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ABSTRACT

Infiltration of rainfall causes railway embankment to be unstable and may result in fajlure. Basic
relationship between the stability of railway embankment and rainfall introducing the partial saturation
concept of ground are defined to analyze the stability of embankment by rainfall. A pressure plate test
is also performed to obtain soil-water characteristic curve of unsaturated soils. Based on this curve, the
variables in the shear strength function and permeability function are also defined. These functions are
used for the numerical model for evaluation of railway embankments under rainfall. As comparing the
model and case studies, the variation of shear strength, the degree of saturation and pore-water pressure
for railway embankment during rainfall can be predicted and the safety factor of railway embankment
can be expressed as the function of rainfall amount, namely rainfall index. Therefore, the research on
safety factor on railway embankment considering train speed and rainfall infiltration with the variation
of rainfall intensity and rainfall duration was carried out in this paper
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A 7 EAste Fo FSTUCIT RRAFTH)LE AW AUA=fEE Aty o 373}
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2. 0l&x wA
2.1 EAFFEA ZH(Soil water characteristic curve)

#9 EAWSIATNE Fol 2t AR BB FSY(matric suciton, )T} BAE
45 AJ(Soil-water characteristic) 2.3 & o] @ tH(Childs, 1940). EFFPFEHA TN L B I} E F AT}
A e Fod FASEEAN AP ERA(F0) AAZFFE(I=V /[ VE BFEH 22
H(0=m, AR G EHE S FAYSE wE Al EARSEATAE deha

EFFFENTLAL G5, oA, F7]H U7k air-entry value) 59 B IR FoT 54
€ 7K 2 o 3FEF(0)e F7EY FUbE EFSL o ol Bo] $&HA & ¥
FHlg w3 =
Aglojrie] F4rnjolct. o)l @AA4L Fo] & & 37 (absorption curve)s} 73 7} (desorption curve)S:
ANe B¢ 2 #5324 d@ F483%0 dzA YeEus AL 28 F, AZAANNE
Bo] vjd e o AL B39 9 don FEAYNN B9 F5e T 39 9F
. B dFANE AZFA(desorption curve)e] A dHolELE AlE&AY. x3E AT F4H
o] ZrldlE T8 ol AT FA ol 238 WX olFY NI FEE HAEHA
gett oy dAFFHE Fol MHAE F71HY(air-entry value, a)g}sln 202 I} H
4H7l Alste dFez Fdd

E A7gE WS F5Y YH0~10%Pa)c] t¥ EFFFEYIHNE Y= Fredlund and
Xing(1994)0} Ate AP E AEse AU Agezyie ZA4g dole) vmad.

.
e+ (¥/a) "1™

6,= C(¢) m

o714, 4, : #3E56}(volumetric water content)
6, : ¥3} || % 54 v](saturated volumetric water content)
e: AQUFZA 2.71828
a: &9 Z71% 3 gk(air entry value)
n: EAFFEAFANA A5 AAE Aists Aoy
m: ZFH5ulsh gD Hevig
 ERESY
CPe 9278 A8 Byl

1n(1+—C¢—)
Ay =1— ~
In (1+ 1000000/C,)

@

A7NA, C(u,—u ) )& AFEFY 04 d3sde ZaF+3a 8 ol

22 X3 AR/

EXSEE 8 A% $58 JPHezY BFHo2 4387 A 23 JDAE F9
vE A g Wioldds) Piste F5HEHFAE AHLFa 9lrK(Vanapalli eta 1, 1996 ;
Fredlund et al., 1996 ; Oberg and Sallfors, 1997 ; Kballili and Khabbaz, 1998 ; Bao et al.,, 1998). o
A, B dFdqAs AAFgAddYPe oF 3 AGAE seEtelE(, ¢)9 Fredlund et
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al(1995)0] AL AYZE 54 L o] §dle RaFsHd B EXxAGF e AGE d4F
At

. . , S-S,
r=c +(0—u,)tangd’ +tang f(f[( 1-3, )]d(u,,—uw) 3)
q714, S= g’” : X3} % (degree of saturation)
(0—0,) : =544 43

(6,—0,) : 2B2FFY

S, BRI

23 BEHE F5U5

2EsEe] F5A%5Y 24e Ao BARSIAL 2AHN EHFFASE AL5
WAYA, EAMCZ WARE PHol F2 ASHIL UrkMualem, 1976). & ATAHE EHF
A5 kS EAYFEATHE olfote] Y S5E4E dBE FAYA 2UL A8
o™, Fredlund et al(1994)] 93 Ay J2 olgstsith FLEAFHOZRY B5U42 AH
std glol g FAMF @ AL FEYSY ARACl £ FEAS WS TGP ve
the Abdolth RBEFI(HN BE FUSFAS £ (HE BeH R

t=; e Vi = e i
o714,
_Q n-1
mn
7@ =CW 6 et g L)

Inlet+(¢fa) ™1™
9= 1
(C,+PHhn (1+—1(mc@ﬂfm)
a=In{¢,,), b=In (1000000)
e: AFdU £ 2 A 271828
k¢) : BX 355 A< (unsaturated hydraulic conductivity)
k() : X355 A 5 (saturated hydraulic conductivity)

nle+(gfa)™1™"" det(g/a)™]

g - A A 3} 4l (volumetric water content)

y; : AE v ¥4 (a dummy variable of integration representing suction)

3 4WM4Y 2 4% @
31 g =

i ER O F5EFTNY RS 93 AHAY ARAAEAHAN A33F 3PFFIE
o FEAN BEMNE AHEEd A¥EE AAs SAFTHEE No. 104 SHAZE Ao
o, EAGFEATAY AP AHEE ARE 095x 7,7t 552 A28 Jggc.

32 712 B8N
KSAe] &3t HFAY, F4AE, dA4d T 7224488 AN <28 >o] B
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Qon, EAFFEANY 2AHL A T 0~15bar, 8 A(Pressure Plate)} ¢F=do] 17100
kPaZtA] 7hsd A71E AFsd A AR A EQARFEL S FANEY. < 1> 3
ZEEYG FEA RFAY EZFLEATA d 43 dHolee} o2 deolelg Jeluu gl
. 2@olA JEl}Eo] Fredlund and Xing(1994)0] A A% 2(1)& o] &3t 4&ZA 77t AP H ol
o} & AXsR Yot
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a9 1. EZEFEAAFA

33 AVRERS 2 F5U5 453}
AAABGARL AAste] AVRE SHetojel(¢, ¢)E Fohn Fredlund et al (19957 AN 4
@F olgstd ¢*E FaARoH, J@E gt BRFLH UG BEY FHASe A%RE

gk ¢ BES SRATE FAHA ol &H: dEAvgelth. <aY 2> RAFSF
go] tg B3 AGRE AIE, <2¥Y 3> BEI E4ATe A8 BoFa I

Sheat strength(kPa)

Hydraulic conductivity(m/sec)
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O 2 RREFYHY wWE AdAEe
N } 2Y 3. RAFSHA 2 FrASe ¥
A3 (3} FF3E)

4. PHdd % FAxA
4.1 A

7} %3 E(rainfall infiltration)o) 13 XM EAAY AP L HAESV] Y3 dFE HAE HA%
o £RHHL AAHYT. A2 Lojd e Ad AL ARFIER FHSA FAHAR Aw
ol BE5ASE 39 Y dA9gge] FAF Ao E Ao, Ay EEFFOZR
€ 1.5m AHEol A% Z4AF 9 AAHAAL RN Afd HHGHE <aF 4 BQY.
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Rainfall(10, 20, 30mm/hr)
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B 52 $Z(Flooded slope surface)
olufel AL B4R Ao AR £ U: B ST 45 g AL AAS
th oA Z9e dREL ARY Aolm, UnA: AHEEE g F&E Relth o] A% A
AzAL 2uEFSFE S 0082 Fr}
u,— u,=0 &)
@ ZA"E Z F(Controlled infiltration)
olmfe] 2L FAEIN APLE JARY F YT £9 FRU FAY L FTE AT
ol A% B9 §9& A4AZ o8 FAHY, FAZRAL FUYFF ¢, BFHE It §4
sttt
g im=1Ip ©)

FARANE A Arie] AP A A= dHEAE AYSH. HH AAFLF
(@ imm)e A SA9D 23R X FAT o 4~58 =2 P, = F(2000)0] <3}
W 3R Es FAFY Ag(ordery7t 2ot W Ao @k SN AMEE FFE FA
ZAE <EF 4o BA.

Q) FAAxD

AEAEY AN E A48 dAsES T 1279 A220E H&3n, XFEHQ 54 2
At £ FAE o o AFEL nddd 93 T3 35 (dynamic pressure)2 AArsic). &
ol Lol 93l &F(wheel load)S YUMol FslA] &3, -yt (subgrade pressure) o 2
Wgste] A3tsheE Aoz gch

daeols&Ed e FHENF: Py = Ps,xi )

% 5% 7 &(impact ratio) : i=1.0+0.513({55 V_y for korea(AREA Spec.) ®)

A : LS22(ZF 22tf, §F 11th
7NN, P, : BA8E, P, AAARNE, [ £33 8, V: dxi&Ekmhn)
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£RANE A2 Y FFEIEIEAN AT : 04 P, ) WFYIRE ANA 24T
A 15om ANE SFRA) flom, EAFA 15em ols Aolo] dAAE 45°2 sFo] BAD
g JFARTRL, 19993 ARGAAN A dAEE BE 4F4AZAL Lo <EE 59
2o A g

EE 4 AR AAZRA =8 5 dAsARTy BA=D

Rainfall

interisity llx}taérlg?tlgr 1 af:; ot gf:angglrl) Rainfall ~ ga&x | FANZT(Py) | wuery

Igm/hn)| Tgave) | Gy | thour) | Pattem  Gevh) FaeTonim (a)
0 0 0 0 - 30 25.39 12.69 100.3
10 2.78x10-6 | 2.78x10-6 1,25 10 q3 50 2764 13.82 109.3
20 556x10-6 | 5.56x10-6 . 4 80 31.03 15.51 1226
30 8.33x10-6 | 8.33x10-6 i ’ 100 33.29 16.64 131.6

43 AN 43 2 B4

AEYEZ AFsE FIAFANL 8o A2 aRS ALdgod, S ddAdd A
A998 Fu, IAAHAA 134 At BXAPFANY 2712d ¢ FIY L, 27 HA
of glo] WA FATREY EFARFEEALAT 545 §& 49 FL2EE AW
o APt e <ag & 10mmhr Z$3Ed O JEFo WE A&AE AHF
$u) wste] @ g BFm uk £ 2PN ZRAEA0] S/ vt JEAE AR
Re AAHo s ¥RGYFEEAM)l stAsd AudRst £3tgE ¢ 5 I
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BeAFH A AEAEAEY GFAAS Ao REAVVREFSFY 49 nAE BF
3% AVRE P9 FAC) AP 4LT2aPL ALHAT E ZTRIRL BFE AHEBHo)
go2 EAUdRAEe dHge AVFE FAYYAY T2aPgos A9 P4, ASTE, 9
Rago)l B AT HY0) sHsaich

<29 B AXEE 100kmhrd 24 ALAE, ASASARH FALSF Al e A
EAWe RS ARE FAANHRG UEhA Aot AASET} 00T AXARORY $43F
7t A AN FAEE 1670120 2eu <29 AN & + YRl BIAE, F$
A&AZe] Zrbeel wel At bAgol 7AdE Z$AE 0mmhrd Z$E  10mmr,
WmmhrithE Z7]dl Abdetdgc) WA AREE ¢ F Utk WM, FSBE FEAEA
2uY AEYEAAGAE Wt B ST FoH: AL BOY & Qoh BE A¥ARE
AR Sxo) g FLAE, FEAEAD, FAREFol FHN W d@Eo) paHE AL
ejF3: 9ok
£ ANEE 27 2248 3718 Fusd, aRgoz YEAUd AsHE #5
& TN BB REARY FVEEHT GAEEY Y42 2D, IRERY 7t B
PRl ARHT Yov, FIAE - ASASAR Fb] BANE AAE) FaHT Aot
QW 7, 8 9. +NANAT] 5D FEE L BEAEALEY FI AREE F7bo) u)#)
HEAEY bdgdl BT} BE JHE wAE AL ¢ & A}

37t
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T 0 Rainfak duration 1hr
: | 0 Rainfail duration 2hr
"""""""""" Q 4 Rairfall duration St
G 0 Rainfall duration 10k
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05k [
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a9 8 dAS e g A& ¥ 29 9. EX&xd g dg W3
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5. & & (Conclusion)

2 ATANE BERECIES EQstd A AEYRAAY AL AT A% BS
ZES} A&AZ B ddgol FAY BD ohUd IR £Eo] BANE AHe] Aol
A2AE ¢ F AT BBAA, EYEAEY HAE WHE BERE 0B IAR 3 7
FAES ASNLY G52 AZFR FAY GARFTE S5o G52 Aestd A3A Aol
58 TAYoRA T /I0e & IALATAL 44T & AL Hold Azdn
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