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Characteristics of runoff and sediment yields for highway slope under

different vegetation measures in Qinghai-Tibet Plateau

HU Lin"?*, WANG Qi*, SHAN Yong-ti*, CHEN Rui-hua’, GUO Wen*, LI Zhan-bin'
(1. State Key Laboratory Cultivation Base of Eco-Hydraulic Engineering in Arid Area, Xi’an University of
Technology, Xi’an 710048, Shaanxi, China; 2. State Key Laboratory of Road Engineering Safety and
Health in Cold and High-Altitude Regions. CCCC First Highway Consultants Co. , Ltd. ,

Xi'an 710075, Shaanxi, China)

Abstract; In order to explore the erosion law on highway slope with vegetation protection
measures and improve highway slope vegetation protection technology in Qinghai-Tibet Plateau,
field scouring tests were carried out to study the characteristics of runoff and sediment yields on
highway slope in Qinghai-Tibet Plateau under different vegetation protection measures including
bare slope, three dimensional network seeding and artificial turfing, and the protection efficiency
and sediment interception mechanism under different measures were analyzed. Test result shows
that when the scouring flow rates are 3 and 8 L « min ' in Qinghai-Tibet Plateau, the average
initial producing times are 225.50 and 163.27 s respectively. There is significant correlation

among the initial runoff producing time, the flow rate and the vegetation coverage. The runoff
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producing stably time under scouring flow rate of 8§ L » min ' advances by about 2 min compared

to the scouring flow rate of 3 L » min~!. The sediment interception effect of vegetation measures
mainly embodies in interception of sediment with coarse particles. The slope runoff and sediment
yields decrease with the increase of vegetation coverage. The average runoff and sediment
interception efficiencies of vegetation measures are 55. 7% and 53.5% respectively. The orders of
comprehensive protection effects from big to small are three dimensional network seeding with 74 %
coverage, three dimensional network seeding with 37% coverage, artificial turfing in the middle,
artificial turfing at the top, and bare slope. The comprehensive recovery technology of slope vegetation
combining turf as frame and three dimensional network seeding is suggested. 4 tabs, 5 figs, 34 refs.
Key words: highway slope; vegetation protection; runoff and sediment yields; protection
efficiency; Qinghai-Tibet Plateau
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Tab.3 Initial runoff producing times under different protection

measures and scouring flow rates s
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Fig. 2 Runoff producing processes under different protection measures and scouring flow rates
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Fig.3 Sediment producing processes under different protection measures and scouring flow rates
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Fig. 5 Accumulative runoff yields and accumulative sediment yields

A TR BT T ORI D BOR A A . 5IAEE#AE
TR AN AR VD R X8 A [ Al By 7 18 it 3245 3F
W ATRIBT A 1 0 T B2 AROCR LR 4. A [R]
ZEAE T A DR K B 0 2 i AN [R5 5 B AV T 3 R ) sk
VI RS € T N (VA o O i R K % A S T
AR VDKt . 2R B OR R B M
E.D.C.B AL B 74 %0 55 B =4 WA 5037 06 5 i = 4k
PR L P S B  Rz L b S A R S RR I
R4 REBPHERGRRETHEERE

Tab. 4 Interception efficiencies under different protection

measures and scouring flow rates %
PRI R PRI B
EIRe
3Lemin !|{8Lemin'|3Lemin '|[8L¢*min !
B 21. 11 63.46 15. 54 52. 26
C 31. 39 71.15 23.14 74.91
D 34.72 94.23 27.75 96. 86
E 36. 94 92. 31 39. 54 97.91

N B AR VE 2 0F 5 DX AR S T A 8 VD ok
U G T AN VD AR R R b DX A3 A
A R TR s VR o DX B 1 A A T b A
IS RE 7 . 1R Ok LB AR . 5w 2 B B9 B E
PR L R R M DX LA R R B R R R TR
P P8 98 5 g R B R A R R R
Ay JF Al 2 o 286 7R i £ ol g SR U . R e AR
o XV R R AR B R s R T R JZ T I
VR ELIE 2 22 A [ W A 7 R T % B T A28 O KU o
WVE I 2R 2 33 v e AR S AR ik B RROR R B9 4R
b 3R I A A2 38 b, AN R A R T 1 K B R A
P T A2 R B8 A PR G I3 — T TS W) 2 B
P R e TR AR E M o T AE A s X
RN ISR AE LR — 2 AR SO T A5 2 AR
Ui S0 R 2 AR U 280 B SF S B 4 B A 55, 700
53. 506 o TN X 78 75 46 A = il JA2 [X 3 e 30 38 Sy b 5 3

T DL T R W 5 T e O B 30 T R R A e A
R g B2 R B AR 5 0 T 2 P IR T 8 3
S AN U R 42 AR AL R A R VD AR
B 976,990 AL T A KB 2 R . XORE N =
I P DX [ 9% 2% P 0 R oo st DX G A A R AR
U5 = e JAE [X A A2 B R Gk 2 W) T R g A DX AR et 2R
TIZRE (A3 LR MR o) KR S BOA S BK R
Bh R A

VAR 0t B35 4 2 3 ) 20 38 4 At 45 B K R 400
S0 SR S B AT S AR R S A T R R R X L
FI AR BN AR A O 3 1) 352 977 37 4 i s A B Pk 52 49
W35 B 25 ) . Bochet 25 %5 71 2123 % 1 b ok
17T IRAE R A 10 4F [ AR I TE B A K
T AS" B2 J7 1 B JC R w5 3 B B T SR
4400 ~T8%0 AHLL—AR AL B B A L A H T £
FI AR SRR e R 285 9 3 | DA ) 4 A O A
Vi 2R 5 B A IR ) B 5 b R A X 4 e I
DR S EAT T RESE TR 52 B iy 9 g i 1M
AEZ I I R B G 3k 20 4F . X — B IX.
2SI IRy IR K/ AV E AR IR AN A T RN
CF W25 52 bR 3 R R R B — R i By 3P i i 1
BB B ACR 72 B 3700 0 5 5 R K A
R R Bl R R B B S Y
T 1 B B ST s AT 2R 25 1 35T 75 47 28R & o 3 A
DR B TR B QIR B D T AR SO R 4
o BT R R IR A AR B IR 2 =4
B RR BB K 8 VD BE T L B B AR Y [ 45 1 AL
AR L1 I P RSl AN AR 2E e 2 T RE L B AR SR SR
TP . 32 D R R B AR O B R A S B P R
ABRAR B0 B2 O 1 2 S5 B At I ) R A7 1R 3
i DL = A O A B i O O A T ) AT
IR LU O 6 e it X2 B 30 39 K A 4 B
WZ% .



H
(&)
Do
2
@
B
:_l._fg

I £ ¥ R

2016

5 & &

(1) 75 788 8 5t 2 % 300 B ) B 7 ik BF (R ¢ 5 9
QU LAMB W c KRN 1=2.62c—12.45Q+
167. 89, P E &% K 0. 87,

(2) 75 7 e Dot 2 3% 300 3% 393 T R 48 i it 1) 22 V0 %
o 2 LA IR AR R SR YR VD 1 42 b i B O
= 0 ik L T A 1% 385 0 T /)

(3) A TR Bl 7 B2 b JRy 25 A B A6 T 300 5 v
YRR AE T B A6 T B

(D LEE PP RN R B MEIR By 7406 36 15 =
X AE B L 37 V0 T B = 4 AR R v A R L B
R R BRI L 25 A TR R B e 1) 341 3 B P AR HE
J7 4 DL R A B A 2 T ) 30 B A 2
HBRBHEAR,

S E X

References :

[1] MOHAMMADKHAN S, AHMADI H, JAFARI M. Relationship
between soil erosion, slope, parent material, and distance to
road (case study: Latian Watershed, Iran)[J]. Arabian Journal
of Geosciences, 2010, 4(1). 331-338.
WO SERE AR ISR A B S0 T L
il 8 )], &% R 2224l B AR B2, 2004, 24 (6)
11-14.
SHEN Bo, Al Cui-ling, XU Yue, et al. Corrode test of
highway impact loess roadbed slope surface with man-made
rainfall J]. Journal of Chang’an University: Natural Science
Edition, 2004, 24(6): 11-14. (in Chinese)
TR TS AT T L A A v A B B b R R A I ol
IR BFFELT ] s oA . 2007,27(3) :199-201.
GAO De-bin, NI Wan-kui, YANG Hong-quan. Field scouring
test research of high slope in highway loess cutting[]]. Journal
of China and Foreign Highway, 2007, 27(3): 199-201. (in
Chinese)
L4] 3% W.BET ZWE. 5 ABLSAEEY K - RFR
R A IELT]. ol TR ,2013,29(5) :63-70.
LUO Han, ZHAO Ting-ning, PENG Xian-feng, et al.
Effectiveness of soil and water conservation of greening mulch
of roadside slope[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2013, 29(5): 63-70. (in Chinese)
MET. W & e B A5 R 1 3 S A0 30 i e W A2 o
PEFIHLEE I [T ], g MOl B 4 K 2% 24 e B AR BL 2% s
2010,30(7) :32-37.
TIAN Guo-xing, YANG Chun, YANG Xiao-ming, et al.
Discussion on action mechanism that rainfall erosivity R value was
decreased by grass-shrub vegetation on subgrade slope[]].
Journal of Central South University of Forestry and Technology ,

2010, 30(7): 32-37. (in Chinese)

L6]

L7]

[8]

L9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

JORDAN-LOPEZ A, MARTINEZZAVALA L, BELLINFANTE
N. Impact of different parts of unpaved forest roads on runoff
and sediment yield in a Mediterranean areal J|. Science of the
Total Environment, 2009, 407(2) . 937-944.

RAYA A M, ZUAZO V H D, MARTINEZ J R F. Soil
erosion and runoff response to plant-cover strips on semiarid
slopes (SE Spain)[J]. Land Degradation and Development,
2006, 17(1) . 1-11.

WL AN B WL AR S AR K Bl 2 R A Y
RO A EK LR 201004) 1 44-47,

TIAN Kai, LI Xiao-qing, LU Fan, et al. Summary of
hydrodynamic characteristics of overland flow erosion[ J]. Soil and
Water Conservation in China, 2010(4) . 44-47. (in Chinese)

F R XU R E L e A5 T S A A BEL K O B H R
KSR R P B ST LT ], U IR 2 2 4 LR R 25
2013,45(2) :22-27.
WANG Xie-kang, LIU Tong-huan, YE Long. et al.
Experimental study on the effects of flexible vegetation on
hydraulic characteristics and local head losses of overland flow[ J].
Journal of Sichuan University: Engineering Science Edition,
2013, 45(2) . 22-27. (in Chinese)

FEVBUE JR 505 8 IR S5 RS R T i 2 K Sl )
FRPER I T ELT ] R 22 i TARRRE R, 2012, 44(2)
26-30.

YAN Xu-feng, ZHOU Su-fen, HUANG Er, et al
Experimental study on the effects of vegetation on hydraulic
characteristics of overland flow [ J]. Journal of Sichuan
University: Engineering Science Edition, 2012, 44(2). 26-
30. (in Chinese)

RICKSON R J. Controlling sediment at source: an evaluation
of erosion control geotextiles[ J]. Earth Surface Processes
and Landforms, 2006, 31(5): 550-560.
BHATTACHARYYA R, FULLEN M A, BOOTH C A.
Using palm-mat geotextiles on an arable soil for water erosion
control in the UK[J]. Earth Surface Processes and Landforms,
2011, 36(7): 933-945.

XN TRIT NI 2 Oy, 45, 5860 1 3 T AR WA JR xeb ok i 2k
B R L], K L AR R 4. 2014,28(6) < 1-6, 18,
LIU Ji-gen, ZHANG Xin-chuan, LI Li, et al. Effects of
vegetation patterns on soil and water loss in purple soil
slopeland[J]. Journal of Soil and Water Conservation, 2014,
28(6): 1-6, 18. (in Chinese)

XU Xian-li, ZHANG Ke-li, KONG Ya-ping, et al. Effectiveness
of erosion control measures along the Qinghai-Tibet Highway,
Tibetan Plateau, China[]J]. Transportation Research Part D;
Transport and Environment, 2006, 11(4): 302-309.
NELSON F E. ANISIMOV O A, SHIKLOMANOV N 1.
Climate change and hazard zonation in the circum-Arctic
permafrost regions [ J]. Natural Hazards, 2002, 26 (3):
203-225.

X SbR BB BEAE . VG XK IR BUR K B A X
FLI]. A EDK LR 5B 22, 2012,1003) 1 120-122.



%44 #A

S E R ROR B A8 T NS M R Y AR

103

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

ZHAO Hui-lin, LU Xin-rui, FAN Xiang-chuan. Current
situation of soil erosion and its countermeasures in Tibet[ J].
Science of Soil and Water Conservation, 2012, 10(3): 120-
122. (in Chinese)

SAHIN U, ANGIN I, KIZILOGLU F M. Effect of freezing
and thawing processes on some physical properties of saline-
sodic soils mixed with sewage sludge or fly ash[J]. Soil and
Tillage Research, 2008, 99(2) . 254-260.

OZTAS T, FAYETORBAY F. Effect of freezing and thawing
processes on soil aggregate stability[ J]. Catena, 2003, 52(1); 1-8.
KVZARNQ S H, OYGARDEN L. The influence of freeze-
thaw cycles and soil moisture on aggregate stability of three
soils in Norway[ J]. Catena, 2006, 67(3): 175-182.

LI Gui-yuan, FAN Hao-ming. Effect of {freeze-thaw on water
stability of aggregates in a black soil of Northeast ChinalJ].
Pedosphere, 2014, 24(2) . 285-290.

NYSSEN J, POESEN J, MOEYERSONS ], et al. Impact of
road building on gully erosion risk: a case study from the
Northern Ethiopian Highlands[J]. Earth Surface Processes
and Landforms, 2002, 27(12) . 1267-1283.

WAL EK SRR E DI PE A 5 L) ] K R AR AR
1993,7(2) :81-88.

YANG Qin-ke. Evaluation and mapping of soil and water
conservation in China [ J ]. Journal of Soil and Water
Conservation, 1993, 7(2). 81-88. (in Chinese)

M EORH AW L AF . R [ HE B B At X = gk 2 X
T B S R R [T N AR A R . 2012,23(4)
896-902.

LIU Yao-jun, WANG Tian-wei, LI Zhao-xia, et al. Effects of
different vegetation protection measures on erosion prevention of
unpaved roadside slopes in Three Gorges Reservoir Areal J].
Chinese Journal of Applied Ecology, 2012, 23(4): 896-902.
(in Chinese)

XN, E R LEOL, F BRI T 3 Mgk =B
XoF - B B 52 3 ARl s e LT . oK AR A AA R 2014, 28(6)
13-18.

LIU Yao-jun, WANG Tian-wei, HUA Zhong-guang, et al.
Effects of three vegetation restoration modes on unpaved
roadside slopes erosion under the rainfall simulation test[J].
Journal of Soil and Water Conservation, 2014, 28(6) . 13-18.
(in Chinese)

BOCHET E, GARCIA-FAYOS P. Factors controlling
vegetation establishment and water erosion on motorway
slopes in Valencia, Spain[J]. Restoration Ecology, 2004, 12(2):
166-174.

O BRAEER . 32 M SF. TR BRI L 3 v S R R Y
WAL e RRL)]. A E I BIRE . 2004,24(2) 1 188-191.

MA Shizhen, CHEN Gui-chen, PENG Min, The

et al.

alpine steppe vegetation restoration process of fountainhead

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

region of Qinghai-Tibet Highway [ ] ]. China Environmental
Science, 2004, 24(2): 188-191. (in Chinese)

ZRIEAR VTR A AR 55 SR LR X L AR S AR AE LT ]
H S H RN BB 2], 2010,26(1) : 25-30.

LI Hai-dong, SHEN Wei-shou, ZOU Chang-xin, et al. Soil
erosion in the source area of the Yarlung Zangbo in China[ ] ].
Journal of Ecology and Rural Environment, 2010, 26(1): 25-
30. (in Chinese)

A B XA B S IR A B R A K AR B SR [ D,
HEZE DU AR R, 2015,

LI Yong. Research on vegetation restoration of highway slope
and degraded grassland in alpine pastoral area[ D]. Yaan:
Sichuan Agricultural University, 2015. (in Chinese)
ARKHTPLTE A0k R BT R G ) L R R B [ .
K A A5 3 . 2003, 23(6) 1 15-18.
ZOU Chang-xin, SHEN Wei-shou. ZHANG Hui. Soil
erosion prediction for Qinghai-Tibetan
Railway[]J]. Bulletin of Soil and Water Conservation, 2003,
23(6): 15-18. (in Chinese)

BRI RS K 1L € X VRRR 3 R R IR Bl 4L .
K . 201406) 1 16-17.
QIAN Deng-feng, ZHUANG

construction  of

Xiao-hui, ZHANG Bo.
Analysis on freeze-thaw erosion type in alpine area and driving
force[ J]. Soil and Water Conservation in China, 2014(6);: 16-
17. (in Chinese)

HoA L B A EE L PN IC S, AL = VLU v 2E T ) AT B T R SR
FCRFIELE G 3BT LT . B 2442, 2013, 21(3) 1 452-459.

XIAO Tong ., SHAO Quan-gin, SUN Wen-yi, et al. Grassland
degradation characteristics of typical alpine meadow slopes in
the Three-River Source Region of Qinghai Province[ J]. Acta
Agrestia Sinica, 2013, 21(3): 452-459. (in Chinese)
EAN T VLR X R R ) R Ak A B R S (D .
2 20 R, 2012,

WANG Zhao-qi. Research on grazing erosion in alpine
meadow degradation sequence in source area of rivers[ D].
Lanzhou: Lanzhou University, 2012. (in Chinese)

I . A o B I e R R L DX B S O 30 B R IR L 3 K
XFSRWFFELT ], SR AL 5 0 T ALAR Ak . 2011, 28(2) :53-56.
CHEN Xian-chun, DONG Zheng-wei, SHENG Guo-jun.
Research on freezing-thawing damage mechanism and
countermeasure of mountainous highway rock slope[ J]. Road
Machinery and Construction Mechanization, 2011, 28 (2).
53-56. (in Chinese)

B4, 7 AR SNS TE I X2 #3103 b 5T 9 B 4 e 0
FILT]. S HLAE S i T AL AL . 2011,28(1) - 55-58.

ZHANG Yu-quan, FANG Xian-hua. Application of safety
netting system in geological disaster protection of side slope in
mountainous areas | ] ]. Road Machinery and Construction

Mechanization, 2011, 28(1): 55-58. (in Chinese)



