodynamic Properties of Benggang-Related Mud-Sand
Flow and Sediment Yield;: A Case Study of Jingshen Mud-Sand
Flow at Deqing County of Guangdong, China

YUE Meng, LIU Xilin *
(School of Geography and Planning, Sun Yai-Sen University, Guangzhou 510006, China )

Abstract: Benggang ( collapsing granite hills) is a typical soil erosion phenomenon widely occurring in the granitic

weathering zones of South China, characterized by its capacity of extreme landform renovation. Mud-sand flows feed

by Benggang sediments are main erosion and transportation force in creating Benggang landscape or Benggang valley

in the areas. Production, living and eco-environment in a community in the proximity of a Benggang valley often

seriously suffer from striking or occupying of sediments transported by mud-sand flow out of the valley. A proper

understanding of the behavior of Benggang-related mud-sand flow is helpful to better solve the ecological and
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environmental problems caused by Benggang erosion. Unfortunately, by now it has not yet been knowledgeable for
Benggang. For example, an occurrence of mud-sand flow took place with minutes, quite difficult to observe and
sample it on site; the physical properties of mud-sand flow, movement process and sediment migration are still not
very clear. In this study, a typical Benggang-related mud-sand flow happened at Jingshen village, Deqing County,
Guangdong Province, China was investigated as case study for interpretation of its hydrodynamic mechanism. Field
observation and sample tests were conducted to measure the rheological properties, flow characteristics and
sediment-yield characteristics of mud-sand flows. The following results are obtained: (1) The average volume
weight of the Jingshen mud-sand flows was 1. 10 t/m’, mostly exhibiting a bimodal particle size distribution curve,
with an average median particle size 0. 113 mm. (2) The mud-sand flows were assorted as hyper-concentrated flow
with an average silt concentration of 155.15 kg/m’. Its average sediment yield rate was 5.15 kg/s, with the
cumulative sediment yield up to 26 998 kg. (3) The mud-sand flows were categorized as turbulent current. The
hydrodynamic parameters including Froude number, Reynolds number, flow shear stress, stream power and unit
stream power were positively correlated with the sediment yield and sediment yield rate; the roughness coefficient
was negatively correlated with the sediment yield and sediment yield rate, and the resistance coefficient was
negatively correlated with the sediment yield rate. (4) The sediment yield and sediment yield rate increased with
the increase of precipitation and rainfall intensity. This paper will provide a scientific basis for better solving the

ecological and environmental problems caused by Benggang erosion and related geohazards in South China.

Key words: Benggang-related mud-sand flow; field observation; hydrodynamic parameters; hyper-concentrated

flow; sediment-yield characteristics; Guangdong



