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Static Behavior of Reinforced Railway Roadbed by Geotextile Bag
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Abstract

In this study, a large-scale laboratory model test, 2-D and 3-D numerical analyses were conducted to verify the
reinforcement effect by utilizing geotextile bag on the railway roadbed. Static loading which simulated train load was
applied on the geotextile bag-reinforced railway roadbed and also unreinforced railway roadbed. Computer program
named Pentagon which is a part of FEM programs was used in the numerical analysis. Based on the results of
laboratory test, 2-D and 3-D numerical analyses, the effect of load distribution and settlement reduction was found
to be depending on the geotextile characteristics, tensile strength of geotextile, and interface friction angle between
geotextile bags. In general, the result of 2-D and 3-D numerical analyses shows lower value than that of laboratory
test. Also, the result of 3-D numerical analyses shows lower value than that of 2-D numerical analyses because of
its stress transfer effect.

Keywords : Geotextile bag(%] 28] AEH] ), Railway roadbed(*# % 1=41), Numerical analysis(2]3}|4]), Static behavior

HHAS)
1. M E RR7) wel) v @atel s Yoige e AWAn
of vlmEHFe 2N oA Won BAE Sl
Aodas W PPe AoHaed W o JAK, & ulo ARSH 2 BgAne 2
e e Bkl B Ei 2HE 5o BAS Y
T2BE FAFH Fiolth. XeEAe B FWL A 2, Ay
Z7lol 427 U AslET S dh B PRERA

TE AREEo] Hod, o]F 1970 s el
NFELES QJsle] AMH & AZFo R A& W0
—row SeH1]. o]t A QEAERY W FRS
Ticdbol] 288 49 FAskE RjEo|n, FATE ¢ AlE
o] FAs} 7HsEA 1 B AR B} FAEp] ARG
= e W2 w ARA4ds dewiks 7|t o qlck
OWOML XliE“*E} J

[e] L&
1D, 3D SRS AAGISLow, AFE A oAt
=] =)

Q]
A} Sz eikefol EA}@‘X}‘}%‘—& 1T 552 Astete]
+

MO HED, QIS W ESEHBAAKIS Y W
E-mail : ecshin@incheon.ac.kr
TEL: (032)770-8466  FAX: {032)770-8460
* CTC(Z) ESFO0IAL QIEHSI N ESSAAARZEN [HEHA, BHAL
BERL2

ST =




NQYAEIY MOZ HyYE TELUI FN TS 2

~

Bl
s
F2)
HESE
dAE

o

g

o

Jujo] osf 4=3sttH2]. Fig. 12 FEH=
o] A%S Jehd Ao Table 1.2 3273}
Uehdth Al erte] 24 #8H B2
oxSm(Zp3m(Hoh2 FHHY 270 A
TARS < 9EE sic.

FAHLS AR e et A4S BA
oA 2= BAEE siZst=E AujofAl Al

7

= ol ek

ek

A}

1<}
2]

o K

T
Ly =
mlo R

A

< 15m(2

b
]

|

i kel
=

lo 2
m\l

on

;‘.: tie

g

13, 3

>

=

ol
tlo kI
e
o, oN

Hn f”*

)

A

o]

A
%

rr
o

ot

2.2 BExlig X X|QHMAE o

dubzloz AT Lkl ARtz oA AUERA kil
EU7F sk gk, 2lgolut fael Qloja e b4 aljof
st Axjatag AR 4 9 st aHD 2 AY
M= L7 200814 EJ—PEW 5%m] Tl SPA &
E g2 AR5l tHTable 2 &R).

2| QENAEFY Wo) FARS. AAA 2 _% T ted )3
o2 AFE, dAA7= AlFAES 1185t 66cmx44em
Z Ao, e Hilo] IE 228 Ay we Q)
AUE AsE LH8 0% AF=E AIFE FHsHch
Table 32 A H A28 2etd Wo] F3AQ] 548 A&
gaetd FE0 fA FEoR Wro] A2 Fold.

Table 1. 314031439 A|¢[2]

& (B3
A - Z)EA351= . 250kN/AActuator
i - 7}l A% 0~ 100Hz
N - 52¥e] : + 100mm
o - S EEE 1 3000psi
- B At FA| & ¢ 25 tonf
=g UG
= - 3kE 9 WY AE7)
© 5 A AR
- A% Aol 28 AA

Table 2. =l Q2o] Tory 54

Aoaz [ Ax | ouw | .
N xLe;;i‘ iee} EE
R B o R
{tonfrm®) | (%) )
2.64 2.01 10.2 38 2.5 SP
Table 3. X Q8261 W) 9 Aharfe] Fopa B4
| Aeezell wep) A& A=)
I o153 Agaz | =4
T (g | FEUE IARE g agge | e
(tonf/m) P (%) (tonf/m’) | (cim/sec )
Zk 4.0 0.188 16 2.61 1.68 5.0x10"

UHEEO=REY KOod M28 2006¥ 181

3.0 WEEEY R HIET] &K

A AR EQH, st L oA S 2o
AZA\E A ASE ANsHoH, AEto T
PR} gen A HAgY WS 2% 9 4502 HgR
SRERES

1
20] Utehd mle} o] Am9] FARZHE 27k 1.32m7t
Aoz AAHU) o]F {AKO| 20emPHLE FE
Asto] T e AAsHA TS P4stm, 7|xGoR B

O O
LBE(LVDT =
s 5
wor E b_'
asHBVDT "i
st O J:I Steapet
8 265 285

’ gzww AT Pz Z:
o 1! e w7 we Wi}
| -] ‘ e
V1 w2 w3 Py VS5
a ‘ 12 12 132 132

TSV

BtELVOT

§
[ e [oAeATt [
]

ot El

_ - ey

- T
Wesase. e
’ G ases v axs @ b G @ o <
! e w7 /e (d]




182 AEEUS=2Y Fod A28 20064

2 ulstT AstEhe AHAYEE AZ] A =
She Ao 2R 0.6mZoleh eyt Habuo] XSy
o mmyto] ShaElE, EAXAS 3em LA ¥, AR
28T $AE 22 EAs W 43 Bo) tewot 4
A Fig 33 2o

3.2 MO E2

QAAES AFSY, 22D, FUAY, IR &=
SozyE AR FoEe A 44 23S
o1gBhE RO B, o] A% A TS 252 U A
& 44 3%, Yok 41 232 122 ¥ 28 B4 23
o g} @ dFoINE FHAE AUl Yo BE

23159 LS22815-2 AME-3tT
Bkl AR Beksel FAANDE Fotol T3t
, gt %”‘Ohr—"* A4l AFsEe] Stafof sh, 2t
Az Haxp 282 7)29] AR ARSI £ At
ol A= Yo A ]°'§L7P°ﬂ/\1 %—5]3'— %1‘: FAAS()
£ Agste] APgs At FAA = AM&-3Hl T
4815 SEE 1 0]'°ﬂ 74]”3} Q-HL "473“ 2 14.3
tonfO. 2 AAJFon, o] §F9] oF 40%7HA] Z7HE 20
tonfQ] 832 4tonf¥ TAHE sttt X540 A
T AQEAE ste2AT FYsHA st AT

H

4. 2X[01

3 wubgsl BaE s 9

o 4 ﬁg Aol AN pREE, Aoded ¥

M2 AR 2719 FUE 272 AP E
FoR Et.i__!%‘ﬁbl EHols 84F A8t 3t
k-2 LBl Ak 8 9 2] 9 e AELY] wh-Z] QB AEY] Wl
9] Qlejglo|AE FAE phek £A|9] O2teE Aue 2E
Fotaon, AegolAs] HAFE QlgHols A4
Ky, 0.2 ©]F0]2 Spring-Slider A|AH 02 FH3HT

22840 AMLE @ AEL Qe AENY o] Fejot
32z AL TEsle] 2 MoAs 28 EYAQA

ARSBHATL, 3AHY B oM oFa EAE-S W=t A
3t 9 o) 444 ShellaAE 243lgict E3h eyt
1 ZAk AEEO] AR e AL 484 solid R4F 2R3
AU 24% frame Q45 2§33k

) 11?‘: mlm

A LEAErd Wl QlEWe= T to, ©AAIS E, 2ot
SH), QASE 4, 7t den, 7Y g ez
of W H45E AQJstie 7|EY ATER[34] 1EE F
3o Agetgirh(Table 4 F2). iAol 283 A 28| AE}
o Wo] E7 2.0mm, YEE 1,350kgf/m’S AME3IGL
o Z]8ke] B2 AT AlE 2T Hunt(1984)9] <]
3 AQrE dukaQl Y T ARSHIAL JlE#H o] A9
EE dF APAGAHA SA4E ARAE 485t
AtHTable 5 Z=).

2B A Y] HAH By F 37H] AHFEA, 25
B, 435709 sjMz7do tisto] 7t dAER Afolst
A gsten ohg &4 .

(1) =824 Q) Ag28td W 24 (3) =4 4 A5,
Y 2 @) Asks Ast 2 A 6) =HEA

5.1 QIXE

Fig. 4%} Fig. 59| WH=0.02 =8} AHHS el
WH=0.5% =ERASEE ImA] 4L, WH=1.0-2 =oteldd
< Yetlis Aolth IgoA BRo] JETA A 2T

P

Table 4. §3t24354]9] Y8 E43
ZaF 23 A 2
TR #)%(cm) ;ﬁﬂfn) anfjﬂf) soju]
et 140~200 2.15 3,060 0.3
7% 90 2.15 4,164 0.3
Az EA; 30 2.20 15,000 0.3
8 260x30x20(h) | 2.3 3,000,000 | 0.167
e 60kg/m 7.85 | 21,000,000 -
A= EN =] 15 1.35 700,000 0.25
AL ) 15 1.68 4,164 0.3

Table 5. JEHo|A8A QE EA43

;['L B Kbund Sbond S [friction

= (tonf/m/m) | (tonf/m) ©)
AHk-R) 2 e A ek By 1020 0.42 30.4
Z| Q8| Aete] ul 326 0.21 21.0




NQUAEIY MOE MUY BELMO FAYS £Y

——NEYUR
— 7 3t (20tonf)
—&- Sum

0.2 0.4 06 0.8 1 1.2
Vertical Pressure {(kgf/cm?)

(@) X SEAERY W 4tk

\ —— HERE
N —— "3t (20tonf)
\ - Sum

Fig. 4. 52 Ywo] n2

A4
0.2 0.4 0.6 0.8 1 1.2

Vertical Pressure (kgf/cm?)

(b) F=27

A3 EYRE=(ANZHY)

——NERR
—8—ZAEH(Dtort )
—-A=- Sun

08 1 12

Vertlcal Pressure (Kgf/or?)
(o) A ouaet W 4g

h/H

05

\ ——sisuz
' —8—RisH(Dtorf )
— A= M

Fig. 5.

R

04 06 08 1 12
Vertlcal Pressure (Kgf /am?)

(b) T2
E% Ame] UE 97 EQREER(AA| )

OIINCOY=a7% KON K22 20064 183

Aol o7t = mArERSHS: Astol o BT,
1T o5 B BT AP F #AsH Y AF
EQe) #25 Yehfisich dAH oz mRtdo A= A5t
Foll AT EXFTIFo] Aol ofste] HrolMe =}
Fol o3t FaFol AAUS & = ek kRt AS
H EQte] AL RH7F Ut x| oElAele] B 4Tk MR
o] At FARRE B, At S7HE B &
7HEE HAEHAA A Fdads & & Utk

53], 2| e ek wio] HAH Yk st A9 EQRS
Baguo) A Ha) o 22~30%F =] Sz
A7F dASHs Ao 2 eyttt ol 2o HEIAEIY o]
HeAe) At Aol e JHAFBEA, X oElAerY
Wio] QB QU ubREAo] ofst ARelFe] FRAE
ol 7)¢lehe AR wobgc
53], Fig. 62 SHL2HE ol o] g FAEdE

T2 Awnd, AgYAY W ST BE TR
weo] g 2 ghe Molu] 2%, 4%k AXo] o= veh
LS 4 ok ol Aedad W oA 4
MYSAT Ao serd W A2AHY AREA, Tein
HBE ASMAURLS BN P B4
2 ABol o3 shg AR 7 sk Aoz B

—&—Unreinforced
~—Geotextilebag 2 Layer
|| —&—Geotextilebag 4 Layer

o
©

A

o
=

Vertical Pressure (Kg/cm?
o (=)
N S

0 . . .
-4 -3 -2 -1 0 1 2
Distance from the Centerine (m)

(@) 1.0m AF(FA)3HA)

-

—&—Unreinforced
—B—Geotextilebag 2 Layer
|| —&—Geotextilebag 4 Layer /.\

o
©

/|

\
/

Vertical Pressure (Kg/cm?
o
=

Distance from the Centerline (m)

(b) 1.0m AHAEAFLY)

Fig. 6. FHOREE A7 o] B2 AHEYREE



rx
rlo
mz*
_°
ol

tl

IHCoO-2N HOF 28 2006

_.
®
&
re

-

—— Al A
—— MY M3 R

N
%

o (=3
N £

Vertical Pressure (Kg/cnf)

0
-4 -2 0 2
Distance from the Centerline (m)
(a) FH7F
1
—— = X 3l A
——AOE 4
0.8
0.6

o o
n ~

Vertical Pressure (Kg/crf)

:/ Y
-4 -2 Q 2

Distance from the Centerline (m)

(b) 4<t=7}

Fig. 7. A2 RE o|f7|go] ©E AHEULEE

T3, Fig. 70)4 mEuke} Zol 1|34 Aztel Ak
48 3 vt 2 HEEUoA AL A1, ol
2lo] e A AAsHe TR RS Uehde &

oul, Ay 4F Aub} A4 Ahack ozt 4

L?:E_Eoﬁ‘,

ol AR HEEA, AL ErEY AR AYEY
U PS40 QI8 AXSIES SHYFOR AL

pL

s LA 6] BReHA] B3 A2 feEh

O

rl

5.2 OIXIHHO|(XIOIH)

HAsE Asto] BHE ASFL Fig sM Hofzrk 1
aloﬂ Ve e} o] K| Q2B MO R RS T
= nd gl dls) A0 Ao AU By

SHe 2 ¢ 4 gonl, E3t, AeEre uo| 4gos
438 o] 2002 AN SR WSt A W
She A2 AT 4 YUk ol A LE2Erd W Y
2710 JEURSHT A oHATrd W AR Y
S48 eE O M eHied Wel SRl Ue
A% A E 5 Sk

0
1
2 h
3 \:\ h
= RN
E \ S|
= '\
© 6 [{-e-Unrein. -0.6m ~
_S 7 -@-Unrein. Om
= -8-2L -0.6m
3 & He2 om AN
9 A 4L -0.6m
—&—-4L Om
10
0 4 8 12 16 20
Static Loading (tonf)
(a) AiEAHY
on
1
2
z 3
=)
§s5
£
® 6 [f—e— unrein om 3
g 7 || —O— Unrein 0.6m
—m—2L 0m
8 H—B—=2L06m
|| —&— 4L om
9 —— 4L 0.6m
10 T T T T
0 4 8 12 16 20

Settlement {(mm)
o © o ~ o o B w N = o

mm)

Settlement (

Static Loading (tonf)
O34
Fig. 8. s15Asto] w2 Yol

T
‘_.‘ = ~.D'~-~ \\
= = —~J
‘o.
\0
—e— X3 M 0.0m -
[—o— =84 0.6m <
---m-- A S A 0.0m
-eoe- AHEHAH 0.6m
0 4 8 12 16 20
Static Loading (tonf}

(a) FE7}

—e— %54 0.0m
[—o—=%Isl4 0.6m
-ome- AU HE 00m
- AU EAE 06m

0 4 8 12 16 20
Static Loading (tonf)

(b) 42
Fig. 9. siEAstol w2 Yo%



44mmZ AhHOZ A7 Uehton, Mod it 4t
57 WAL Ay Y A 1L8mm, $A54 2
e 2.5mmE ekt X 2| 2eky o) BTt A
g @A o 25% 4= 27 vehdeh ol A
ABA Akl GEE%, A7) 24 oA W 7lE D x
N TR Rolol €3k AB A Kolol A0 Fersin,
SARAAGE A SEAA XIEE“/\EP‘ SR
e AR AMLE AT SHRMEINE WA T
s A oS Atkel o] S Ao TeE 25 Aol A
o2 Aggch

6. 3X1Y FYOIF X0 2t X 24

4 4ol
e 4 G ASHAH W 40 574 B

-
=}

—e— Unreinforced
—&— Geotextilebag 2 Layer
—&— Geotextilebag 4 Layer

o
<o

Vertical Pressure (Kgi/cnf)
o
=N

o
(o]

fe=]
nNy

o
<}

Distance from the Centerline (m)

(a) JHAEY

-

g \s
§ —o— Unrein Om \\
D —o— Unrein 0.6m
@D g |l —a—2L0m
—— 2L 0.6m \
—8— 4L Om

. —0—4L 0.6m

0 4 8 12 16 20
Static Loading (tonf)

(b) SR HSIRHET B
H3k% SHaz

Fig. 10. 3319

Ol_'l

NQEAEY MO HYE TELU NS B
M2z 2006‘4 185

Fate BRZIE] oF 30% FER, 23 S=x]FA ] 22%
o wlal oF 8% P& WAyt 34 Uehgth o)< 32k
sfalo] 22+ FH Mo = ZAE 5= gle FEFCEY
SEAE 7heAlSt UAHY SHE POﬂ ot Axt2
A2 F ) Fig. 10(b): x| L EIAEL] 4t B7FA] 2] QElA
B B2 aatE elshy] sl =Rt Ad 9 AT of
& 0.6mA|FH e Zag veld Aol AXLSHFE o5+
Ab adE Qg Aot AHEITL FRHI AS ¥ 4+ AUk

6.2 2XHM ! 3XHM FX[OA{0] 2jSF HEIEORY Hul

3A AT} Fig. 1104 Hi= viep Lo
oAl Az ek Frapddo) 4
oju} 3449 A ATt 2.4mmiE 7}46‘}3‘:0] oF 45% A& &
A yebsth A8l 2ekd W 4 B7iu o] A9 231y
oAl 2.5mm, 3 Mo ME 1.0mm JEZ of
60% A= A yebdg & 4= 3lo] 34 siMdTrt 23
o s gt oF 50% o) AR skFo] AA vekitt
whebA, QA W AAskE BAAT 3xHd oA At
7} 234 siA AapEch oF 50% = A Uehded, ol
224 s oM = o] B7Fs3 FHFeRY 3

H—‘
rII.
5 o
-
=)
Ofr
o
N
(=)}
3

[| —eo—2xtel x84 om
H —o—23t# X314 0.6m
|| —=-#-=3%& 234 om
—-A-—3X-@ FAlal A 0.6m
: :

. Settlement (mm)
O © ® N O ;O s W N = O

0 4 8 12 16 20

Static Loading (tonf)
(a) FHIF
0 S=r="i 1 e,

Settlement (mm)
)

—e— 278 =54 om
—o— 24t x84 0.6m
—-&-— 3R S A Om
—-&5-— 3R Fxsi4 0.6m
T T

0 4 8 12 16 20
Static Loading (tonf)

(b) 4t=7}

Fig. 11. 42l2s}8F v|m



oA . O

rz
m?.!

ox. 0|50
186 UIAMEOR=SN KoM M28 20068

-

Aolguz ToEch I8u daElEe o] FskEe|nE 2
A OH"“jJ—]r 3219 sja AR R4l A4S u
el Ao ARAL A= 221 A AE #-8-5)
T 2 Fee g Jes wrHn

m

>
>
_?L
2
A
EN
I

(1) BRI fTaL $13
wel ¢k 9 A%z

RO A
J:T o
I
i
i)
N
o
T,
>

‘H,
My ==
z
:?g
o
N
ol
i)

i1kd
fla)
ot
it
ok -

@ AR 24 F5E SRR uTEA
|

Uehe o %= gl ol AsHE X9
Aodekal Ul e Y AMez A 4
B51%0) SHENATIE WAstR] T, njE A

gl Ane ARt

(3) 249 A5ET 30U HoHE FURLNNG v
o AT 349 SHAT 20 H ARG ARE

Fe oF 8%, WBIHE oF SONAHE A ehde @

QUi ol B FAEA Wsle] o3t Seido

ane ARde, 2249 34 3 AL s

o Bl AL el Aos AR g 2

>rn°r

_l

A TS Aol & R
u_wm

o ¢

4ﬂr

4) L)X At 2] o8l Ak Y
;o] ws) g3kg 22kl
FIol A9 ok 30%9] s1E7aEt ek
oAk ol Ao Aetal w) e} &
ﬂ} Z]_?_Eﬂ/\El—Ol Wl zpd| Q) QIAMEA W uhzb
ARSIl SEEAETE AlRgch
%4 AL ZA717] AsIHE s}
o3t |9 ElAetel W R WA Uxtel A%
ulAE oA 2] AlEdt AgEAel o
H93t slog Atmgch

=3

N

o

o
N
e

e
+
30

Al
o

ox oflt
2

l'ﬂ: ==
1o
r°f'

o m rE o X 2 Ho
ot

man

g

®)

iy
£ o
=
r—.~'

(o dm oy
ox

)
Y
Ny
)

1. Heibaum, M. H. (1999), “Coastal Scour Stabilization Using
Granular Filter in Geosynthetic Non-woven Containers”, Geotextile
and Geomembrane, Vol.17, pp.341-352.

2. AFHEI|SATY (2003), “FEE A HAY H2RTE 9
& 2By Feolue) 483t /e, 4o A FFAT
ZZH A, pp.46-92, 145-176.

3. FHEEAGEEA] (2004), “EEAF-E o] &3 Hx
B77)4€”, Vol.3, No.3, pp.16-19.

4. Hunt, R. E. (1984), “Geotechnical Engineering Investigation
Manual”, McGRAW-HILL, pp.198-203.

5. Annual Book of ASTM Standards(2002), Geosynthetics.

6. Esveld, C. (2001), Modern Railway Track 2nd edition, MRT-
Productio.

7. Koemer, R.M (1997), Designing With Geosynthetics, pp.113-115,
pp.436-449.

8. Selig, E. T. and Waters, J. M. (1994), Track Geotechnology and
Substructure Management, Thomas Telford.

(e}

re

ofie

iz



