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Fig.1 Vertical vibrating load versus time curve
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Fig.2 Three - dimensional grids of model
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Tab.1 Main parameters of soils and materials

aEy W . BR BEA
Fhk /(kN+ R i “ ¢ @
m™) E/MPa B skpa /(°)
it 18.0 7.5 0.31 19.5 26.8
B 19.5 20,0 0.28 0.0 30.0
B 16.8 2.0 0.41 11.0 7.1
g 19.8 250 0.31 0.0 32.0

WRE+ 17.6 3.0 0.33 14.6 6.4
L 19.2 5.0 0.35 36.0 20.0
AEBAL  22.0 600 0.26 80.0 40.0
HEHRL 260 2530 0.23 150  50.0
BH(C50) 26.0  26.3 0.167
L £ (C25) 23.0  28.0 0.20
BiE(C45)  27.0 33.5 0.20
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Fig.3 Time - history curves of displacement
of tunnel lining
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Fig.4 Time - history curves of displacement of invert
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Tab.2 Maximum vertical displacement of tunnel lining

mm

s BRERLE #HLE  B1E BRRLE
HHFA 6 mih 18mit 30mkik 42 m#ibk
BIH(A) -2.70 -2.05 -1.47  -0.95
HE(B) -3.01 -2.27 -1.68 -1.10
EE(C) -2.75 -2.07 -1.48  -0.98
AEC) -2.84 -2.16 -1.57 -1.01
AHIE(D) -2.78 -2.09 -1.51 -0.99
HEE(D') -2.88 -2.19 -1.58 -1.03
ETF(E) -2.90 -2.17 -1.58 -1.04
HTF(E') -2.96 -2.24 -1.64 -1.06
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Fig.5 Time - history curves of principal stress
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Tab.3 Principal stress of left tunnel lining MPa
B 2 MWHELE 6 m 4k HFLE 18 mit B2 30 mi SEMLIE 42 m &b
e higoa o, o, 0, T3 o, T3 a, [}
BH(A) 2,27 -3.71 0.04 -4.50 0.02 -4.15 -0.10 -4.79
HIE(B) -0.31 -5.76 ., -0.35 -5.94 -0.35 -4.85 1.35 -2.24
EE(C) 1.27 -4.98 0.16 -6.04 -0.12 -5.09 -0.31 -5.49
HE(C) 1.13 -4.86 0.10 -6.00 -0.30 ~-5.03 -0.37 -5.40
EHtE(D) -0.43 -5.58 -0.20 -6.67 -0.60 -5.48 -0.45 -5.68
HHE(D) -0.50 -5.71 -0.34 ~6.87 -0.44 -5.63 -0.41 -5.67
ETF(E) 0.31 -6.15 0.41 -6.53 0.27 -5.44 0.74 -2.75
HTF(E) 0.31 -6.16 0. 40 -6.51 0.25 -5.38 0.93 -2.82
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Tab.4 Parameters of Anand J. Puppala model

g kg TEE/ [EPRE3 4
w/% (kN-m™®) lgd a B
NEFEL  26.3 13.9  -6.219 0.277 2.455
¥t 185 16.2 -6.176 0.286 2.372
wBaw  29.0 15.1 -6.145 0.270 2.513
TEF KB
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Fig.6 Relationship between cumulative deformation

and number of loading
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Analysis of Train Vibratory Response of Shield Tunnels in Complex
Uneven Soft — hard Strata Transition Sections

DING Zu ~de, PENG Li — min, CHEN Song - jie

(School of Civil and Architecture Engineering, Central South University, Changsha 410075, China)

Abstract: A theory of dynamic FDM and a numerical method for the lining structure of tunnels and surround-
ing rock systems are put forward. Based on the numerical simulation of vertical load induced by high speed
train with excitation function, a three — dimension finite difference model that takes into account the longitudi-
nal uneven tunnel basement strata of Shi Ziyang shield tunnel is established to study structure dynamic me-
chanical response. The dynamic response characteristics of tunnel structure by the high — speed train vibration
load is studied and the research emphasizes the variation of tunnel lining structure displacement and principal
stress under the longitudinal uneven strata conditions. The different long — term settlement under uneven tun-
nel basement strata is predicted by introducing the empirical accumulative plastic strain model. The analysis
results have significance not only for the dynamic stability evaluation of tunnel structures for high - speed rail-
way but also for the control of uneven settlement.

Key words: shield tunnel; vibratory response; accumulative plastic strain; different settlement



