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Erosion of Slopes of Lou Soil Stacks Different in Gravel Content
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Abstract:  Objective  During the processes of production and construction in Guanzhong Region, a large number of stacks of
Lou soil were formed. Gravel in the stack is an important factor affecting soil erosion on stack slopes in characteristic. Therefore,
this study was designed to explore impacts of gravel concentration on runoff and sediment yielding processes on slopes of Lou
soil stacks different in gravel content. Method In this paper, artificial rainfalls were simulated indoor, different in intensity (1.0

mm-min ', 1.5 mm'min!, 2.0 mm-min ' and 2.5 mm-min "), to explore their effects on runoff and sediment yield on slopes of Lou
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soil stacks different in gravel content (0, 10%, 20% and 30%). The experiment had test plots set up, 5 m>1 m><0.6 m in area and
25° in slope gradient. The nozzles of the artificial rainfall simulator were 18 m high over the slopes, spraying water evenly(more
than 80% in evenness). Rainfall intensity were calibrated before the start of each test to ensure that the deviation of the actual
rainfall intensity in the test was kept less than 5% of the designed rain intensity for the test. During the test, flow velocity of the
runoff on the slope was measured with the dyeing method, width of the flow with a steel ruler, duration of runoff and sediment
collection recorded with a stopwatch, and quantity of the samples weighed on an electronic scale.  Result  Results show: (1)
runoff lasted the longest on the Lou soil slope 10% in gravel content under rainfall 1.0 mm-min " in intensity, and the shortest
under rainfall lower than 1.0 mm'min" in intensity; (2) mean flow velocity of runoff increased with rising rainfall intensity on all
the gravel-containing slopes regardless of gravel content. The flow velocity on the slope 10% in gravel content was the highest
under rainfalls 1.0 and 2.5 mm'min™" in intensity, and 15.3%-21.2% and 13.6%-14.1% lower than that on the slope under rainfall

! in intensity, respectively; (3) sediment content in runoff dropped drastically during the initial period(0-6

1.5 and 2.0 mm-'min-
min) of each rainfall, regardless of rainfall intensity on all the gravel-containing slopes, and 6 min later, it gradually leveled off
under the rainfalls 1.0 and 1.5 mm'min"" in intensity, and fluctuated sharply under the rainfalls 2.0 and 2.5 mm'min”" in intensity.
During this period gravels dominated the process of sediment yield; (4) the amount of erosion per rainfall event showed a
significant power function relationship with rainfall intensity, and decreased by 22.4%-42.6%, 8.2%-66.3%, 2.2%-56.5% and

45.0%-68.3%, on the gravel containing slopes under rainfall 1.0 mm-min_', 1.5 mmmin_', 2.0 mm'min"' and 2.5 mm'min”' in

intensity, respectively as compared with that on the pure soil slope.

Conclusion This study may serve as a theoretical basis for

establishment of a model for research on water erosion on slopes of soil stacks in the Guanzhong Region.

Key words: Rainfall intensity; Gravel content; Runoff and sediment yield; Lou soil
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Table 1 Mechanical composition and organic carbon content of the tested soil

A~ EL
ke R WL ZH B Particles mechanical composition/% ATBLIE S ik
. Organic carbon/
Soil type <0.002mm  0.002~0.02mm  0.02~0.05mm  0.05~0.1 mm 0.1~2 mm (gkg')
B+
22.66 44.73 29.13 3.48 0.00 7.90
Lou soil
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Table 2 Bulk density and moisture content of the soil-rock stacks in the experiment

k1 & & Gravel concentration/%

0 10 20 30
A A5 5 250 Coefficient of variation 0.029 0.030 0.037 0.035
Bulk density/ (g-ecm™) FrifE2% Standard deviation 0.036 0.041 0.050 0.049
{8 Mean 1.258 1.349 1.378 1.409
KR 75 5 Z B Coefficient of variation 0.103 0.152 0.054 0.131
Moisture content/% FrifE 2% Standard deviation 0.013 0.015 0.005 0.011
{4 Mean 11.1 10.1 8.8 8.4
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Fig. 2 Temporal variation of flow velocity of runoff relative to gravel content and rainfall intensity
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Fig. 4 Temporal variation of sediment concentration in runoff relative to gravel content and rainfall intensity
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Table 3 Mean sediment concentration in runoff on slope relative to gravel content and rainfall intensity during the two time periods, 0~6 min

and 6~45 min
5% Rainfall intensity/ ( mm-min™")
A& i
1.0 1.5 2.0 2.5
Gravel content/%
Sa Sh Sa Sh Sa Sh Sa Sh
0 74.34 18.89 193.88 42.25 127.09 71.34 97.90 192.34
10 70.25 19.10 74.17 36.39 159.69 66.16 103.68 104.68
20 47.35 12.65 131.83 21.08 119.11 64.86 74.70 93.12
30 59.53 12.02 76.79 14.16 113.10 38.48 47.67 76.47

H: Say Sy 430l R 0~6 min, 6~45 min B BRI &V EIMH, gL' Note: S, and S, represents mean sediment concentration in

runoff during the 0~ 6 min and 6~45 min time period, respectively, g-L™".
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fE 0~6 min WF¥ &V R (7434 gL), %
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2.5 mm-min ! FiIR T, P50 6~45 min P 4 53
WEvRER R, 49k 4225 gL', 7134 gL,
192.34 g L7, 8 35 T 446 - S5 3% T8 1940 i 1 B 43
HIN 13.9%~66.5% . 7.3%~46.1% . 45.6%~60.2%.
Sy i — 2 WA Bk A 2 B RN RN S G S Vb B A, K
0~6 min Fl 6~45 min Wi Ky Bt & V0 &40 51 -5 RN 5 Al
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45 min PSR SIRAO S RER B EMHL (P<
0.01), 1M S5MsmAHCHER2E, 7T WAE 5 Wi = v
N L NI SR S Y DA
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2.5 mm-min' B}, HA2 P48 1.0 mm-min~' F5% 453 5]
BRT 0.62 f5~1.77 fi5. 5.16 f5~9.24 f5. 10.65
fi~20.11 A% 5 R 58 19 18 KX 45 5 T 42 1o 354 (2 it A
FH ., HL DA - o v 04 41 0 550 e A B s Tl 4
Br 3¢ B Uk B RN AR b B S5 R R A R R EOC
( R*=0.935~0.988, P<<0.05 ). WLAFEAT % {2 1h it 52 i
M, 1.0~2.5 mmmin' W3R F, Bk E
K, 4l 5.58 kg 15.47 kg, 45.41 kg, 117.9 kg,

& TR T i R B MRIR SR & 0>
10%>20%>30%, % Bk 3% M =l i 45 -+ B 1
B 4 N 22.4% ~42.6% . 8.2% ~ 66.3% .
2.2%~56.5%. 45.0%~ 68.3%, RRA7 A 77 1L A S0
DT AR R

Shy 1 — 25 BH R R A 5k 0 R 3 X 2K o8 T 42 ot o
RIS, TR SRR SRR (1), kA& mE
A (W, w=1-G). W5 8kA & REE R IR
(Iw) 433347 Spearman AHICPEZAT, 25 R,
WBEM R M E S A A FTFI (W) MR ED],
HIXEZREE N 0.881 (P<<0.01), JF5Mm (1) Ik
A E R (W) YERBEEHE, HXRE
350K 0.816 F1 0.869 ( P<<0.01), 1M FsRFIRRAT
PR Y B W, X W R S
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Fig. 5 Amount of erosion per rainfall event relative to gravel
content and rainfall intensity
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HAN S 8w, IF B RA R 0 HIERDR 454
% T Vi W TS ) ) T LS B, B LA B TR
1.5~2.5 mm'min' =FFER T, SERAHE Ty BERK
A1 B IR O, BRA AR SR T M T AR 0 B
X5 R MRS PR S R, 8 H
TR BRI K T A T AR ALBR L
PEm TR ABRE S, T RBU™ faf e, #E
FOUERA S EBRE 80%M), HERUAY A LA
M,

1.0 mm-min" TG T, 2535 1 AT 35 3 24 4%
INHFET, X5 Rk EBIF 85 RAR L, R ik
PHUHT, 39k 1 V2 /K O 0 A T R AR I 5 B X 30N
T Z Bk A7 BRI R /N 1.5 2.0 mmemin ! F5R
T, e T T S 4 3 R s X R T R B
I BRAI T YRS R, BRE Tk shEE!, [
B KRR A L9 FTE R AR ( R TIRIE

BFBARAE R ) PO Jf Bk & R A gke i (i
) 40%LA I ) s — 2 TR, 2.5 mm min™
SRR, P20 20 min 5 30%0k A7 & &0 i 5 F
Bkt Ge LG, TTAR R P hy M A T b 43 A AS
¥5), AR K RS, SRa Z R L
BEBR, 003 T 0T 2 4% L B A HE AL N O
B TR, W T Y, FEORE TR A0
UHNE LT, B TZIRR AR E, #E01E
FAE TP FHITHERUA R Z R B, (HHERAR/E
N —FPSLARZERG , XD PRI RS SR M
TKEFRAR” BUGHBE, LI R H: p 42 o A e
SEH N A JE IS T Ui Jy T AR
3.2 SANEMNEMEFIE

2.5 mmmin' FSRF, ORGP E
Fr U RGN, AR RRAE 5 XA BT A AR L,
BEHERMEBANSDEHFEER (BN
7.5 gL 'min”', AW+ H 25 gL 'min™"); +HEFKL
BT R R S 1, AR A
BEHCPUI | AR T el A AR T s Y, AR e
WA FR SRR (23%, % 1), JFHEAERKIWHHME
MRz, A R R Ay, iR £ B
BRI Z2 Bk S RAUN 5.9% ) H IR 45524,
I LAJG B R AR E b R R — R e
— P sh AR, AR TR 5 KD £ BT RIE 4
PR AR AL, (HE I X R - T (i
—W/N—FE ), X E TR . fLBEE /N,
LSS B AT 50 0~6 min 253510 7 Y 2485 HL
SRR R, 3R A Ak T A0 R B
AR HARMIE R LI A o 3, WS A
Th AL VE M R P 6~45 min KPR VbR,
B A7 X P VD RS 5 4 T S PR R, Bk
A T BB, X TS eRasmim s, hTK
e 2 e B L 7 A I 6 A% I T 39 T 9 9 Ak R AT 4R
Tl BV A K A M LA B A s A 3 T S R
R, RS, BEIKRIE YRR MR R,
T R — 5 L BR A 7 52 )2 0Y, 5 TR E ik
BB, AR TR & A, B LA BRI
4B VD E 5 ST 2 KR N R, g R, 3
T K B[] 52 4% 8 R RIS 360, e 2 e A /N A ot 34
AR BE | Sk ) F bt 2 3 1 T A A i AR
FURIR, “HIEIR” dg TR U SR T R, TR N A
TR 2RI, SRR KR GEE R, BRI
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N STEH EEIE AL, AR E iz ol 2
TR, s “Zigzn” Rihshasik.

ABFFE R, YRR T 2 okt 2 e R 5 P 34 A T 44
K, BRI s ;X 5 R e
(BRAEEN 10%. 20%. 30% ) 2 BRI L 1045
R—3, HOAHREMBRANAE (AT E<
20% ) Al g E AR R R DY EER O IRA
TR A T RIS, SECLEE RS &
IR (vertex erosion )’ FTE; JfH., BRA
R IR S A7 G SN, ERRA S (35 )
H20%~25%HH R ik i £ BRI Y, AR g
£ 1.0 mm-min' B/NWIER T, B 322 E SR
TA A 32 TR I, AR R K50 A8 L HIlsi 3R A8 T R
WD R KA TAE 1.5~2.5 mm-min " # K 5%
T, BEE WK R AR RIS, 3 AR KR R
Je BR A R TATRR R 5, 14 PR o 2142 1ok y4) A9 T 1 F—
FZAEEER (v, FU. W) BY e e
kg 3k AR b b G SR R PRPY ) ViE & 2 2
PR FERR IR T 1A, BRA AR
R AT R B T A 5 B A T RN R — [ Bk
A, AR EHERIE AR, KEW . RS
Yol R o B RRRE Ok, BRA &S, “armor
RN B (Rik ) 55 A A T AR I 8, BT LA 20% ., 30%
RO SRR 2.0, 2.5 mm min ' EKH® T, 2
et 250 3 T 2 R Ok D

4 4w

AR SR FH = B R I8 vk, ARG T U A
BRA S (0, 10%. 20%., 30% ) AL if 142
TP UEE, FELSSSWTF . 1.0 mmomin ' R T,
WG = B [ AE 10% 0k A & i ek, AR T
FE 10%0h A & i /N o BT It R AR b 2 0 i
KR—Z Wik e Bk Wiy 1.0 Ml 2.5 mm'min”'
F, 10%0kA & E B s ok MRy 1.5,
2.0 mmemin ' B, SRR I T I AR A T R AN % B
PER/INT LRI . 0~6 min Y51 &V RS R T
R4 34; 72 6~45 min, 1.0, 1.5 mm-min ' FH3#E F,
TG ER A A Y E T RE, TE 2.0,
2.5 mm-min' SR T, W22/ R0sh. K%
T 432 et e i T 0 89 M0 2 3 K5 1.0~2.5 mmrmin”!

W T, R A T A ik A B T
2.2%~68.3% ZMFFE AT IR A T fiff J B 2 R 2%
BRI I 4R kA FR RVRRAE R R 3 K
AR R A AT AR A FRAK S o 5 T HE R bh
SRR 22, B S BB N E E UL E R
WA IR L WK R R A A5 T T
HE— 2 nsm Y
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