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ASSESSMENT OF ANTI-LIQUEFACTION GROUTING REINFORCEMENT
EFFECT OF TUNNEL FOUNDATION BASED ON EARTHQUAKE-
INDUCED DEFORMATIONS CONTROL
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Abstract: At present, there are two kinds of theories for anti-liquefaction, i.e. prevention of excess pore water
pressure generation and development, and reduction of liquefaction-induced deformations. Up to now, most of
researches have paid more attentions to the former, while the latter one has not been fully analyzed. Therefore,
focused on the latter theory for anti-liquefaction, by using a cyclic elastoplastic constitutive model, liquefaction
analysis of a water intake and outlet tunnel of a power plant in Shanghai is carried out by means of finite element
method based on Biot’s consolidation theory. A numerical simulation method for earthquake-induced liquefaction
deformation is proposed under plane strain conditions to assess anti-liquefaction grouting effect. The dynamic
responses including displacements, accelerations, and excess pore water pressures of tunnel foundation before and
after reinforcement are analyzed. It is proved that the liquefaction deformations of the tunnel foundation can be
effectively reduced by the proper anti-liquefaction measures. Some scientific suggestions for aseismic designs of
this project are proposed based on the results of numerical simulation, and they can provide good references for
liquefiable ground treatment of other similar projects.
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Fig.1 Model of tunnel cross-section
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Table 1 Calculation parameters of liquefiable layer and above soil layers
P BIERH ] [EELE LS WIEhEIR AN
TEH - - E {0 A ST /N L4 B KA
(kg *+ m %) I(mes™Y Hk LOCR LGy /o),  Jk Mp
=Yt e 1870 2.1x1077 0.97 0.3 0.263 0.0025 1.0 700 0.91
® S Tk 1 1900 1.0x10° 0.94 0.3 0.035 0.005 0 1.0 826 0.91
LS5 EEIINES k24
R TR LE My H IR R S H Cy
Bo B1 Tret Vret Do n
O ViE . 1.30 1850 50 0.005 0.010 2000 0.0 0.0
®, JZHb okt 1.25 3000 70 0.005 0.010 2000 1.0 10.0
x2 WHE N LR E S
Table 2 Calculation parameters of soil layers below liquefiable layer
TR K Ramberg-Osgood
A e BERE Ll g R EEN AREA ps
Ikg = m 3 mes Y - s . , kPa 1) .
® )k FiF 1 2010 1.7%x1077 0.935 0.350 38 250 0.0 58 13 6 2
@1 J2 T 1 1950 9.6X10°° 0.763 0.350 9304 0.5 10 31 3 2
@, J=kran 1930 1.2X10°° 0.785 0.435 9018 05 6 36 3 2
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Fig.4 Deviatonic stress ratio-shear strain relation of soil
elements in liquefiable layer
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Fig.5 Deviatonic stress ratio-average effective stress ratio
relation of soil elements in liquefiable layer
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Fig.6 Comparison between simulated and testing results of
cyclic stress ratio of soil elements in liquefiable layer
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Fig.7 Distribution of typical nodal points and elements
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reinforcement
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nodal points
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