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A Study on Settlement Characteristics of Earthwork Subgrade
with Lowering the Groundwater in High-speed Railway

2 9 3}' Kim, Young-Ha ¢ 7] 9’ Eum, Ki-Young
gk A A’  Han, Sang-Jae u g A" Park, Yong-Gul
A A A’ Jung, Jae-Hyun

Abstract

Unlike the primary consolidation settlement, the settlement of ground water lowering is not considered separately
because of relatively small residual settlement. But the allowed residual settlement (30 mm) of the concrete track in
the high-speed railway may be exceeded due to unexpected excessive ground water lowering. This study analyzed the
effect of the settlement according to the ground water level change using finite element analysis of stress-pore pressure
coupling model, and compared the analysis results with the measured data. As a result, the range of elasticity modulus

satisfying the allowable settlement was proposed, and it is suggested that settlement due to ground water level changes
should be reflected in the design.
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Fig. 1. Settlement due to groundwater lowing (Honam high-speed
railway)
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Table 1. Design criterion of allowable deformation and strain at roadbed

Design criterion Criterion Remark

Allowable elastic settlement (p,,) 22';1?32 gzgt gg nr:m Japan

Allowable plastic settlement (p,,) Bé’:l(ljlr?z:tde tJ[r;aachk :. 13000 nr?r:] Korea
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Fig. 2. Drawing of Roadbed

Table 2. Material elastic parameters

Name Thickness Young’s Modulus Permeability Poisson Weight Material
(m) (kPa) [m/s] ratio (kN/m®) Type
Rail - 210,000,000 - 0.25 76 Steel
Sleeper 0.095 29,100,000 - 0.25 15 Concrete
TCL 0.245 34,000,000 - 0.25 23 Concrete
HSB 0.279 12,900,000 - 0.25 23 Concrete
RR )
(Reinforced roadbed) 0.1~0.5 120,000 Drained 0.33 20 GW
RB )
(Roadbed) 3.0~2.6 80,000 Drained 0.33 20 SwW
SG 5.0 60,000 Drained 0.33 20 SW
(Sub—grade) : ’ :
Foundation 20 10,000~50,000 107° 0.33 19 SW
Table 3. Soft ground criteria
Division Clay and peat soil Sandy Remark
Thickness <10 m =10 m -
i >
N (SPT blowcounts) — 4 6 =10 If residual settlement = 30 mm,
Soft—ground treatment
u (kN/m?) < 60 < 100 -
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Table 4. Parameter analysis case

o t CASE Young modulus N (SPT N blowcounts)
arameter [kN/m? ) E, =500(N+15) E =766V
CASE A-1 10,000 5 13
CASE A-2 15,000 15 20
CASE A-3 20,000 25 26
CASE A-4 25,000 35 33
. A2
Elastlg moulus [kN/m ] CASE A5 30,000 15 39
in foundation
CASE A-6 35,000 55 46
CASE A-7 40,000 65 52
CASE A-8 45,000 75 59
CASE A-9 50,000 85 65
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Fig. 3. Change of ground water level (analysis)
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72 BENEIBEEE=SY

HI312 M5=



—_
(=]
|

—Measured
87 = Analysis(E=30.000kN/n’)
6 - T Analysis(E=50,000kN/m")
'E' 4 Analysis(E=80,000kN/m")
= "7 Analysis(E=100,000kN/m’)
< 2
E o
=
: =
-4
-6
-8
-10
-12 T T .
0 50 100 150 200 250 300
days
Fig. 9. Compare settlement with measured and analysis
o]7] A, Vs = Su}&5(S wave velocity), G = Z¢Her
JA14>(Shear Modulus), p = U X=(Density), v = 3ZO}%

H](Poisson’s Ratio) ©]tch.

Fig. 9= &7 5] o 4
EAR g zolt). 2|54
s}ee 2.8mme 24wk Wsier ula
227} 100,000kN/m* Q4 73S 251
Yokt 714 el

Fig. 9= BAAlRo] The A2 Polat o 2
TAIRE e zolnh A|ek9] SR A 9] Ff X
sheRe 2. 8mme =AE| ot Aslek v|m A} 247
=7} 100,000kN/m* 7S 2|5}8Fo] 2.9mmBA] A=
Yt Jb st

2 Asiek o4 Zhe
E CEEREELE:
Az} g7
o] 29mm=H A=

_1

3.2 NA[of| E Aot

2 ©2(000k000) 2] -0 2]5}429] 6.3m 3
3 mm7t 42 AshEglon] ARAT AF
T} LA A S 60,000 ~200,000k N/ m? O M
F 130,000kN/m* o[t} A& Halegol| 7P THshe=
A Anke L8k Bt AL} 100,0006N/m?

AL Aeon A2AEY eHAA G Hatdk ALY 2

_19. o i o)

di

25tk webA 12} @ 23} oFdlo] 2gEe 7145
231 A5 12m SO E QIS 1EAHE Hu
- 875 30mmE _13}7] ol A= Yx|ut

HIEEE(0-03) oA LARE ATl

IN[el

Average SPT N blowcounts(GL .10m)
0 5 10 15 20 25 30 35 40 45

0 log mm‘ L R S S gl

o
©
o

°q

i 28 o
%1 s
-10 - fo%e 1

15 S {

20 | 1o

o 1

25 1 e

-30

|

35 X

-40 . I

1

1

1

Settlement[mm]

Design Criteria: -30mum

45 -
-50 -

Fig. 10. Compare settlement with average SPT N blowcounts
(GL.10 m)

A1 GL 10m71A] 2] g+t NA| 9} Holef<
ot} 7|4 kg2 st +Hol eh=

’3H lskal =

o] Hstge ¢

Hat NA|7} 15 olshel ol &-847 Holg= =
oAy sk HaPiart as o 4 Atk 38
Hapgol 2Aske e 22 dEdskE 1y sils
Ao 71228 238 7PsA o] At ks Wl Al
23 F3l Ask9 6.2m sl Histe] N=109] ¢
SFAIRE 7] Hstol] hste] bshA] etk Ao
2 & 5 dn seane A529E AsiolE o
PAEES] NA|= 160)/ = ofoF sl AFA|HE 277
T2 N=150]ofof b5 & == 3ok
4. 8 E

2 =wollde AEEE wike o2 Askae]
Heo] wE Hatds sAlsiAstar AStolE e} B
WBFATH

(1) DEAE w=8ke] AR 9% 57} 515 glo] %
sh:9] Wil wret ok G W) ujo] BF

A

Halge W] YsiM= AAA olE st
of gl

@) A Akt 12m shge 7 ZAEE e
o A5 e ZFHB]E 30mmE W3] 919t

YA Fat BAG7F 25,0006/ m* 27} F o]
of 3l Aoz A E gt thik AA A= U7
o 24 =4, Ast49)0] WE 2AE uesto]
=
=

Holrgae g Bzt ek



(€)

4)

AZABe A ENRE vasg EdusAE
(000k000)2] 7S |5}4=9] 6.3m 317 & 2o 2.8mm
7F A5 RGO ARAT A At PA B

A A2 60,000~200,0005N/m> O 24 HH 130,000
kN/m*oltt. A= Hslefol 71 2HsHE )4
Al x]ut B e A L7} 100,000kN/m> O]
Al He-gom A2 ATl BHYAIG Hdt )t Ak
ST

AetE917} 12m 3= 745
X 25,0006N/m?)0]4, 6
o4t 010101: @%ﬁ%@ﬂaﬁ “P}—ﬂ

o= Ui aE T R

il7} 33(EAAIS
<2 N2J7} 16

¢]
IUZ

]

i)

=

rE
Lo
1

rlo

O] HAoFAIE G 7]EQl N=10(H=4A7]& 2013)
= tel ohste] QPgA & 4= 9l7] whize] N<
1502 7|2X8 43t AAok & Hlo= Azsit

AL =

B R SENSE SENENS|ESY vl
=

Z1&7ARel o) @A7u) X AHAIE: 400kmhiF 1L
WAE 71 mel s SAH

, BRAAEEA A=Y,

74

s=Xgtssisl=2d HM31A Hb=

179 (References)

. Ministry of Land, Infrastructure and Transport, “Railway Design

Criterion”, 2011.

. Lee, M.S,, Lee, LW., and Lee, KM. (2014), “Embankment Immediate

Settlement Analysis of Stress and Pore Pressure by Fluctuations
of Ground Water Level”, 2014 Autumn Conference of the Korean
Society for Railway, pp.1249-1254.

. Kerh, T., Hu, Y.G., and Wu, C.H. (2003), “Estimation of Consolidation

Settlement Caused by Groundwater Drawdown Using Aurtificial Neural
Networks”, Advances in Engineering Software, Vol.34, No.9, pp.
559-568

. Choi, C.Y. (2009), “Development of the Integrated Automation

Software Development of Railroad Roadbed FEM Analysis &
Design”, Railroad track and structure, No.209, pp.41-47.

. Choi, C.Y., Choi, W.I, Han, S.J., and Jung, J.H. (2013), “Development

of Design Method for Reinforced Roadbed”, Railroad track and
structure, Journal of the Korean Geotechnical Society Vol.9, No.9,
pp.55-69.

. Choi, C.Y., Mok, Y.J., and Shin, E.C (2008), “A Study of Design

Standards and Technology to Estimate Optimum Thickness of Earth
Roadbeds”, Korea Railroad Research Institute.

. Korea rail network authority, “KR CODE 20127, 2012.
. Bowles, J.E. (1977), “Foundation Analysis and Design”, 2nd ed.,

Mcgraw-Hill, New York.

. DeBeer, E.E. (1965), “Bearing Capacity and Settlement of Shallow

Foundations on Sand, Lecture No. 3, Proceedings of the Symposium
on Bearing Capacity and Settlement of Foundations, Duke University,
pp.15-33.

Received : March 12" 2015
Revised : April 16", 2015
Accepted : April 27", 2015



