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1.1 HIEFERECH

TRIG AR B E DR TR 0 BEEA 20% 1
80%I1) 2 Fh - 34 A SEA A, 5 N BC E Y EEERD
PR B 3 4 30% 40%. 50%- 60%F!
70% 5 A48 I T R AR N S B EFE X
SR ) A BT AR ST AR BRI AR L £
TR R L 2 Bl F AR B IEATAS R B D
S AR, ITRAER 2 Fh R E R
Bk 22.83%H1 77.94%, FBCHI A 4N 5 R+
FEAR G RS, 438 P 00 R S s 0T 2 5093 ) N
31.31%- 43.46%. 52.63%- 58.81%K1 67.96%, K
EL 1R 0 5 AR ] AR AR 45 R L 1.

x1 FRLEHRRESENE

Table 1 Measurements of soil particle size for different soil samples
;;_ SE P R 350 % ANFRAR T 5250 %
éri'ﬂ 0.01~1 mm >2mm  >1~2mm  >0.25~1mm >0.05~025mm  >0.01~0.05mm  >0.005~0.0l mm  <0.005 mm
5
1 22.83 48.81 25.24 13.21 6.51 3.11 0.52 2.60
2 31.31 41.26 21.47 11.67 11.44 8.20 0.64 532
3 43.46 19.64 22.68 16.48 15.44 11.54 2.86 11.37
4 52.63 18.61 17.21 12.03 22.63 17.97 1.23 10.32
5 58.81 12.28 1233 9.14 30.07 19.60 3.02 13.57
6 67.96 9.77 6.95 528 36.36 26.32 333 11.99
7 77.94 0 0 0 47.85 30.09 4.19 17.87

1.2 TIEEKEEH

TIR BRI T AN FIARRE, L35k
IR 04 1% 2% 3%- 4% 5% 6% 7% 8%-
9%F1 10%, PFPERD RS AR LA B3 esK
S/t & ATl Y 7w v 253 < S P /B L G Y A e
T 40% FEICVESILE 7Ky 0 BIRCH] o A AR EE 1
PSS T AE SRR o R A T2 2 s g e

K, WUE R s Tt IS AR LB AE DG
ARSI T B ARG AR, Tt
ISR AR RS I T R B RS
PR, ARG B HEBCR ARG D B L 6 h, S
BT 5 min PR P R S SRR R S K
AN WGFAE A FIAL B 35 KR, &R
KR FRCTHR -5 KRR MR 2.

F2 IHARKEEFER

Table 2 Soil moisture contents for testing soil samples

ARG A K TR T HEC R K %

TR S

0 1% 2% 3% 4% 5% 6% 7% 8% 9% 10%
1 0 1.30 2.50 321 / 5.13 / 737 / / /
2 0 1.44 234 325 4.44 / 5.57 / / / /
3 0.41 1.41 233 333 436 5.32 6.38 7.04 / / /
4 / 1.00 1.92 3.08 438 5.16 6.26 7.08 7.77 8.90 /
5 / 1.44 2.14 3.47 4.10 4.96 6.12 732 8.00 9.05 10.43
6 / 0.95 236 3.11 436 5.00 6.03 6.8 7.75 9.21 1031
7 / 131 2.16 3.26 3.81 5.00 6.12 7.03 8.14 8.81 10.13

1.3 RURIRIE R AR IE S L

RIGAE N S Al 2= OFDY-1.2 B8l
P R B AT, o IR BOCE A — AN 2 AR B
50 cmx40 cmx5 em K7 AARF Y, TR A
FAF s SRR EARHE IR A KNI B - a5,

i LIRS R, e RS UBCE AE
I S VS TR IR T 1.2 m 4. 7E 5. 6. 9. 12,
15 F1 18 my/s (KX Wit 10 min, SRHAEE N 1702
— R F RT3l s e KR BVl ) L 20
60. 120, 180. 240, 300. 400. 500. 600 F1700 mm
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Table 3 Spatial variation of wind erosion sediments for different soil types

FRER AL TR AL
+ R YyEL YRR T 5 5% —— ——
PIE B RR R PIE B RR R
1 20 ¥=0.0004¢ 0% 0.9038 Y =0.0015x 1003 0.6113
2 30 ¥ =0.0004¢0343% 0.9065 Y =0.0013x""7%¢ 0.9440
— -0.0477X . -1.0937

3 40 Y=0.001e 0.7922 Y =0.0065X 0.9705
4 50 Y=0.001¢" %% 0.7009 Y =0.0058Xx %7 0.9701
5 60 Y=0.0013¢ 043¢ 0.6874 Y=0.0105x""1818 0.9606
6 70 Y=0.0019¢ 5™ 0.6301 Y =0.0249x 4% 0.9342
7 80 Y =0.0025¢ 0638 0.6287 Y =0.0455x""! 0.9312

W XIEEDOGREE, mm; YRS, g T

F e RGP 0 e A FRAGE (3l 5. 64
9, 12, 15 F1 18 m/s) A[FIFGKE (43510 0, 1%,
2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%F 10%)
FIFTA L3RR e H 7 1) | 200 604 120, 180+
240, 300. 400, 500, 600 A1 700 mm =% ) XUk
YlcsE R, JERIH SPSS14.0 BAEHEATIRIA, K
YIWCER FEAE 2 0] B SRS T3R8 4. 4558
KW, om/s KIEFEA a0 s & K B I
S, W TS T IR A AE, B RGE & T
Pk AR i 5 B R R AT A Fa it Ze A AL R A,
KOEKT 9m/s Ji, WIS S s R R
BOth AR s dr RN, nTRes IRk s
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T EH LUK AR 2 Fogiasl, BRI
SrSEPAELIR, (b T RGERVN, RAEAE LR
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SR B e S AU R R AT A AR AL
HE AT KT 9mis J5, LIERURIER
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Table 4 Spatial variation of wind erosion sediments in different wind speeds

W/ (ms™) EEEVCERA PR
PIE B RR R PIE B RR R
5 ¥=0.0004¢ 004! 0.9701 ¥=0.0013.x %864 0.7004
6 ¥=0.0004¢ 4™ 0.9465 ¥=0.001.x 78! 0.7167
¥=0.0005¢ %7 0.9620 ¥=0.002Xx 18 0.8504
12 ¥=0.0008¢ 0.8008 ¥=0.0039.x*%3% 0.9386
15 ¥=0.0014¢ 0441 0.6339 ¥=0.0103x"!12 0.9402
18 ¥=0.0028¢ 5% 0.5774 ¥=0.0359x°"38% 0.9186

g XUphst R R vE B JE s 8l , 5k
AN R, 1 m SRR 79.3%vb R
76 0~10 cm; A SCI A0 ) 1] S SRR A 1+ 35

BN 28 ANl vt B AR B A Ak 0~
10 cm = BEVE A 4R VD i BE SR VDR 80% /8
FERNITRE NS ot i/ 4 AR U S NII(TR: N S8
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FEZE ) b Rh B AR AR BN Fbge i 28, Joh e 0~
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HERT 4em LUG, MEESEDACREERSE N, %
Yo I (R i R IR
Vo R BE R I 2R BRI, Syl R s AL
(R AT LU e RO 22 ZEei D) BF 98
S B L G AR R B D S AP AE 50 em R LA
P, L XUl A i e 2 B AR B D
W2 AU SN TR B L AR A BRI S b
AR FH 3 2% 338 Rk 4y B v 52 11 74 A TR AT 45 25 R
BRI, ORI E AR FE R b e
(AR 40 5 W SR R B HL R AE , 1T HIA A ERAP R
A% FH 398 XU b ) 5 PR B S 18~40 em (¥ VT
A s AR RT3 8
TR 7.5~43.5 cm 1, AR SEET R S
W, SRR T ER BRI SR B A

TFIIAR I s 4R AR 2GS IBF N Sy R 7 o6 Y B 2
PR AR it L SRk ) Z 4 TR 7E 60 cm LA
W, HPLO0~26cm HEEHEEZL.
2.2 HIERIRERE KRN TIE S KR T E

358 UK F R Y ) g XUk i — AN EE A
o 2 T RORL R [ P A K I, KO
A A HURE () PR G A 38O, HL A o B oA XUl
Be 1, MUKW LIEEME IR, KA gk
Jy B AR SR B g UL REE ST IN E 4 R
W1, XOEBCR T g KU B R, —F B R
TEAH DG, i XU ASE £ 5 X e R T ) 8 £
A EAT A

E=Axe®”

X, E RS, g/(mPmin); VoA XGHE, m/s;
Av B W3, & EREAEIS KNGO K2
Je FCRt R AR AL R R LR 5.

x5 KmEHEREELRBEXRR

Table 5 Parameters for relationship between wind erosion modulus and wind speeds

A R

N[5 RGP RV 5/ (g-(mP-min) )

. EES
Gits BURDEU% K 5ms” 6ms’ 9ms! 12ms” 15ms’ 18 ms™ A B K

0 0.068 0.094 0.125 0.200 0.258 0.346 0.0419 0.1210 0.9801

1 0.068 0.077 0.123 0.162 0.212 0.324 0.0391 0.1170 0.9916

2 0.057 0.075 0.081 0.147 0.196 0.290 0.0320 0.1215 0.9746

: 20 3 0.035 0.048 0.072 0.108 0.139 0.230 0.0199 0.1356 0.9862
5 0.023 0.055 0.064 0.087 0.133 0.212 0.0161 0.1436 0.9040

7 0 0.035 0.059 0.071 0.144 0.201 0.0144 0.1470 0.9768

0 0.101 0.165 0.195 0.285 0.320 0.452 0.0758 0.1009 0.9308

1 0.105 0.150 0.178 0.257 0.294 0.417 0.0748 0.0958 0.9627

2 0.105 0.147 0.178 0.189 0.266 0.395 0.0755 0.0875 0.9403

g 0 3 0.094 0.146 0.165 0.207 0.245 0.355 0.0728 0.0863 0.9304
4 0.031 0.067 0.131 0.152 0.194 0.278 0.0241 0.1437 0.8627

6 0.028 0.067 0.100 0.110 0.134 0.210 0.0241 0.1229 0.8206

0 0.209 0.244 0.320 0.670 1.095 1.568 0.0894 0.1618 0.9859

1 0.133 0.228 0.319 0.389 0.652 1.334 0.0722 0.1545 0.9554

2 0.106 0.196 0.286 0.330 0.629 1.254 0.0564 0.1658 0.9502

3 0.105 0.177 0.243 0.345 0.644 1.146 0.0521 0.1684 0.9773

’ 0 4 0.101 0.143 0.200 0.324 0.514 0.984 0.0469 0.1645 0.9906
5 0.100 0.131 0.179 0.249 0.340 0.432 0.0642 0.1093 0.9858

6 0.042 0.084 0.106 0.137 0.208 0.273 0.0307 0.1256 0.9160

7 0 0.058 0.068 0.118 0.194 0.265 0.0233 0.1360 0.9756

1 0.196 0.228 0.335 0.792 1.434 2.607 0.0649 0.2045 0.9908

2 0.159 0.219 0.311 0.411 0.721 1.717 0.0700 0.1656 0.9624

3 0.118 0.194 0.287 0.360 0.704 1.439 0.0560 0.1732 0.9679

4 0.101 0.152 0.217 0.301 0.471 1.076 0.0487 0.1624 0.9696

4 50 5 0.100 0.139 0.180 0.284 0.417 0.941 0.0465 0.1572 0.9725
6 0.044 0.096 0.122 0.240 0.329 0.715 0.0227 0.1888 0.9565

7 0.022 0.068 0.124 0.225 0.251 0.717 0.0125 0.2232 0.9056

8 0 0.056 0.135 0.211 0.183 0.328 0.0339 0.1279 0.8465

9 0 0.040 0.076 0.097 0.153 0.238 0.0419 0.1210 0.9801

1 0.209 0.264 0.473 1.076 1.797 3.546 0.0706 0.2182 0.9973

s 60 2 0.160 0.236 0.365 0.745 1.416 2.576 0.0598 0.2094 0.9959
3 0.131 0.200 0.310 0.591 1.038 2.159 0.0510 0.2050 0.9939

4 0.103 0.225 0.230 0.411 0.811 2.113 0.0435 0.2035 0.9422
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TR R R e o N [RGB R R (g (m? min) ) WE S 5
5 TESE% A 5ms’! 6ms’ 9ms’ 12ms” 15ms’ 18 m's’ A B K

5 0.108 0.150 0.191 0.479 0.771 1.871 0.0361 0.2121 0.9804
6 0.071 0.101 0.141 0.251 0.472 1.404 0.0236 0.2123 0.9689
7 0.031 0.068 0.141 0.238 0.267 1.108 0.0135 0.2317 0.9301
8 0 0.095 0.102 0.152 0.225 0.733 0.0270 0.1623 0.8591
9 0 0.046 0.087 0.130 0.189 0.293 0.0204 0.1499 0.9887
10 0 0 0.066 0.098 0.160 0.236 0.0181 0.1430 0.9979
1 0.247 0.392 0.583 1.101 2.853 8.662 0.0664 0.2569 0.9751
2 0.202 0.297 0.382 0.752 2.132 5.118 0.0557 0.2408 0.9699
3 0.158 0.240 0.354 0.619 1.500 4.122 0.0474 0.2358 0.9760
4 0.150 0.169 0.237 0.529 1.224 3.686 0.0357 0.2425 0.9654
p 20 5 0.124 0.164 0.198 0.521 1.122 2.963 0.0325 0.2399 0.9705
6 0.080 0.106 0.184 0.503 0.669 1.734 0.0256 0.2304 0.9860
7 0.049 0.086 0.149 0.242 0.368 1.380 0.0179 0.2253 0.9580
8 0 0.064 0.106 0.163 0.490 1.135 0.0123 0.2430 0.9688
9 0 0.058 0.088 0.141 0.204 0.422 0.0212 0.1598 0.9850
10 0 0 0.094 0.139 0.189 0.335 0.0267 0.1369 0.9832
1 0.256 0.430 0.736 2.147 4.940 16.752 0.0553 0.3083 0.9903
2 0.227 0.302 0.394 1.285 2.490 9.098 0.0486 0.2275 0.9687
3 0.162 0.277 0.367 1.126 1.947 7.751 0.0402 0.2770 0.9707
4 0.164 0.158 0.326 0.923 1.420 6.108 0.0327 0.2741 0.9707
7 %0 5 0.147 0.170 0.240 0.366 1.242 4.479 0.0317 0.2510 0.9237
6 0.080 0.121 0.190 0.419 0.840 2.627 0.0221 0.2536 0.9847
7 0.067 0.108 0.151 0.316 0.545 1.695 0.0219 0.2287 0.9755
8 0.054 0.075 0.134 0.216 0.278 0.539 0.0269 0.1654 0.9830
9 0 0.062 0.089 0.141 0.236 0.395 0.0229 0.1559 0.9953
10 0 0.044 0.064 0.096 0.140 0.254 0.0178 0.1433 0.9910

H AT SCHRASHRIE KO NI 3 07, 2
IR ARE WO e 452 (R 5) 4564
7] T A B A 5 i R 3 AU S /N Kl
MR 5 ANrBE: TR, E<0.2 g/(m*min); 5%
Rh, E>02~1.0 g/(m*min); +IEXMZERIX, E
>1.0~2.0 g/(m*min); THEXMBHRX, E>2.0~
5.0 g/(m*min); HIEHBILIRX, E>5.0 g/(m*min).

X T )BT AU T 40% 14F, AN
IR ZA T 8 PR K i X ) 18 K T 3 o, 4R
A KSR % Rl K 7 4 N ZE SRR, HRAE
BRI S . 0T RERH, 5 LI
T, SRR KBRS 2%LL b, i
U A A ZE VR A R I LR ™ L, DRI
ATRIG ) L3 B T T, SRR 1L 2 26
BLH BB 2 2 R R K v AR gl
YRR TR 2 B =40%11 5 R ke S, AR
3R >15m/s, TIES/KE<S3%, TR
NGEWIX, E 18 m/s KU, ASUEARHRIX ., 1
FE 4 £ERGH > 15 m/s, 2%< TIEH KR <4%, T
B E NGRS AE R > 15 m/s, HEESKER<
2%, T3 REE NS BRIX o TAE S AR RG> 12 mJs,
I KR 3% FXGE > 15 m/s, 4% < TIEHKE

<7%, LIERMIEANZEIE X s KOE>15 m/s, T3
TR ER<A%, XN X . AR 6 7E X
>12m/s, 3%< T3EEKFES%MAKE > 15 m/s,
6% < TIEEHKE<8Y%, TIEXIENZIX, X
> 12m/s, T3S KR <3% 1 XGH > 15 ms,
3%< TS KE<6%, L3R pHFE AR GEX, X
H>15m/is, TIEEKE<3%, L3R pREE AR
X, +HE 7 AEXGE>9 m/s, 1%< IS KE<S3%
AR >12 m/s, 2% < TIEFKE<5%, TR
HENEWX, fEHE > 12 m/s, TS /KE<2%AI
KO > 15 m/s, 4% < TIEHIKFE<6%, T3k
NI R XGE > 15 m/s, THIESKE<4%, +
5 RUE N X

B, IS AKCEAMIEI, P EETERD R R
KT 40%01 H3E, R ARG RIS )
HEPERD R T R 4> B>40% ), 3 I Sk B K B
%, 25 kAR, i Rk R 2 B BE P E DR
FEMIE NG, JCHY LIS AR T 3%,
W oy ARl IS KR T 7%, WHRERAE
Tk 55 1 33 XU
2.3 TIERMEE = TR

DL BEPE DR S . IS KRR il X
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H AR, DA 39 XU H50CA DR AR 56 R R 46 R
HEAT =00 kA, 45 20 R B it B v s
L RS KR IR AL [ =il A e Rl

E=2.557463-0.080263X,+0.527724X>-

0.4788061+0.00065X,%-0.009108 X; Xo+

0.024633.X,%+0.007399.X, V-0.039447.X, V+

0.0172071%, R*=0.6711
L, X R R TR % Xo N RIS
KE, %,

o6 45 B oR, F=77.99, P <0.0001,
R*=0.6711. BARAKIFFTR 50 458 X oK g 3 A4
K107 T 2268, (5 Py JXGTRSEADL R FH 1 U
FIT LA AR Ak 25 DR 2 ) i &5 SRS /0N, i S B
FH Ti) = 38 XUk o 2 32 31 52 4% 22 AR 1) AR IR 38
SEMR, DR R TIOR3 R 8 FH 5 B sk K = ()
RIS H A Rk kb 7 ve s, T B DIR AT
2.4 TAWALEFE AP ERIEBEMST

B 1L b R e s R e i) 5 R e 11 1
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Effects of soil moisture and physical sand content on wind erosion
modulus in wind tunnel testing

Zhao Peiyi', Tuo Debao?, Li Huanchun?, Duan Yu!, Kang Xuan', Gong Qin?, Zhang Jun*
(1. Inner Mongolia Key laboratory of Dry Farming, Key Observation Station of Ecologic Environment of Ministry of Agriculture,
Institute of Resources and Environment and Testing Technology, Inner Mongolia Academy of Agricultural and Animal Husbandry
Sciences,Huhhot,010031, China; 2. Wu Lanchabu City Soil and Fertilizer Workstation, Jining 012000, China)

Abstract: In order to explore the effects of soil moisture and physical sand contents on wind erosion modulus,
seven artificial soil type treatments with physical sand contents of 20 %, 30 %, 40 %, 50 %, 60 % and 70 %,
eleven treatments with soil moisture contents from 0 to 10 % at 1 % a step, and six wind speed treatments with 5,
6, 9, 12, 15 and 18 m/s, were tested in a instrument of wind erosion tunnel. The wind erosion amount was
measured after 10 min wind blowing at 10 different heights of 20, 60, 120, 180, 240, 300, 400, 500, 600 and 700
mm with a cyclone sand collector, which set at placements of 1.2 m away from the wind tunnel. The results were
integrated by using cubic spline interpolation method in MATLAB 7.4.0 (R2007) and were computed to wind
erosion modulus E. The results showed that the wind erosion amount was very small when the sand content was
less than 40%, showed no significant effects for water contents and collecting heights. The amount of wind
erosion collected fitted a exponential function at spatial scale when physical sand quality fraction was smaller than
20%, it well fitted both exponential or power functions when physical sand quality fraction was ranged between
20% to 40%, and it fitted a power function when the sand content was higher than 40%. The wind erosion showed
an exponential increase against the heights when the wind speed was slower than 9 m/s, and changed to a power
function when it was faster than 9 m/s. The total amount of wind erosion in collectors at different heights was
exponentially increased with the wind speeds. There were no significant difference in wind erosion accured when
the sand content less than 40%. When sand content increased to more than 40%, the wind erosion increased along
with increasing sand contents, especially when the soil moisture content was lower than 3%. The E showed an
exponential increase against wind speeds. We concluded that the north side region of Yinshan Mountain, Inner
Mongolia, China would be an important source of sandstorm with considering the soil moisture contents and
physical sand contents, because the soil moisture content, in this region, was often less than 3% to 4 % in spring
and winter seasons, the sand contents were more than 50% to 80%.

Key words: soil moisture, sand, wind tunnels, wind erosion modulus, size fraction
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