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Hydraulic and structural interaction of a double-lined
tunnel lining due to drainhole blockings

Jong-Ho Shin, Taek-Soo Nam, Sung-Eun Chae, Jae-ung Yoon

Abstract Tunnel problems relate to pore water pressure generally occur due to the restriction of groundwater flow
into the tunnel which is generally caused by the deterioration of drainage systems. Previous studies have identified
the problem as combined mechanical and hydraulic interaction occasions. In this study, detrimental effects of pore water
pressure on the lining were investigated using the finite element method considering deterioration of the drainage system.
Particularly, double-lined linings with drain-holes are considered. Deterioration of drainage system is represented as
blockages of drain-holes. It is identified that the secondary lining can be influenced by the deterioration of drainage
system. It is shown that a tunnel with all drain-holes blocked moved upward, and unbalanced drain-hole blocking may
result in torsional behavior of the tunnel which causes significant damages to the secondary linings.

Keywords: Tunnel, fem, hydraulic interaction, double-lined, blocking, clogging

e X

Aot

233k istol oA WAshe TAle 14} 2lo|id o] BpAle) Afsto] whE JRRE ofe) =4
o Bpideol] mE Bl 899 HF o] BHR & 4 glrk & AfelAs olFrxetold A FEM si4e
ol Ak-god-deAl o Bl FAE FaL HHT/\P“E“«] FeAste] thE Hd g vlAls S AR
ok 84 Adf wiaolt AT 9-0) FUFTRS 24l A%t Fad R & 9 3] AEA o)
BT A - vl BlEo] Hlof Ao k= o] A%E Hjch Tdeli vige] Hido] UM%‘@E&‘ St
= 4F Y S 0E ATE oplste] 2aetold R A7 A v 4 kel S
F20: gy, f3aaW, SRR, olFTR oly, WY, A4
LY B 2 A ag ] Se7)sAskE wAskaL, o= Qs
=58k S718te s 7R3 A7, ehold e
AR o]l Agxole wie=g Edel Asks Zefetct skl
WAl AR FAECE Ao B Ul ol AES SO0 HIslE el
Toldell Zgahs :9re] AL T Uitk £ oA ASlgEY SRS A AFE faete] 71
3 Bd-Aul 8] ATAGEA S AAZA] o]24 of Znt w7 Fet ushe A FEvle
BEe) ShA alal A7 ol AEo R olg) 9ty AR EAysted g Al RS 2ARSRECE B3 11
Asto] wislck el SRS AN 1R ey S 0 Sfol ANl el A4 Sy

WEY, P2 9 5L

o] TAFE ABAG] ot
wEe sho] 71 AR oAMEISITE Reddi et al.(2002),
Shin et al.(2002)2 #j4=20® HAE edo] AL

ol 718 AFOZ s uihe) e sl

ZAAET 5, 2008a)3t0] Bl'E AAA] A3t
Sal Al A7)AQ) 4L 2/\}'5}]0}:?5 bl L
. ol o] wigrls Asle etolgol 2hgst
[o] 27l olojA EYe) obol X|WHQl HaF
s UrEJrLWr

2] A A BAIEhE 7amg
o] By} upH(AlES % 200&:);1L B dlolide] o3}
5F 4 ZAPH(AIES 5, 2008b)S HaEgich

H .

|t

o (|r _% flo mlo
of ¥
ﬂ

|

1

Tunnelling Technology, Vol 11, No. 3, September 2009 243



Sk B WAlolM ke BRI 13} Bl B4
A0) Aslo] W FATe] obd, ik B lold £
S4T} Eo] ujgle] Eaaol the HakHel A
= Ago] M= WwAE

AR Hdelq R g HATY Do 9
3 Wi o] AshEle] EAPE WAshE 97} ol
BRI Qi) weh R mRolAs Wi Beos
QB A 2T el ASHR Qls) ARA WA
HPUZES o FTE NATM ol ide] *x]uk-efo]id-t)
S o] A SRS 8T QA SR nag
AgBte] ‘olFTR Told el SeEAE WAS 1
sjack

2 AFoA= Bl ElrtEe A fisf Al

(&) WA AAEEHA

%35 5(2000)°] 28 mldof] vl 23=tel g e S
2 g3t9ick ARk 824 S 8sx(isoparametric),
go]de Agetgel 3737 ¥ ay(Day and Potts, 1990)
£ Agsion, g 44 ane 2SI
ch. 1zjetolde] T2AAEE UeiulE Beam 949}
B8 YERE Solid £4:9] Zghdo] 232t0]
gl A wiRie] B UEhle 848 SR
o 1, 221l e AsAE-S B Aeg 245t
Aok 27 2% ojFTx Told Y HieA] RS Hel
Zlolct.

N
—_

Wt Askglrk Aoke A4 228 maPskan
28l wue) 292 A D wl vieke] 5 4
AzAL 7E4ete) Wbt g 02 MR,
Eok MAS o3 HYNFS Bl T &

39 1 W4T AE =F A4

wire mesh
steel rib

primary lining
drainage layer

@ o172 2ol

29 2. o|F7E o)y

244 EE7]E, M11E M3E, 2009 9%

® non-pore water pressure node

permeability:
ks :soil,k : primary lining

O pore water pressure node

solid element
with lining permeability
(soil stiffness and strength)

3 noded beam element

solid element
with filter permeability
( soil stiffness and strength)

() FAHY=
U A8y 2



OIETE 2jolo] 4B TO| ME 421-%4T HBRE

AATE whelshal =] sjA ez AYdste] 29
ol g9l wigAAl 27 ndgo ydzxy 5o

JAzA] Kok AAHTE e
HHAIEZ 5, 2008d) 7‘34— Hfg}o & A wlas

O{N

BEwS olgatrt 1Y 3L N5k 9 mEe
LRl Zlol). B4 ZR IS Biot(1041) HHAS
/)% 5H= ICFEPS o] 83to] <A FEM 48 5
ystelct

3. 4 BY 9 Hojx

Aty A s diE v1E gkt v
$18}1o] Shin et al.(2007) P8 WA} HU%) male A}
Bslolet A% e A /S E, SE, F3iQt
3 otel 4 7HA] AFo R e HE ¢ Ey
ARt #go] Fastus At meYe s AN
248 Tk SPlRS Ads] REsh| Hslo] v

pore pressure,u=9

ag 3. A

s mde Mohr-Coulomb RElS 285}4c).

F3pt @ AYH ANAeE B oY)
mito)l ShkebEe] o]zt FUgtel whh BpAaT)
ol|i= Ao spAEkgLT, Ao mhet A Bam
g3t vjAlE Emdo] A9 walsign), ehdud
AR oA & Sae] 8 IS Bldoe] F2ky
= a7k Aol glrk o] A3-2 Vaughan(1989)0] A
Al HlAY HdE ;ﬂ oﬁ}wﬂ HH I
A WA o= FHFE MY mdg A8
A ()& At 4 J Lo ?—g@} Vaughan(1989)©]
AQkst ujAy FpAgs Aojuh

k= ke PP (1)

o714, Ky : BRG] 09l 9] BAL
B wd s,
P BERESY

finin
p= Jning

drainage layer

flowrate,q=0

pore pressure,u = 0
q+0
—

" blocked or
. unblocked
" _drain hole

®) W&E &

$ £z 2y

Fill 7 alluvium

232m—- -

a9 4§ =9

Tunnelling Technology, Vol. 11, No. 3, September 2009 245



HYe = Z 959 m, 0] 7.84 m2] vpHEEEo]
™ gfolg FR= 03 m AAsGick HARAe] ofg
AR viAEl7] Yt mEwle] Eo €y z|B9] ok
25991 232 m=Z SFGTE 119 4= 2 MeshE # 1,
2% ANh 2 B getulsE yeRd Zlo|ch

B oA AHk-glo|y-ais=R] ] AbsAg.o| wh

E 1. A% g2t

%S oolry| Q5] 4 o]y, HigAe] T
Hgje] w2

HA o) mhE 4=2)7] 5 deiel

3t & 32 sAAlolAE aoRRt
e 18 SojAel o] F- o= 212)

i3-S AXte] SRElau=0)9] 20 FoFe

S

oX o

Soil constitutive models (pre-yield)

Isotropic linear elastic (z: X]&-%]°J)

AR ol - STy
= ofbax =0 A
(icPa) ZohH| ZgAs (N/m’)
Fill/alluvium 1.47x10° 0.35 ko=0.54 15.7
Decomposed 1.47%10+5.44x10° 0.32 ko=0.45 19.6
granite soil
Highly to moder;.itely 8.00x10*+7.67x10"z 0.30 ko=0.42 21.5
weathered granite
Slightly weathered to 1.00x10%+1.06x10% 0.28 ko=0.35 24.5
unweathered granite

Soil constitutive models (post-yield)

Mohr-Coulo

mb yield parameters (z: 2|54 0])

Az ek & 5k 2+ Angle of dilatancy
(kPa) (degree) (degree)
Fill/alluvium Linear elastic
D
ccomposed 2+0.667z 310 155
granite soil
Highly to modere.ttely 1047.5002 42.0 21.0
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246 E4|&, M1H M3F, 2009 9



OIFZ Bloldel M4 Stelol W 42—

o
1
0
fob

Kl
o

3. fHA o)A
AA =7
2w 3 A -

k/k, k,/k,

0.1 0.01~200
ko ZRE
k2ol
L
k, =34x107°

0.1 10

() A3

24 53] Brale] Thoret 208 mAsl vl
otz Sl 2 g0 2R 0 WA
oz wel shgl.

4. oMz}

A= WA 2] TisA et 243 wigg o
M2 5 7 220] diste] BAJEkdck “Efde] 2
Freo] WAsH = eolde) 2-gel= skgel &
7HE olofA] Slold o] s ul Abe) Blaal Fyi
ZOItHAIEZ 5, 2005)”. Z2lma B oA o)
FABANH R A Bzl HY S 9 127 o]
3ol 288k TS, e, Holde] wes &
HHoz nzksiyct

(b) w4715 Ast

a9 5 g 9 i ad dete] w2 3E AU

4.1 B2 HEt 22|75 MEtA| AT A
gt

(1) ElER 21594 22 o g4

sl T 13ketold o) BaAdes Hjute] B
Ae] 11002 Aol BRATE 25 3(8717)%)
7F49F BES HQl Hloleh. jgRlo] S4do) 2
PIE ol B4A5e] 11080l B HjgT Fe
A2t B AeEe] 100~150 kPao] $oIRES &
ek ST, 19 6(b)9] A9 B Amgeteln
100 kPao[s}e] Zqto] kg5t wjsle] F4xo] 4
3hE) AMHET} Edo] A85He 4:9fo] Aokl AL o

Tunnelling Technology, Vol, 11, No. 3, September 2009 247



— . 100kPa

150 kPa

100 kPa

\—’///250 kPa'|

(@ k/k,=0.1

a4 6 5%

(a) ky/k=0.1

ag 7. 5%

(2) atolol =3t ZHae

HigeAl2me) Bk HuFuel 580 WskE &
31 ol erolde] AHEHE THEAere) Fake ua
oh 1% 82 wholide] ZgIhe 7194ke ekl
ACIer WA Aol 142dold St
2000 2 A 13k2}old 7} 23}2fo] do] AHgHz 7)

248 E{driE, M1E M35, 20094 9¥

o B2

87

— e f00KPa

\1/200[@3

\/250 kPs

k=10

K/ = 10

A3, wi4334)

olr

Z2:0re By ZHe e 2717F 0~
110° FEol A A2 AA%H 3hg welch wiAle] &
229%0] 1x}ato] ] 9] 100uﬂ°l ol He ddR
o Zhg3H= 7HESqke. oF 50 kPaS U)oLt 23}
grol ol A= 40 kPaz WolHth ol HlAjo ¥
2:40] 1x}eko] g o] 1008 oAkl AL €Y thHo
Zgohz ks #4s Hople Aoz wdet
= YAk



AekstoflA] Zof 7.9 mm= 120y

3 ke & & Uk

| JE— ki / k=200 =0
80— — — = k/k=100 N
Al ke k=10
REIES | A —— N
b | [ ki 5=0.1
T O ————  kik=0.01 24
S =
ew T
é‘ 100—‘—
5 p
T w0
§ 60—
40—_ T
.
© T ‘r L ‘ T l T I T ‘ T l + | T ‘ T
i 20 40 50 80 100 120 140G 180 180
Location {degree}
(@) 12 o)y
i ki# k=200
180—4 — — — ke/k=100
4 - kid k=10
LTS | —————
Al e Ky Ke=0,1
w 140 e e =0.01
g  —— e b /="t /"
% 120—_ _________________________ —— \\ I,_,._.—_-\
g 10 N \ / \
5 N \ / \
% - S\ / \\
5 60— Nt /
1 1 ~ \ / = \ \\
I \ ’ \
40_ —“—\\\ '\_\ ’ '\.\\
20~ ~ \ / .
l‘[ T [ T —l T j T l T | H ] T | T
0 20 40 60 8¢ 100 120 140 180 180
Location (degree)
(b) 27 o)
a9 8. geldof 2Agste A Ferts Ash
(3) 2told 2 HH-fr‘- oMo e +2|7|8 X3St
1} glolde uisale] stz ola) F4go] vopd B oIste] 9 eold s i) vl AR
79 QL= Rojujo) vet 7] WAo] B71oKE Ao B 918 ki =01k, k, = 10k 71 YRR U
2 epdth 23jeoldol 2Hgals WAL MiAle] A sju WS Ak ZO) SEHUS sAgro Ry )
5ol ANke] Fad Rt 7!-9 Aol AHE FollAd 4y ulg] @A vebic
o) W9l ool 90 s At g 23ek
olde] Mg 1xtetold 2l tﬂfﬂ FeoR= gl HAA (1) BE{E FH 712 2Qf U SAHHE
o olR HoelE FHE & ‘3)«-9»“% LR “HA| gl HAE AL vl Aejel FAT A

B2

5, 2009)". o] A, TEO] PLoER {8 HE = W
doyeo] Fck 1HER olF Aefsial 17 10, 11o]A

Tunnelling Technology, Vol, 11, No, 3, September 2009 249



£ Ul H90] 7SR} 4
Sick 19 10 F9 ol o sisle 43
HojFy) A Hag M 7H4te] 50100
KPa] k& LERd o H)3), 3 mﬂ% ZUE 100 kPa
olae] ghe Malth. 3, AT BT Fudte]
27 27K bt 19 10 S35 w5
satef whe B ) T4t HES e Slo]
ok 92 uidgol WAE A9 95 majelolA Sl

Z7)510] BE AxalolzlA] 150 kPal] BEE veh

S4UEE Lhehy

10mm I =

———  End of construction

e, 22] 100 kPao]s}e] Zhict ArtjH o & 7t
& Yehjolth 19 112 5y 33 Auke] g
APENS LeRdch wie) sjo] B gHoR 2
L3l= e WgFo R 380 HFES gl & 4=
Qi

ol% 3] uigo] Hlo] P Ao EdFHe] 715

Zeto] Z713ke o 4 Atk of 42ilso] At Hol
29F0] Z715Rs NATM SHHZTHAEE 5, 2006)2}
ulsst opke maltk

ke/ k=100
ke/ k=1
ke/ k=0.01

ki / k=100
kel k=1
ki / k=0.01

(@ 13 2}o]d

a9 9. o)y

— e _100KPa

150 kP&’
100 kPa

R Ly
Middle blocked

@ FFH43 A4

(b) 27} o]

B #2715 Ash

\_//_,__,_/1 00 kPa

150 kPar|

R / 200 kPl

250 kPay

Right blocked

(b) S-S+ AN

a9 10, g§d3d 74y

250 E{g7iE, M@ AiBs, 20094 9



OIFTE 2loldel HAT B0l WE 42-aH YEAE
29 11§y
120
4 fully permeable
160~ Kok ke1i0001
140 Al blocked
I~ E e Middle blocked
% ‘20—_ ———————— Right blacked
© 100—
E] 4
2
3
g
B
®
=
<4
o
[}
T
=z
20+
40
T “ T ] Yil T | T | T ’ T ( T I 17‘ T I ‘lil H | T . T H | T ! L
[} 2 4 60 106 120 140 163 180 200 220 240 260 280 300 320 340 360
Location {degree)
(a) 13} ol
w
Q.
=3
e
5
2
%
3
S
3
K
3
g fully permeable
o
50— ko=t 8101
] All blocked
45—
i Widdle blocked
20— | ———-—— ~ Right blocked
o T ‘ T | L | T ! T ' T } L | T ' T
26 40 B0 8 100 120 140 180  18¢ 200 220 246 260 280 300 320 340 360
Location (degree)
(b) 27 2old
P S
39 12 W4 At ehol el 4§ FF4d
Tunnelling Technology, Vol, 11, No, 3, September 2009 251



(2) atolgdol &g
ol S Sjel eholo] AgeHe (Here
APFENS] theg SIXolA) FA Uehdtk wE 5
W2 A2g el AeIA AL 0°e] g 7k
23 12b)2) 27} ol el A 1F4eE Al
B S A A5 A2l 0ol e ghe U
bk 3 HAAINO] BiS Tk, ky k= 1:0.1:1)
oA 23} elolido] AN TIFAGEe B i)
o o] St S

T g s 712k

(3) 2told HA

Hi=go] HAE]H TSRk, ckyth=1:0.1:1)
o] ARt} glo|ygel Wao] wo] dojut= AL 17
13, 148 B3] & 5= ek E3], #Hrlo] LR

2 WAy Al Bde) 23 ol el MBI sl
93] W4 wlo] WA wct oo 27

fully permeable
Ke:kiik=1:01:14
All blocked

Middle blocked
Right blocked

Harizontal displacement (mm)

8 T I T I T I T I T I T I T I T
0 20 40 60 8 100 120 140 160

r~ 111717 T

180 200 220 240 260

Location (degree)

(a) s34

E
E
=
[
E
Q
o
k!
Q
@
5 -
= i
£ 20
E T R (— fully permeable
30— —_—— - ketk:k=1:01:1
g Al blocked Y
-40—}
i Middle blocked “
50 _—— Right blocked
] X (+)
.so,l,l,l.l.].lu[-|1—T||r|'[l|'|l|v|l|.
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

Location (degree)

(a) 2249

¥ 13. b

252 EHgvls, MR ABE, 20004 9¥l

43 M) B2 13 Tl 4



O|S+Z 2jojde] By

fully permeable
Kok 10401
A tlocked

Midio blockad
Right blocked

Horizontal displacement (mm}

LI e B N e et S DSSALARES N o et I S ey S B et M Y WA ) Nt B
0 20 40 6 8 100 120 143 160 180 200 220 240 260 280 300 330 340 360
Location {degree}
Proey o
(a) 3¢
&
fully permeable
ookt 0.0
A biocked
- ——————  Middie blocked
E Rigit biicked
€
&
E
o 4
o]
K
o
2
hel
o
L
=
2 J
30— v
u )
10—
1 X+
50—
LA S e s s s s S A M B Ay
920 40 €0 B WO 120 14 80 180 200 220 240 260 280 W0 WO MO W0
Location (degres)}
() +2EH
A =
g 4. v Ao w24 gold W4

End of construction
Ali blocked

Middie blocked
Right blocked

End of construstion
A blocked

Middie blocked
Right blocked

f——ad displacement scale : 20mm

el

(@ 13 2ol
29 15 W5E A wE oy WY

isplacement scale : 20mm

(b) 2% 2ol

Tunnefling Technology, Vol. 11, No, 3, September 2009 253



202 ofF5h- ao] etk slolde] 4 w9
£ A o ) el Ao Sisen Yo
AFSHe FE TjeIe 4 Qirk o5 Faf iggo] uley
Hog HWo}L 39 B4 2 vEASE op)

Slolig ezl A7 AL £ 4 Y2 Aow

O

o g

i
ot

ok
e

T

£ STUAENATM o SRS el

A A Bl HESHA RS A=slgick
vlao 718 2xftol o] WA ¢t i o

2Alo] 8o SelEiglch i A7ENE
23}eto el Spgto] ZHg ok WP IUZS Tjelat 4 o)
om, NS F i Tlef ne Gake) Bt
7 Fssiink Za s Ane aorshd thot Yk

L Eias mue g oldut Ae] 4 AEAG
& s EHE 4 glor, 1% old 25} ol
ABAE BUALE FH AESt] BA skt

2. WSOl WAE A9 290F7Hs eloldel A
o Qg m1A 5 glgol A1u gtk

3. g ool e uid 2R A8k AR
oRE 27kt o] F7Ik: W fAgHe 7
adhe Ao Lher,

4 ] stlo] AR Ls A
F vl A S obr1819) 24elold ol HZie
e WA 4 ok

5. 59 Mg BT SAE A9 ulue Edo] =)
of $Ho% mi Helo AT ugt

el 2
% '11‘!___—{71____

shsle AT A The] 20079 A TSAT

A AAFY(KRF-2007-331-D00473) A QO $80]9)
Lon, AtH]

Aol ZAF=UT,

MEA (2000), “TRSUS L= HifEE ATEH
7, SEZARATTIEST VIENLYNHHES =5

254 BH4is, MNMAE M3E, 2009 9¥

10.

11.

12.

13.

14.

15.

%, pp. 73-103.

L AES, BEQl F2H (2008a), “2t0|d-X|H +2[HS

20| sixE/Dol OlXl= I, ElE7ls, et=EE

ol
£l

Zats| =2E MI0W, M1, pp. 49-57.
AES, MR, O, USO (2006), “XIGH4ElE
#2| MSEE IE2 HEo &I AS g7, =X
Blmals| M7|BHATHE| =2E, pp. 239-248.

AES, MM RS USE (2008b), “T17[HIMEE
AE 0|83 Ejdatold SaZAt B, HEY|s, o
ZE|FZEts| =2E, H10F, MBS, pp. 257-267.

32 (2009), “olETEI0|
Mo 2 PR P, SREQTsE sak
SEL pp. 277-281.

&, A8, ZR (08, "2 B B0l X8

A
I

>
ol

S
sh= 2= "y, Hdols, steeddElE =
2%, 1|10 , 4%, pp. 361-369.
MBS, WE AEM (2005), “HiFEILQ| LA
207D X&7ISSHEIGAAP, EIESSIE =
SEZYH™ESS| MM, pp. 2943-2950.
AES, Falq, Ztadl, el (2008d), “HEEE
Hol BEHE U 4X| siAA ZHY 7['H A, E1'—£

7la, SEEESEE =T, MI0H, M1, pp37-47.

. Biot (1941), “General theory of three-dimensional con-

solidation”, J.appl.Physics, Vol. 12, pp. 155-169.

Day, R.A. and Potts, D.M. (1990), Curved Mindlin beam
and axisymmetric shell elements a new approach, Int. J.
Numerical Methods in Engineering, Vol. 30, pp. 1263-1274.
Potts, DM. and Zdravkovic (1999), “Finite element analysis
in geotechnical engineering: Theory”, Thomas Telford,
London.

Reddi, LN. Ming, X. Hajra, M.G. and Lee, LM. (2000),
Permeability reduction of soil filters due to physical
clogging. Journal of Geotechnical and Geoenvironmental
Engineering, ASCE, Vol. 126(3), pp. 236-246.

Shin, J.H. Addenbrooke, T.I. and Potts, D.M. (2002), “A
numetical study of the effect of groundwater movement
on long-term tunnel behaviour”, Geotechnique, Vol. 52,
No. 6, pp. 391-403.

Shin, J.H., Shin, Y.S., Kim, S.H. and Shin, H.S. (2007),
“Evaluation of residual pore water pressures on linings
for under sea tunnels”, Chinese Journal of Rock Mechanics
and Engineering, Vol. 26, Supp. 2.

Vaughan, P.R. (1989), “Non-linearity in seepage problems-
Theory and field observation”, De Mello Volume, Sao
Paulo, pp. 501-516.

& £2(2000.7.17),

+32(2009.8.3), HIH&H2(2009.8.5)



