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Influence of the joint stiffness on the segment design
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ABSTRACT: The lining of shield TBM tunnel is composed of segments, therefore segment joints are induced by connecting
each segment. Segment joint is considered as joint stiffness in the design of TBM tunnel. Depending on the choice among
the different stiffness equations, the joint stiffness values determined can be varied largely. Therefore, the influence of joint
stiffness value on the design of segment lining should be verified. In this study, the joint stiffness values were determined
firstly by using various equations and total change boundary was justified. Within the change boundary determined, the
member forces were calculated by changing the joint stiffness through the numerical analysis and consequently the stability
of segment lining was investigated by applying nominal strength. The results showed that the segment joint stiffness did
not affect the design of segment lining largely.

Keywords: Joint stiffness, Segment joint, Shield TBM, Segment lining

Z B! €E TBM E{E2| 20|42 MAMHER FYESZ, 2I2io| MOMEI} M2 AZETHM HIZL':HE O|SRE YdAIZICE
MAHE o|SF= €& TBM 20| A0 A2 HEXNX|=H, MAHE 0IF Z87rs O 2% Yol wat Zut
0| SXBt RI0IE 2lnt, mEtM M2 CHE Z47IE 270l HEstUS < I Zut ofEA| EfEIIOH gt AE7F 2esi.
= AF0ME MOHE 0I3F Zd7+-E OI2AIE Sol AEE & et HAISE MY O e oM A& Hatsl
7t Ef2 B $X[siMS HAlSt MIHE 2i0I'd RS =6, 0/0] Z=EAEE XEsto MIHE 2told ergy
dEES HASIDE O 2ot MOHE 0|3% Z87es MAHE 2told E7jo 2 S OIXIX| E= A2 LIEtRC

F201: 0138 B4, MABE 0|, 4 TBM, MIZE 2ol

1. )\-] % tHMoon et al., 2013; Lee et al., 2013; Kim et
al, 2013). 2= TBM E|ge] A< 71 slolio] =g

2T o]l TAR] B 229 24 BE 22 E AIIHER o]Fo|A] QlaL o|E 72t dAdste]
o] Z7} shuA, olefat Wgel AT HY 22 B old S S Hue v olgR)
FHO2 U TBM T8 UGS U} ol oA Tek ol ATUE ol AINIS 2

o

T g w4lS TBM PRl A7 2 Z7Rkn AlSh BT AE TBM EY RS ofn

ol R0l ASHH BN 9 g 515

*Corresponding author: Seok-Won Lee of| thsl ¢Fgd= wolof gt o= siAsk= ol

E-mail: swlee@konkuk.ac.kr A AIHE o]SH L gIHE Biyols tlaA 2
Received January 6, 2014; Revised January 17, 2014;

Accepted January 23, 2014 = ojof & Fojw, dx = je] 4= TBM EHY

Copyright (©2014, Korean Tunnelling and Underground Space Association

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativescommons.org/license/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



398 -

uEe -

ol4g

A gloiA] AIHE ol shie] ZyARE

7 ekl ek
O AAG] Bl ARz AR B4

AT Ik AR o 7 oleRE B

9 o) AgE gol] rwcﬂw: o2

2 o 4B Sl R PEUE Al

ot} SAASE ATHE 7t olg e e
% 2 ) A glol F2 o[2A)S Bl Abgel
tk. ol 01%*—.% eubrl oz A ATk A 71A]
olul, AlE AHE Fol SIS ol AT A
= ﬁlC](Teachavorasmskun and Chub-uppakarn, 2010).
oje} o] ol A= 1 AR o] o
7HA01AL T1of| wiE A IAEE] B A= vE,
71 7jole] Wgle s WA B4k ol oW
At ARgsE=Uol wet Bd AAI7E e
5] o]Fof 7 ARIA] WHst] ofFe; & 4= Ut
o|dgl EAIE s|dslr] Yl ATt H|IHE o]&

5 7PAGe] AR R AAAS Wakl ue
HA HES Basi

2 PO ot 12 o2 L 5] e
of AITRE o] & AR ke 29k, ol v
2 0wk ugle Hz%owq ol izt we) <ol
ATRE o} &R HASE WAR Slo] Bd
e A, oS 5l Aﬂ WE o]
ZPARe] Wbt ATRIE el QP e lx)

GG opugick

2. JIOHE o387 FgAT

2.1 0|g% P+ BR

AITLHE o] &4 Fig. 1] Lheh} Qo] Alam
S0} & 7k o] &3 L), A= TBM
EJUL A THER o]2o]z] o] Zulgko g o Aw]
of o]y, AIHET He FHT v A
Shz ol BT ATHE 7F oS3t
A Q7 o ek o] ¥

E 7} o]

Hol1l o] HE0|

57} & 7k ol gHolck

62

Radial joint

Circumferential j omt
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li: Height and width of the contact area

N
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Fig. 2. Janssen joint (Groeneweg, 2007)
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M: Bending moment
N: Axial force

x: Height of the contact area still subjected to a compressive

stress
a: Segment contact height
e: Eccentric distance
a: Angle of rotation
AS: Displacement
R: Resultant force of stress

Fig. 3. Leonhardt equation (JSCE, 2010)
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Fig. 4. Civil structural design standards - commentary equation (JSCE, 2010)
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Table 1. Segment properties
Properties Case 1 Case 2 Case 3 Case 4 Case 5
Modulus of elasticity (kN/m?) 3.60x10’ 3.35%10’ 3.50x10’ 3.19x10’ 3.62x10’
Segment height (m) 0.34 0.35 0.35 0.35 0.30
Segment width (m) 2.0 1.0 2.0 1.2 1.6
Geometrical moment of inertia (m") 0.0033 0.0036 0.0036 0.0036 0.0023
Poisson’s ratio 0.180 0.180 0.180 0.180 0.167
Axial direction joint spacing, Lj (m) 1.000 1.000 1.000 1.000 0.931
Axial force (kN) 21,214 3,848 28,442 21,214 21,214
Bending moment (kN'm) 1,806 1,000 2,607 1,806 1,806
Segment contact height (m) 0.2 0.2 0.2 0.2 0.2
load eccentricity rate 0.426 0.130 0.458 0.426 0.426
i oo oo | o [ ems | e | o

Table 2. Shear stiffness value

Shear stiffness (kN/m)

Radial direction

Tangential direction

Case 1 353,736 2,593,220
Case 2 2,872,625 4,968,220
Case 3 375,156 2,595,339
Case 4 1,584,390 3,945,904
Case 5 447,246 2,707,439

Total range

350,000 ~ 2,900,000

2,500,000 ~ 5,000,000

Table 3. Rotation stiffness value

Formula Rotation stiffness (kN-m/rad)
Janssen 584,420
Case 1 Leonhardt 30,543
Civil structural design standards-commentary 77,772
Janssen 806,340
Case 2 Leonhardt 107,301
Civil structural design standards-commentary 52,181
Janssen 572,910
Case 3 Leonhardt 10,025
Civil structural design standards-commentary 80,097
Janssen 338,740
Case 4 Leonhardt 16,253
Civil structural design standards-commentary 56,508
Janssen 311,310
Case 5 Leonhardt 24,570
Civil structural design standards-commentary 56,366
Total range 10,000 ~ 810,000 kN-m/rad
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Table 4. Soil properties

N Unit weight Cohesion Friction angle Poisson's rati Coefficient of
value (kN/m3) (kN/mz) (deg) oIssoms ratio lateral pressure
Clay 4 15 12 10 0.4 0.6
Weathered Soil 30 18 0 30 0.4 0.45
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Table 5. Formulas for load calculation

Vertical earth pressure (Upper=Lower)

Clay ¥H
o B/(y—c/B,) v (1= o Ko HIRY L = Kigend 15
. Pue Kytano ’ Poe
Weathered Soil 45° +0/2
c D
B, = T(‘,Ot( B )

Lateral earth pressure

Clay

Weathered Soil Pus =

pl = )\'pvc, p2 = )\'pvs, p3 = 2)\'pvs‘)\'pvc
BB

— K. « R/
(1*(’, Kyjtand 1?/3>+p

Kitand : ve

Coefficient of subgrade reaction

Clay

Weathered Soil

K- 3E,
= (14+v)(5—-6v)R,

Self weight

Clay

Weathered Soil

Automatically considered in the program

pve: Relaxed earth pressure on upper side (kN/mz)

pvs: Relaxed earth pressure on the spring line (kN/mz)

po: Surface load (kN/m’)

Ko: The ratio of horizontal earth pressure and vertical earth
pressure

A: Coefficient of lateral pressure

¢: Soil friction angle (°)

¥: Soil unit weight (kN/m®)

¢: Soil Cohesion (kN/m?)

Table 6. Applied loads

2B;: Relaxation width of upper side (m)

H: Soil depth (m)

D.: Diameter of segment center line (m)

Re: Radius of segment center line (m)

Eo: Converted modulus of deformation with considered backfill
injection stiffness

v: Poisson's ratio

Vertical earth pressure Lateral earth pressure (kKN/m®) Coefficient of subgrade reaction
(Upper=Lower) (kN/m®) DI D2 s (KN/joint)
Clay 285 171.00 205.97 240.93 1,816
Weathered Soil 164 73.80 99.36 124.91 1,816

Table 7. Segment lining specification

Con’c unit weight Con’c modulus of

Con’c poisson’s ratio

Con’c compressive Steel yield strength

(kN/mS) elasticity (MPa) Strength (MPa) (MPa)
Value 25 31,928 0.2 45 400
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