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Abstract

Considering the continuing discussion about the Korea-Japan undersea tunnel, it is
necessary to conduct a scientific investigation into tunnel deformation associated with
large ground movements at fault. This paper presents findings obtained from nume-
rical experiments to investigate a seismic lining that adopts rubber-like material. We
utilized the user material subroutine to obtain the deformation gradient of the hyper-
elastic material. Additionally, polar decomposition is used to analyze the results, where
the data is displayed on a series of two-dimensional planes using the principal direction,
which facilitates a better insight into the deformation. Tunnel engineers could refer to
this paper for the procedure to investigate the deformation of hyperelastic material.

Keywords: Deformation gradient, Polar decomposition, User material subroutine,
Undersea tunnel, Hyperelastic material
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olshE T = AU Bl Tlerhe 22 Aol fe vel Al ol &

FL0f: |3 7, 2 Fall, ALgA A AERE, 54 B, 28 A=

T12]a1 S A ke] Ao akgat 22 vkt 71 8%l
2 = = A 0 2= Algo] ofele AHkS Blujste] kAl
7ok o] vigtzlshy, Abel A T A o] f-2 7] 9 4 Uk thEAQ] o= 204017] Zofl 21 AIgt
Elo] oA 2]&5A =2] 521 Y A E'd o] YItH(The Dong-a Ilbo, 2010). ©] Z2AE= 3=} Y& &
LHE aliAfoll g Alssl A2k Aotk AlRte B9 <] A 2= 1A ofe] 2H A71S e HEtiE &
}eHh(Kim et al., 2008). WEbA] sAEl'E ZR2AES 4520 2 67| QoA Taol WE 27 /18-S
el T Hope %OP o] B4 0 2 Har]ojoRtit. E5], The mhfio] FollA T A0 = ol
Tl tisflell the8& 4= Q= e HE 2ol et A7 Q= SICHMOLIT, 2018).

Table 1°] 59 H EM‘é 71zl Tl aokobolh. AA 28 51l Eldol] A8 Al 2= o[gEofet A
71%0] et oot AlE-S 17 gidR Y7 HlE 2] A-8% 1 (Lunardi et al., 2017) L& AE-2
Aot el del A-85]9ckFig. 1). gfeldoll §-aA/d-2 Fofatr] ol Aol Hu 7 ARGE|)ct, Ag]

l

Table 1. World’s seismic lining

Country Italia Japan This research
Application examples Thessaloniki metro Urasia tunnel Not applicable
Key features Spring Damper Hyperelastic material
Tensile/comp. capacity mm 18.5 75 To be determined
Shear capacity mm 30 50 To be determined

Expansion (+75mm)

(+68mm)

Contraction (-75mm)
(-74mm)

Shear Def/ectian{+—§0mm}

- (+-41mm)
(a) ltalia (Bomben, 2017) (b) Japan

Fig. 1. Seismic lining
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Fig. 2. Seismic lining using rubberlike material Fig. 3. Deformation of seismic lining
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2.1 SHMLY

—”Fﬂﬁﬁ"qoﬂ Neo-Hookean 225 AFSSIITH A (1)). o] 2 28 Il 5 5JLER 20% of5ke] 212 ¥Y
oA AEe] A5-S 9] 2] o & mARGh 2e A QlrkKossa et al., 2023). 91714 Cye & Atk EH4] A

% 1&1 elfala Dy A2 T Ao gheleshm 4] (1)0] 3 ) g e Wafer o] Qlil - ) e
s isfol pelo] ol 2EHY ARet 2 MR E B4 A5 Mol WRot e 4AS
341 S HPE ST HolW 34 A] oA S maza 41 B

Table 2 £ A0l ALG 3t wfefn] 62 Holzr}, A 15 RS ol 8 A

I‘l

U= q0<11—3)+DL(J—1)2 (1)
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where, U : strain energy

C}, : deviatoric parameter

D, : volumetric parameter
1, : first strain invariant

J : volume strain

Table 2. Parameters adopted for Neo-Hookean model

Cio Dy
0.752 0.026

ABAQUS7}7|:24] © & A5-5= Neo-Hookean T2 ARGt 73-¢- e IS 2 H|o]E o] FHi= Al
A Fop7] whzo ok, A B o] AR /A A BB A (2), A (3)7F TH(Sun et al., 2008).

2 = 1 - 2
o= 7010 B— gtmce (B)I + E(J— 1)] 2)

where, o : stress

B : deviatoric left Cauchy-Green deformation tensor

C.

2

2 1,.= = = = 2, .= = 2 -
ikl = 7 010 5(5%3]'1 + Bik(sjl + 52‘137‘14 + Bz‘léjk) - g(éi]‘Bkl + Bij(skl) + §5i,j5szmm (3)

2

where, C : component of stiffness matrix
0 : Kronecker delta

B : component of left Cauchy-Green strain tensor
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(a) 3D view (b) Cross-section

Fig. 4. Hyperelastic component
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Fig. 5. Stress-strain plots for Element 3
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ofel2 el 2 shrk(Fig. 6). I 0] Sh 518 5ts] W2 518514 917 SIal 24 Zgo] Wash e
o)t A (Discrete rigid part)E 2-8-3Ict.

(a) 3D view (b) Cross-section

Fig. 6. Deformation of seismic joint subjected to compression
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Fig. 7. Deformation gradient
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