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Windbreak and sand fixation effects of composite sand barriers along

desert highway in aeolian sand corridor of Yabulai Mountain
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Abstract: [ Objective] The windbreak and sand fixation effects of common composite sand barriers of mechanical

sand barriers + Haloxylon ammodendron along desert highways were investigated in order to provide a basis for

%5 B #9:2026-01-16 &3 B #3:2026-02-11 X B #:2026-02-13

BEIRE : Nl A X IR EE b R R B A LD R 1 2R v RN i 2% DRI D R OB R AR R Y (2024JBGS0009) 5
“EEBFR QIR B 5 K B A I R A AL D T KT R K AR R S T R B R (NDMKI2503) 5 I SE T H IR X B
BESEARHIF AL 45 350 B “ T A 2 RGOk 5 18 2 A H A BL " (BR22-13-03)

F—1EE 220 (2002—) , 53 QU 1L & B B i A A B g Ak R O 1) R S B AL BT ¥R . Email: 19107125857@163.com

BAEMEE 52 26 (1980—) , T3 CBUIED , N 5l IR IXOWR RIS A ol A 1, 082 18 B R 9 A8 B0, 228 USR5 B Ak B 3 0F 98 . Email:

mengzhongju@126.com,



55 41 25 FF A <A R 1L R0 30 38 0 5508 B 8 5 5 D I Y )7 KT 258 i 127

material selection and structural optimization of sand control systems along desert highway. [ Methods] Four types
of composite sand barriers were selected along the desert highway in the aeolian sand corridor along Yabulai
Mountain: straw checkerboard barrier + H. ammodendron, mesh barrier + H. ammodendron, 25 cm branch
barrier + H. ammodendron, and 50 cm branch barrier + H. ammodendron. A single H. ammodendron shrub
without a sand barrier was used as the control. Field measurements and numerical simulations were used to analyze
the characteristics of the near-surface airflow field under different configurations. Meanwhile, transported sand
particles were collected for particle size analysis, erosion-deposition morphology within barrier zones was
measured, and soil moisture content was monitored. The protective effect of composite sand barriers was then
analyzed and evaluated. [ Results] D The surface roughness and friction velocity exhibited gradient differences
among different configurations. The overall protective capacity ranked as mesh barrier = 50 cm branch barrier >
25 cm branch barrier > straw checkerboard barrier > CK. For the mesh barrier, the surface roughness and friction
velocity were 1.33 ¢cm and 0.97 m/s. For CK, the corresponding values were 0.01 cm and 0.45 m/s. @ The near-
surface airflow field generally exhibited a spatial distribution pattern characterized by reduced wind velocity on the
leeward side, the formation of a low-velocity zone behind the barrier, and gradual recovery downstream. The low-
velocity zone persisted within the H. ammodendron distribution area (L=>5—10, where L is the horizontal
distance). At a height of 20 cm and L=15, the wind velocity was 3.8 m/s for the mesh barrier and above 5.0 m/s
for CK. @ The particle size composition of transported sand differed significantly among different configurations.
In CK, coarse sand accounted for 38.6% , whereas under the mesh barrier, fine particles accounted for 61.4%.
The erosion-deposition parameters differed significantly among the barrier zones. Shallow soil moisture conditions
were improved under the composite sand barriers. In the 20—30 cm soil layer, the moisture content was 3.51%
under the 50 cm branch barrier and 3.55% under the mesh barrier. [Conclusion] The sand barrier + H.
ammodendron composite system significantly enhances the windbreak and sand fixation effects, improves near-
surface airflow, and promotes sand deposition and shallow soil moisture retention. In engineering applications, the
layout and maintenance of this system should be optimized according to the spatial zoning of wind-sand intensity
along desert highways.

Keywords: desert highway; Yabulai Mountain; aeolian sand corridor; composite sand barrier; airflow

field ; windbreak and sand fixation
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R/ (m s ) TR JRTER J56 2 1 0 )y A R? FEBHXGHE /(m s ! HiFHIRE T /cm
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Fig.4 Flow field distribution of composite sand barriers under different inflow wind velocities (V)
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