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Effect of Dry Vegetation Cover on Surface Sand-carrying Wind
Structure Along Highways

Dong Mei', Tu Ya?, Li Juhe'
(1.College of Energy and Transportation Engineering » Inner Mongolia Agricultural
University » Hohhot s Inner Mongolia 010018, China; 2.College of Mechanical and Electrical
Engineering » Inner Mongolia Agricultural University s Hohhot s Inner Mongolia 010018, China)

Abstract: [ Objective] The influence of dry vegetation cover on the structure of wind-blown sand flow under
the action of sand-carrying wind of S105 in Inner Mongolia Autonomous Region was studied in order to
provide a theoretical reference for the prevention of soil wind erosion on both sides of a grassland highway.
[ Methods | Sediment transport rates were measured at 0%, 20%, 40% , and 50% vegetation cover levels by
wind-tunnel simulation tests. [ Results] Under the action of sand-carrying wind, the sediment transport rate
decreased as dry vegetation cover increased, and the height of the maximum sediment transport rate rose as
cover increased. When vegetation cover was 0%, the sediment transport rate decreased exponentially as
height increased. As vegetation cover increased to 20%, 40%., and 50%, the sediment transport rate
decreased, then increased, then decreased, and then tended to be flat as height concurrently increased. These
results can be described by a polynomial function below 85 mm height and by an exponential function above
85 mm height. Total sediment discharge decreased as vegetation coverage incrased, and the maximum
anti-wind erosion efficiency was 65.73%. [ Conclusion | Dry vegetation cover significantly affected the structure of

surface wind-blown sand flow, which can weaken the erosion force of sand-carrying wind. Dry vegetation
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cover is an effective means of inhibiting wind erosion and desertification of surface soil along highways.

Keywords: highway environment; soil wind erosion; sand-carrying wind; dry vegetation cover; structure of

wind-blown sand flow

52 Rl Xk R 55 L AR X T TR AR S
PRk 53 ol g XU B A T2 M X S A B ]
Z—. TR TR S Kb PR 5 X2 1
HOUR R e B T T E R A G i
e, TG T T A7 A L R R A R e D il AR R
1B R v 1 A R o R A S (1 A R TR/
P A, AR AT R T T X XU B
VR B g AT AN EmimEDY EE
FEAED 3 2 KO R B AF I T R A 5k XUk
SR, R A e KGR BB R L T HE R T
TEAR A 55 BE B2 20 %6 B A5 1T o [T 0 R 8 A1 XLk
PRI . Bk 28 4600 38 B S Hh 5 K 5 KU IR 56 45 A
WRGE T A A 2 o R bR T T TR R 3 4 | i 0 5 R b
FMBUVRRAE RS2 . AR AR S BRI X T Bk
FH R J A7 i e 30, AS [R) A 9 B R L f Vb R 5
JIE 22 T] 59 e A FE B0 R B O R L DT T R A
GOl R XA [ A B B 1 XU T 45 4 R A
TTHE5E. BRI E S S LR R L,
R N B T 28 1 3R 0 0 7 25 % R UD 3 o A RLER D e
DI A B b . R AR AIF 5 2R FH XU A5 803K
o, WU i v 28, LAIDT ) Y B A o B i FE 5 W
bR A5 H 2 ) A 5 £ OC R L ST 45 SR T O R I o
DX B T 2 b 3R XU Vb 32 3 B AR, ) XUk 7 6 6 3R
PRAEZS B %2 4 iz B AR IIE S R IR .

1 R MRS 5k
1.1 R RER

WF5E X R N 5ty S105 48 B R 3 38 85 A 535 8 2 1%
P SRARE R I B . 1 XUR TR R R B A,
BURMRFRSRRK T2 5E% AEPRIE R34 C,
FEREK BN 377.5 mm, &4 KT L h AR AE4E
3—5 A R HE 21 d ARG R 3.26 m/s, 24F
FEER ISP, AR 4 S 4
F2T T 43 Hb DX A R R A
1.2 RIigIt

I T 2021 B ZRALE N 52 AN K2 XU 52 5
TN SEAT . B XGR B RLEBE XL i B B B
Wi B R B B A, K 11,8 m, Ho i B K
BER 7.2 mo TN 1.0 mX 1.2 m, IR It 1.7, i 5%
Bt vy 0 TR AR B <C0..005, 4% 01 AS [\ & R R
e<<1 % RUML A Bl UL, H XU B4R 1.4 m, BT
D40 kW, X 0~20 m/s HEZEn[ i, 2 rh B2

B € X 5 X R B 5 T AR 5T 0 5 1% KGR 32 2248 b
PF A AR XU g B TSR . KU b 28 B Y90 S-6
KU B MLk 3 F198 L 38 id ARISPEED616 PC5 28 5l 4%
PE T SE I N . SR 1P BL-DJSQ
T Z Bk AR VAL, Y SERE 20 mm, & i
10 mm . 2 B A8 KU 4l 2R B XU B 1 200 mm 4k
][] Ao o 4 5 BT 1) 30 AN AV B v

I HAE SR A NS S105 45 b ok 1 1 5 bk o 4
AR N AR AR B B R B R 5 em RS
FEL N D2 R CRAR S5 48 R A 3R 3 &k %
2.1% . REEAEIREE 15 'C, R FHEJ) 839 kPa,
AF 5% 1% B3 Ak ML 7R Iy ) U0 M0 2 R A N B
00 A 7 55 23 96 ~55 %0, -3 B 100 mm, FiE
B 2w WA A Y 5 R B (Chloris virgata) 51 B
¥ (Setaria viridis ) Y¥WH AP BT, B A KA
TR P T 0%.20% .40 % A1 50 % 4 4
36 KOV Rt R R e R AL . Ry
HE A3 87 B 0 20 7K P 52 Sk TG AT o 2 55 W0 1) 4R 18 i
F. AT E R Y T R B e AE KU R B
FEA AL 3 000 mm X1 000 mm X 10 mm 5 JK 1 , P
EYLEYD DK FIE RS 200 mm iR ¥ A6 & K 1
TN SR I K TR PR R B A R R B L [ A
LAl i 0 PR T 1. R R B 5 RN R A A
PACTE b 2 1) 5 52 1T AR RN 55 T A 3 0 R TR T B 2
oA ) B R A R 2 TR, K X R 9.
12 F1 15 mys 35 3 ASHe v KU, X6 B 01 b 3% 114 7R ik
B IE] 25 2R 10 min, B [A] — 45 o RIS 2 0.001 AU H
TRV FR it A VAR i Rk g
2 gR50M
2.1 BRI R R A R

KLk 5% AT % Vb 1 K BED vb Mt R
MU o T ) R UD A R AT TR AT
RV 45 W S SR AR S 1 1D T TR RS )2 O Bl =
o AR DL R IR 250 32 B XL T 2R S 45
Rz, Hp 2 2 FHE, EAR . EH
GBI E UD KUAE FH T A 2 B T 4 3t 38 XL U0 485 40 AR
VT A AR o 7 o B T KU I AE A . A3
A S AEALE E 0 Do I v 48 52 XU 5% e B K i
JAGHE S T 1 . i v 23 e B %) e S R ek — 38
W, & 245 mm 5 AR fb R BEAR N L B VD 3R AR K (E AR BE
WRRT N E ., FEEEE 20% RV KGEE R 9 m/s



5% 4 3

2 Mg A TR AR AR S X 2 U ke b R KU I 465 4 1) B TR 19

B > 2% B e B2 34 I 50 080 JS S G L & 85 mm B
R IS & T A 22512 m/s W, Bl B Y
I, 2 A5 mm J5 X3RS, 85 mm B K e KAH
PR IR 2 245 mm 58 T2 %15 m/s B, b
RM25 mmAb B E 65 mm Bk & KM, B &
225 mm/5 ¥ T2, 78 T A i 9 55 5 4020,
BV G R 9 m/s B A b S4B BE fr) 3 0 56 328 va -
I, 125 mm B3R B 5 KMH . R U5 B T A8 b
22512 m/s B Bl RE A BS IN B0 2 45 mm AL, T

Hm 2 85 mm Wik KAEH, Z 5 LB £ 225 mm
WG R T A%, KGE 15 m/s B i V0 R B i
PR 8T 11T B U, PRGN 2 105 mom I fe K (E L T
W 205 mm 5o TS, T M A gk w E
50 % . HVS XGHE Ty 9 R 12 m /s I v 3 v R )
hnge ik Ul A 3, & 105 mm B ik & KE , B2
245 mmJE T2, 15 m/s I, 5 Vb R0 & B ny 28
R 5 9 F1 12 m/s BF AL, ik e R M A8 85 mm J
VB E 245 mm, FR#TE2,

; i & M B £V
i = L
Tl 0 : | R R ]___
[ » f =
H — |

L{ —

P |
. . L:{Fi

B 1 KRR E E

Fig.1 Layout diagram of wind tunnel simulation test
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Fig.2 Simulated surface conditions with different dry vegetation coverage
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Table 1 Functional relationship between sediment transport rate and height under different dry vegetation coverage

Y WA R WA %2
WA 2 R’ p WA A R* P
0 y=5.360 7e 87« 0.987 4 <0.001 y=5.360 7 e ™7 0,987 4 <0.001
20 ¥=0.000 22*—0.010 1x+0.814 3 0.793 7 <<0.001 y=1.7751e ™"~ 0.950 1 <0.001
40 ¥=0.000 1a*—0.008x +0.499 7 0.851 1 <0.001 y=1.4101 e “" 0.975 5 <<0.001
50 y=6E—0527—0.002 7x+0.333 9 0.820 9 <£0.001 y=3.9313e ™" 0.975 2 <£0.001
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Fig.4 Variation trend of surface sediment transport rate with height under different dry vegetation coverage
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Table 2 Proportion of soil samples collected at different heights under different dry vegetation coverage %
B/ 9 m/s P M 12 m/s Pib K 15 m/s BeIb A
mm 0% 20% 40% 50% 0% 20% 40% 50% 0% 20% 40% 50%
5 35.23 12.39 9.11 7.84 29.96 8.46 10.10 8.24 24.78 8.96 6.99 6.16
25 25.13 5.26 5.01 2.69 21.26 5.49 6.35 4.70 20.28 6.93 5.15 4.69
45 14.54 5.39 5.79 1.58 18.64 5.44 6.07 4.43 17.40 8.34 5.30 5.68
65 6.94 7.04 8.40 3.68 11.61 9.40 10.58 8.72 11.81 13.32 11.51 9.78
85 5.19 11.15 11.12 12.81 6.61 11.54 12.49 15.09 7.89 12.68 13.22 15.47
105 4.06 8.34 9.58 16.73 4.07 10.78 11.94 15.57 5.46 10.85 15.37 15.44
125 3.04 7.90 8.79 16.08 3.41 9.16 9.48 13.30 3.76 8.64 10.26 14.91
145 2.14 7.37 7.80 12.05 1.32 7.05 6.83 10.40 2.51 6.47 8.12 9.05
165 1.30 6.53 7.06 9.68 0.85 6.16 5.54 6.11 1.76 5.12 5.68 6.20
185 0.75 4.11 4.87 4.50 0.80 4.61 3.95 4.48 1.16 3.87 4.33 3.61
205 0.49 4.77 5.29 4.97 0.76 4.22 3.56 3.19 0.94 3.25 3.66 2.86
225 0.23 4.06 4.62 2.34 0.52 3.56 2.76 1.80 0.54 2.49 2.47 2.10
245 0.38 3.93 2.31 0.64 0.05 3.03 2.37 1.21 0.53 2.10 2.06 1.07
265 0.23 3.90 2.34 1.23 0.03 3.06 2.07 1.01 0.45 1.88 1.66 0.93
285 0.12 3.51 2.77 0.90 0.02 3.11 1.96 0.62 0.39 1.79 1.53 0.75
305 0.14 2.01 2.55 0.82 0.06 2.92 1.95 0.46 0.26 1.71 1.40 0.61
325 0.09 2.34 2.59 1.46 0.03 2.01 2.00 0.67 0.08 1.60 1.29 0.69
At 100 100 100 100 100 100 100 100 100 100 100 100
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