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Table 1(a) Material parameters for cyclic elasto-plastic model  

Material B Ba As1 As2 As3 
Density (g/cm3) 1.80 1.80 1.70 1.90 1.90 
Coefficient of permeability k (m/s) 1.0 10-3 1.0 10-3 1.0 10-3 1.0 10-3 1.0 10-3

Initial voild ratio 0e  0.800 0.800 0.800 0.800 0.800 
Compression index  0.0025 0.0025 0.01 0.0046 0.0046 
Swelling index  0.0015 0.0015 0.003 0.0023 0.0023 
Quasi-overconsolidation ratio OCR* 1.0 1.0 1.0 1.0 1.0 
Initial shear modulus ratio 0 / 'mG 1013 1013 512 691 676 
Phase transformation stress ratio *

mM 0.909 0.909 0.909 0.909 0.909 
Failure stress ratio *fM  1.158 1.158 1.158 1.158 1.158 
Hardening function parameter *

0B  3800 4000 3800 4000 4200 
Hardening function parameter *

1B  70 75 70 80 80 
Hardening function parameter fC  0 0 0 
Referential strain parameter *P

r  0.005 0.008 0.005 0.008 0.008 
Referential strain parameter *E

r  0.01 0.016 0.01 0.016 0.016 
Dilatancy coefficient parameter 0D 1.0 1.0 1.0 1.0 1.0 
Dilatancy coefficient parameter n  4 5 6 7 9 

Table 1(b) Material parameters of cyclic elasto-plastic model for non-liquefiable ground 

Material As4 Ag1 Ag2 Dg1 Dc1 Dg2 W.-D. 
block 

Density (g/cm3) 1.90 1.70 1.90 2.00 1.60 2.00 1.16
Coefficient of permeability k (m/s) 1.0 10-3 1.0 10-3 1.0 10-3 1.0 10-3 1.0 10-7 1.0 10-3 1.0 10-7

Initial voild ratio 0e 0.800 0.800 0.800 0.800 0.800 0.800 0.400
Compression index 0.0046 0.01 0.01 0.01 0.025 0.025 0.01
Swelling index 0.0023 0.003 0.0025 0.003 0.01 0.0035 0.005
Quasi-overconsolidation ratio OCR* 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Initial shear modulus ratio 0 / 'mG 676 512 676 541 144 450 311
Phase transformation stress ratio *

mM 0.909 0.909 0.909 0.909 0.909 0.909 0.909
Failure stress ratio *fM 1.158 1.158 1.158 1.336 0.980 1.336 1.336
Hardening function parameter *

0B 3000 3000 3000 3000 3000 3000 1000
Hardening function parameter *

1B
Hardening function parameter fC
Referential strain parameter *P

r
Referential strain parameter *E

r
Dilatancy coefficient parameter 0D 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dilatancy coefficient parameter n

Table 1(c) Material parameters for R-O model and elastic model 

Material Ma13 Ac1 Ac2 Asc1 Foundation Revetment
Density (g/cm3) 1.40 1.40 1.60 1.70 2.00 2.30
Coefficient of permeability k (m/s) 1.0 10-7 1.0 10-7 1.0 10-7 1.0 10-7 1.0 10-2 1.0 10-7

Initial void ratio 0.400 0.800
Lame’s constant (kPa) 2.70E+05 4.30E+06
Lame’s constant (kPa) 1.80E+05 8.57E+06
Poisson's ratio 0.35 0.35 0.35 0.35 0.300 0.167
Cohesion c (kPa) 50 50 50 50
Internal friction angle (deg) 0 0 0 0
Parameters of shear modulus a 38250 38250 38250 38250
Parameters of shear modulus b 0.0 0.0 0.0 0.0
Parameters of R-O nonlinearity 6.17 6.17 6.17 6.17
Parameters of R-O nonlinearity r 2.13 2.13 2.13 2.13
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Stress-strain relation 

Effective stress path 
(a) Backfill soil 

Stress-strain relation 

Effective stress path 
(b) Alluvial sand 

Fig. 5 Stress-strain relations and effective stress path 
obtained by numerical simulation of undrained cyclic 
triaxial test, (a) Backfill soil (b) Alluvial sand  

Fig. 6 Experimental liquefaction strength curves for soils 
of Kobe and numerical simulation of liquefaction 
strength curves for backfill soil, B layer, and Alluvial 
sand, As1, layer (Higashi and Tamura 1997
Geo-Database Information committee of Kansai 1998
Tanaka 1998) 
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Fig. 7 Deformed mesh of inland revetments (Black: 
Initial state 0t (s), Red: 30t (s)) 
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A Liquefaction Analysis for Lateral Flows of Slightly-inclined Coastal Ground 

Fusao OKA* and Yosuke HIGO* 

* Graduate School of Engineering, Kyoto University 

Synopsis 
     It is well known that lateral flows due to liquefaction are often observed in saturated sand layer 
existing in slightly inclined ground or ground behind revetments. One of the features of geological 
structure of Kobe is inclination from land to sea, and for the other there are many revetments and 
reclaimed land in coastal area. The present paper describes a liquefaction analysis for lateral flows of 
slightly-inclined coastal ground using a cyclic elasto-plastic constitutive model and dynamic finite 
element method. The input wave is the Hyogoken-Nambu earthquake. Comparing displacement of 
revetments obtained by numerical simulation and that by the observed data, validation of the analysis 
model and lateral flow behavior of revetments are discussed.  

Keywords: liquefaction, lateral flow, slightly-inclined ground, revetments
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