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Abstract: [ Objective ] Having long been used for transportation and traffic, earth roads have a regolith layer formed on their
surface, which aggravates erosion of the roads. Up to now, very little knowledge is available about how erosion proceeds on the
earth roads with a surface regolith layer and how the regolith layer affects erosion of the earth roads. [ Method ] An indoor
artificially simulated rainfall experiment was used to investigate characteristics of the runoff and sediment production on roads
with a surface regolith layer varying in thickness (thin layer = 1.0 c¢m, and thick layer = 4.0 cm). In the experiment a movable
hydraulic slope-changeable steel trough, 2 m in length, 0.5 m in width and 0.55 m in height, was used and packed with loess soil
to simulate a earth road with a surface regolith layer. The trough was packed first with a layer of loess soil as road, 1.68 g-em™ in
bulk density, and then with a layer of regolith, 1.20 g-cm™ in bulk density. The experiment was designed to have 3 levels of slope,
4°, 8° and 16° and 4 levels of intensity, 1.0, 1.5, 2.0 and 2.5 mm-min_'. Before each test, a white nylon thread was placed between
the road and the regolith layer at the bottom end of the trough, and used to determine sources of the erosive materials by the
degree of its exposure. And then the erosion process of the regolith covered road was divided into two stages: 1) mere regolith
erosion and 2) regolith and road soil mixed erosion. Result Results show: (1) The mean runoff rate of regolith on the road with
a thin layer of regolith was 1.01-1.52 times at the first stage and 1.26-2.44 times at the second stage that on the road with a thick
layer of regolith. When the artificial rainfall was set at 2.5 mm'min~' in intensity, the average runoff yield per rainfall event was
43.44 L from the road regardless of slope degree, and 37.36%-82.05% higher than that when the rainfall was 1.0-2.0 mm-min' in
intensity; (2) During the second stage erosion, the average sediment concentration was 227.30 g-L™" on the road 16° in slope, and
about 2.14 times and 1.37 times that on the road 4° in slope and 8° in slope, respectively. Under rainfalls low in intensity (1.0 and
1.5 mm-min "), sediment yield per rainfall event was high on the road with a thick regolith layer, being about 1.39-2.14 times that
on the road with a thin regolith layer; whereas under rainfalls high in intensity (2.0, 2.5 mm'min"") , it was high on the road with a
thin regolith layer, being about 1.14-1.67 times that on the road with a thick regolith layer. And under rainfalls 1.0 mm'min™ in
intensity, the average sediment yield per rainfall event on roads regardless of slope degree was 2.08 kg, which equaled to
23.57%-68.59% of that under rainfalls 1.5-2.5 mm-min ' in intensity; (3) During the second stage erosion and the entire course of
a rainfall event, sediment concentration in the runoff was more closely related to runoff rate on the road with a thin regolith layer
than on the one with a thick regolith layer. [ Conclusion ] All the findings in this study may serve as a scientific basis for
prevention and control of erosion on regolith-covered earth road erosion in the Loess areas.
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Fig. 1 Regolith-covered earth roads
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Table 1 Survey of different regolith roads
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Shaanxi Province Shaanxi Province Inner Mongolia

Changwu County Shenmu County Dongsheng District

F T iE % Number of main roads /4%
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f2/IMHE Min
SEH4{H Mean
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/M Min
F-¥I{H Mean

Y& Slope / °

F R/ cm

Thickness of the regolith layer

<0.01 mm
T AL I %
0.01~0.2 mm
Mechanical composition of regolith
0.2~2 mm

i -2 725 # Mean bulk density of road / ( g~cm’3 )
i B%F- 348 7K B Mean moisture content of road / %
1% 1 F- ¥ %5 5 Mean bulk density of regolith / ( g-em™)

7%+ % 7K # Mean moisture content of regolith / %

6 5 9
28 11 9
20.0 14.1 19.5
2.0 1.5 2.5
7.5+1.1 4.0+0.8 7.5+1.1
4.0 4.0 4.2
0.2 0.3 0.1
1.5+0.6 1.3+£0.6 0.7+0.5
28.11+1.19 23.48+1.05 15.07+0.87
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Table 2 Variation of mean runoff rate / (L-min")

WS Slope 1% L5 % Thickness of regolith 1.0 cm 1% L5 % Thickness of regolith 4.0 cm

’° 1.0 15 2.0 25 1.0 1.5 2.0 25
4°

R i 1.20 1.65 1.92 2.26 0.79 1.54 1.82 2.24

. . 8 0.84 1.91 2.01 1.80 0.81 1.58 1.68 1.98
Mere regolith erosion R

16 0.93 1.61 1.74 2.04 0.66 1.13 1.33 1.91

. i 4° 1.33 1.76 2.28 2.58 0.77 1.66 1.98 2.43
RA R B Y 5

) o ) 8 0.96 2.08 2.32 2.44 — 1.76 1.94 2.32
Regolith and road soil mixed erosion R

16 1.07 1.72 2.06 2.72 0.74 1.26 1.72 2.44

e 1) PR BN — 2B B, 2) RGBT B 8 2k B, F A, Note: 1) Mere regolith erosion is the first stage,

2 ) Regolith and road soil mixed erosion is the second stage, The same as below.
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VD i BE R T AT OB W TR SRR R T
2.0~2.5 mm-min' W5 R RE AR LR
222 VPHEVEARE 3R 3 NI LR
BOFNR A R B B3 & b i i e R . R A
Yo W) AL RAE . W EEMHB B, 1.0, 1.5,
2.5 mm-min' RN SR T R IF LT85 U R 50
7195, 57.32. 7696 gL', #IEEIF
70.82%. 5.38%. 60.48%; T 2.0 mm-min ' i FRAT,
VR IR R R R MM,
Vb A R SRR B YOG R B R GA B B KO
(P>0.05). IRARMBE:, /N (1.0, 1.5 mm'min )
T, 4 em WF 2R E RS B A TE B Y
117.70 ~270.80 gL', % 1 cm ¥ +JEFEH K
15.29%~189.76%; 1fi AR5k (2.0, 2.5 mm-min' ) T,
4 cm VFLJRFEERPEE S EAREE R 11470~
26630 gL, 5% 1 em 3% HJEEEU/D 5.29%~26.89%;
WIS AT 25 R B, P34 v e 5 W5 R B 4 )
B ERBRECOCR (R=0.278, P<0.05) FIH
FRER B R (R*=0.496, P<0.01). 74120
BOPH & SIRA R IR BT 1 & v i R A
LMEAOC, HHOCHRECH 0.566 (P<0.01),
2.2.3  RFERT VD AR L RHAE &l 6 IR B
VO RERE TR R . R SR AR (AR TR AR . fh R AT
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Fig. 5 Temporal variation of sediment concentration with runoff going on
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Table 3 Variation of mean sediment concentration / (g-L™")

Y Slope

7% EJERE Thickness of regolith 1.0 cm

7% 1 JEJF Thickness of regolith 4.0 cm

1.0 1.5 2.0 25 1.0 1.5 2.0 2.5
T = B B 75.48 41.74 152.45  81.29 121.08  68.62  122.72  102.31
First stage of erosion 86.88 56.15 17144  51.19  119.84  60.19 16729  146.97
53.48 7406 25624 9840 12778 5241 14560 12126
IRA 2B B 66.55 43.76 133.29  131.33  117.67  126.80  117.17  114.69
Second stage of erosion 73.77 86.18 206.03 187.78 — 212.43 194.02  197.70
150.87  142.02 31225 284.18  270.81  163.73 22829  266.27
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B33 BT B 18, I Hh 4086 2 8O 8°HE & 16°
B, PRV E IR 33.81%~110.20%4F11 29.76%~
76.63%; XEJEVE LI, 2.0~2.5 mm'min'
T T 8RR 7 o R R B n s 4, 1608 T vk
BT = Vb AR AT R 1.68~13.71 kg, My 4°F01 8°
P 1.60 f5~2.36 £5F1 1.11 fi5~1.83 £, . J&
JEVE LR SR R A B R A
[HEAHrEE R (7) A= (8),

M =2.296-0.674S +0.5861S, R* = 0.858,
P<0.0,N =12

(7)

M =2.8007 +0.1391S —2.008, R* = 0.808,
P<0.01,N =12

(8)

Ko, M RV kg TN, mmemin '
S RYERE, °5 IS Ay I ORI EE AS H
23 FXIREEKDEXR

F 4 RIF B BEAE AR Ik B SR [ L
P E VB S TFHR TR MM R . it Pearson
FHCME AT AT, 3 & b 5P AR i A AH G
PEITE W Z PR T B BT W2 1 em 7 R BERT,
AR B B Sk T 8 b i Y B AR IR

BRI, TR AR B BERK B b S
S I AR TR ) ) A R RO B R SR HIOG
F (P<0.05), H kBN rh — 5 A e
4 om V7 HJREERE, IR AR BOE-3 & U i RT3
BRI KA W NS, HHEE R R,

B 7 Wi R B IR AR B R
RGO B P 3 3RO FR DA SR R T 7= Vb i 5 P R O
. mEATH, YA MEER AR, JEEF L
VR PRV E TR . TR R B
JELJZ I A T B VD R P R ) 2 TR AR L
MM RBOE R . IR AR B | R 217 18
VR 5 P AR 45 ) A 2 R pRBOG R F f E HE
BORBOC R . N R | 2T 3 = U
7 A ) A A R PR BRI BRI R

3 e

3.1 R ERIREFE

Bk 2.0 mm-min ' FSRAN, 7R AR A] B A
JEERE SN AR AN B, R AN )RR V7 4 i
FoKE 8 BWETE KR T e EMENY, B
77 ORI K 5 B4, kAl 2P0 . 1.0 mmemin ™
T 58 B 77 4 38 6 7= S (R >3 min, i oA I R A5 )
IS U 4 A POVIA DN S 4 5 4 I 3 I 7 9 1)/
2 min, FEARKRP2E R A IRIRTE T A TR AT,
FEAERER/N, BRTREEAS, F—&0T
7 8 B R S B RV RS, B i
BRI RE S, BEE AR, TR AR R
FERAS, BRI A BB 4R, 17 36 5 U R E
PR ] 25 /N . 1.0 mmemin ' [ SR EE)E TR 4
KA FBEHAERZ TR+, PR R R e 22
AR, FEBE WM, K5 T3 mHa 4 HL W
VIR TR LA/ NERL AR 2, 5 1ETF 3R 2T ik
WG ERECY, R, B A R R AR R
BT, R, WERME R, JREVE RO,
AF N T G A= i 3 (B (R PR T, SO A [R) 0 4 JR B b
HUR 17 AR Ik oy B RS ot [A) 25 (> . XU A
AN B A XL 1 0TI I 7 A R] 5 4 E E TAH OC
KF, ARG 7= It ol [ B e o 38 A8 Ak AN BH &
Ut BH P X AN [ 3 1T B e R A — R B A
Wi, - T B A T 6 B B2 T 17 ) S RSt 4 o s A
ARAk, 5 HRER T AR AR A AR AR R0 2,
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Table 4 Correlation between mean sediment concentration and mean runoff rate
R FREL EE WA TT
N
Correlation coefficient  Significance Fitting equation
77+ R ¥ 420l B Bt First stage of erosion 0.255 0.392 12 —
Thickness of regolith IR A 12 M B Second stage of erosion 0.526% <0.05 12 y=75.934x+3.840
1cm UK B%TR Per rainfall event 0.556* <0.05 12 y=41.840¢"%%*
77+ R ¥ 420l B Bt First stage of erosion 0.070 0.830 12 —
Thickness of regolith RA R BBt Second stage of erosion -0.014 0.967 11 -
4cm YK Per rainfall event 0.268 0.400 12 —
. %R 0.05 K [ EHSE . Note: * indicates a significant correlation at the level of 0.05.
LOr o 1em o 4cem T o 1lecm o 4cm
o [ 1cm 4 cm = ——— I cm 4 cm
E5 _ U8 [ y002me e Ro0407, PO0S N2 E g AT - 5007260863, R=0.508, P<0.01, N-12
®°.2 — 3=0.125x+0.010, R>=0.469, P<0.05, N=12 » Sz — 3=0.349¢"576*, R>=0.478, P<0.05, N=11
S B g 06 = B 53|
‘E: =] uq-) ﬁ_ =1 LS el
N e © N S e
L3504 252, o
é‘?\ﬁ 3 @ gi '5 2 o
sE8% & 8§
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22 00 &g O N
a0 A of >
0.5 1.0 1.5 2.0 2.5 0.5 1.0 1.5 2.0 2.5 3.0
Runoff production rate during Runoff production rate during
the first stage of erosion the second stage of erosion
VP B R (L min ) T BRUL BB /(L min ')
251 o lem ¢ 4cm
- lecm ——4cm
5 20 === 3=0.006x'"", R=0.639, P<0.01, N=12
o s —— y=1.381e"", R*=0.673, P<0.01, N=12
< & 15}
1 5 o
A e
LB 10r
B =
%
X 2 st
) L 4 ;
= o - %
= L o
2 o
11 22 33 44 55
Runoff yield per rainfall event
KRR TR 7= i /L
K7 b S e R
Fig. 7 Relationship between sediment yield and runoff yield
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Fig. 8 Road erosion patterns of the road relative to thickness of the surface regolith layer
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