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Fig.1 Livistona saribus, Kuigu, and Kuigu broom

FEIFE 7 HACRA o WA SCFE & W 1 —
25 2o AL 2 T ) i AR o0 24 5 [ b
B (CN 219808163 U) ', 52 SRl 4R 25 15 B2 48 ALk
PR 7= 55 1 [ D B it T 203 m] AR 8 60% LA
Fo D9 T YR UERPIRZE A [ VD B 4 HAARCR ey,
AT L A a6 T XA X6, X AR 5 3T 0 Bt )
PR RE A& V8% 4 4T T R GEMELI , V0 o i
5 55 SRR U I A AUk 7 3 B BT A R R B
X

1 BRI

1.1 HEiKE

P A5 F 2023 4F 6 7 A 7E R e v
AU SR S IR ST B R AT, ol R A B i
J7 g 1243 B WL (LDW-20) , 13856 HL S Y Sk 25 A0 £
fif 81 (CRL) , M A5 24 (GB/T 1938-2009 A #4 )it
SR I k) B AR T 8] A 2 a), X 21 AR %%
B TR AR

1[G 1 (YM) R 3R s M RHIRHL S JE 25 1) fig
F1, AR IER H1 (o) 5 IE R AE () B HUAE -

YM = o/e = (F/A)/(AL/L,) (1)

A FORLR ) BN A S BT AR, B mm?;
AL NAIRS K , B mm; L, R K, B2 mm .

1.2 XGRS

1.2 RKEiEIt
KRS F 2023 45 5 H T A) 76 [E Bl 2

B P b A S I 5% 5 0 DRI 5% B V0 33k Sk B A XU 512
YR AT o AR R L P R, TR AL
H1~40 mes™, IR 7R £0.3%~+0.5% , 156 B fid
B 1.2 mx1.2 m, K21 m, 1 B ZE R KJEE N
0.5 m, it A KU I SOG4 o °F- 65 L 22 38 38 B 10
KRG KU B 3R 5 R G0 B A L & LA
RS,

TR0 AR 328 HC FR 5% i LB T A 7 T 1 AR
P RLAE, AR 20 emo 7E KU P IR 25 1 g
W RN A5 3 A AH SR T A VD I, RS T A VO R N AR
1 m & 20 cm (& 2) o S~ T 58 Il bR 2% 1 1 V0 B
() E VD P fE , EIOR B I # BL YD S DX I v Al %
JEEE R 10 cm VP IR .
1.2.2 HiEWE

RG> L H 6,10, 14,18 .22 m-s™ X3 X Ji
YRR AT AE o A EE A R R FEAE I A2 | B FE
G T A XTI R o v ok T O [ iR 10 U
o, 2=0.2,0.4.0.8.1.6.3.2.6.4,12.8.20.35,
50 om (z 2 2 KU I 04 /80 ) o Bt A v,
T B B AR R I . VDR BRI A5 2 39
A (E 3A) , B x=-300.-200,-140 ,-100 ,—-60 . -40 ,
-20.-10.20.30.40.60.80.100.110,140.,150.160
180, 200, 220 230, 260, 270, 280 300, 320, 340
350,380, 390, 400, 420, 440, 480, 520 580 680,
780 cm,x TR 5 — MNP RERT S AR, AUE N A
— D UPBERT S L KU I A, TEAECR A — N VD R
£2 S NN [ <SR S i B 5 B SV R =W A WA €7
KAEDIFFEERT RN 30 s, i SRAHE N 1 s,



54

LN

b

T 5 46 %

A 7S [F)or B XL i

e
A
e N

B: b A iR g i

B2 PR v e X A 15

Fig.2 Layout of brush Kuigu barrier test in the wind tunnel
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Fig.3 Wind speed measuring point (A), sand sampler (B) and insertion rod position (C)
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Fig.4 The tensile force-displacement curves of Kuigu
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Table 1 The tensile test results of Kuigu

I 2 R II/KN R AR /mm? i /mm K /mm M. J1/GPa A% 1 A i /GPa
T, 2.591 2.270 2.100 118.34 1.141 0.018 64.321
T, 2.236 2.871 1.287 96.88 0.779 0.013 58.627
T, 2.953 3.003 1.957 116.00 0.983 0.017 58.287
T, 2.568 2.470 1.629 164.90 1.040 0.010 105.244
T, 1.924 2.260 1.177 124.80 0.851 0.009 90.268
T, 1.717 1.875 1.156 124.00 0.916 0.009 98.227
T, 2.769 4.550 1.046 68.20 0.609 0.015 39.679
T, 2.120 2.640 0.974 55.20 0.803 0.018 45.511
T, 1.787 3.875 0.685 85.48 0.461 0.008 57.548
T, 2.250 2.816 0.962 80.52 0.799 0.012 66.877
T, 1.955 3.220 1.157 129.30 0.607 0.009 67.851
T, 1.570 2.750 0.902 122.00 0.571 0.007 77.218
T, 1.316 2.900 0.755 133.90 0.454 0.006 80.481
T, 1.426 3.100 0.794 128.00 0.460 0.006 74.156
T 1.781 2.205 1.025 134.20 0.808 0.008 105.751
T 2.128 2.100 1.138 133.00 1.013 0.009 118.430
T, 1.325 2.500 1.121 154.00 0.530 0.007 72.810
T, 1.848 2.625 0.962 132.50 0.704 0.007 96.965
Ty, 1.587 3.045 0.841 132.00 0.521 0.006 81.803
T,, 2.518 3.360 1.171 133.80 0.749 0.009 85.628
T 1.192 2.625 0.768 152.80 0.454 0.005 90.346
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Fig.5 Wind speed profiles without sand barrier
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Fig.7 Windbreak efficiency of the brush Kuigu barriers under different wind speeds
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Table 2 Fitted analysis results of sediment flux
| density without sand barriers
T2t [ ,
g B c d f R P
o /(m+s™)
E 20}
g,ﬂ 10 0.016 3.046 2.220 0.999 <0.001
ﬁr\ 15
% 14 0.308 19.738 2.604 0.998 <0.001
10F
18 -0.734 26.879 6.234 0.979 <0.001
3T 22 -0.339 42.165 7.721 0.981 <0.001
O [ L 1 L 1 1 1 I I 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22 B, WE LA
=n
1 /cm q.=a,+a,z+ a2+ a,z’ (6)

P19 ANIRIXUEE F JCvb b v e 0 i 28
Fig.9 Fitted curves of sediment flux density without

sand barriers under different wind speeds
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Fig.10 Fitted curves of sediment flux density with the brush Kuigu barriers under different wind speeds
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Table 3 Fitted analysis results of sediment flux

density with the brush Kuigu barriers

o a, a, a, a; R P
/(m+s™) ’
10 0.008 -0.004 0.004 -0.001 0.967 <0.001
14 0.522 0.147 -0.055 0.003 0.981 <0.001
18 0.321 1416 -1.134 0.286 0.474 >0.05
22 0.050 3.142  -1.737 0.326  0.994 <0.001

10, 14,18 H122 m-s™ KU T & 7 24 51 4
97.2%.93.2% .86.5% F1 87.4%, [& V> F 8 i 86%,
S 34 [ VD F4 R IR 91.1% , FE MR 25 B v B 1) BHL$4 2%
BT, BHVRIFEIRIE N (F4),

223 HEMBARESEL

Ji R 5% - V> s s A P 1 T i RRURR 2 AR Ak 14
11 iR XGE 6 mes™ WX 20 min LI A2k . HiA4y
DSIBE 0 N B RS AV T RN o= (O N [ DB
TP 85 B d5c i o 1.6 e 55 2 4> B A% oA U0 45K F-
Fet, AN [] AU T e B L 29 0l R 0~0.4 . -0.1~0.7
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Table 4 Total sediment flux density and

sand-fixing efficiency

JCUP R Tl AR 25 B VD g [
ik - - EwR
. FSEARS IS EARS [
/(m-s™) s . /%
/grem?+min™')  /(grem+min") /%
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Material performances and sand-fixing benefits
of brush Kuigu barriers

Qu Jianjun'?, Zhu Zhihao®, Peng Huaiwu®, Li Yujin’
(1.Southern Marine Science and Engineering Guangdong Laboratory (Guangzhou) , Guangzhou 511458, China; 2.Col-
lege of Urban and Environmental Sciences, Northwest University, Xi'an 710127, China; 3.POWERCHINA Northwest En-
gineering Corporation Limited, Xi'an 710100, China)

Abstract: Affected by global extreme climate, the sandy coasts and coral sand islands and reefs in the South
China Sea suffer severe erosion from wind and water. There is an urgent need to adopt effective sand barriers in-
spired by the straw checkerboard barriers used inland. However, traditional sand-fixing materials such as wheat
straw and other crop residues are difficult to apply in the harsh marine environment. To address this, the authors
propose the use of "Kuigu" (the palm leaf veins) , a locally sourced material known for its erosion resistance and
abundance in tropical and subtropical zones, as an alternative to traditional wheat straw. This leads to the devel-
opment of a three-dimensional brush sand barrier made from Kuigu, suitable for stabilizing sandy coasts and cor-
al sand islands and reefs. The material's mechanical strength was assessed via tensile testing, and its sand-fixing
benefit was evaluated through wind tunnel simulations measuring flow field characteristics, wind-sand flow
structure, and erosion-deposition patterns. Key findings include: (1) The Young's modulus of Kuigu is large, up
to 78 GPa, with strong tensile resistance and high strength. (2) The brush Kuigu barriers created a significant de-
celeration zone. The most pronounced reduction in wind speed occurred from the second barrier to the area be-
hind the third barrier (x=200—-500 ¢cm downwind). Overall windbreak efficiency initially increased, fluctuated
steadily, and subsequently decreased with distance. (3) Under different wind speeds, the brush Kuigu barriers
demonstrated consistent effectiveness in sand-fixing through wind-sand flow structure, achieving an average
sand-fixing efficiency of 91.1%, with the majority of sand intercepted within the first barrier. To sum up, the
brush Kuigu barrier demonstrates strong wind and water erosion resistance, high sand-fixing efficiency, local
sourcing, cost-effectiveness, environmental sustainability, and high construction efficiency, making it suitable
for widespread application in sand control on sandy coasts and coral sand islands and reefs.

Key words: Kuigu; brush sand barrier; tensile test; wind tunnel simulation test



