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Analysis of dust emission characteristic by drop impact on decomposed granite soil
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ABSTRACT

Dust is mostly caused by human activity. The effect of natural factors on dust emission were studied in many research, but the little
effort in researching artificial factors of dust emission. The object of study is to analysis dust emission characteristic by drop impact.
Particle matter 10um (PM;o) was measured by drop impact on paved soil with changing drop height, weight and drop size. Increasing
drop height cause more PM;, emission. Increasing drop weight cause more PM;o emission but had limit weight for increasing dust
emission. Because the exceed kinetic energy of drop weight penetrate the soil surface. The limit perimeter was exist that separating
PM,y emission aspect. Under limit perimeter, PM,o emission was increasing while perimeter was increasing, but over limit perimeter showed
the opposite aspect. Regression equations for estimating PM;o with kinetic energy and perimeter were made under limit perimeter and
over limit perimeter. The R® of those equations were 0.784, 0.743. The error has occurred between measured PM,o and calculated PM;o
in the equation under limit perimeter. But using equation of case for over limit perimeter, PM10 can be estimated with kinetic energy

and drop perimeter.
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FE 20249714 PMio® #AE A8t 30 pm= Z}sial,
2.5 pmHETH 22 AR ZuAHA] PMys (Particle Matter
2.5 pm)oll gk FAIE AVEEE dAolct. sfjele] 7L ul=tollA]

&IZH PMo0ll Tt 7|2 24417 Bt 150 pmol™, PMose

715 A et 15 um, 244 Het 35 pmZ g Ee] ek
EU«] AL PMieS A% 40 pm, 24A17F B4 50 pmeo]™
PMpsi= & 9t 25 pm 7] A= o] qlrh vjakaA]of
Sk lai/gdell izt A7k ZP= A, t7] F elAHA] szl
et Al A AAF o2 A=A 9l FA0l0 (Park and
Jo, 2013).

U HA = FARL ARE, MR 4] 5
of ofsf WAE7|= SHAINE thRE-> 2 dFA
Ao ulah, 7ol e 2 5 QA9 2
3l BAYSIC}E (Choi et al., 2006). BJAFHA] 2Ajo]] 33

= 881 F AAZQ] gl ot Bl M4 2
T:HL A Wol ZlYEQit, kR og FAS dhop
HAFE= E0Fo] 91742 0.84 mm ©J3loH, (Lyles, 1988),
THo] W& AS A2 ARl 35 B2 Ay & A=
o] & FAE Wl (Liu et al., 1998), EYF ®59] g=rH|7t
4~49 % ofFd 7 FAlo] HAEkA ko, ostd ¢
& AA7F BlAkekRaL G Qlok (Zobeck,
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1991). E3F o]F4] 4% F5= o8, EY FHY A9}
&, 39 oeH], A AR 5= F H =
A, AlETolde Bl SAEE cdlSshe A ARGl

1 (Hong et al., 2014), E% °
7o A 24s el $A4E ?JXH AEH
3= A97F AYEAT (Kim et al., 2013).
H]/\PFHX] HH ] 0101 017}4 D:I-E = o]T]z—lo] Oz‘;okoﬂ _Q]f:;_]:
At =R A A OIE—E QIgh HA] WAyl o
oF A7t Wol M= A= o5 £=&F PMig, PMzs A
ole] oA Yl wx|o] 4 Yass TRt AF7E AF L
™ (Williams et al., 2008), }goll 2J3) st wzo} 24
H“Jiﬁ} Q] 7S vlwet Ate X9 =9t (Pinnick et
, 1985). E3H AFe| FAf &&=, £ A2E S WA

HHZ AT APgS A7 A7 = Sk3int (Gillies et al.,
2004). o] IFEL HEALEZAM ZTFe] 3o 25t HjAt
D*Xl g Ji%h% oA Aoz

oz sigon w5l FiA 3
ool el B4 S ool
Hli%ﬁbh 9% 001]*194 %, A B4 A 5L
o] o2 et gol o 3 /Ich 2] ofs) s
A7H ) BB TRl Sl Aol o) 5 A

oA AAlsHaLAL 2.

Il. M= 2 2k

2 Aol ARSE AR A=A ASE Aol A
SER FEYE 5% 24AA71E (The Korean Institute
of Landscape Architecture, 2013) o W2} 4.75 mmA] 2t
AEE AMESIGITE AR5l 292 542 Table 13 At 4

Table 1 Physical properties of soil

Passing sieve | Dio | Dso | Dso

G | 0,075 mm (%) | (mm) | () | ()

Cu | Cg | LL | PL | USCS

2.64 10.10 0.075| 044 | 1.60 |21.28| 1.62 | N.P | NP [SW-SM

40

Percent passing by weight (%)

10 1 0.1 0.01
Grain size (mm)

Fig. 1 The particle size distribution curve of soil
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H]APHZ] BREF ZA o= GRIMMARS Portable aerosol
spectrometer (Model 1.109) & ARE3Itt (Fig. 2). ©] #H]
© 0.25~32 pm YA WA = L S 31719 AE
< 53l 34 T S 9loH, PMy, PMys 5 & 7|l o=
WA B S = 7hssi

High & QR 2ol o3t vjAMHA] WA ks X|Astsl]
Qs AdellA AES ZPsteley. B 270S AdolA A&
aF7] 918 100<100 cm #49] Us AlAFstglon, g

0%8] =AZ Aeje] FBIeE 4 cm A2 51Tt (Fig. 3).
T g UEl 144 g/em’ o]t}

Yot $4S 77| el FRES AT UF ] =5
AT F7|E YolA7)= WS ARSI B4R &
4719 A= vieelA 25 cm AH, WS FAA

50 cm ol AHoIA SAstH o, 10200 13] HHEs

of 35 YshAzlth vl 34 AR 3ReE, Y
SHAl AlR 9] T o QI S A Sl FE ¢
SA7IEA Heteiglet., Het A watiAl 34 A
A 20~ 80 em AHZE %v‘i—?'ﬂ AdEelH, 5 AHow
FE OlFAZIHEA T 185] YolAA wAbA] TR &

gotole. Algel WAL= Fig. 49} 2t

HIAE HA] A GRS A= oy EE4
a17] sl ot 9] o], Yot 9] £A, Yo}
HSIA7|HA] A et 9] Yot gol9f HjAhH X
HhAgeEe] ARAIE melshr] $fste] 0.25, 0.5, 0.75, 1 m =

d

oloflAl F5 YBIAIZIHA vAFIA] WS S7g5tqlct o] o
3, 5, 7 kg =& A}gsl9lon Uik A471= 15X15 cm&
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Hl&7) - 293 - 8RA - w7t BEs
7gsklet. ek o] FA wslol] whE njabHA] WAl oigt
JeFE motslr] 814 1, 3, 5, 7, 9, 11 kg A1) 35 283}
gk o] o, el wol= Im, Yot F 7= 16X15 em® LA

Fig. 3 Wooden board and paved soil
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Aerosol
spectrometer
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Fig. 4 Schematic diagram of soil dust emission test
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Zick. Hot 3] A7Hsle] mE vibA] WlERs Tjelsl] Sf
3, 5, 7 kg¥] & o}g3s190m, 5x5 cm, 7.5X7.5 cm, 10X10 cm,
12.5X12.5 cm, 15X15 cm, 17.5X17.5 cm, 20420 cm, 20%30 cm,
2040 em, 20x50 cm 7|9} Y3} Thg ol A7) Halo] wE
HIARAZ] HAERO] ks iefsigltt. st 9] AVIE WIHA|
7171 Sl ==2efo] Y= Xﬂl}fﬁ ot T PAA HEHAR
t} (Fig. 5, 6, 7). 7—}7—H case5-2 Fig. 89 Aslsich

HIAPAA] A 10 pmich 97g0] 22 nAHAY] &=
Ql PMig& 7lmi ZAs9.om, 9] vkE dslo] ofsf |
A Aol SR %] S wet 3E Bt SR WA Y
A 2ok ARSI,

Fig, 5 Weight

Fig. 6 Wooden plate for weight fixed
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Effect of drop height Effect of drop weight Effect of drop size

Invariant condition Invariant condition Invariant condition

+15x15

Drop weight size (cm)

* 15x15

Drop height (m)
*10
Drop height (m)

.10 Drop weight (kg)
Drop weight (kg) ©3,57

*3,57
Drop weight size (cm)
g +5x5, 7.5x7.5
e ST Drop weight (kg) 10x10, 12.5x125,
+0.25,05,0.75,1.0 15x15, 17.5x175,

©1,3,57911 20x20, 20%30,

l[

Changing condition

20x40, 20x50
\

S

-
\

Fig., 8 Cases of soil dust emission test
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Fig. 9 Relationship between PMy, and drop height
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Fig, 10 Relationship between PM;jy and drop weight
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Fig. 11 Relationship between PMjy and drop perimeter
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3 kg?] A% FoldAIe} dat &= =8 Hl&o] 0.735 kg -
(m/s)*/em 7H] SF AR/ EdRIE0] Z715to] wle) ulAmz]
HPAIEgE Ve AR Hole AR UERY e, bkgol 4
© 0,700 kg - (m/s)/cm 714, Tkg®] A% 0.686 kg - (m/s)*/cm
THA] HIARHA] Aol Skl A oR UEeptor gl oy
2/ EGH180] 0.7 kg - (m/s)/em A= H|2:3E 4-S YeRdch

FsolvAl S7tel wet goEdd SsolvArt S7tskd
A GA A HE7AE ollUA] STt whet vlAbEA]
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S| oo ® FTleHA EW EY o] W= Aol W
AetA Elo] EoF EHQ] A} vhdol ot HjAb W] Ay
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Fig. 12 Relationship between PM;o and kinetic energy per

Table 2 Coefficient a, b, ¢ and R? of equation for kinetic
energy and perimeter

Cases

a

2

R

Under limit perimeter

1.2629

0.0751

0.9196

0.784

Over limit perimeter

2.3667

-0.0082

0.743

2.9184

250,000

200,000

150,000 |

100,000 F

Calculated PM,, (ng/m?)

50,000

R*=0.784

0 & L

0 50,000

Measured PM,, (ng/m*)
(a) Under limit perimeter

100,000

150,000

200,000

250,000

250,000

200,000

150,000

100,000 +

Calculated PM,, (ng/m%)

50,000 .
. ®
L}

o % °

o ‘ Y

R?=0.743

0 50,000

100,000
Measured PM,, (ng/m*)
(b) Over limit perimeter

150,000

200,000

250,000

Fig. 13 Relationship between the measured and calculated

PMY about kinetic energy and perimeter
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