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Abstract

A great interest in the seismic performance evaluation of small size tunnel structures
such as utility tunnel has been taken since recent earthquakes at Pohang and Gyeongju
in Korea. In this study, the three-dimensional dynamic analyses of vertical shaft and
horizontal tunnel under seismic load were carried out using FLAC3D. Especially,
parametric analyses was performed to investigate the effects of interfacial stiffness on
interfacial behavior between soil and structure. The parametric analysis showed that
the interfacial stiffness scarcely gave an effect on the global dynamic behavior of the
structure, while had a significant effect on the local displacement behavior of the
connections. The magnitude of the interfacial stiffness was inversely proportional to
the displacement, while the magnitude of interface stiffness was proportional to the
normal and shear stresses. The results of this study suggest the limitations of the
existing empirical equations for interfacial stiffness and emphasize the need to
develop new interfacial stiffness models.
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Table 1. Underground structure dimension and properties for analysis

Structure External diameter [m] | Inner diameter [m] Thickness [m] Length [m]
Vertical shaft 11.0 10.0 0.50 50.0
Tunnel 5.00 4.50 0.25 39.5

Properties Elastic modulus [Pa] Poison’s ratio [-] Density [kg/m’]
Value 2% 10" 0.2 2500

864 Journal of Korean Tunnelling and Underground Space Association



Effects of interface stiffness on dynamic behavior of connections between vertical shafts and tunnels under earthquake

Table 2. Properties of soil layers

Soil layers Weathered soil Weathered rock Soft rock
Layer No. Layer 1 Layer 2 Layer 3
Model type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb
Depth range [m] 0~40 40~70 70~100
Shear modulus [Pa] 1.92 x 10’ 1.92 x 10 8.0 x 10°
Bulk modulus [Pa] 4.17 x 107 4.17 x10* 1.33 x 10°
Unit weight [kg/m’] 1800 2300 2500
Friction angle [°] 30 33 35
Cohesion [Pa] 2.0 x 10* 2.0 x 10* 2.0 x 10°
Damping model Default hysteresis model
Damping parameter L, =-3.325, L, = 0.823 (Seed and Idriss, 1970)
ERH BAHNA 54 shEo] HiApEe] A ol X S5 e TH] Bl &S Al ] sl A BAH
(Free-field boundary)2& 2@ sF3{th(Fig. 1(a)). *7‘1%‘4 B 1250] B2 A Hof|A] o] Ze 42 Y
oAt 2o tst AAH A EA] B40] 7FEsSHiner structure 84S AFE- 5130

o] 2o W] BALS Sle Al o2 2 HZ=(C = 1 x 107 PayS AAH] 2-8sto] wjmei] @/do] dAYst
7] w2 mEeigrt, B AWl 128 Abolo] AAl AW B4S 1T 4 Y AN 84T
(Interface node, element)2 BI|SICk(Fig. 1(b)). -F2-2 A9 &4 A2 2 125t Ak 2o 22
(Mohr-Coulomb) F & why] R el 2 ALgsto] B4~ (elastoplastic) &= RASHIH.

50m
z
39.5m
l Y ! E——
X
(a) Geometry of soil layers (b) Mesh configuration of structure

Fig. 1. Modelling for numerical analysis
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Fig. 2. Scaled earthquake for analysis (Ofunato)

2.4 07 A4 St Ajo]A 1Y

7l s Alo] 2 A2 FLAC3DOIA AR =E A 3)= &3l =&t M 4 Al(Layer 1=22.75
MPa/m, Layer 2 = 1.975 GPa/m)E 7|5 Case A) 2.2 A5} Tt. Case B2EC2] -9, 22} Case A2 5HH, 10
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Table 3. Interface stiffness for analysis cases [Pa/m]
Layer A B C D E
1 2.275 % 107 5x2275x 107 | 10 %2275 x 10’ 1.920 x 107 1.920 x 10
2 1.975 x 10° 5x1.975 x 10° 10 x 1.975 x 10° 1.920 x 108 1.920 x 10°

= = A0 2 ohAl 30| o5 A& AFskalrk &
HER BEo] AHAQ Asners 2o H'd /T tunnel crown, N), 5P (tunnel

bottom, S), 12|11 E'd 5 (spring line, E)2] ¥ 9| W52 218t T5 A Al 352 Fig. 4(b) <t Zro] A5t
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(a) Observing points for global behavior of structure  (b) Observing points for local behavior of connection

Fig. 4. Inspection points for estimating structural behavior during earthquake
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Fig. 5. Global responses of vertical shaft and tunnel (Case A)
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Fig. 6. Dynamic responses of soil and underground structure (Case A)
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oF sjekRol ] HAISHE WP} AR 74 Aol 2 Ak mIAE 212 S5t IrkFig. T(a)). Case ASHCOl
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733 A2l gk 2167 104) o) S A-8-51%E w, siiA] Alxte] Aojz|x]et sfA] Aol = FgFo] A9
k= 7= E e Case ARFCOlA] 285 A 738 Alroll whet B'd S5l A 2]4- 1.074H, B1'E skt
oA 2o 1.758) Zpo]7} = A= ERI5HIT o), mifw ol Aok Axt g 2ot 1229] 54 AF
© AR A A0 GRS A the S Sfulgih, Ea AW 34 A% 2710w s A17re) 2
ol= A9 gl= A= SIS
F7H 02 Alo| A AL EE Eoll FLAC3DOIA ARE== AR 738 Al B2 (3) ) B k(== A&t
7339 108y 285132 w2 sA Axt 2fo| & A B Th(Fig. 7(b)). &4 Case A, B, C2| Axfe}go] 5
Kol vlof] B]'d /el spholl A EA¥ok= 97 AR 7] Aol B 2 P3RS vjA= ﬁ% 15t
5 ool o] B8 AW 34 A 7k A%l tisto] bt of 8 4481, 0,975 o]} e, 4 200 w1s]
Zlol=Ed At T, 5}% of| thste] 242t 1.304H, 1.068H, 1.704H Case A 2] 74971 27| WHA¥sh= 212 &2l
Sheick. et AR A4S Tl 54 S S A AR 2 A A el 15 Telob ke & 4 olek
Table 4. Local responses at the vertical shaft-tunnel connections during earthquake
Case A B
Tunnel Spring | Tunnel | Normal Shear Tunnel Spring | Tunnel | Normal Shear
crown line bottom stress stress crown line bottom stress stress
[mm] [mm)] [mm] [MPa] [MPa] [mm)] [mm)] [mm)] [MPa] [MPa]
Max 3.04 1.98 2.16 0 0.461 2.59 1.86 1.46 0 0.458
Min -2.13 -1.22 -1.42 -0.631 |1.52x107| -1.68 -1.15 -0.83 -0.622 [1.62x 107
Case C D
Tunnel Spring | Tunnel | Normal Shear Tunnel | Spring | Tunnel | Normal Shear
crown line bottom stress stress crown line bottom stress stress
[mm] [mm] [mm] [MPa] [MPa] [mm] [mm] [mm] [MPa] [MPa]
Max 2.24 1.84 1.23 0 0.463 3.06 1.97 2.15 0 0.458
Min -1.22 -1.14 -0.53 -0.615 [123x10% -2.21 -1.21 -1.42 -0.636 [1.69x 107
Case E
Tunnel Spring | Tunnel | Normal Shear
crown line bottom | stress stress | * Yield compressive strength of lining = 3.25 MPa
[mm] [mm] [mm] [MPa] [MPa] | * Yield shear strength of lining = 0.29 MPa
Max 2.33 1.87 1.27 0 0.449
Min -1.38 -1.19 -0.61 -0.591 |0.88x 1073
870 Journal of Korean Tunnelling and Underground Space Association



Effects of interface stiffness on dynamic behavior of connections between vertical shafts and tunnels under earthquake

40 4.0
Y=-0.09X+3.09 OCase A BCase B = Case C OCase A @mCaseE
R*=0.98 Interface stiffness:A <B<C Y=-0.71X+3.75 Interface stiffness: A <E
'E 3.0 1 3 'g 3.0 1 RN
£ SRS ¥=-0.02X+1.97  Y=-0.10X+2.16 £ RN _ _
g [ " R2=0.81 R2=0.88 :,E, . Y=-0.11X+2.09 Y--_o‘.isx+3.05
2 N, | — RN
£20 1 1 » £20 N
o Lo Ko} RN
2 [ & e
01.0 LA (o3 (o3 0 1.0 A c
» A A A
0.0 0.0 : — :
Tunnel Crown Spring Line Tunnel Bottom Tunnel Crown Spring Line Tunnel Bottom
(Z.disp) (Y.disp) (Z.disp) (Z.disp) (Y.disp) (Z.disp)
(a) Effect of magnitude of interface stiffness (b) Comparison between Eq.(3) and empirical value
Fig. 7. Local dynamic responses at connections
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Fig. 8. Local dynamic responses at connections for comparison all cases (A, B, C, D, E)
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