Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2019.20.12.15
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 20, No. 12 pp. 15-20, 2019

=499 A3ALo| TG
SRS AN $HALEA
ks

Economic Evaluation on
Geosynthetic Reinforced Abutment for Railways

Dae Sang Kim
Advanced Railroad Civil Engineering Division, KRRI
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Abstract This paper evaluated the construction costs of 11 design cases to decrease the horizontal forces
applied to the abutment. They include two abutment types, which are to improve backfill materials for
a reversed T-shaped abutment and geosynthetic Reinforced Abutment for Railways (RAR). The first type
of economic analysis was that the internal friction angles of backfill materials were increased from @
=35° to 0=40° and 50° for a reversed T-shaped abutment. In addition, the second type was the cases
with the design of geosynthetic RAR. When friction angles of 40° or 50° were applied through the
improvement of the backfill material, the decrease in construction cost of the abutment was not large
(2.0~3.9%), even though the horizontal forces applied to the abutment had decreased to 18~48%. In the
case of applying the RAR, however, a maximum 30% cost reduction was evaluated by the decrease in
horizontal force to "0" theoretically. The cost reduction resulted from the decrease in wall thickness,

base slab size, and number and material change of pile foundation for the abutment.

Keywords : Abutment, Backfill Materials, Economic Evaluation, Horizontal forces, Reinforced Abutment

for Railway

2 e Irer|edts] 22 d7EY YEYT 12AR] ‘17154 AZA N Development of high-performance Artificial
Ballas)"9] AH|A o] o] =]

*Corresponding Author : Dae Sang Kim(KRRI)

email: kds@krri.re.kr

Received August 29, 2019 Revised October 11, 2019

Accepted December 6, 2019 Published December 31, 2019

15



SHEARSH7| &85 2] #1208 Al12E, 2019

1. M2

FApolsE AAote A=FAS Al & ofyzt A
AARNA A4AEL} 2IDE SHEALR A FE
Elo] F&=1 ot A== FARSE AAR A4
Ho, ZIFE SHEAZE {RAESHE AF
(Maintenance free)2 ZEZ /NI= it wehbA, =
ZAEE 27] A-E7 B2 4l A ES H]8o] A
1, Z3YE SHEAEE 27| A4H]Eo] avtolH,
FAES v]go] HA Agdcta A Qioh mehA,
FAES HE A7l 7hsd AHLAEE A48T = A
Od, 24334 & g Aol
T AolMe ALY FAIES B8] g BE
AA51L Qle =AY A viE 9 o= Qg Fg}
Haslete] fARES HES AAAE & =S &
AT AR A& SR A EFF44 ABA
I i X|5kgict. olF Boto] dAfskEel 9t =4 5

1Y 8L BEH 0 R H5oH A TR
7N A, B3] BARAAY §8 HE5S AAaAA
T/ A9 wpe o mdfjof] 7|Q1gk HokE Fo] AAE
& F71E dota vle-Z A Al £ e
Qretarzt gt

olF {5t &4 B P9 dFAEo] IF ot
of X" AL dEE NHELAH(DEM, Discrete
Element Method)Z& ©]&5to] HHPstal, FA6lsZ
23 v 55 Aot Ao sk Aot Al A=~ g
g 38, AT WRolAY AR 2hol WSk
89 Ag A= 9 719} YA olF B HESH
FArH1, 2]. & iAo AFSE 2E2 HE 2x}doL), B
gy E M7 TSl Aol glow ARl o
A= AFAEE 2FSto] Figt Aol 7PAA A
3t 2 S5t

o it o

N,

=

2. ofjlMo=T3 2 HEY

B IZg 30 o319 9 94 W AR 949 7kt
o] A He YRS tE = ok HE wHe (DY &
29 ¥ 84 Alo], ()9 249 AR 94 Alo], 3R
840 AR 94 Abo]9] 371Aof tiste] HAEH (1)
L Uuixom EQAwolA Wol AREHI Q=
Cundall(1971) [319] ¥¥3} Zow (1), (2) E (3)° di
3 FAIZQ FEWA] gt z2 W A e o

ErEskslo]A wast Auo] Pt 4714 443 4

=24 (2012) [219] AHAI8] == o] At

2.1 Xz 2y

2 S0l AFgTE A el Tiet Qeig
Table 13} 2} 94t] WEE Si0, YApe] EEH
oz st 94 1k ez, BEo) mEAel A
2he olgsiolt. Y, W% REe Brh AUHQ 5y
2= Yo oEsls Hertz OlE022E| F3of o}
1, $1sh49) g Ao SulolA] Mg A o] gt
At W ABIUAE 2471 FaT 240
AUGES @] ol 9ng ol Hro] YelolA] WAl
A FheA 1 QRre WAskaA stk

Table 1. DEM parameters used in this study(2D) [4,5]

Density of grains 2.64 g/cm?
Spring constant (Normal) 1.0 x 109 g/s*
(Tangential) 0.25 x 109 g/s*

Coefficient of viscosity — (Normal) 1.0x101 g/s

(Tangential) 0.5x101 g/s

Coefficient of friction between Grains 0.5

Analytical boundary size 100 x 100 cm

Ballast size 27 6cm

Thickness of line element 1.0 mm
Calculation time interval 50 x 107 s
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Fig. 1. Example of ballast grain shape with 8 circles [6]



=S4 ABAo] B BAALE A5

seeEy

a2

100
Yt
(5]
E

80
=
a
>
S 60}
on
g
2
2 40t
(=¥
-
5
S 20f
=
Q
o

0

n 10 20 20 an SN AN 0

Fig. 2. Size distribution of ballast grains
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Fig. 3. Three types of artificial ballast grain (a) Type
A (Rectangular) (b) Type B (Tetrapod) (c) Type
C (Hexagonal)
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Fig. 7. Side ballast grain installation of STEP 4
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Fig. 8. Initial configurati&)ns of the models in this
study (a) Without artificial ballast grain (type
0) (b) With type A artificial grains (c) With
type B artificial grains (d) With type C
artificial grains
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Fig. 9. Time history of vertical load acting on the
sleeper under monotonic loading of Type O
(without artificial grains) model
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Fig. 10. Evolution of the configuration and contact
forces under monotonic loading in Type O
model (a) Initial state (b) Just before the 1st
peak (t=2.5s) (c) Right after the 1st sliding
(t=3.25s)
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Fig. 12. Grain configuration and force chains near
the first peak (a) type A (t = 3.75 s) (b) type
B (t=255) (c) type C (t = 3.35 s)
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