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An Analysis Model of the Secondary Tunnel Lining Considering Ground-Primary
Support-Secondary Lining Interaction

Seong-Ho Seo, Seok-Bue Chang and Sang-Duk Lee

Abstract. It is the common practice to over design the reinforcement for the secondary tunnel lining due to the
lack of rational insight into the ground loosening loads, and due to the conservative application of the empirical
design methods. The main loads of the secondary lining are the ground loosening loads and the ground water pressure,
and the ground load is critical in the reinforcement design of the secondary lining in the case of drained tunnel.
If the external load is absent around a tunnel, the reasons of the load for secondary tunnel lining are the deterioration
of the primary supports such as shotcrete, steel rib, and rockbolts. Accordingly, the analysis method considering
the ground-primary supports-secondary lining interaction should be required for the rational design of the secondary
tunnel lining. In this paper, the interaction was conceptually described by the simple mass-spring model and the
load transfer from the ground and primary supports to the secondary lining is showed by the ground-primary
supports-secondary lining reaction curves for the theoretical solution of a circular tunnel. And also, the application
of this proposed model to numerical analysis is verified in order to check the potential for the tunnel with the complex
analysis conditions.

KeyWords: Ground Loosening Loads, Load-Transfer, Mass-spring Model, Secondary Tunnel Lining, Primary Support

% E 5y 2elolY e AMeiEe steldel Ayl Majel Bad Age] ukolgelgye] Hg D
Q7] e Ttk Ao R BAET 9= AAolrh 23etodo] LRl FAsFORE Auto|gsHET
20k B 2 glom|, wjlbEde] Aot AutsiEe] 4 2 sl%o] Bk By Z8 xyie] M9 ool
E51A) SPerha, 23ketol Yol 28k B1Ee) Ml Uele 1xH Al A A2 Mstolrt. werA, 23hek
ol g o] A= Ak} 12hA| Ate] AB RG-S TR FelH e A o] R Eck B R e
@ A any wAe Sobo] Ak A B2 o o] AHEAES NHA B dgstgon, oF U
Hdo) that ol 2aA S Fate] Ak 12 WAl 23kato] ] o) AE Aol tjEt s1ERle] EAS YFatgrt 12
I, A HdsaEdc] a2 mule H84S dEsh] fskd S He4e AT
SAO): B 23batold, 1A A), Rl @atE, SHEMe), A Lxy md

LN B BR| Gl ofF B F NN U 1R}
e|Eetolde] 23 Bl 2Atefold) R T4

T gpe) HUTESe fadE BBE 41 of gk Fe] NATMo] SRl galdl 22l
o] ool 38 BT ANENE AstE, W A
"REY, GyRalEgold Hde oz AEo] B3y Wi 7l AEZ agEe] L3273 o

Dgalel (Aol AN AL B Sroll Cish 1ol ‘ Py

g e SRS R Sol ofet lohi We ) 1o, ool 24121o)
390 20024 59 289 Foll gt 722 7)ol FxrEe] gt FAE

94 929 204 o8 212 e U8 PR AART Yok 4o 23

107



108 A4E - WHR . olgE ¢ ANkl AR RAA e 4G DT B 23felold HHRY

o W
o
ol

e

THET e FHe A ottt =9+
glod, siElde] 9o =92 Rt
AL FAEo] xpslgo] 7H Fa%t &
t}. o|¢tehEel YRloEE £aAdEL ERE
ko (A EAL] AR H ArAlat Bld FHE 24
of o3t z§ke] 22 MHL & 4 Uk’
whzioz Ego] 23eteld 9] sidell= TholdE
, A, &Hof| el Haa(beam element) =,
|9k 2Hofql HYshe ARG abz TR AF
Z %3l A(embedded frame analysis)Hol AE=11 Q)
th9 o) who Bld 1R iAo HEEHE 53
A T Zo] Akt A HEAJHE 73 4}
7] fi&Eo] FxAllof ZEAZ A|HEHEE APgsteioR gt
ot e, ed 1 REA) XA E AR} 2HAE
of 2J3t kel 22} W thsle 2xfefol ol AHgE
g AAEh= 12 vl ok mEbA, BldAA A
HoA= A3 oz AH o|gshEE 2218t0]
Yol 2gAlA 724 87 L Sle Aotk

B oz 2zfetol ol AEsle 6HFE Terzaghi
o] A o|ek5hEoLt RMRO| 23t o|ahEgo] 8-
=3 9ok o]2jdt 8432 Hridt Ago] glow =3t
Ato] REiehe AL A AR} AgkAoln
A el 7]&o] 7] wiRo] BEHH 7)e} Aol
T e =4 gelo] E1 9t} ol EHEHAZ A%
2V A7 20l Al EaE|Eato]d o] Hke]
i3k grejAdntol AJAIEe] Qlar A H] FRAL B
W 2 7] zo] RAIEe] QA oy miEo|chY =5, ¥
alg, Eaoty) 7o} dokgt el = EA| 7ike
Az AN olYstEe] H-go] EEEE # ol
2t 21717} w7 A 22}gfold o] M=t ®Ato] o] &
AR A7 gt

2 Ao Hd=Za 9 X 2ot AAE Ay
oAl 2aE elolde] F23F 7|5S olshstr] {5t
of, Ak ATyrals F3lo] AL 122 RA, 232}
od o] ArsAM-S qEste] Zhzhg Bt Ay W
dz ZH@se] 7F 949 2elEEd dS 49st
Qa1 W} 3l 1N =ZE Fote] 72 849 sl
AZE F3IYch o]Yd AP EHRE AL 127
2R, Bgetolde) g nEgh £Rei4A 7]
< Atk

fu
4=

o o jo
s
flo i ki

>
OH mN

sl
we

N

2. JHEH RS 0|8%t 2210 HEEY

Fig. 12 B4 23jetoido] Tad #A%5S 7hehat
Game wulg olgafel 2k IAREA AX|, 2%

sfold M, 2711E WA SXE S =R
Aelet.

Hagapdel 2712 Fig. 1@eh 2ol a4
o glop], ol 7Hfe] Bd Fxkol xute] #9i
RS fAleH: Ao B & ek Z, Aol A
e m, ANEALY S k, 2 ohel, 27149 515 mg
(g FAMEDE A 2718 u, ol Y31l k, -
U OF HHE o] Qon] the A (1) ol et
2 Qe o, BE AWSHEE AL AAH(E
o oJste] MW gck

mg =k, u, = F, )

Ed2a} 1A EA 7L A =9 Fig. 1(b)eh 2ol
Z7FASN( Jun) ol thate] e AP (ake, a< 1)
3 b AR K)ol Qsto] 2L BEAE
wstA "ok AR ARBAAH(F )T 1AR]E
Ao A (F=k; - du)ell &Jste] S o] 2|2 €rt

mg = ak, - u, t (ak, +ks) - du,

= ak,(u, + dup) + k- du,

=F,/+F,, 2
where,

F, = ak (u,+4uy), F, = k.- duy

23}efoldo] A=W Fig. 1(0)2} 2ol 13 = Aol
ols) Batwe] WMoyt gEE ¥ AESAS ) 4N
oz Hgatpol 2342l AHe] AFTo| Eo of
sk Atalzo] Hlslel 3| nlash] gEe] 24
2 4 chm < m). Wetd, o] BAIAE RusE
of TiEt Xk 1A EAY AX Y BFBAL A
)7 tskEo] st 23}etolde) FRH oS
o gie.

mg = aky-u,+ (ak, +ky) - Ju; +
(akg-l-ks-l-k]) 'Allz
Zakg(u,+ duy) + kg - du (7 duy=0) G

= F, +F,

Ejeo] 23}etoldol sHEol Agake Ue
_]

o
U

£ 4 itk ApskEel Wk A9
s 2RIt HE, Seret B AE 5
olck. 1 XA 8 A1) Ashe HBEe] Ao}

tlo OE oM. ofn
et E n]\

4



B} %
faziEe] GBS Fo) 221G 5 4 9lov,
AR AT BARE AR ) A AsHE 7l

[9le] ofgt xute] ety S49f Ashs & 5 glr
ARkskgo] Wske 45 Fig. 1(d)-13} 2ol %7%6
F(4m - g)of) hek 7P Jug)el) dished Ak,
A\ EA, 27fetol g Z} A9 Avlel met sk
el ok Fig 2(a)= Z7HE x|EkslEo] Hato] 2}
2.0 2[x[go] F7ske s RE HofEt

(m + dm)g = ok, -u, + (ek, +k,) - Ju; +
(ak, +k, +k;) - duy

= ak,(u, + du; + duy) +
ks(dul+duji)+k]'AUZg (4)
—F,” +F., +F,

where, F,”" = ak,(u, +du, + duy)

Fig. 1(d)29) S 1040847} Astslo] 7ol
k' (k' <k)E APl AeRA (XA EAY7) 5
dohis Ax|eo] w7} 2|uket 23jeto]d 0.7 Aoy
A ek Fig. 200)0l) olabd, 132 mAe] 2 2jate
Qdsto] 12| EAfe] AR GE 7tasht Aulks 2xe)
oldel xeo] Frteto] Mg HHAE o)
e & & ok

mg = ak, - u+(ak +k) -
+ (ak, + kg’ +k) dug

Aul

109

= ak,(u, + du, + dus) +
kS (4u, + duy) + k, - du; (3)

=F,  +F./+F

Fig. 1(d)-3 9] Gz ARPHgo] Astss 92 4-2
HAet fARste] 1ZRAIEA diade]l xREe} 2]A][FH o]
Azl o] olF 12| EAf} 22zt o] ResiA ok
Fig. 2(c)2t @ol A9k SN U+ Jurt Jus) T A
SHE Bk B < )] HA(F,")oll =EahA Hr

mg = Bkg'uo+(6kg+ks) 'ALI1+
(Bkg+k\+k|) -Au3

= Bkg(uo+du1+dug)+ (6)
ks(dlll + AUB) + kl . AU3
= Fg’/+FS'+F1

3. X|HR XX EAR 2ROy AlS Xk ol

B =RoA] ARbERE 23feto)d s mEe §Fe) 2
oM ANgHom Huy 2AZo|M 4 20HAE A
og gih B opg] oul slEHon 12X HA 9
AR Astof] thsto] ZHk | XA BA-2zp2tol g el AF
A fAUESS 88k Aotk

B 2xj2fo| o]l &8ele shae] A7 WA
TEAHO R 1R EAeL AHte] Wy x o) sk

2 1l

akg %

.

m
% kg, U,
7

(a) Initial State (1 stage)

(b) Excavation & Support (2 stage)

(¢) Lining set up (3 stage)

Am

IAU3 ak,

e

akg% ;ks %k,
Z

(d)-1 Load transformation (4-1 stage)

G

(d)-2 Primary support deterioration
(4-2 stage)

I
7 7

(d)-3 Ground strength deterioration
(4-3 stage)

Fig. 1. Structural behaviour of concrete lining as mass-spring model.
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Fig. 2. Ground reaction curve since then set up of a concrete lining.
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Fig. 3. Cylindrical hole in an infinite elastic medium.
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Table 1. Rock properties.

Sl AIxA A2 Akl ol g ) AEAEL T e 2xjete]d AR

Young’ s Modulus (tf/m’)

Cohesion (tf/m?)

Poisson’s Ratio

Friction Angle ( ° )

Density (tf/m’)

Initial Stress (tf/m?)

5.0x 10"

50

0.2

30

2.68

800

Table 2. Lining properties.

Lining Young' s Modulus (tf/m”){ Thickness (m) | Uniaxial Strength (tffm?®) | Moment of Inertia (m*)
Primary Lining 1.5x10° 0.2 3000 0.00667
Secondary Lining 2.1x10° 0.4 3500 0.00533
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Fig. 4. Theoretical analysis of rock-support interaction.
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Fig. 6. Ground reaction curves for unlined tunnel.

|z, FAE 2704 EdZ Ao 242
S e ME vlws)] Blck Fig. 62 £Hy
2717 Mohr-Coulomb &4 27| ARIAES B
o F 1L Qo Bz Aol MLt AAgel A
FRHIAE Hol Az Avke] &4
Aoz oste] WMy} v HoR FA UM &
o et

Fig. 7-& B2l 1A H2|Alol 2| LA
o)st §¥ EHANE HoFEs Tdfzolch AEYE
AAPE wo] e BHAgAFUl g7] e 2k
URSEAS AES BoFi Qltt eXJsfde] 9%t A
dk1ajgtely-22}etely ¥hg-ard2 o|E3Y HEgF
2 AT B 4 9dglen, sxjslddola g3t 1)
840 AA| FAY to]dike] nhgt 2EF oz
Uste] oFzre] Wejatol7t WAyt
6.3 £

2 =RoMe HE=3 9 A Ee} dAE e 2
zlgtel g o] AFEAE olsiatr] Yste] ARk1AkAIE
A-2ztgtoly AEAE-S st ARARY 2FS
23] ZF aAo] ANEEEE Jige d9stych
3L AFZ5ol et o234 o] 8Bte] wHFY HY
9] oty HGS HEIL FAGAIE Fot
B35 Hgaidzde] oist A84S Hrks Btk

B oA A 23jeteld REHL V1EY] F
Zzaqmgo] viste] 2xjeto]do] eFdEE A|vkEd

"]
@
=1

—— Theoretical Solution|
-=-- Numerical Analysis
®  Ground
A Primary Lining
m  Secondary Lining | |

1

®
=1
S

~
=1
=1

/
/

N W o3 9 g
8 &8
‘l\‘/'

R

Q
S

Support pressure (tf/m2)

=1
S

0.01 0.02 0.03 0.04 0.05 0.06
Displacement(m)

H
(=}
[+]

N

o°
=]
=3

Fig. 7. Ground reaction curves for lined tunnel.
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