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Abstract ;[ Objective ] Studying the windbreak and sand fixation effects of highway protection systems can
provide scientific basis for the prevention and control of sand damage on regional highways. [ Methods] The
protection system of the Deng-E Desert Highway in the northeast of Ulanbuhe Desert was taken as the
research object, and synchronous observation was conducted on the sediment discharge and wind speed of the
protective system. [ Results] (1) After the sand flow passes through the protection system, the wind speed
and total sand transport at each height decrease, and the surface roughness increases. The wind speed in the
upwind direction (point B) and downwind direction (point C) of the protection system decreases by 48.7%,
14.4%, and 3.9%., respectively, compared to point A from high to low. The total sand transport rate
decreased by 86.4% and 98.3% , respectively, compared to point A, and the surface roughness increases from

about 0 cm to 4.92 cm. (2) The vertical distribution of sand particle size shows a significant decrease in
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medium sand content and a significant increase in fine sand content. The particle size distribution of surface

sediment decreases, the frequency distribution curve narrows in some bands, and the sorting ability deterio-

rates. The particle distribution is uniform and develops towards fine-grained direction, with a range of easily

weathered particles ranging from 180 to 200 um. [ Conclusion] For road sand prevention projects, there

should be a construction concept of “putting resistance first and combining resistance and fixation”. At the

same time, the practice of road wind and sand prevention and fixation systems in this research area can

provide important reference experience for road sand prevention in the other regions.

Keywords: highway sand damage; windproof sand fixation system; protection efficiency; Ulan Buh Desert
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Fig. 2 Wind speed variation chart at different heights at observation point
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BH - 3 5k R 2% AR /)N, A 3 UK 6] 35 40 R AL T ) K KURTOSIS(Z5) 0.958 0.993 0.959

&, BARSKEE A SR B R g 20 oA, g
A3 A BLAE 255 pm F 227 pm BEIE 5 C f 5 80 0004
A W53 I AE 202 pm BT 255 pem B 5 3 —

- HERURL SRR Oy A 26 e B e - S B0RE Y
SR Ol 38 W B il 2 BE L A URE S0 A B
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- S RUR R A2 KR4 R AE 100~400 pm, HAPR K
MR R C i >B S >A S i C A e+
ORI A AT B X A B IR Z L A R 43 A 3
SRR 2%

ANV A - R i R B A3 o S B S R 2
SRR L, BRIV P A R A — 7 1 B P 2 38 KUk )
SO, HT I 8 TR, A% I A 7 A R R 2R AR AR ]
YRR B R AR B K AB H BRAE 180~200 pm X 7] P, i W 4%
N A7 B AR OB AR AE 180~200 pm [X I8 W] 45K
AT RIS IX 5 AU ORI FE 180~200 pm,

26 2 R0, 3 AN UL 7 3 )2+ kL B 8O
Bk KBN/MRIR N B i > A g >C s b i i 22
R EIIMK KA A 5. >>C 5 >B ks B AR IR R
G I T X R R T X5 B 5 3 4 UL e 0 S Y )8 T
HiaE . BB S RS e M AR H T A B 2% LB
R > A e 3 5T L R BT SR AR i K He A
KR e L, X 5B 8 B s R HEEURH
AR E BT

4o

DR F B i T AR TR 52 Br W A AR A ) A —
AT B4 2 M5 A WA S TR AR 2 A Y
75 2 T TC R T AR O 2B 0 4 it 1 L A L Y 5T T
REYFGT 1 LB CFO R AH BLREBC L E vb R
B7 ¥ U0 5 B3R AS B It AL BT U e it DL AR AR
7 EL 3 A AR o Bl VA 3R AL D i (3 o7 P Sk
fe ARG XN XU B 2 4R R 7 5 B U0 A 1) Tl oA )
AT LLGR MBS A5 LAY B BE 2 2% ik mT DX KU i i A7
FHURAE A 5 A A A R TR P AR v - S A AL
MG KR RE LES SR e TR E
T R, T A ARG A A Uk e S UE B L 9
o) U Tl = 1R R i R T Sl N = A |
R HE A B KUk V0 3R R 32, S V0 AR S A W 1Y
FEJRRNE T RAFAE . PRk, 7 T B TR B U A R
B (R AT A0 R A2, TR IS EAE ) A K R b s
TEFE— L 5 i i R v B AR A AT R
B N TR 5 DA FE HIL AR VD [ B B 8 AR T Y O
FE BRI L [ B A R BB VD B Y e AR R, OF B P B
B VLA W A it S B Bl U AR &R AR A - i e b
[P, FEARWE ST b, AR AL e RN AR R i A 2
B0 TR R RN XU AR B0 B W) A6 Y 8.47
m/s,9.52 m/s M1 9.94 m/s W /NE] 2.87 m/s,4.92
m/s 1 7.60 m/s, KU B AR i K 29 BB 35 B %) iR
B 2 £% B /N R ER ) 30 %6 53X 5 28 A AR R AT

FERTIE S214 A BB UP K & 45 B 098 4 45 10 AL
FEURE 2 2 i 3R T 4 XU 0 BELARAE L Bl iR R
A S A5 30T RS B 3 A, o ek 5 o A B ) 4
L AWSE BRI s D HHRE FE 295 0 em iz 45 R S
SR IR SIS SO0 0 45 SR A ARL s By 4 4R R 1 KU AR R )
FEURE B o0 3t 3h U0 b B B50R% LA L L o] HIAE B 97 44 &R 0 T
PE T Hb RS B 38 K, 1 38 AUl v T R AIK

JATD 6 S B e R — R N L T AR
ENIUREet T W NIRRT 7 -aa ol e = G UL /D
Bt Bl 22 5 . AT 58 v 45 N I s 07 B AR T AE 0~ 10
S e N A TR o | eI <o AN = WS TR i <)
92.7% ,94.4 % 1 79.5% . iX 55 5k AL ZEL5 38 BRI
i 8020 DL E iy b AR AE 0~10 em &R N
—B, a2 G B AR KRR L RE g R 4t
AU AL NN IR E e R U UK - N PR VA
R B Vb et 1 50 3 5 5 V0 AU e T B U b 28 3 B A A
RG> R REAR, L BE S TR B 3K R 9, A v o
SRR AR A R B A 5 s L R B VD A R B U
Hu A vb B 13.7 %6, U] A v SR O S D b A VD
(1 1.7 % 1 HAE T B 94k = IRUTa) A 4 v i B 251K
FAEG AU Fe kb i v o, X 5 AR A TN TR
it S214 45 18 B U0 R Z2 1 KLV L 25 S AHALL . H kAT
U 332 DX 351 B 4 A 2R T LA e b 4 ) L 3R O VD
Bl VD T4 I TE 2~6 cm ) BE I R g AR B 5 AR
k. VD3 R v R AR 1 2 A A 5 KT s
MW kLZ g AR & V), BEE T 8w HE &
A= AR A 1 3R AT AR B R A AR L T VDR 3 A 15 0 Bl
ZAE, gk 3 R ARG T I E] 0~30 em &
JEE R PN 0 XUVD 3 25 SR S8 s R T AR SR 0k A
W W (A E)0~20 cm (& BEAIRD & 47.16 % ~
70.48 % B P AR FR KU (B ) 0~20 em = 40 wD
f7 50.27 % ~74.24 % s Bi ¥R R F KUl (C £5) 0~ 20
em fEMRD S 62.29% ~73.19%,B H M C A b
FHEASHAREK. AP EEHEAE. AE
L TEB R RAE T 0T A SRR AR XU , 1155 A7 3t
HUPRE ) X A A WS R S SR AL

Hi % GUR R B 4 1 S BF 52 V0 15 XL Vb R T R 3R
Bt HEE W8 br 2 — 5 8 &8 43 W) 26 440 LA ER
Be CHUOE R B 45 DR 3R O R B UID L AR X 5 4
SRR B R R R 2 R UUR Y UKL A D R
%, h 54.74%~61.42% b & i A, 0.1% ~
0.23 %, iX 5 % KU A5 BiF 58 45 31 19 A5 1k kB AR AL
AHEARBAEA BT X 5. RIEYY & BRL4E 70 ~ 500
pm BRI BR RS 35 o 1 4K, 20~ 70 pm B RD R ]
(TR PSS N 1 e R S RS S A = g T4



5013

BRGS0 A RV 00 B A U B — IR AR Y B I AR 257

JiE 2 FRUIL 46 7 4 B e e KA R L AE 180 ~ 200 pm
Ak F5 B - 3 Uk 3= 2 DL BR RS Oy 2z B, TR ) i
Ror A M2 FURLEE S HORE L IEW] R A )
A, 1 BOR AR A1 L AR A5 K URE L BR S 11 T 2K bk

Wt o[]S p e AT 3R A DX A s AL B
SR A0 AR B Tt AR 45 5 T A Y 28 B B U R R L fiE
A R AR AU 9 i U0 L BE A ARG S 4 D b, 52
I 2 B 52 D VD
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Table 3 Plasmid density characteristics of vertical sand at different observation points

kL A i/ Y
N WHEA  HG/ pm W B A%/ /pm WAEC A8/ /um
AR em <50 50~100 100~250 250~500 <50 50~100 100~250 250~500 <50 50~100 100~250 250~500
Me+E+ RaY  Aw B BYHEE Ay 4w Y BYHEL RaY i
0~2 0.31 12.35 65.50 21.83 0.19 9.23 68.42 22.16 0.25 13.51 67.40 18.81
2~14 0.45 14.82 68.07 16.66 0.15 9.87 71.51 18.46 0.15 17.95 63.93 17.85
4~6 0.40 14.70 67.87 17,02 0.27 13.83 71.76 14.13 0.18 22.73 73.19 3.69
6~8 0.37 11.70 67.09 20.83 0.40 14.60 74.24 10.74 0.34 31.82 66.22 1.59
8~10 0.31 13.71 70.48 15.48 0.24 20.14 68.44 11.08 0.19 24.06 72.35 3.31
10~12 0.50 16.37 67.44 15.54 0.51 .96 §3.45 10.02 0.31 27.57 71.31 0.79
12~14 1.47 19.19 63.85 15.49 0.59 28.9 62.68 7.83 0.41 37.3 62.29 —
14~16 2.32 30.26 62.05 5.36 0.59 34.62 63.97 0.82 0.32 31.24 67.19 1.24
16~18 4.34 44.85 49.58 112 1.31 18.42 50.27 — 0.35 31.07 68.08 0.48
18~20 6.85 43.47 47.16 2.51 0.84 47.44 51.71 — 0.49 36.19 62.96 0.36
20~22 7.85 35.36 32.42 5.76 — — — — — — — —
22~24 19.65 46.74 32.42 1.08 — — — — — — — —
24~26 25.30 50.92 22.28 1.39 - — — — — — — —
26~28 18.95 51.59 28.82 0.57 — — — — — — — —
28~30 27.56 52.48 18.85 1.00 - — — — — — — —
P4 LT K LR FFE 4R, 2017,37(3) :63-66,74.
5 % it
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14,496 F1 3.9%0 s i V0 1 4 5l 3¢ A s BEAR 86,320 il
98.3 %0, M FHHKE B FHZY R 0 em B R 4.92 em,

(2) VY BTRLAR 0 2 5 4 A R P b & i W
EREAL, M0 & B, K v Ge B B
55 .

(3) 2 + HEUTR Wy TORRL G 45 /N, UL R 4y i
A3 3559 FLISORE 8] 25 200004k 7 1) & R By AUl BB0RY i
Bl 7E180~200 pm.,
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