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ABSTRACT : The occurrence of soil erosions in Korea is mostly driven by flowing water which has a close relationship with rainfalls.
The soil eroded by rainfalls flows into and deposits in the river and it polluted the water resources and making the rivers become
difficult to be managed. Recently, the frequency of heavy rainfall events that are more than 30 mm/hr has been increasing in Korea
due to the influence of climate change, which creating a favourable condition for the occurrence of soil erosion within a short time.
In this study, we proposed a method to estimate the distribution of rainfall intensity and to calculate the energy produced by a single
rainfall event using the cumulative distribution function that take into account of the physical characteristics of rainfall. The raindrops
kinetic energy estimated by the proposed method are compared with the measured data from the previous studies and it is noticed
that the raindrops kinetic energy estimated by the rainfall intensity variation is very similar to the results concluded from the previous
studies. In order to develop an equation for estimating rainfall kinetic energy, rainfall particle size data measured at a rainfall intensity
of 0.254~152.4 mm/hr were used. The rainfall kinetic energy estimated by applying the cumulative distribution function tended to
increase in the form of a power function in the relation of rainfall intensity. Based on the equation obtained from this relationship,
the rainfall kinetic energy of 1~80 mm/hr rainfall intensity was estimated to be 0.03~48.26 Jmmm’. Based on the relationship
between rainfall intensity and rainfall energy, rainfall kinetic energy equation is proposed as a power function form and it is expected
that it can be used in the design of short-term operated facility such as the sizing of sedimentation basin that requires prediction
of soil loss by a single rainfall event.
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2 XI: gEjuutel A WAISHE diREe] EQFAle Bo o

EPHALS EAAAY] AL BN o] F FHHo] U

2 7)FHste] Yo Seutel At 30mmhr o] 3
[e]

7hsAo] SobAa Qlek £ AFAE 90) BelHel B4

Bl Ae-oF e o
A o] spdpatee] e & ool W o8-S 5L Atk
S50 WAYSITE SISk Qlo] @Ikt B A o] WAS
2ls7] flsto] RARELFGE o] gt A= At
HES FAHsL T ZeAMYe] 7= AeoldAE Alteles WS Ajkskarat sklck ol v A At

o] F9E 0.254~152.4mm/hrofl A S8 -2 ARE o] 85tk FAHEEFE A-g8te] APgE o]
of FA A 3P F7kohes BFe % A
A& A A7} 0.03~48.26Jm mm’' 2 VERGT) 7 E e} 7o
ok 2 AtolA AlekE FAE Ao ATk HARI9L B2 AHEY] S AAshe AlE Y] EFUATS A5l 282

7

o

K

2 98 ow W,
F0|: mobYA], AL, FARETS, 2ER

.M E 2Ql Gelolq et EAIS Bof ot AoR 8
A QAL 790 B4l ofa] AT 715t

EFHAL A, v, S8, 712 SO @A Qs VPR ¥ & FAEES 7HE AFE7L SV 9
T A HfE, BFEA, AN D ol A4TE Y & B A, BFEAlY] Bl A BN F¢ AL
Aol g-ge Sof APty Qlalse] BEHa 2gol ot & olsfish 2L S FR3tKKim et al, 2012; Kim, 2016).
229l Fatolet. Aputat 7o Az 2L ALgt Unt EFEAo] Qo] A9 BEFUAE AgHon Raly

1) Ph.D. Candidate, Department of Civil Engineering, Chungnam National University

2) Researcher, International Water Resources Research Institute, Chungnam National University

3) Professor, Department of Construction & Disaster Prevention Engineering, Kyungpook National University

t Professor, Department of Civil Engineering, Chungnam National University (Corresponding Author : ksjung@cnu.ac.kr)



AAY AFSES U 2 Z71A]A E9kA]o] Bhbs| o]
SolxA| Tt A4E BRI AEfgol S5 o
w SRl Lrehhs 58] ojsa BAEE 49l 499
Z}9] o x| 7} x]g o2 AgEl= Aol ) o3t
A%, 7ol ot AHA A EP joi 9
o wel, ZHeztEe] nhet Uehhis 7-991xte] &5
Y7} 2719] Aol Fa3t Qe + raai7) Ak
oA 739z =3 7] 9} %—'&-;—E(termmal velocity)
of gz EEEIL UAe] 2717 AN AR Frks
Ze Ao s IRtk SRR, F71A e SJsiA
S-UA] FLEEE O o)) FUISHA] Al IAEES 7t
A7 El= Ao| UdlAo|tiFoote & Tori, 1969; Gunn &
Kinzer, 1949; Laws & Parsons, 1943; von Lenard, 1904).
o] AFAES A Bt 4T ol o
U A EE M A EGA O] g e Af-oldA]d
Hstol digh Aedo] go] A=Ak 1 A, frEHe B
AR 7 me) Aol w2 Ao s A S 1(Young
& Wlersma, 1973), o= B3 A o] ZF9aFE} 7+
Ao B TS W=the AS ou|dith
Sl ARE-EIL USLE(Universal Soil Loss
Equation) 23 Q1w EFGA%E o Zals AH4<)
2EF 7F9-9] 2 A)%H(rainfall erosion factor; R factor)<
FRRIAR ARGSEAL Qloh Eu, o] B 30 5]
He ARE olgslo] FeAES Foo|dn z‘zwa:
< Aesl= 3HA Aol 9tk Son(2001) HAHF 7
4 8 8ol g ERE e B
Ae FM*MH Taﬂ girki H7}ehel
| 213} 2o

rlr rr

9V]\

O

ol
>~ oE

Mo & O T_lil )
r’% Wy o
s

ot

L ok

[ o rlr
)_J:
S
ﬁi
> 0
op
o
rr
Fl
N

_1)14 —Y.Li
o
S o
2 2
o e
oo U
n
by
rr ox
NI
o 3
o
N @
Hg (i
0. (
jaba] _ﬁ
B
flo ;g
fr 1o
X
B
2
T
od X

30
rr
_?L
)
1o
o
E
o
i)
4
30,
vl
rir
e
-
My
|
&
é
>,

~
BRI

$Q mo

ol
-

N
O.
5

ANHA = ZfAREe] AlABIL Eib= AR F2t Eof
ARl Tt sl Ao fhoz s 4= Qlat, o
Y27l EA5= 7Rk E3E(Drop Size Distribution;
utetsfjof 5%5] TAEY AR E 4T
St ol JAkE o] Q= ohFRt =719 74
= °ﬂ et 71eA ool EAsHAIT,
Marshall & Palmer(1948)2} Marshall et al.(1947)2] 1+1o]
K B0l EolA Y 29U Fafsfo] wAFER: )
ALl AR Sgolel SR A P

2225 74 = (number concentration) % A 231514 T
o], W2 A AU 9] AdS B8l FofRl oAt

T

)
o
o

=2E olgsto] Aol EAshs A-UAHE Gamma,
Log-normal g9} -2 S-EUEse e 2 AIQlstal 7
LoYR|E FA3AtHAfullo, 2011; Assouline & Mualem,

1989; Checa & Tapiador, 2011, Best, 1950). o] £Jof=, <l
3735 AlEdelE et glojt] AHlE 3l dolAle Y
Ao} FUEES wfgow FogEe} oo o] B
= GHskial she AT FsE]a QrhKim et al., 2009;
Lim et al., 2012). 131}, ofQjo) T= A& HA|ste] &
SAPFoRRE 9o E Asteete, o] Aite
i Ake] SIE 2 BN Bzl sfel A
27} Hrk ge olejgt AR Az Wslel g s
449 8 oL Y et G S48 e ol

3}
EORRALS Thre] Z9ao] B Azl el )&
°AW°ﬂ o8 tero.z wAlsks Alo] ubAolthKim ot
. 2010). whebA, A glof 0] BAS v
%&7} QLA Sfelq AbH o ALg S 9l USLE
5o A9AUAAL AT EFFAFS =5 913
Areiolet. wheb), SAEL Ao 2R Y WASH: Ko
B4 ezl 87bsetA] et WEst Basich aety
B AToAE e AMTo] BeHlel BAY] 2A% &

79| 7ol (Kinetic Energy, KE)& 4%
ol WS ANt A9 EAS oA o] BAAS A
ASaLA} Fhek, S BAE - e A AlgkE o] A

[ ZSou A A3 2 ATA] Aokt 7oA

2. J|20|2 X ZLOLIX| A T=E

ZESAAO o8t & EoFR-E|T)(soil detachment by rainfall,
D& 797 BRI 7ofol £5oluixlo] et
Ao AZE A=) STl SJaliA At o EgEe
aFo] Ao ZAshA Tt Morgan et al., 1998; Lee
et al., 2010). o]& AR ®EHsIH Eq. (DI Zth

Dy, = k,KE " 1)

oA7IA, ke B A0l sl 24 EdEeEke))

S & 0.1~0.59 H$9 7HS 71X (Smets et al., 2011), KE

16 Estimation of the Kinetic Energy of Raindrops for Hourly Rainfall Considering the Rainfall Particle Distribution



Aol M w91 o & SEUAIIm? mm),
|E5-22) B3t Zolm), b EFEAH] AR 4
22 092-3.119] ¥919] 7hS Tt ARAoRE AL
FE 092, JE 1.61~2.72, AEA HE 3.119] 7F& Zre=t}
(Torri et al., 1987).

>
fr
N

ik

KEy = 5m, V; @
my = pr/gd, 3)
V,y, = = @

4 7H93dte] AZmm)O|T, KB, d,77]9] 794
A7F 7= ENUAL, my= 4,375 7H= A
o] Aekkg), V,, & g ko] Balm), p, = B
E(kg/m’), V, = d, 2715 7P SRR Fek e (ns)
2 Smith & Wischmeier(1962), Chow & Harbaugh(1965),
Assouline & Mualem(1989) 52| AA7} AQFSE 3418 H)
wste] A eslict Fig 12 A1dioHLaws & Parsons, 1943;
Gunn & Kinzer, 1949)04] AAISE 73U AF 7)o w2
2o = UeRH 1Folth Fig. 194 Chow & Harbaugh
(1965)2] A= Z-F-dAke] @4Fol FAl(1d), HH=RAll(1.25d)
o whg Tefste] AR Fsmolct 212ke] Ao 7
Abg] FokEw 2 v wdk 21}, Assouline & Mualem(1989)

7FAIRKRE F4e AlLlRt YA Ao A7 AR

7Tmme] 7--QIrte] FrkEr sl 15.57ms 2 HAEgl o, o]
A= Laws & Parsons(1943)2} Gunn & Kinzer(1949)2] 21

o

terminal velocity (m/s)

drop diameter (mm)

Fig. 1. Comparison of raindrop velocity equations

9 ATRRI 9.53n/s KT} LoHH F FHo =2 APgE|o] B Aol A
£ AlLJerdet. wba, 2 Atoll A= Laws & Parsons(1943)
9} Gunn & Kinzer(1949)2] A9 9] FHEEE 2 W oJ5H=
Assouline & Mualem(1989)0] #|St5} 218 A-251HEq. (5)).

(d/s )ﬂ}

l—e V. ©)

Vi, = Vinax

A7, Vi TR Hd ez Add9E
2 9.5m/is 2 GRS A5 Laws, 1941; Gunn & Kinzer,
1949). 6= 1.77mm, S+ 1.1472 Mualem & Assouline
(1986)7} A Fh& ARSI Af-oldAls T4 E
o FFL Hol won, FoURe] FUEEL th7] Fof
2= dlgo] HgFS Wr=t}Pedersen & Hasholt, 1995).
a2y, & Atelds 9T 7= e dt oluAIE 4t
Ha17] SlalAl 7] Sl Ao R ZEE V (wind velocity)
2 wefekA) eloe.

AT ARG B9 B
Fig. 29} ZtiLaws & Parsons, 1943). TkoF 7}
Aol 7Hd &= e RIS A&4TEWSR 3}
27} Eq. (6% HE 1 F Aol
sEuEger BAT 5 ok
d <0200 5 d >0

ol mAT 4 9lrk

5
rr

=
(¢}
T
N
N
S
L
o
n o
>
>

=)
H
o
4>
i
Y
° o
_?L
o e ofe

ok

| o2

0 ®
X
e
rO
?

W o K
Ll
A

4
2

5]

}51

oot
+
il

es]

el

S

; aﬂd*ﬁﬂe*“dw, (d > 0)
fld;a,B) = (6)
0, (d <0)

F(d) =1—exp ™

@)

A7IA, d =0, a>0, #>00]H, ot Z & T I(scale
parameter)©] 1!, B+ FAFW(shape parameter)©|t}. d* =
di/dsy o1 di= xFol sFshs AUk o)L, dy,

& 7S Abge] A 994 g 7)ol AU

~®-0254mm/hr -#-1.27 mm/hr - --a- 2.54 mm/hr

L] —-e-12.7mm/hr  —m-25.4mm/hr  —e—50.8 mm/hr

—+—101.6mm/hr  —e—152.4 mm/hr

ent of total volume (%)
]
5

Prec

.
oA -
P e 5

0.0 10 20 3.0 4.0 5.0 6.0 70 80

drop diameter (mm)

Fig. 2. Measured data by Laws and Parsons (1943)
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Table 2. Kinetic energy equations

Kinetic energy equation Application Developer Equation number
KE=0.011 x 1164 Experiment (30 sec) Kim et al.(2016) (16)
KE=0.063 < I Experiment (5 min) Kim et al.(2016) 17)

KE = 0.119 x<0.08731og, ,/ Conversion factor to SI metric units Foster et al.(1981) (18)
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KE = 0.098140.106log, ,/ Okinawa in japan Onaga et al.(1988) (21)
KE = 0.26%(1—0.7exp %93%7) Southern queensland in AUS Rosewell(1986) (22)
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