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Figure 1 (Color online) (a) Straw checkerboard barriers laid in the Tengger Desert section of the Baotou-Lanzhou Railway; (b) workers install straw

checkerboard barriers.
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Figure 2 (Color online) (a) Process of machine preparation of brush straw rope; (b) laying process of brush straw checkerboard barriers.
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Figure 3 (Color online) (a) Measurement of wind speeds at different positions; (b) measurement of sediment transport.
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Figure 4 (Color online) Sand fixation efficiency of brush straw checkerboard barriers was measuring in the field.
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Table 1 Wind speed and direction data during the field observation period
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Figure 5 (Color online) Flow field diagrams of brush straw checkerboard barriers under different experimental wind speeds. (a) 8 m sﬁl; (b)12m sﬁl;

(©) 16ms™; (d) 20ms™.
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Figure 6 (Color online) Wind speed reduction rates of the brush straw checkerboard barriers under different experimental wind speeds.
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Figure 8 (Color online) Sand stabilization efficiency of the brush
straw checkerboard barriers under different experimental wind speeds.
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Study on weaving technology and sand control effect of brush straw
checkerboard barriers

QU JianJun"*’, WANG Tao’, NIU QingHe’, LIU BenLi’, TAN LiHai’, XIAO JianHua® &
YIN DaiYing2

" Southern Marine Science and Engineering Guangdong Laboratory (Guangzhou), Guangzhou 511458, China;

2 Key Laboratory of Ecological Safety and Sustainable Development in Arid Lands, Northwest Institute of Eco-Environment and Resources, Chinese
Academy of Sciences, Lanzhou 730000, China;

} College of Urban and Environmental Sciences, Northwest University, Xi'an 710127, China

Because of its low cost and environmental protection characteristics, the straw checkerboard barrier, revered as the “Chinese Rubik’s
Cube,” is globally recognized as a highly effective method for controlling wind-blown sand owing to its cost-effectiveness and eco-
friendly nature. However, it does have a downside: its construction process is labor-intensive and inefficient, requiring experienced
workers to manually insert wheat straw into the desert, forming a semi-hidden checkerboard sand barrier. Herein, we introduce an
innovative solution designed to address these challenges, namely a mechanically woven brush straw checkerboard barrier. This
technology, made from wheat straw, has significantly increased the construction efficiency of straw checkerboard barriers by over
60%. Through both wind tunnel experiments and field observations, we examined the effects of this new brush straw checkerboard
barrier on the control of wind-blown sand. Our findings were as follows. (1) Similar to the traditional straw checkerboard barrier, the
brush straw checkerboard barrier creates a noticeable airflow deceleration zone and flow vortex inside it, along with a prominent
lifting airflow at the top of the sand barrier. When the wind speed is less than 20 m s ', the sand barrier can reduce wind speed by over
80%. (2) The brush straw checkerboard barrier’s impact on wind-blown sand flow mirrors that of the traditional straw checkerboard
barrier. As height increases, the sand transport rate within the barrier no longer follows an exponential decrease; instead, it initially
rises before falling, reaching its peak at the top of the sand barrier. (3) The sand fixation efficiency (R,) of the brush straw
checkerboard barrier decreases linearly as wind speed increases. However, R, can still achieve more than 90% in desert areas. These
findings suggest that brush straw checkerboard barriers could potentially replace traditional straw checkerboard barriers. They not
only reduce workers’ labor intensity but also improve construction efficiency. Therefore, this technology offers promising prospects
for mechanized weaving and intelligent construction of straw checkerboard barriers.

straw checkerboard barrier, desertification control, wind-blown sand flow, sand control engineering, wind tunnel
experiment
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