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Abstract ;[ Objective | The aim of this study are to explore the characteristics of hydrodynamic parameters on
the slope runoff of two typical artificial disturbance engineering accumulations, bare slope and soil rock
mixture under rainfall conditions, to quantify the critical conditions for erosion dynamics of accumulations,
and to lie the foundation for elucidating the erosion dynamics mechanism of accumulations. [ Methods] This
study focused on the loose red soil engineering accumulation as the research object. The runoff dynamic
hydrodynamic characteristics of bare slope and mixed soil and rock accumulation (20% gravel content) under
different rainfall intensity conditions through simulated rainfall experiments were analyzed. The critical
dynamic conditions for erosion of different accumulations were quantified. The research on the internal mech-
anisms of accumulation erosion was conducted. [ Results] The runoff of accumulations changed from laminar
slow flow to laminar jet flow, and Darcy-Weisbach increased by 1.40~ 3.54 times, with the increase of

rainfall intensity from 1.0 mm/min to 2.0 mm/min. The runoff shear stress and runoff power of the accumu-
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lation showed an overall increasing trend with the increase of rainfall intensity. When the rainfall intensity
was 1.0 mm/min, the average runoff shear stress of the soil rock mixed accumulation decreased by 44.99 %
compared to the bare slope. However, when the rainfall intensity was more than 1.5 mm/min, it increased
by 2.90%~18.50%. The gravel action reduced the average runoff power by 10.38% ~68.13% compared to bare
slopes under three rainfall intensities. The gravel action also reduced the unit runoff power and the unit energy of the
water flow section by 20.11% ~40.45% and 21.06% ~37.57%, respectively. The runoff power parameter was
used to characterize the dynamic changes of slope erosion in accumulations. When the rainfall intensity was
less than 1.5 mm/min, gravel could inhibit accumulation erosion, and the critical runoff power increased by
19.38%~138.12% , resulting in a decrease of 79.87 % ~83.51% in soil erodibility. When the rainfall intensity
reached up to 2.0 mm/min, the critical runoff power decreased by 97.87% , and the soil erodibility increased
by 347.43%. [Conclusion] Rainfall intensity has a significant impact on the hydrodynamic parameters of both
bare slopes and mixed soil and rock accumulations. However, as rainfall intensity increases, the role of
gravel in regulating erosion of the accumulations will change, a critical rainfall intensity can be indentified.

Keywords: soil and water conservation; red soil accumulation; rainfall test; dynamic hydrodynamic; erosion
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Fig. 7 Dynamic changes of unit energy of runoff water section with time in different spoil heaps
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2.5.1 REHBEAIZE RS H S ad  WRIAERT
WX 45K F17K B0 1 2800 sh 28 A8 Ak R 43 A vl AL 7
J7U 40~ 60 min W [A] 5 2 H0E A AR Ak B2 AN
mAaE . I BFI0K = 40~60 min 19453 51
(EAE S S AT B AH L R EE A3 8 T 2 b AR A AN []
B8R B SR DA SOHH R B3 R 25 10 F AR + AR A
MERRUR 22 (6] 1 22 S v (3% 1), S5 R R UL 0 T ok,
SR e R R TR O 07 TEAR AR TR ) R AR
T Ly SR A 7K T T B {7 B Bl A N 5 B K 1.5~2.0
B AR 1,58 ~3.77 £5.1.34~2.04 £5.2.13~
2.501%.1.47~2.08 f%.1.86 ~2.37 %5 Al 1.20~1.60
5 AR 25 1F T A TR G HE B 3G R A5 5500 i oy
2.06~30.09 % .1.32~3.32 £%.2.63~2.77 1% .1.28 ~
3.29 1% .2.08~2.95 % F1 1.00~2.00 £, X TR N &R
0, i VAR TR 5 R 48 K, R 3 R - TR A HE LA o i
i 77.69 % ~84.12 % Fl 85.66 % ~86.99 % 5 i) i} #
AR 1 42 U 5 1) 7 i e B 9 KR B 12,19 06 ~
21.33% , A IR A HE R (9 42 T 5T D) 7 B R a8 1S R
£ 1.5 mm/min FFET 38.26 %, {H 7 F& 1 58 JiE 3k 3
2.0 mm/min B3R 11.25% .,

Xof LAk A A P GT  RRLAAS 38 T A o ol R % S 5
R AT R E<<1.5 mm/min I 1+ 718 & HE
TR 119 S 24 42 ol ol 56 R 428 300 B D10 7 AR 33 43 91 A A
80.39% ~ 84.95% Fl 13.85% ~ 32.39% , fH7E 2.0
mm/min Z5 N kA £ 5 B8UR loR 55 1 7 43 5
K 20.04 %6 F01 9.15%6 33 FIBERN SR EE T - A TR G HERUA
P B VA I 9 57 TR AR T T 3R B AR T ) R R 3 K
W T BAAE R 20 1 LU BRI 820 9.54 96 ~45.36 %6, 7.35 % ~
25.00% 5. 81% ~ 47.86%, 13.76 % ~ 30.81% F1 0 ~
33.33%0 , M BH ) R 5 14.67 0 ~78.35%.,

LRV R R, MENRE T L ARA
BRI 2 SH S0 2 B3 22 5 (p<<0.05) , i
— PR ST T OBR A R HE FRA B R ik KK oK B )
SRR WE R, A R T H T X R R R Y
N ASE N A Z S, R+ ARG R
AT T AT B0 A T T R ORI B AR R D) R AE 3 R
SRS B 25 S, FLM S B (R il R oY 1R
B BH Ty FR B AR T B I AN At oK DR TR B D 7E 3
FhREm & A 2R, Sk BFBEM A 1.0 mm/
min 5 2.0 mm/min Z FERSSHESHER
PER 2 (p<<0.05),

F1 HEREREMROEMERS KK NS EEE

Table 1 Characteristics of erosion rate, hydraulics, and hydrodynamics parameters during the stable stage of spoil heaps

T THRREE FRkIEH FRkaAIEH
(mm* min~ ') (gem 2esh) Re Fr t/Nem™ ) w/(Wem™ %) Ultmes™ ) E/m

10 i3 5.5840.26Ac AL75E111Ae 0.6420.02Ac  16.81£0.84Aa 3.61£0.13Aa  0.146440,0053Ac  0.017240.0002Ac  0.00050.00001 Ac
+AHRE 0,8420.03Bb 23.18£0.658c 0.48£0.02Bb  29.98+2.35Ba 3.11£0.08Bb  0.087340.0027Bc  0.01194:0.0003Bc  0.0004%0.00001Bb

; 3/t 8.8220.20Ab 56.04+1.24Ab  1.360.04Ab 3.7510.20Ab 2.84£0.05Ac  0.214620.0049Ab  0.032020.0007Ab 0,00060.00002Ab

b +hRA 1.7340.08Bb 30.62+1,068b  1.26+0.03Ba 4,3040.18Bb 1.9240.07Bc  0.1119£0.0039Bb  0.0247£0.0003Bb  0,0004£0,00001Bb

20 ¥ 21.0610.69Aa 84.99+0.58Aa  1.6010.04Aa 2.67£0.11Ab 3.17£0.05Ab  0.304740,0022Aa  0.040740,0005Aa 0.0008+0.00002Aa
+ARE  25.28£1.67Ba 76.88+0.97Ba  1.33+0.03Ba 3.90£0.17Bb 3.46£0.05Ba  0.287040,0040Ba  0,035140,0006Ba  0.000840.00002Ba

T R /NG TR AR R T TE 3 AN (7] 15 b 55 5 T 19 22 S M 20 A7 5 K5 5 B AQ 3 AR () I8 W 56 52 2400 4 0 e 0 3R 5 O B 2 Tl ity 22 S 1 0%
BT 5 o R [R] R AR 1 3 22 53 (p<20.05) A A T REAR R 28 MRS .36 (p=>0.05)

2.5.2 ARMAMEWSA  FETHCHE T, T E
WL R ok ke =R 5 423 7K F1 KoK 3 71 2 8000 5 1 R &
(£ 2). Lt 3 MR SR BE A 1F B RYL5 R KW
TRRYE A= ok o R 5 7R T ORI BE ) 2R B ) A
EFEFITARSEE R (p<<0.01), 5 57 4 2 | 3 E A
KRF(p<<0.05) . 5K N ZH Y ) AR RIHR
PEAR U A I 7K W T B R X 2 A 35 IEAH S &R
(p<20.01) , ELAR frh sk 4 5 42 JiT 2y 4 ) A S M de vy (AH R
FHCN 0.773) , HU A 3 K W T B 07 BE (A ¢ R B0h
0.745) , RV 2 24 1k 7K W T 507 BE AT A Jhy R AE A=k
AR 3 1 ZH8G X T 2 ARG B A= il R 5 K
T BRI 30 55 TR BT 280 Rk 3 1 280 (3
UIPAREY VIR SN YRGS YR PuwiN N TR R NAG PRI

e i FAHIEIE R (p<<0.01) , HALE BH Iy REUE FupH 6K
B WTE S 7K T THT BRI R A% G T 6 X 42 ekt 3R 1Y)
SN R (A R B 3 0.954,0.919,0.829) , EA
B R AR T T 380 A G-t 220 o M LA I 1 42 o sl 5
b TRIE ARGk 43 B itk — 20 R WY R A VR T R el 1
HERRARAR 1 K 11 S HORUK 31 1 SR RIS B R
AR AT S B0 B A G (p<<0.0D) 1
MR AT A7 A 3B 53 S B0 DG P B35 (p =>0.05)

HH G 43 BT 2% BH A28 U0 ) 238 W] A Ay S B AR {2 ok 3ok
RIYRIESE ZH MG X R WE 8. X F#HHE,
TERETR 38 B <C1.5 mm/min B}, {2 0h 3 R 54 7% o &
Z AR E MR (R =0.75~0.92) , (H7E[%
Y3 BE TR F] 2.0 mm/min Bl TR o 2 Y 28 A i
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Table 2 Correlation analysis of erosion rate, hydraulics, and hydrodynamics of spoil heaps

THIE ZH H i 57 TR A IIEY LRI B % A ﬂﬂ(\%ﬁﬁ
B ES A

12 7 % 0.783 0.220 —0.376" " 0.362" " 0.773" 0.648 " 0.745" "

IR — 0.144 —0.332" " 0.587 " 0.996 "~ 0.745 " 0.949 " *

9 97 1AL — — —0.743" " —0.585"" 0.147 0.742° 0.349 " "

Ik FH 71 % %L 0501 " —0.355" "  —0.787° "  —0.380""
LIRIIp] — — — — 0.584" " —0.058 0.459" "

B % — — — — — 0,751~ 0.943" "

LR RN IR — — — — — — 0.8347"

f= R 0.954 0.404 " —0.424 0.668" " 0.829 0.799 " 0.919"

I — 0.426 " —0.452 0.802" " 0.911 0.850 " " 0.972" "

55 1AL — — —0.938 0.604" " 0.690 0.832"" 0.328*"

TARAN T [EPIEY — — — —0.655" " —0.701 —0.818" " —0.325""
LRI — — — — 0.940 0.849"~ 0.760 " *

(R RYIES — — — — — 0.957"~ 0.854" "

AL A 3 ) — — — — — — 0.780" "

e % E 0.05 AP G b 8 ZF ARG * * £E 0.01 AP UMD | & 3F ARG,

2o JE T 98 B <<1.5 mm/min B}, B 3% F
+ TR A HE BRI AR R T 4 & 0,028 3~
0.029 7 W/m*,0.035 5~0.067 5 W/m® , i 7 £ F ]
DAFR o HE BV IR AR i D) % 19.38 %0 ~138.12% , B%
% AR ATk 79.87 % ~83.51 %4 5 {H 7 B 1 o JiF 3k |
2.0 mm/min B, Bk VE FH A 2 2% 5 250 AU R ph i

T E G B AR T YR IE /N 97,87 Yo o MR v K
347.43% . A5 WA 0 HE B 1 4= 1k i R 45
A FH 348 57 8 T 588 32 52 ) 76 B W 58 ¥ <<1.5 mm/min
B8R A AT DA RS B B 1k 42 ok SR {H 7R 5 B W AR R T
(PTI98 % 2.0 mm/min) B A7 VE FH 23 0 3 1 42 ok
XFA% 3 BT V) 71 () 4 At A A R A 2538 (R D .

45
= | 5,,m6.6481x+0.4487 ‘ .
g R'=0.4612 B LGRS
g 35 | A
o« 30 $.=7.5461x+0.2676 Y
& i R*=0.6827 p
25 | _
2 20 $ILTT-17588  , aA A,
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Fig. 8 Coupling relationship between erosion rate with runoff stream power in spoil heaps
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A7, 5 3% 8 Ae 4500 B RS W o 45 AR L 1
WA 3 2R 2R R ol R A R i E . R
A, 78 XUk DXL B A F i A VR O — R DL i K
PRFFRERE . SR, B A 6T 3 T4 ik i 4 L 38 32 Bk
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I, 55 20 0 B AT 5 B M BRMR 19 - 249 4R ot o R LG AR g
BER 20,0406, EEE T 0m M AR 0F T O T AR
By IR R X ST ok AR A e A B R B
AR HERRAR SR Z 1 WORL 5 85 47 B 26 45 P BRIA i
N R AR RS ST B ek A1 A B
R (i L s [R] 20 A9 25 ) A8 A 3 o T 2% 1 T
S LA Tl (4 PN AE 52 S BE 35 M AU 2 o L B 0% )5
A FE It A BT 5T B E A

4 £t

B X B HICZT M TR i RRLAAC N Sy i 3 AR ol b 5 R
TG » 38 3 A5 40 5 T X 56 B 9 AN [ o W 5 T AR A
AR A HERRUAR R b il 78 vh 25 0K 3 FoK 3 ) Z 800 3
BAREFHE R R G H TR DR RAF W it 3h 11 5
B, FEGERMT.

(1) B3R+ A TE A BUR & o 5 A2 0 5 )
DI RV B AR I T 2 AT 7K W T B fiE A A
Wi 7 D13 e 2 388 3 AR Ak T o 55 1A L B ) R B
Sl TR E AR

(2) FEREWHRE 1.0 mm/min B, e BUAR AR 37 Ab
T2 MR AW IR E >1.5 mm/min i3 ¥ N
JE U S s Bk A VR 8B T EIOR 3 57 B (A 4y 0 T
R 21.69% ~47.33% M1 0.62% ~36.85% . {H # &= FH
B 1.40~3.54 1%

(3) B A HE FRAR AR U 85 V) 1 1 A2 6 T a8
S AR 5R 1.0 mm/min BHERAT B 5 F A% HE AR
BBV )1 44.99% , (0 FE W 3% B =1.5 mm/min B}
BRA AR AR BT U1 J1 1 K 2.90 %0 ~18.50 % . (H 4
FEAR AR T 2 2R (10.38 % ~68.13 %) . [8] i 1k 47 4F JH
(A5 B0 A2 30 T 6 R At K B T B 7 BE 4 0 ek b
20.11% ~40.45% 1 21.06 % ~37.57 % ;

(4) 73 37 Ty 2 J2 0 HE RUR AR bl i) Bt B 800 1
R T 58 B <<1.5 mom/min BF AR A7 390 46 HE ARA 42 1k L 1l
TR T AR R 19.38% ~ 138.12% . nf fbt 4 [ A%
79.87 % ~83.51% , B TR 3 A F] 2.0 mm/min B, Ifi
FAR W RWE/N 97.87 %, AT i pE 1A K 347.43%
25 SRS MT 25 SR B L o T 9 N R A R IR 1 R e A
HEBURE K TRk T B8
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