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Abstract

Polylactic acid fiber (PLA) is a new type of sand fixing material. In order to understand the vertical
distribution rule of different sand particles in the windblown sand flow in different specifications of
PLA sand barriers, this paper takes the bare sand dunes in front of the sand barriers, 1.5 m x 1.5 m
and 1 m x 1 m PLA sand barriers as the research objects, and analyzes the vertical spatial distribu-
tion characteristics of different sand particles in the windblown sand flow by means of field obser-
vation and indoor experiment. The results show that within the height of 0 - 30 cm, the sand trans-
port volume of the study area, 1.5 m x 1.5 m PLA sand barrier and 1 m x 1 m PLA sand barrier ac-
counts for 96.6%, 87.78% and 86.96% of the total sand transport respectively; the sand transport
rate within the PLA sand barriers of the two specifications decreases with a height as a power func-
tion, and the sand transport rate within the study area decreases with a logarithmic function; the
sand transport rate for each height layer is the study area > 1.5 m x 1.5 m PLA sand barrier > 1 m x
1 m PLA sand barrier; with the increase in height within 0 - 10 cm of the two types of PLA sand bar-
riers and the study area in the airflow, the content of fine-grained sand increased, while the content
of very fine sand, medium sand and coarse sand showed a downward trend; within 10 cm - 90 cm,
the amount of fine powder and very fine sand showed an upward trend, and the content of fine
sand, medium sand and coarse sand showed a downward trend; when the wind sand entered the
PLA sand barrier, the content of coarse sand and medium sand decreases, and the content of ex-
tremely fine sand and fine sand increases. The setting of the PLA sand barrier can significantly
change the mechanical composition of the sand material in the wind sand flow, and effectively
block the sand particles in the wind sand flow. The 1 m x 1 m specification has a more significant
wind and sand fixation effect than the 1.5 m x 1.5 m specification PLA sand barrier.
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1. 5|8

2R - SRR RS NE I, VRGN KA S R G . BERAE 2 A% 18 U
DXIR[1] [2] WS HLVD T AR R G 1 S-S S 5 67 b FE PG A N b 5 X, T S 2R Ayl e KRt
15, WIEEIIME . FR0. B2 HAKRBEI3], M bR AKES), SHCT ™ ER R
(4], AEAFERIN - SR I B T 5 DO A A R B e (5] DRIE, PRI - S ad IR0ty (O 3
BEALBD T TSI T A2 A E IR . MR e B I 7 ik 3 BB UM it P22 18 A A 4 8 e (s
T IE ) . W TRV Rt B v e b TRE i e b fie B AT BN BORSE I, JCELAE R shvb i BN g 1
S RAREREREM, wTRARIE R )R, R ERE), BRIV TR @ A2 oy
R EEEM6]. AT RMIDX, A TRKAE RS, R, MEUER, BT b
TS B %A S5 R T B L br . UM . T TSR K. BE B BRI RIIZE R R, R
Bl H 2 AR AL YDRE, W TybRE . BARVDRE. FiybiE. Biibibes . ORA R, RV, R
Wk JE MR YRRV RESET] [8]. AL 4E(PLA, Poly Lactic Acid)fFEN—Fh¥i BN L& Bkt
Bl E B RS T 58 A A RSO B85 T T IR KR — SRR, o — sl B (0 AR mT AR [l VD AR 9] PLA
AR PLA SF4EGT S M EPIRVD AR, it MR Vb i N LA T Bl e, B8 70, RIS AT[10].
HAT, #2538 PLA WIRRIHE T2 AP AE PLA YhRt U ERZE . XUk, R . b &,
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TIPSR L KR RTTRYIRLAR B2 S T [10]-[15], KT PLA ¥Rt i A FR R
Y SR AE 3 LT3 A ) 30 AT RS AE B TR K

BT, ASCUUS A% DB R B S ok - S P A GamahP e B 1.5 m x 1.5 m A1 1 m x 1 m #)
1% PLA IPRENBETEXT R, I LAVD RS ATARYD B I, S8 B AMOLI AN = N SRa i i, R PLA Vb
(RIBE B RO UL P AN [ RE 2R Y0 W) 5 ¥ 3 B 25 [R) AR AR, 54D PLA YDBEHETEIIA R, #ETMIN PLA Vb
FE BT VDI v AR LR It SCHE AR 2 R

2. WRXEER

B DX P S TR XT38 e B 22 e A RS AR E(38°43 N, 105744 ) (1] 1), fERT 4 35 /e i v
A, AL FYDIR R B S, A I A B 3 B EURT PR M L Ay, BT SR LT AR T, O T AL A%
HYPBEL, IRIERR 22 L B KW . J8 TR T R X, SRR OREE U, 5N 2 b R
DAIPEIE RO, HEFRE, ARRZ. BARKZEDT 5~9 H, ZETFHENE 80~220 =K, HKE
2900~3300 &K, HHERS(E] 3316 /NEF, P33R 7.2°C, THM 120~180 K. SR, &EE KR
ARV TEIR . Ml R R B IR A B E KD RS Rt XIS G AR
gERfE ., 2SR BRAEMIEEAR. BN, WAR(Nitraria tangutorum Bor.)s AR (Haloxylon
ammodendron (C. A. Mey.) Bunge). {t#(Hedysarum scoparium Fisch. et Mey.) ¥V & (Artemisia desertorum
Spreng. Syst. Veg.) §12k(Caragana korshinskii Kom.)« % L.(Zyvgophyllum xanthoxylon (Bunge) Maxim.). 4.
P (Reaumuria songarica (Pall.) Maxim.) 704 (mmopiptanthus mongolicus (Maxim. ex Kom.) Cheng f.). 43
Jl(Potaninia mongolica Maxim.)%5
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Figure 1. Schematic map of the location of the study area
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ST AR ) B YD AR ATIX, MR AR PLA YD Bafmi R UC iR 0~90 cm w5 A A3V IR o
/N e 2 FE FH SR W AR I b THT 0~30 em JE I N V5L, VP8 1.5 em x 1.5 em, 73 A IHEFATAE
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2, IR, WA R G, 0k Re R, BHED S, BED LN AR IEFRd,
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Figure 2. Experimental scheme design
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Figure 3. Photo of sand barrier
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Figure 4. Rotary gradient sediment collector
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3.2. RIENE

R ARRTJG, IRRAE SRR, J5 XK LBRFER P A U, B SRR 2 BRAE & b ik
FRAS , NS BR BN 1 A 70 B , 72 3% J5 SR H Mastersizer 3000 7 B0 B 20 A ASCEEAT 38R0 52 (0300 5E
Horh 7 BiCE: B R KA B AR 20 B B Hydro LV, iZAX 28 & Y5 ELA 0.01~3500 um, FE6HE =T
0.6%, FF/FEME S N & = UG BUT ARSI, T DUR B4 52 BT 7 4% 5 1000 & TAE[16].

AR5y AR HEMRHE 2 [E . BRA (>2000 pum). HALZP(1000~2000 pm). FH7P(500~1000 pm). b
(250~500 pm) ZH¥H(100~250 pm) HRAHPP(50~100 pm). HHRL(2~50 pm)FIEERL(<2 pm) [17]. &S R
F Krumbein 5[ 18142 tH I RE TR BG4, FAL AN

¢=—log,d (1)

P d N HIEER EA, AL mm.
3.3. HibE

By b FRFRAL T M 3RS IR AL 5L s 18] P ek B0 5% BF sl A T AR N g bR R &, R VRl b IR
120N MR EAL I EE B S 19], e X RE BN EESE, © 5 NEF R B EIT
BAY R, RKHILIR ATE ST OIR S —[20]. HHEARN:
g = @)
st
b m NEZEWE@E); s NRWAGHEYD DB (em?); ¢ NBVPI Al(min); g, A& Z LRI R

(g-min"-cm %),
3.4. YRR

K H Excel 2017 X #ivb S AURLE 4 4715, ArcGIS HEATHT 78 X A7 B = I 19 281, 3 F Origin
8.5 AT EIFR il .

4. RS54
4.1. MUDiR4FE

RKEHFRCKY, KNPB3h2&— MR TSI SR, 2 90% KRR EHLZ 30 cm DA
91, BARRD Ot B B RGP LR AE AR S A 72 X B DI A AiE, 1 5 08 1.5 m x 1.5 m PLA ¥DF& . 1 mx1
m PLA Y EEFIBYD (AR 0~90 em &1 B2 N SR AR S v & B B2 084k 1, s BE R AN R &) b
i

R, = FAEHh 90 cm mEN RiMHDEH 7 S 2RMEAHEE, BAS N7 ez, MR
I, MR SR AR YD B 1 v R B R S S Rk AR B, T X AR AR A B L T A
PLA VPR, WM PLA YR RA D & E 7 & S & FE A 22 AR/ . 0~30 em i B2 N BIE 581X B
Wb AR ER 96.6%, 1.5 m x 1.5 m PLA Wi & 5 S HivD =1 87.78%, 1 m x 1 m PLA ¥Ry
SR ER) 86.96%, H LRIAI, PLA YRR B ARG IFHE 14 b %5, H 1 mx 1 mPLA
YO BRI BV B B b
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Figure 5. Cumulative sediment transport as a function of altitude

B 5. RRmCEMSENEN

& 6 %1, 1.5mx 1.5 mPLA Y&, 1 mx1 m PLA YbREAIERYD B HR) 0~90 em & P9 HvD b s
FE RIS AR A, 20t 5 v B O I ma a2 b . ST 7T XA B, PIRRIURS PLA 05 P 4% B 2 1 5
WRERERD, H 1.5 mx1.5 m MDA K& 2% & T 1 mx<1 m PLA PR, BFFEIX 0~90 cm I
MAEVD RN 31598 g, 1.5 mx1.5 m PLA YDA 1 mx1 m PLA Vb s avb & 53751 87.91 g #166.60 g,
S3 AW IEIX IR 0.28 A1 0.21 fi o WFIT X D Hi RS 15 2 K AEAEFE LK 40 em 22 A FEAN, 1.5 mx1.5 m PLA
W R AL TG EN S S 1 mx 1 m PLA Y0 FRAH LU &7, (HIYTE 20 em 245 . IX AT RESE HH PLA YbRsA kRl
H S REE ), PLA YWRRONEIR, TGALRREE, AWK PLA YDREXT 20 em & B A XGEAT BH 2 1) A4S
YER[9], 7B PLA VR B AR IF YRR, B 1 mx1 m UK VPRV 8 T 1.5 mx1.5 m ¥k vbRE.
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Figure 6. Changes in sediment transport rate with altitude
E 6. M ERESENTL
X AL R 90 em i N HVD RS AT IR Bk A AR R RO IR
Z UG, BRI RS L MR R B (R D). 4 1 AR, 1.5m x 1.5 m PLA ¥bfEAN
1 m x 1 mPLA VDREN & 2570 R B8 & 25 R B0E I, LA R BIF (R = 0.9532 Al R? = 0.939), WIFTIX
P XD S5 R SR AT R R R B AT, I R R A U
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Table 1. Fitting function of sediment transport rate with height (H)
= 1. FEWIPERSEMBNEERE

1.5 mx1.5 m PLA ybJi& R 1 mx1 m PLA ¥bJ R Hb O ) R
¥ =0.0237¢%" 0.929 ¥ =0.0149¢* 0.863 y=0.1162¢""™ 0.897
 =-0.0003x +0.0202 0.584 3 =-0.0002x +0.0149 0.538 3 =-0.0013x +0.085 0.556
y=-0.0111n(x)+0.0437 0915  y=-0.008In(x)+0.0325 0.869 »=-0.047In(x)+0.1915 0.900
y=0.3002x"" 0.932 y=0.1593x"" 0.939 y=5.8381x7" 0.870
y=9E -06x*—0.0011x+0.0325 0.885 y=7E-06x"—0.0009x +0.0245 0.850 y=4E-05x" —0.0053x +0.1431 0.884

4.2. RUbHR PR ER RS RO EE SR
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Figure 7. Changes in percentage of different grain sizes with height
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SRR RGP OB KL B ATAE 40~90 cm EFEN o X TARAHVY, PARRURS Vb BE AR YD [ R IA
E 0~10 cm 15 FE P B = B2 B 3G AN , HARAVD & ERIMA 1 m = 1 mPLA WHE > 1.5mx 1.5 mPLA
Wk > B T ER); 10~90 em P = BRI I3 in, M4 & &9 1.5 m x 1.5 m PLA 70 > 1m
x 1 m PLA [ > W G, SNBSS EMZ . ST, PLA WM Ak E
o PR 8 o 2 0 B S U A B, 7E 0~10 em S FEJE N 1 m x 1 m PLA B XDy P h iy & &5 b
10~90 cm & F %2 1.5 m x 1.5 m PLA YRR NS & &R %L, HIKN 1 mx 1| mPLA Wk, PR
R T PRAID & B> o KT & &, =R IR & s, BEY ESERE, i
NI R G b & b o KD S50 e B R I B b, AR 0~10 om = B2 ARV B R b P i
HFHWEERZ, 1 mx 1 m PLA WEERIDHYIR D & ERAD . 10~90 ecm &5 52 PR & 21
i FEI A SRV 0D E B SR AN, RICABYP . > 1 mx 1 mPLA FE >1.5m x 1.5 mPLA
YO o PR b Y XD TR VDA SR AR 2 v R B 0 R S el S S PR S, RV EAE 0~10 cm
H110~90 em 1= FE R ARG 38 5 i & B AR AL BV AR IR

RPN YR IE 5, T R RS E S0 1), B TR X R 568,  40Ek
VIR A4 = a BBl N2 3, BRI R CEAR R BARTE ] i23), DR, ZUBURi i kb W4t & e
re B T s T, A SSUR A B (AE YD . TRy R D) B B A v P G N D o WF AL IX BN YD 2R O
BHASYBT, FHIP AR >& &5 PLA WhEm; MXEE RSN 10 om ) PLA YR)E, SHFFCXAHLE,
FRE R AN R S RGO E 0, R gk, ROy R 008 ss,  [FRF, IR E IR 2R,
TP BT AR ML R 5T IX 2] PLA VR P, Bl KD H0E 26 58 13, MR 52 PLA DR i) BHAY

AR, 375 IR A A AR a %S, SHFACX AR LA A 4D & B £ 1217 [22]. Rk, PLA ¥k
[V B R 5 s R T v R ORI, B 2P R (bR, 5 R 70 2R B2
5. g

KT R R AR B0 AT, RZHEHBAT THEAL, A 5E R 22 ATAD 5 0) R b b & 5
7E 0~30 cm P, BRI TV 0~30 om = B A D IR A7 BV =1 47.3% [23]; TRIEME SRR I
[l B YD IR X VDI EEE AR 100 cm N, S EMVDER 95.46% [24]. RIREEHE TR PLRYD AT
TEFEHD 80%MH R T &V EIAEHAE 0~30 cm [25], ASCHEFURIL 0~30 om =B N B Efavb & o5 a b
[ 96.6%, 1.5m x 1.5 m PLA Yy & 5 B b 2 1) 87.78%, 1 m x | m PLA Y FEkyb& 5 o &
) 86.96%.

KT RIDIEER, A2 FFI RGP R AV BT E AT 250, AT A8 520 RO 4 i
MR FRIRZ[26], KiBrZE I NBES & pI3In H d & R A SOk 27], EWAARFER S, N
mE S R AR R IRE I TREGR A B R B, AR A SR X B A L
2 L e ) BRI N B (R 7 R R I AV e v B AR R R ek O &, FLBE &1 FE R 3 0 4
RN REIR[23]; 15480 I 7 S N2 I b 5 ot 3 b i e B X (R R, R I L ST 204D
VOBV B e RS I BRAG,  JCAE 2688 B0 R R R ARFE[ 7] B R A R VD R T
0~40 cm = FE RIS R0 AP0 I oA B2 B85 B v B8 AT 23 BRI A (28] ¥ B U vb & LARE VD
[ 8~12 cm = A5, T HyD 2B 5 R B BOY 2k, B R ek B D [29]; BEKEESETE
P& SR Py B 3 v XD 2 R A R 2 KR S HEAT T AL, RIS RO G, &
i JE R AR 2 K, LR R B 1 I 12 B D R 1 B P BR AR [30] 5 A e A sk B AU 3 b B
LRI IR 30 om S FEN IR IR A, UCNBEE KGRI, SR a2, %=
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b < i X PR AR 73 ) S e o B PR BB O R, AR KGR [ S 00 5 i 5 o vy 2384 i /) »
SRR B BORR B 2R (315 W SUfoxd JH A B DB AR B b 3 I A S S b L K 1) 2 W SRR
FEREVPTT 0~20 om /& BEVE I Y, /b ot R 2% 507 A e Tl v b 3 28 70 A B B — P O o . A
FHYEERE TR B PLA Y018 N RO T A KR — Ik 2 B AG[9], SA ST LS RATT, XA Re A Byt
FoDCHR . R R R AN

AT N R A = T & BOVD RO, T SR MR AT S VRO . 2R TSR
ZRIN—FE B I T A BV Fe AR BV DD VI 5 A I B R R R AR, R TE L R
PO MG T SRR, B AT RERD, WPATTRRXL, BibE s R, W
YRS BB e R M 0 S pR B R [3 2] MO B RIL VDR BN YD i -] e Vb B A e v
0~75 cm T/ R RAR AL AT IR T, SRR WIREE R, =Mib Rl & et T EE
e, TR AR D B R BT BT I (33]: AR D S A bR S R E . EEY R 3
FAS AR 2400 0~40 em “iLE A RS SLES M IO RIT TR W RE e L 3G I, bR A SRR %, 407
RIS (34]. ASCHTFURILBESE = BEAIHE TN, 0~10 cm P PIFRMEILRG PLA YOREAERYD o 4ivb &
BE ETHES, WA, R SRR NG, £ 10~90 cm N FE PLA PREATERYD g

RRRAIYD B 2 FFHass, 400, hyb AR & & B R, Sa0 B 74 kA .
6. &g

XS 1.5 m x 1.5 m PLA ¥FE. 1 m x 1 m PLA ybRa Ay i eb B Oof i) 9 RGb i 45 44 S i A
[FRE R0 ) 5 AE S L7 1) R 2 A R AR EAT B 7, 45 3 BL R 4518

1) 0~30 cm =5 & P AIF 7T X 1 v b & 5 S Vb B 96.6%, 1.5 m x 1.5 m PLA VbFsfavb & 5 S svb & 11
87.78%, 1mx 1 mPLA WkE4ivb & 5 afrb 21 86.96%.

2) 1.5 m x 1.5 m PLA VPR 1 m x | m PLA DR P faridb 2200 = 5 20 pR s s, i 78 X PN b 2 b
1o BB BRI . ST L, PR IRS PLA VD RE N 5% B 2 S 3 BB b, H1.5mx 1.5
m MRS VDIE % Z b % T 1 m < 1 m PLA P&,

3) WiFPHIA% PLA YR RIE 7 X XD i A AN R PI R TE 0~10 cm N & b5 w88 n, - 49

SRR LTHER, WA . PR SRR T REES: £ 10~90 cm OB RLATR AR VD E 2 ETHE S,
b, b ATHIbE R 2 T REEY.
4) 5HHFEXHLE, 2 PLA WX R A Ay & B, Ry g B2, BikiA A

AT . PLA VORI B A8 23 U8 DI A Y i AU A A, A RS X i vk, 1mox 1
m ML 1.5 m x 1.5 m k% PLA VR 55 KU E v 8UR 5.3 .
HE&mHE

E K E AR “NSEE TR EX LGB 5V BRI R 5oR70” BRER “42 0. Ehoiib
X b E BTV BRI SR B ESR 5: 2016YFC0501003)” TR “2489 . R0 X sh A4 fE” .

SE 3K
[1] VEBERE, ESL W RESWIEIDE LR SR 1R K240, 2014, 324);
355-361.

[2] fAELE, JRREEE, KRS, 2. RS A F LA TR 2 RENE R L S PR T RIS R[], R E
VP 2013, 33(2): 508-514.
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