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Experimental Investigation on Particle Size of Soils Erodible by Wind using Portable Wind Erosion Tunnel
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ABSTRACT

The purpose of this study was to investigate maximum and minimum grain size which eroded by wind according to soil and wind
conditions, such as top soil water content, roughness, land slope, wind velocity and proportion of grain size under 0.84mm. For
performing this study, portable wind erosion tunnel was designed and utilized during field test, which facilitated measuring actual wind
erosions under artificially controlled wind conditions. In the result, maximum, minimum grain size had strong negative correlation with
roughness while weak positive correlation with wind velocity. Also, Slope which means the effect of gravity also influence grain size
erodible by winds. Based on these results, regression equations were suggested for predicting maximum and minimum grain sizes by
using multiple linear regression analysis from SPSS 20.0. The equation for maximum grain size erodible by winds showed a good
agreement with the observed data with R>=0.896. Other equation for minimum grain size had R>=0.777.
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S —— et o 7 FAS W= YAk= 0.84 mm ofsto]m L o)l
M T4l & F3s ‘#X] A=t} (Lyles, 1988). E3t 34
At 2dslol| w2 7|29 A5 E 713t 5 o]l of ma} & FAE W= A9 A77t ‘:LE}Z]U:] ] w2
Ofgt A|FEHO| A%} A &)= o] wom A 10047t gt 789 A2 YA YAFEo] FAS wrom 45 l.{‘t B2
=9 7122 1.7 C Asgon AAA 2= 0.74 T7HESS AR dA=e] 2 FAE W=t (Lui at el 1998).
t} (Buschiazzo and Zobeck, 2008). E3F AL 2d3= AX F59 Fet] A FAO] PR F= QA Aol ¥4F
A A| AElE oprfetn FAE Yorl= el 5 shtolth & Fo| o] EASHE FAlo] AL dojupA] (fom 4~4.9 %9
Al 50 RES XA RES YYE EIF A SheH] o8t A FAlo] & dojuAl =t (Zobeck, 1991).

o}, ol A= HA AR Ao 2~ 34 7F 18MEl 2 & 1,770 ESH BES| matsgo] U ofifolH F4lo] & dofuA
594 JA7} vigre] ko g o]EshH (Park, 2006) ©] YA A= Aoz dHA 9t (Bolte et al., 2001). ol¢]o= EH
2 BikEo] Aol BAE oIsHAY AE Tl 9 AA7)of| ufe} T4 WAYEFo] 2jo]7} LFEME}— e kil

72A ek (Bitog et al., 2009). Om FA 2 QA FA o] A9 YAte]l ke 1 o]
A7) wet I JF A== JA] th2c} (Zobeck, 1991).
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o AgtEin 24 AGAsEEe 2us AsdhE 8 o @0l B4 el B T Al S we &
sfetetre WA, BER QIERE B4 Soln] o} uigen $4] 1w
ook qersty 27 - A G 2Rl gel B Aty 5AY RS 248 4= Q)= WEPS (Wind erosion prediction system)
et Ao Aa3 A o) ;
*#1% Division M3-BIORES: Measure, Model & Manage Bioresponses. = o= T ME} (Webb and McGowan, 2009).
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Fig. 1 Schematic view of the portable wind erosion tunnel
(Hong et al., 2012)
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Table 1 Case of wind erosion tunnel test

Wind velocity (m/s) | Slope (°) Location

6
Case 1 7.5 0
9.5
6
Case 2 7.5 0
9.5
6
Case 3 7.5 20
9.5
6
Case 4 7.5 -20
9.5

Tilted field

Road nearby field

Artificially prepared slope land

Artificially prepared slope land

Fig. 2 Portable wind erosion tunnel test and land with a
slope of 20° on test site
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xH AZ7)9] AL Saleh (1993)7} Zﬂ% A1 ¥ (Chain
method) & ol&st9lom AZ7IE F6he WS A (DI 2
o}, Aol Zole} ol AJZH 1t 31?%,}_4 Ae)9] v)E &3] A Fig, 3 Mastersizer 2000 from Malvern for analyzing fine
slgon] of gro] AW ZFo] At Zol|1 of ol grain size

7} 2 g2 ol gsiitt. & A} 7)o whE go]A|e] Akt

; A% DY st} el AL ey Eek 2
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v Z| e
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L, ¢ A AR 7S] 8] 1. Z Case & 34 59
o E5% o 2E 57 W FFAY, A4S 9 YEEAS e ot Auke o
ESE Q= BE 4S9 AAS (KS F2302, 2002) A =2 2T
o 23 1H Qleke] 97 0.84 mm o]o} 8-S 2459, Case 19| 7 @20l we Hhedgel - agtol
Az WS o|gaon] FHlel QAL o= week] ol AHAOR A 2R o Zel wel Ewl Fut
Qeke 5n) ok AFE AHE AAjsk 3 AR 7] el A0 HEHEt B g4t o
4 % 24 5 Qo) QLo ofal F49o ATl ) A
H, Q1A Aw] AR77} S7kke A9 vie U] 93 E U] of
EA) wko o710l oA EAL 9 Fo|Aew HA7]al =l (Zobeck, 1991) wZols U] A2 AoE Helth
Malvern AF] Mastersizer 20002 ARSI & A= Case 29] 7% Case 19 H|3] - A gHo] & Ao =R

o]A 34 (Laser Diffraction)& 0]316]-0% 2 Qzlo] Ao

]o] §_']-q_6‘1- 2 ol\;} o;ﬂ 1y ?‘}_/,\_317]. AH—,H;QQE XPQ_U:] kv
Ao Akt 2ot Apow] AL ggxte] A o) At 2w 7

4oz Aor 5
= ol 7bg7] el F4j0] o 2 Uofyt AOE Wk

Table 2 Results of each case of wind erosion tunnel test

Wind velocity | Slope | Proportion of under 0.84 mm | Topsoil water content Roughness Minimum grain size | Maximum grain size
(n/s) ) (%) (%) (%) (um) (um)
6 25.23 243.28
Case 1 7.5 0 30.54 7.91 7.50 29.39 298.53
25.06 371.43
57.05 1161.32
Case 2 7.5 0 23.72 6.92 3.20 63.57 1240.26
9.5 52.23 1095.52
6 41.77 378.27
Case 3 75 20 32.25 4.1 7.67 47.63 615.92
9.5 44.34 590.99
37.99 685.12
Case 4 7.5 -20 32.25 4.74 4.74 57.51 1247.07
9.5 71.39 1254.98
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Ho} ®3F =4 T2o]7] nfjio) Aoz 2 thAA 9lon Table 3 Correlation between maximum grain size and each
FHol= o] Sl dRREe] Wol skl gltk. o] o wind erosion factor
Oﬂ Case qu‘ H]ﬂ /\] z_:]__g_ %‘L_—}i'\_ 3}01]A1 E1 % ot}%]o] 7‘51%1:4»1:_ Win(.i TOpSOﬂ water Roughness Slope PrODOITiOH of
Aoz EO]E]- = - velocity content under 0.84 mm
A = Correlation - _ _

Case 3, 49 3% 5L Bol 4] AF AAQ Case 3014 A coetfcient | *2F | 702 | 708 m040 T 040
&€ HHE] v B S AT & e ole A Sl 55 1 0405 | 000 | 00| 01w
A4719) gl Ao WrkEnh A AR 2 Qe g
Az w2 o)53tA] Rob7] Wie] AF A masy g7 el seniontarp=om

T Azy= Aol ] . - N
oAl k. 3L, Case 13} Case 3] ﬂf'”“ 7Ae] Hls: Table 4 Correlation between minimum grain size and each
SHARE A= Case 37F B Atk 18 HEH U742 Case wind erosion factor
37} E] EUI] O]% EE& %L‘T‘H]-’] X}O] ] ]0 6]‘% Ao 1% Wind | Topsoil water Roughniess|  Slope Proportion of
% ]q_ velocity content under 0.84 mm

Fho] F715he A9 AMAoR B4 W A el TN oo | _gum | —om0r | —02r2| —0321
ﬂxlxlﬂ- Case 1—% Z{]Q]o]u_ quix] Case‘ﬂ]ﬁ% 7.5 m/SQ‘ Significance . )

9.5 m/s9] ol 2 Aol Holx| golet. e Ahol AR powiiy | | M | M | O] O

3 O]'Odﬂ EH"‘Oﬂ 7.9 m/Soﬂ/\_] %/'\‘1 S W QA= 95 m/Soﬂl‘_] * Highly significant at p<0.05

+ AEo| HA ghon o] o] 23] o o] Eolte

Aor Uepth ol= E4 Qo] ojEsl=y Zadl Hast  WEolth &3 AeHY] A9 ot Sof AT e AL
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Table 5 Regression model for assuming maximum grain size

Table 7 Regression model for assuming minimum grain size

of eroded particle of eroded particle
Significance Entered/ Significance Entered/
probability Removed probability Removed
Wind velocity 0.130 Entered Wind velocity 0.287 Entered
Topsoil water content 0.001 Entered Topsoil water content 0.004 Entered
Variables Roughness - Removed Variables Roughness - Removed
Slope 0.004 Entered Slope 0.120 Entered
Proportion of under 0.84 mm 0.000 Entered Proportion of under 0.84 mm 0.006 Entered
Wind velocity 56.489 Wind velocity 2.060
Topsoil water content —179.278 Topsoil water content —7.945
Regression Roughness - Regression Roughness -
Coefficient Slope —14.381 Coefficient Slope —0.322
Proportion of under 0.84 mm —100.264 Proportion of under 0.84 mm —3.400
Constant 4351.485 Constant 177.455
* ANOVA Significance probability: 0.001 * ANOVA Significance probability: 0.019
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Fig. 4 Relation between observed and theoretical maximum

Observed maximum grain size(pm)

grain size

Table 6 Comparison of maximum grain size in observed and

Observed minimum grain size(pm)

Fig. 5 Relation between observed and theoretical minimum
grain size

Table 8 Comparison of minimum grain size in observed and

theoretical theoretical
Wind velocity Observed Maximum Theoretical Maximum Wind velocity Observed Minimum Theoretical Minimum

(ny/s) grain size (pm) grain size (um) (m/s) grain size (um) grain size (pm)
6 243.28 210.27 6 25.23 23.13
Case 1 7.5 298.53 295.00 Case 1 7.5 29.39 26.22
9.5 37143 407.98 9.5 25.06 30.34
6 1161.32 1071.55 57.05 54.19
Case 2 7.5 1240.26 1156.29 Case 2 7.5 63.57 57.28
9.5 1095.52 1269.26 9.5 52.23 61.40
6 378.27 434.25 6 41.77 41.15
Case 3 7.5 615.92 518.98 Case 3 7.5 47.63 44.24
9.5 590.99 631.96 9.5 44.34 48.36
6 685.12 968.25 6 37.99 52.20
Case 4 7.5 1247.07 1052.98 Case 4 7.5 57.51 55.29
9.5 1254.98 1165.96 9.5 71.39 59.41
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