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Abstract

This study is to analyze the characteristics of impact force by debris flow based on the Finite
Difference Method (FDM), according to the variance of supplying water discharge and channel
slope angle. The more supplying water discharges, the earlier fluctuation of debris flow is
occurred with a longer duration and a higher amplitude of impact force. The debris flow velocity
is speedier at the fluctuation points than on the downstream channel and maintains for a few
seconds. The impact force of debris flow at the fluctuation points is stronger than at the early
occurrence points. This finding indicates that the supplying water discharge, which is the energy
source for debris flow, interacts with the particles of the flowing debris flow and thus the energy

of debris flow increases. Such rising impact force of debris flow contains great energy and
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keeps attacking the check dam.

Key words: impact force of debris flow, fluctuation, check dam, Finite Difference Method
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<Figure 2> Water Depth (a), Water Velocity (b) and Impact Force (c) for @, ., = 600cm?/sec
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<Figure 3> Water Depth (a), Water Velocity (b) and Impact Force (c) for @, ,,, = 800cm?/sec



Analysis of Impact Force at the Check Dam for Debris Flow Disaster 73

2) H|EH ZAlHs]| mE HDEEA

gk meba, i AL sl me AR F4Y
HAHEE Qupiow =600em? /sec 02 AT shar viEd A} 14°9) 18°Q1 A% 764, 7, EA

F 5489 A7)1E Alzhastel] wgl ©A)E Zloloh

Flow depth

0 5 10 15 20 25

time(sec)
180
160 Flow velocity
140
14*
o e e 18
(e,
80 =
- Lj\,va-
a0
20
o
o 5 10 15 20 25
50
Impact Force
40
F H 1a°
Lo 18°
30 <
20
10
o
0 3 10 15 20 25

time(sec)

(c)

<Figure 4> Water Depth (a), Water Velocity (b) and Impact Force (c) for Varing Slope Angle (@, 1., = 600cm? /sec)



74 Korean Review of Crisis & Emergency Management Volume 11 Number 9

g2
5
=~
V
=2
-
i
"
rlo
=)
u}
r
o,
~
2
N
S
—_
>
ro,
o,
o
o,
K
i)
r >
rlo
=)
g
.
o,
~
2
N
S
—_
&)
ro,
o,
o
o,
Auj
i

7
). <Figure 4 (a) >ollA] BH¥, v AL 14°90 49 BEARF
o] &2 AZF EAsL olF ¢vtaiAl A AU
Sh7F glo] ehbabAl Fashks As vEebdth vhdel] v T
b A&E A fluctuation®] TAETOZH XA Fa4le HFPeak)’l UENES B 4 9th
<Figure 4 (b) >¢] EAFO] fF&wstelA vjghd Azt 14°90 A9 EAF HAAS 132704 o
A3k He7 fAslo] Fateltrl 1422 Vo F43 fE5 #3AS YeEhS 2 ¢ g o=
Ay el o ol FEHA Ksbr] wiitolebar dekE) vk
ol BEXFY oyx] FU& A8 759 fluctuation®] st At} <Figure 4 (a) >¢} <Figure 4
(b) >¢] Z3E vigo®m <Figure 4 (¢) >° BEAT FA4HS vus] B9, v AAp wistel] whet
At Az1e] Aolrt S-S T F 9tk o= FAAMACA WAEHE EARY SAHS B
A 2710 HF(Peak) et 2719 EARVE AR AEHL, o] F olyA|e] HEste
3l fluctuationo] Ao =M thA] gk ¥ EARO] A (Peak)oll =23A] Hr} webA,
Aol Aol flolA ol dk EAFe] FA ] Av]el ek k&S HES|oF dvha dddnh

¢
o

~
ey

N
— T
—_

o3

o
o

Hu
tlo

re,
1o
ks
n

[}
QN8 AU G55 Ha, 2717 AR BN FA] ASH 0w Aol F4L how
A APgR okl S1go] H 9 ek
QR @ F o] AApasiel e Anel At vgw AAL HesE BAR

o
=
BAz7le] fEAY] HEPed o] B AR EASTHL o)F Skl Ak A% 2 5 vk



Analysis of Impact Force at the Check Dam for Debris Flow Disaster 75

ol wjghH AL 2845 1 f-54lo] AEAIRE A&E L fluctuationo] WO = X421
frerlel A (Peak) 7t UERES B F Utk EAR A4S vluE] B, BEH FAF wiste] upet
dget A719] Zol7t oS AT 4 Stk ol AR A HAEE BEARFe SAEe B
T 27l HF(Peak) B9k 719 EAR{RTE AEARE A&H AL o] $ oA o] 7hEstE
Q18] fluctuation®]

>~

bl Al ot oleld EAFe

it

&
A& om Apgdel] mddhs S (Peak) T4 =] =L

X
Zle oigh Qbdge] HE @ AIFbAsle] w2 FAHe] sATA ) tig bHdEx HESoF g
o

References

Jung, Jin Young, Don Seok, Bang and Buhm Soo Chang. 2010. Study regarding a system
mmprovement for that Debris Flow disaster reduction. Proceeding of Korean Society of
Civil Engineer. 2159-2162.

Kim, Sungduk, and Hojin Lee. 2014. Simulation of Debris Flow Considering Erosion and
Sedimentation. Crisis and Emergency Management. Theory and Praxis. 10(7): 149-159.

Kim, Sungduk, Ilro Yoon, Sewook Oh, Hojin Lee, and Wooseok Bae. 2012. Numerical Simulation
for Behavior of Debris Flow according to the Variances of Slope Angle. Journal of the
Korean Geo-Environmental Society. 13(6): 59-66.

Kim, Sungduk, Sewook Oh, and Hojin Lee. 2013. The Study of Relationship between Berm Width
and Debris Flow at the Slope. Journal of the Korean Geo—Environmental Society. 14(11):
5-12.

Kim, Woon-Hyung, Byung-Woong Song, Bum-Suck Kim, Ju-Han Kim and Kyung-Hee Lee. 2009.
The Points of Issue and Countermeasure for Sediment Control Dam Designs. International
Symposium on Urban Geotechnics. 1057-1064.

Korean Forest Service. 2014. Erosion Control Facilities. Seoul: Saem—Moonhwa.

Kun-Woo Chun. 2011. Erosion Control Engineering. Seoul: Haynag—Moon.

Kwon, Hyuk Jae. 2011. Safety Analysis of Check Dam according to Sediment Yield in
GangwonMountain Region. Journal o the Korean Society o Hazard Mitigation.11(5):
247-254.



76 Korean Review of Crisis & Emergency Management Volume 11 Number 9

Lee, Chang—Woo, Sung-Ho Joh, Ki-hyung Park, Min-Sik Kim, Ho-Joong Yoon and Raja A. R.
Hassanul. 2012a. Quality Grading of Concrete Soil Erosion Control Dam in the Aspect of
Unconfined Concrete Strength by Surface-Wave Technique. Journal of Forest Science.
101(3): 412-425.

Lee, Jin-Ho Lee, Kun—-Woo Chun, Sang-Myung Lee, Ju-Hwan Park, Bong-Ki Kim, Suk-Woo Kim
and Jung Il Seo. 2013. A Study on the Safety Inspection of Erosion Control Facilities (I):
In Case of Check Dams Located in the Gangwon Region. Journal of Forest Science.
29(3): 226-236.

Lee, Sang—Ho, Cha-Sik Jung, Joong-Sig Kim, Ho—Jin Jung and Min-Sik Kim. 2012b. A Study on
the Management Guidelines of Erosion Control Facilites in National Forest (I) — The
Inspection Results of Erosion Control Facilities from 2009 to 2011. Journal of Korean
Forest Science. 101(2): 251-258,

Lin, Xueping, Yong You, Jinfeng Liu, and Yanbo Zhao. 2014. A Tentative Study on the Stability of
a Check Dam. Advances in Earth and Environmental Sciences, ed. Y.Yang, WIT Press.

Park, Ki-Hyung, Min-Sik Kim, Sung-Ho Joh, Chang-Woo Lee, Ho—Joong Youn and Kyong-Ha
Kim. 2013. Study on the Stablility Evaluation of Concrete Erosion Control Dam by using
Non-destructive Test for Compressive Strength. Journal of Korean Forest Science.
102(1): 90-%6.

Takahashi, T., H. Nakagawa, T. Harada, and Y. Yamashiki. 1992. Routing Debris Flows with
Particle Segregation. Journal of Hydraulic Engineering. 118(11): 1490-1507.

Korean References translated from the English

AL 2011 2 ARA 0] EALgEA w2 ApTde] oHgA s shelAlEkE =il
11(5): 247-254.

A, A%, olaxl 2013, APHOIA EAFe} ArkEo] fAel e A ANk et
3)a=-%]. 14(11): 5-12.

Y
oX,
Ein)

A, 2012, HlEH AAL WSl wE BEAF Ao FXR9
7. 13(6): 59-66.
= 1HE EAT 2ol gheelr]ake=g. 10(7): 149-159.
<, AR, A5, 0143]. 2009 APEE AN EART 1 ogE. 2009 A
W] Al AR NS A XA R =R, 1057-1064.
Z

1, AW, 2T, o)t #5%, HAs) 2013 ZAYE HHAAHHE o] &9k ApET ¢

Mo
e,
fu
to
)
:Ho
o
fot
fﬁ
™ ::,

Y
oX,
odt :IE
o
for
™
&3
[y
=
)
1> -1
SE
t,
2

)
Mo




Analysis of Impact Force at the Check Dam for Debris Flow Disaster 77

AL F7tel ek A s A 102(1): 90-%6.
AHEAL 2014 7878 APR 7] A AEs)
oldE, AAFA, A, A, AW 2012 =FE Wl APEAAE gdeetell #E A(1)-2009
e FAloR- dddEtalA] 101(2): 251-258.
S 9. 2013 APEAIAde] b e #ek A
sHo®- T3] A 20(3): 226-236.
o) F9 AT, wY, VA, §5F, sHE 20120 EHTF 7ol 3 ZaE Apggle] &2

AYE A 55 F7E d=dsks|H]. 101(3): 412-425.

i
!
[\
(e
—_
—
L
Hl
Ho
o
=
>
>
ol
>
il
)
o

—1 o mﬂl

R
2
o

HRed MpEA AL 010, BEAR AARS 93 Am=s)Ae] Bak w2010 tisHE 28l
] =3, 2150-2162.

ARG FodustulofA] F-shakat

o
£
2

) 2 EfebEdt 1¥) TE A5, A SENT BRI 9
Yz A& Foltf FQ =FOo=ZE “Simulation of Seawater Intrusion Range in Coastal Aquifer Using
FEMWATER Model for Disaster Information”, “APHelld EAFe} AckEe] A w3 AG(2013)" 5o
nom, #A foks EAR, skl 2 st WA ol thsoungdoug @hamail.net).
AZG dE Zle|=gtolA] Felui} 915 SIS SRHHRIR O WOIZPIR & R I B 5 5 (052
fIRFSE, 1987, 3), AA ZFAietul AHSdFetiet agm AAFolry dqitole APLh ARl =53
338t Fol, AlaL APEEEH2011), AAAPETEE AARFH2012), AEASNR(TA, 2014) T AAet FL
=0 % “Large Wood Export Regulated by the Pattern and Intensity of Precipitation along a Latitudinal
Gradient in the Japanese Archipelago(2012)”, “Distribution and Mobilization of Large Woody Debris in a
Mountain Stream Network, Gangwon-do, South Korea(2015)” 5°] 2} tHkwchun@kangwon.ac.kr).
AR 9 JE Zglo| st A F8HkA} 89S FHE6)al(=5 Sediment Transport and Morphodynamics in a
Mountainous Bedrock Stream, 2009. 3), @A Z-ddigtn A& #etdta AT T2 AASolth, FAlBok= 7
o AR ABTEY] A, AR A stet EAlels FolH, SR AAPIA(FA, 2015) T U
Aot Fo =Eor “sEluetell lolM AbAbE]l FEAbe-e] FE-AEAIRE §171(2013)7, “Heavy Rain Types for
Triggering Shallow Landslides in South Korea(2015)" 5-°] 1t secontrol@naver.com).
AAY: SEOstaA F3EAL 98 HS (=T SFRET FEASS A% Web7uk Al2=5l9] sl

2004. 2), @A Addhsta AT ekl wp AR FoIth waEoks T WA, AAAs WA, A A

)

)

<

>~

WA 9 ) Soln], AedAlste FAEA, 008) 5] AMsE Fa wRom e GBNES /| E¢Y
Aol B 7ZAFQI0), “A% LDARE ol§3 EAR W% 40 B3 712A7Q010 Fol Atk

(kwjun@kangwon.ac.kr).



