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Slope Failure Index System Based on the Behavior Characteristics :

SFi-system
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Abstract

Failure of the cut slope is triggered by combination of internal and external failure factors. Internal failure factors are
related to geological and geometrical conditions of slope itself, and natural and/or artificial loadings on slope can be the
external failure factors. Influences of these failure factors show different intensity according to the ground condition and
are controlled by behavior characters of the slope. In this study, the soil depth ratio(SR), block size ratio(BR) and rock
strength are used as the criteria to divide ground condition based on behavior characteristics. Ground condition of the
slope is divided into discontinuous jointed rock mass and continuos soil-like mass, highly fractured rock mass and massive
rock mass by the criteria(SR and BR). The SFi-system is a rating system to determine the slope failure index(SFi) by
analyzing internal and external factors based on classification of the ground condition. The results of the SFi-system
application to the real cut slopes show close relationship between the SFi value and potential or dimension of the failure.

Therefore, the SFi-system can be used as a useful tool to predict and analyze the characteristic of the slope failure.

e x
A A BEle AR R EL 9R 25 ] ofs WA W 20 A XA 2
EE P4 203 DAY 9 aQlold, oy 29l (X EE UKo AHo) FEAE By aqlold 2t
2910] &gk AR shyol] 7R G HEE RS FASHE Auk 27| ujet ch2 o, Al A% B4 3
RlotgI). o] AFME AR AN 20 AF SAo] thet FRoHE 7202 ESUEA(ER), ES27MBR)
Y FHZEE ARG ofF F1Z Jstu AEe] vt 2AL SASAE Fo) kat AsAH B4b A,
mh4) bk, T4 gbo 2 TLBETh SFisystem o]9p Zo] TEE Ayt 2o wek i wa) Rolw} oR B
291& Bt 2 Al 53] X4SF)E BYSHe W7 Aok of Hrh AlAME AXHeR Ao Hga
Az Abe w A|s AV ohRle) sHsA) L Eel WS B 98-S HojErh webA SFisysteme AbAY
aby dEah 7 54 BAS iR mulEel E7E ALY 4 gtk

B

0 o

Keywords : Behavior, Block size ratio(BR), SFi-system, Slope, Soil depth ratio(SR)

*1 A3, AL AQdE ATEAHER A7, (924 v F o)A} (Member, CEO, NEXGEO Inc., gaia@nexgeo.com)

*2 A3, AestE AQdoie X F@E 8 AT (Member, Researcher, SEES, Seoul Nat'l Univ.)

3 (FEare ALE"EARIR 34 (Manager, NEXGEO Inc.)

*4 AEWNER ADNE A FHZ M P WS (Professor, SEES, Seoul Natl Univ.)

*5 FFA Az 7Y BAAAATFE 24 (Director, Environmental Geology Division, KIGAM)

* 439, 27|27, A2 E HIATY (Member, Senior Researcher, Construction Technology Quality Center, KICT)

HE SH0 T2 AMH T K& AJAE © SFi-system 23



LMEZ

AF AN mp = APE 2R o] i 23 2.9l
I AP o 2R E JlElAlE AEH B Q9FU
o F ua] aQle] Aol o3 WA R 2 8
AUS AHE A3 AR EAT L EQEHSE =7
sh= A1 2 B4 5 AWk 213 AFHEY Fo] &
71€7] T B4 27| Z3E: R =3 a2 7
2 Aok 27, 32-88 2 A FY A4H wy
203 A9AR 352 T4, dFH ¥ € 2 A=
5ol FEHIE 1). ol2i7t APH =13 221& A H3]
H718}7] 213 Romana(1985)2] SMR system-& X315}
o W FEA B7F AlAE o] I jefA At vt 3l
THGCO, 1984; B AEKZNE, 1986; X7, 1986; Koirala
9} Watkins, 1988; 2%} ¢, 1989, Pierson¥} Vickel,
1993, Gupta?} Anbalagan, 1997; S92, 1997; -3 &
2], 2000).

o8 AFASf ol AAE et AP o7 2
2 AHke] 270 wehA £33 Gz 2lolE Hel
ok AE 5o, EAEHY) W2 Herh wEdt gt
Ao A= AR A ] aQle s ZgslA|9L F87t
2451 B e Al AE T F3go] AR 72
AHT Z, AFES] A5t 276 mebd ste] mjHE
AN el FF=7t Aol 4= Utk

o] mRol M= AMhe] A% B4} Al 53 2ol
o] Aof 7123 A w3 R4 A| A" SFi-system
(Slope Failure index system)& A|QI8F1A} 3ttt o] A
2d) st AEE 99l Q3 el A 27 9
T3] B4o] RAFEIGLO, 3737449 AR that Hlo]
Elol27t FHEIT, o 24 ARE A% B4 1

oAb Aut 2AS FEY 4 Yk V18 2]

Internal Factors

Geological condition ;
rock types
weathering grade
discontinuity

External Factors

Artificial condition ;
excavation behavior
support & reinforcement
loading and etc.

Natural condition ; fold and etc.
rainfall & ground water Slope geometry ;
freeze/thaw orientation

earthquake and etc. height & length
natural slope geometry

and etc.
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E2 UM 35 9 ny 84
Failed slope No.
Rock types Slope No. s%:)f:”l?lg. continuous discontinuous
S C W&P T&F

Sed. rocks 67 31 (46.3%) 8 (11.9%) 5 (7.5%) 20 (29.9%) 3 (4.5%)
Ign. rocks 116 48 (41.4%) 21 (18.1%) 21 (18.1%) 23 (19.8%) 3 (2.6%)
Meta. rocks 190 98 (50.0%) 17 (8.9%) 11 (5.8%) 49 (25.7%) 15 (7.9%)

Total 373 177 (47.5%) 46 (12.4%) 37 (9.9%) 92 (24.7%) 21 (5.6%)
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2000; 224 2], 2000). ©] Qo= AMH 3o thaf &
75 toRt 712 A7 498 HusrkHoek} Bray,
1981; Einstein 2l., 1983; Bieniakski, 1984; Barton £].,
1985; Cundall®} Hart, 1993; Mazzoccola2} Hudson, 1996;
AT L, 1996). ¥ 4 ol2e B4 ATE vt
FoZ AE 7+ gt 249 F8 2 D B 89
o) Y=zt H7} 71zol,

30 s=2XgtssEl=Ed HI18d H2s

i

2] UURM)S tiERo| B utu, #)7] 5, A
= u3 2 U4 5 2dsvo] o8] s w1 43
< BojZzoh o]e By §H S Alofshs a9 B
&ulo] ueF U BT EAT ohwie) 7w Eijo|n:
(Hock3} Bray, 1981). ] ¢hutollq HAH Za w3
2012 Azl WEk BAE BASH(ES Z3A)]
AAZHMD T A AP M2)ol s, B2 oha) gole &
Aol Agh Zw(S1), 7Hd/do] vl(S2), &4 H=
(S3)0lch.

w4 QHHRM)L 2A5AH w3 S35 37
&34 5137 932 FAlo] Belct. o3t w1l 93
Holshe 24 A%l B2 37|18 240 3 B4
o] B EXu Aokt e EAJo|tiHoek, 1994). 1}
Qhutol A AR Fa w3 89l v Brol g
de) HAMD T AEF SM2)0)e, B2 vy 908
BALwo] M Zw(S1), AHE HARe} BEE B2
U AARZKS2), ¢4 ZE(S3)olct

A HVHCRM)S] )ik 2 AT ha)s ZujolA
sl7) o8& AHjolty. ot Xk 2 AN 7}
T 22 A gFm A AN 7t oA
olu}, Q1xjal7] oL x4 2 72| BEAA 3t H
o 7PsAdo] k. ubeb FAF Aol A 9] Fa uh)
2918 o] SRE BHT YA FRMI), AR
Fol(M2), Bz uhy] 9ole o4 ehMe] Wz
GHS1), AFE AARZHS2), oH4 ZE(S3)E AT

4 AURHIRM)S dokat ohute] 7w g gursls
A< o3 9o LA AN 2Aol}. ofof P
Sl olwhe AT HHE EE 2 oF4o] Z3kobo]
Age 4 ok wEbY FAF Aghute] Za vy 29l
S Q4 FEMQ} AR AAZM2) o2 AHFALS
o, Bz v3] a9le Ze) 5 HPx WEKS)), Abd &
ol(S2)et BAA FEe| 97 I Sdo]A WrAn B
dH gB(s3)22 AHHct

E4) ZUHSLM) 72 £3} Ao o3t U3 oy
= A4A3 A% EAo] XA x|k Ao |tk EAF
Auke] 20 w3 2Qle B8 ZASI), A AAKS2)
olsl, B2 3] 3l B AE(SI), A Eol(S2),
AR 2L AbE O] HAKS)E AT

olake] zt AWt AW R w1 agle] 28 a9l
3 Bz 2919 Brlo] o3 7% SFi @o] A=
718 SFi 3t o=l 4] (4)9} 2ol F 8 89 BHo
o A BzQle Bl AW

B e 2



B 4. 7[2 SFi 4 4YE Q¥ Y& faf Qolo| Ht 7|=
Jointed rock mass: JRM Competent massive rock mass: CRM
Main internal factors Main internal factors
j for sliding | 30°<¢,< ¢s ;<30° D s '
& ,g ¢i< ¢ ¢ b ¢ rock type s.trongly_ mc?derate]y isotropic
¢ for toppling|90°< ¢;<—80° | —80°< ¢ ;< —60° ¢ >—60° anisotropic | anisotropic
M1 60 40 S 20 M1 60 40 20
6 for sliding g <20° 20°< g <40° 6>40° slope height >60m 60—40m <40m
. 140°< 9 <160° 9 <140° M2 40 30 20
g for toppling|160°< 4 <200° . . o
Pping 200°< 4 =220 6>220 Sub internal factors
M2 40 30 20 planar g <20° 20< § <40° eto
Sub internal factors structure <Y< ds Pp<Pi< g '
friction angle $<30° 30°<p<40° $>40° S1 1 0.9 0.8
roughness slickensided smooth—S.R. rough slope >1:0.35 1:0.35—-1:0.5 <1:0.5
S1 1 09 0.8 S2 1 0.9 0.8
JS/JL JS/JL<0.05 [0.05¢JS/JL<0.1 JS/JL>0.1 UCS (MPa) <100 100-200 >200
S2 1 0.9 0.8 S3 1 0.9 0.8
UCS (MPa) UCsS<25 25¢<UCS<-100 UCS>100 Incompetent massive rock mass: IRM
weathering HW MW SW-Fresh (Main internal factors
S3 1 0.9 0.8 UCS (MPa) 5 5-15 >15
Highly fractured rock mass: HRM M1 60 40 20
Main internal factors slope >1:1 1:1.5-11 1:1.5
JS (cm) JS<6 6<JdS <20 JS>20 M2 40 30 20
RQD 0 0<RQD<50 RQD>50 Sub internal factors
M1 60 40 20 planar 6 <20° 20< 6 <40° otc
Jn Jn> 3 3 Jn< 3 structure 0P i< P << ¢ .
M2 40 30 20 S1 1 0.9 0.8
Sub internal factors slope height >20m 10—-20m <10m
friction angle <30° 30°-40° >40° S2 1 0.9 0.8
roughness slickensided smooth—S.R. rough SM >50% 10-50% <10%
S1 1 09 0.8 Ps >2MPa 0.1-2MPa <0.1MPa
B 30"~ ¢s 0-30° —45°-0 slaking d1<85 85-95 1d1>95
S2 1 09 0.8 durabitity 1d2<60 60—-85 1d2>85
UCS (MPa) <{25MPa 25—-100MPa >100MPa S3 1 0.9 0.8
weathering HW Mw SW—Fresh Soil like mass: SLM
Jo (mm) Jo=2.5 2.5<Jo<0.5 Jo<0.5 Main internal factors
S3 1 0.9 0.8 ) . loose sand Med. sand dense sand
soil condition soft clay Med.clay stiff clay
¢t dip angle of slope
¢ ;- dip angle of joint(or intersection). M1 60 40 20
if >180°, ¢; has (-) sign. slope >1:1 1:1.5~-1:1 <1:1.5
g angle between dip direction of joint (or inter—section) M2 40 30 20
. ahd.d'p dlrectlon. o.f slope Sub internal factors
¢ friction angle of joint -
UCS: uniaxial compressive strength of rock soil depth >10m 5—10m <5m
JS/JL = joint spacing/joint trace length St 1 0.9 0.8
Jn: number of joint sets, Jo: aperture of joint slope height 520m 10-20m om
B base plane angle of rock block
SM: swelling minerals s2 1 0.9 0.8
Ps: swelling pressure natural slope ¢ s>30° 10—30° ¢ <10°
Id: slaking durability index S3 1 0.9 0.8

basic SFi value =

(M1+M2) x (S1xS82x83)

HES S 2 A TR X4 AJAE
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Basic SFi value = (M1 + M2) x (Sl x S2 x S3) (4)

7)& SFi k-2 W3 a.9le &gt Abd ] 9] 7154
< AAJstd, 1 gho] 248 AP o3 7HsAdo] ot
2t} F8 8919) 32 40~1008] H Y& 7M. F4
8219] go] AAH o]Fof FofAl= HXx 8.0] 0.5~
12] H9JE 7IXER 7]& SFi 32 20~1002] ¥
Helh

3.3 9|¥ O3 2010 Bt SFi B AN: 3THY

A s3)e] 9% aole ApEe] gRERY A
£ Aed £E A9A B3 2ol oo Hgehe
Relo2A 29, $2/83 5 71F 247 A7 29
AQF gl A ok, s, A YH L EG 5
1A 4 glo} 9ltHCrawford2} Curran, 1982; Anderson
T} Howes, 1985; Swindells, 1985; Romana, 1993). 7+ A}
Aol X3t 42 A Hof wpe} k282 T18ste]of &

H 8200 A4 HA & 4= ok 23, 7] £ SFi
e BEs) QeiAE 7k Btel i) el 2
o] BHL 24 20, HY) 2022 AghE]= o] v

E 5 EHY3t WS QA8 AR niw| Q0lo] Hit 7|E

of wiebA T 5= A= FF=Q] AolE wrEYg "
7b Qohd, A 27 EE R B 2909 HEE o
A & & Utk & 5o 49 270& R agle
2 AR E W, 2 FF== e oyt v B4
ARtof| A Bt 24| 2H-8-8 Aolch( A8 2, 2000). of
5ol A9 =300 digh o7 acle] HHE BEA A5t
AN Bt ZA FHE&H 5 Utk wekA] & 54 A A
g ool HER, 2ARR} B H7MANE RAF AY B
ARl 2o whet o aQlo] A4 9 Y S AHT
T Uk

AE o5 a9l BHY 2 712 SFi ghofl digh
HE AN adjustment value) 2.2 ZHAETH n7jo] 2 &
QI(E1, E2, E3,....En)o] &A% |, o} 4] (5)9} Zo]
A,

Adjustment Value =E1 + E2 + ..... + En ()

BAZES 9 ale] o5t A wkvlo} JHES A
Alste, B Agto] S48 Ak mle] 7hs4 9A) 7}
3t} # 59 B 7)Zo] ojshE BAF Xuke A 9]},
HAZRS -40~402] WYES A '

3.4 2T SFi U2 AP AfH HILE 45

2% ¢l SFi gH(total SFi value) o) 4] (6)a} Zo|

E1 ' rainfall or ground water condition
mm/hour 0 1~10 11~20 21~30 >30
mm/day 0 1~50 51~100 101~150 >150
mm/2day 0~50 51~100 101~150 151~200 >200
water table dry 1/3 of H 1/2 of H 2/3 of H saturated
rating -5 0 5 10 15
SLM rating 0 -5 10 15 20
E2 method of excavatio
method no cutting presplitting smooth blasting gggggrgﬂcgl %?:sctiiigt
rating ~-10 -5 0 5 10
E3 support and reinforcement
method heavy medium light protection no support
rating -15 -10 -5 0 5
E4 drainage system
description very good good medium poor very poor
rating -10 -5 0 5 10
Adjustment vaiue = E1 +E2 +E3 +E4 + ...... +En
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(b) mbo| S Hlmpe| AKM2| SFi 2t RE

J8 11, SFi gt A o) SM(+ B A, @: Tl A, O HlT| Al)

2<A|9] 71& SFi gkt 3ThA|o] E4gke] gatoz 3
iy

total SFi value = basic SFi value + adjustment value (6)

27 SFi gk iR 29l 9 o aglo] Al
olgt At w3 X|4=2 SFi 3] F7H= AbH ] A F
A 53 7Fs4 Y F7H A Mgt &% SFi ghe) WY
< 7 89 $of whet 11 # 4y} 2dighe] 24
ojXich Q& gQlof sl & 59] Hrt FE U Fr} 7
& AT F SFi g2 -20~1402] Y E 7}
A Ak,

SFi g3t AbH e 23] 7heAd Ee AFE w39 e
ool BAE EA8t7] Y8t AL X199 3737 Abd
of T3 SFi-system& 2] 283t % 292 &
59 g2 7)EE ARSI

3% 112 o]F AMH9| F SFi g3 uty] 714 3ke)
BAE BHoErt AN 2AF AbHC] & SFighe gubz
O = 20014 100A}0]9] Zh& Ho|u, Bt SFit 65.40,

& HA= 17.020]t}h 19 1la:= A SFi 31 &8
Ui 2 Py 9 FZ2HI) o3 AFREnat
vz dxjst Qlck

ZA A F w37t AAYSE AFELS 1967 o)) 1}
7} AYZE AFH O] 7 -9-of SFi 7H2 40~1002] HOlS
7N Qlom, Wi 7295, ¥Z WX} 14248 Bt}
w37} G AHe] SFi 7ke] BEUE 2R Y
11a9} Zro] A4t B3 Z43 Al AX|3ka it vty
AP o] T2 60 o442 SFi e 7HA T glew, 60
olste] SFi grollAt ota vlizme] FH% A28 Kol

2 Y Y 11b). E3F 60 ]3}+9] SFi S 7= o
FAPHO A g%t mhal = e B A4 5o B9

3 of F{E gtk o2jgt A3k, & SFi gho] 60
olgd w, APH T3 7Hsgo] Wi £ AAgh

ol gt Wil w7t EASR] ghe 1777]49) A
o] 79| 20~802] SFi gt WS Bol). Bz} ut
YA oS AP HA| SFi 3] 8hE U EXE g7
57.12, B2 WA} 14249 A7 BT F2 Holm g}
(29 11a). o7} GAPsEz] ok Abme] 73L-of Aut
ool 600]3}12] SFi gL-& HO|ATt, 60 o]Af Zh& Hoj
= AR GA] e He-E&S Bolx ™ 11b).
olFA 60 olFe] SFighe 7HA1 Yoz B33},
S A oS AMH-E FAE 73] 7RsAlo] B2 AP
o= SHE oo Byt ot Alde g yzbgd.
ojet &2 SFi] A& Ayt SFi gkt A <] utx) 7}
B0l ZAEg AT TAL ke AL KA Fh

o] Jofl SFi Zt#t AMH mt| 9] f7molo] BAE B4
&t7] sto] w7t WAESH AbH el w3 Fme} SFi g
& B|ASFET. IAEG AHALE 919 3)(1990)= AE) 72
off g 2 7ol &4 7|EE Fosirh olof st
3o} FRE v H(surface of rupture)] Zo)(Dr),
L E(Wr), Zol(LnE Aojg 4= Jri1d 12). ¢35 =}
3o} o] wjwo] A 9] Z(a b, )& 744 4 B
R(half an ellipse)e} @ T RT(V)= T 4 () o]
T3 4 QlcHBeyer, 1987).

ra*b.-c = l71'Dr-Wr-Lr Q)

V = 6

ol

L.
5

A7 A ot A3t Zo] 3jite] Abde] 2hAYE) nf
o] wh3joff i3 wH O] Z]o)(Dr), 1 u(Wr), ZAol(Lr)
E F3 A9 gto g wty] FRE X|<x(failure dimension
factor, Fd)& otz 4] (8)x Zo] Helgtey Arg3tct
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Fd=LrxWrxDr

3

3 12, oty A2 XS{(Fd) Hol
(Lr: mb2| o[, wr: mt2| Lkl, Dr: Zfa| ZO0I(IAEG, 1990))
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J% 13. SFi 2t b 72 X|(Fd)

Failure dimension factor(Fd) = Zl(Lri - Wr; - Drp) (8)

a9 132 2AF AEY] w3 2 X|ax(Fd)et SFi
valueE H) g Zlojt}. SFi gho] Z71a5 A =
7] 72 2|47t Z7)ste, E3] SFi gk 60 olAolM &
Fote AL ¢ 5 ok ol A= SFivt ArEg
uy) FrEet BT AL Ges AR

100 y -
. om m wni® '% ' [}
A A L
]
o 2 L "
A LI [ ]
. n s " .
A A 4 A
° A a & w "I L PO
3 60 A oma " 8O ¢
38 %0 807, 8 8
'% 00 ? oo BY b
Y R o n
A A A
20
® SFi
5 100-SMR
‘ ‘ 0 TEHD x 10
o 0.2 0.4 06 0.8 1.0

Soil depth ratio (SR)

T8 14, T3 2 Alo)| Ci 8t SFi-system, SMR(Romana, 1985),
LHEF H7HGupta®}l Anbalagan, 1997) 49| H|

k] AQkE ol ol AATE SFi gh APEY
w3 7EsAS 803, I wh| FRof digh &
avxoz ggd 4 qch oy JHsd E 13 R
o} SFi ghate} TWAE o] 83t AFHY A % 1ty
ZAL ¥ 63 Zo] F-Esk5c) SFi 4L 20 olsh= 9y
57 [ 24 53 7hsdo] ¢ 3 ok 4T 99
of sjggtct. SFi gk 20 23}, 40 o|gh= ] S5 I &
A 53] 7HsAd o] W b gt Aol sfgsie, ARkl
whe} iAo uhErt e == QUoh SFi gl 40 23,
60 o|sh= wty] 55 MEA 23 7HsAo] tha EA3t
L BRAQ EebA oo gy, At it
ubgst 4 Qlek SFi gk 60 =3k 80 o)sh= oY T
VEA 3hY] 7HsAjo] 2 B3 g ool sfgshm,
Zme) wtxj7} A 4= 9lr}. SFi gk 80 2= 9ty
52 VEA o3 7hsAdo] e w2 of5 B 3
oo s, diit=e ZArt WA 5 Stk
274 2 G o] 71E) whEh AbEe] bR
F& AFsT, 13 7te4d E AEEE A5
t}. £3] SFi system?] 132 £33 E5% At =4

=3 #eE uy §8 5 2ok FAAY AR
03] EA gigt ARE AT 5 lenz anQl

& Weke =S = glr}h. EFE SFi-system®] 28
A A B A ajo] Y el 9l &fF acldf

fo ¥ of

I 6. & SFi a2 0188 A uty| §32 E§
SFi value SFi <20 204SFi<40 40<SFi<60 B60<SFi<80 SFi>80
Failure class I I m v \%
Stability completely stable stable partially unstable unstable completely unstable
Failures no failure occasionally failure small failure medium failure large failure
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H 7. SFi system, SMR ®7}Romana, 1985)

, LHEF ®7HGupta} Anbalagan, 1997)2| 3| 9/8{A I} 1= Hlw

Class I I m v A

completely partially completely

SFi system stable stable unstable unstable unstable

SFi<20 20<SFi<40 40<SFi<60 60<SFi<80 80<SFi
completely partially completely

SMR system stable stable unstable unstable unstable
80<SMR 60<SMR <80 40<SMR <60 20<SMR<40 SMR<20

very low moderate . very high

LHEF system hazard low hazard hazard high hazard hazard
TEHD<3.5 3.5<TEHD<5.0 5.0<TEHD<6.0 6.0<TEHD<7.5 7.5<TEHD

gt Bt e AbH 9] a7} EE S o, 1344
o g Astojol T BA7} FAQIRE RAR} B A
AAAA AL = U= Aolth

4. CHE Eopdule| Hlw

SFi system2] 7} AT+E oh2 A Hr7pgat v
o2, 1 g4 dis] HESG vt LAsH=
F7HE2 ok Absiol Al da] &85 a1 9li= SMR(Slope
Mass Rating) B7}¥(Romana, 1985)7} X} AFHE o
Aoz AAbe] AYs 532 B7Fshs LHEF(Landslide
Hazard Evaluation Factor) %7}H(Gupta®} Anbalagan,
1997)o|c}t. ® 7-& SFi system, SMR X LHEF §7}9]
ol 9t At mt3 55 2 ot Brt 71Eolth

a9 145 2A Y F A A9e ez gt
LA AP 537 ATHE &Y ESAH RS wE
Z} el Ayt ghg vwimgt Aolch SFi systemt
LHEF®] %%, %7}zl SFi 317 TEHD 3to] 5842
Aol ¥t z7hoeR HriEE Wby, SMR2 1
SMR Fto] £&48 AW A|5ho] of5 3t e 2 H7tE
o= vjae] o #5te] 100-SMRE H|AL thite
2 3%k £3 LHEF 371y o4& TEHDS] B4 9
2A7F 0~100]22 HA] Hlwe] gojghE 5te] 10X
TEHDE H|& o2 stqir}. oz} At AlHe
5] SMR H7h= ES A=& 0.40]319] At ApdHo
sl A= 2 100-SMR gEe] 50 o]/} %7t Avt
o2 griEo] 52 HF &S Ho|a gloh EF AT
£0] 04 Bt} & B4 AHtofA= g2 ¢, 100-SMR
Ztol 50 o]zl HHE Hole T YA g2 Bt
AT Ho|i 9} LHEF B7}te] -9, tiiE2] 10X
TEHDZto] 40~60 of Eol1 i}, ¢, EZAES 04
g 717202 3o, 0.4:ch 2 A9k 27N HE 50 o4

9] gro] S-AIstLL, 0.4 ol3tef A 50 ]3] gro] Al
3t A%e Hoja gloug 93|8 EE Awr)04HT
2 B4 Aute] H8A4o] Qe Aoz wdd. ¥y,
SFi system®] 717k ESA 8o A gle] dF-E
9] gro] 60 o]4Fe] gt Ro] AR Ak 27 BA
glo] Abd w3 djSof E8-d 5 YRS B Uk

% 15 ZF Bt AlA"o] AAJskaL Sl ] 55
37} A7 v|wt Aojct. SFi systemdt SMR H7H
2 H420 7449 57HE RS sk BHH, LHEF
7P & 73k Zo] ZF 539 Tt A2 tEA
AAg=lo] Qi 19 15a& gt BE AbHl tis) Al
Bl o3t oty 559 ¥l=E Hwg Aojth SFi
system THEEQ] AbHo] ERPH(IV)olA EFE(V)
FHoZ Y=o, SMR H7ol A= HE(T)ofA]
o> BQHY(V)ell o]2& Al S5l WA Exsta Y
o, LHEF F7lo| A& 2318 ¢Hgst ()l 43
3 EXE Ho|1 gt} o]§ EFAHES 045 7|EL
2 B4 Ahta e 2 RSH thA] EAIS T T
g 15bE B HEE 0.4 o|5t] vt APHTES 4o
2 op3 9y 53 EXE T A3 Z 0. &4, SFi system
I SMR H7h= 293t 484& Hol= ¥4, LHEF
7= Gut A Abdo AHgsirlole dAV de A
o8 gyt 1Y 15cs EZ AES0] 04RTH 2
EAF Zut AlHWE tfAilo 2§ Z 0 2 A, SFi system
2 A3 2 84 Boje ¥, SMR H7h= At
H 3 di&o] &8 = e TS EUch LHEF
g7ke] 79, et Al vl BAY A6 AbHOIA E
o 872 ALe=Z HerHch

ojAtel w|w A¥M= SFi systemS oJe} 7} A|AFH
o] &=L B ddoA fAR AE =2 B
offal, Abd At 2A-& TR, olof At Bt
FEL HYsu2a ESHEET TAE AR A

HE S40 M AHH I Xl AIAE @ SFi-system 35
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33 15. zj] 2 Al Ch$t SFi, SMR(Romana, 1985), LHEF &
7HGupta2t} Anbalagan, 1997)°] itz S& H7t A} v

¥ S4o] BAGl0] WukAQ T}l oj&o] ATHoR
Hgd 4 9dee AN Yok

548

A% SAol W3 olaf Ao sk 49 U Fa
w3 219 A 5 AE T o% o Fag Aol

36 eBIRAEtSsial==24 HI18A H2&

o Ale] ESAEEER)T BE2172ER) B of
AEUCS)S AHE FAE A 24 A&A

L 29SAY AF BHE e Auon TR
5 QA S F8 712l AR o] £ 71
& olgstel Aol Xyt AL ES HEgo] 04 of
sho] bt 0.4 B} 2 BA AoR 7Y 4 glo
of, QE AMRS THA BF 27)80] 0.01 olaiel Thy
opul, 2w} 2 T4} ok, 0,01 2342 ol Ape] We) bt

202 3RE & gt glREe] A HNE da] o

gto] A5, 1 &f uhaff kit EAF Ayto] EE3ic)

SFi system& ol @3t AE S4of olg Auh 27
2R 2Aste] Abwl Thajo] Beishe WR Ei o2
2912 Wro 2H A 1 622 93 Bt e
el AAE AF3tL Ak ZAF AP 373 Ao o3
SFi-systemg 2]-8-3F 21}, 4thA| 9] AL B3l A
) SFi ghe AR Aol w9l 9 7 7R} B
sho] WHT B0l Yl AL R ERIEQlon, ojo &
Aslod SFi ¢S 71202 Alde) B3] S2E ohe of
(1, SFi value<20), SFA(II, 20<SFi value <40), &
B2 EQH(I, 40<SFi value <60), E9HA(IV, 60<SFi
value <80), 9|2~ EoHA(V, 80<SFi value) & 57§ 54
o F B3} o] SFi system2] Z 1S SMR(Romana,
1985) ¥ LHEF % 7KGupta®} Anbalagan, 1997) 5 oJ&}
7P Blagt 21, SMR H7h7t ESAEE0] 0.4
Hoy 3 B4 AJRto) di3f, LHEF B7p7F Jjzoz &
SAHES 0.4 0|51 vt i3 Hrhe Fokehg Bo
+ W9, SFi system ZRFH QA A x|gte] s 2
3 J5e BT SUY 4 Y= RO BAY
et wEka Auke] AF BAO] digt ol3g 7|z
& SFisystem Ab®l 73] @ 2 S0 ot ofsa
ggol ERAon B8 4 UL Aol E F=
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