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Application of two-phase Material Point Method for ground liquefaction
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Liquefaction of foundation ground induces large deformations such as settlement of foundation structures,
floating of underground structures, slope failures, and lateral spreading. In order to simulate these phenomena,
effective numerical methods are needed that use specialized algorithms to account for the large deformations that
geomaterials undergo. In this paper, we focus on the particle-based Material Point Method (MPM), into which we
introduce Biot's porous media theory. Discretizing the governing equation for a two-phase material according to the
MPM framework, we employ the Bowl liquefaction constitutive model for dilatancy and the RO model for the
nonlinearity of liquefied geomaterials. Using this proposed framework, we develop a numerical simulator. This
simulator is verified by comparing with an exact solution and validated by comparing against the results obtained

by centrifuge model testing. The formulation, verification and validation of this newly developed simulator are

reported.
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I3 —> o 7 VCERD 3 BAHERE X7, KlL—
VR LIRWGA OB A BIET 5 BIYC, iRkt
AED IR DRI (et RHR) |2 & 2 985 b Ik L7,
fENTRE S & bl 9~ BROC, MU R, KEE
ZRiE LT, HEBEAPEOHIMIE 2 1E 5 HRY Ty
H—T LA NaedkiE LTz, HAlgECE N E 2 X —6,

=8 HUERATHOYIEEEL

T 7K H R 78
5 94 SR 29 1 A

=TT, AJTHEER TSR & L, AR - 4
B i AL )Y 100Gal, 200Gal O 2 47— A5 L7,
DL EEBIRL CHEBR Y — AR T, WThoXE
B — A b O IEEE 30g ¥ CH L, Rt e LT
YU arAA (30cs) & HVCRIFIHE 2 VER LT,
LIS OIRGHRAT & 137 1 b &2 A 7 T3,

4.2 1 REWERR

R L= 2B L7 WSRO TR — X X BIT 1
UTUER T 2 it LT, ARTE7 0 & LT, Al
Hifg b U7 1IRGE DT 7L 2 Ak L7 (B —5)
VR LIZATE 7 /UL, FHRRS IR 1m) & L, AHHR
BRI 1 D2 B0E L7z, B30 I LEEAR, JES
AT IIMEEE S & D B2 5 LT 29, fpTi S
DWIMHEI IFEARN BN HE RIS O <, EAMNT
MM, s OIS RS A= L A b D
TRHU L7 AMRBOHEE (V) ORI ZF L
7RIS (B—-8) , IBIERO E7 /v, BOAE
TIINT A= FZ NIRRT J OV L
FERBRRER (B—9, B’—10) 7 SFEL, B—1012
AT I D iR LR R A 5 o ORT,

MR U 2RISR T3S OV EE DR
2R -1, B—12 (R fTiaz Ao O
WRIMUKIE 27 7 130K ED BRI, THHBOEE 2 et

symbol unit Value N a Acceleration
Geomaterial silica No.3 | silica No.7 mpll — v
mean grain size D5y mm 2.100 0.147 mpl0 —
specific gravity of soil particle Gs 2.64 2.64 Acceleration
minimum densit ; 2 mp9 | EPWP
y P min g/cm 1.33 121 N
maximum density P max g/cm3 1.59 1.54 mp8 —
maximum void ratio € max 0.980 1.185 o O grid point
mimimum void ratio € min 0.655 0.712 ‘ﬂ, @ material point
. 3 — - Acceleration
dry density pd g/cm 1.60 1.35 = EP.W.P unit : (m)
relative density D, % 100 50 o S
void ratio e 0.647 0.950 mod
poropsity n 0303| 0487 P —> EPWP
saturated density P sat g/cm3 1.99 1.84 mp3 —
= ] N
*= EERT _ mp2 a > Acceleration Silica No.7
Case.No Drain Installment Base Acceleration
. (Gal) mpl — Silica No.3
G-100 None 100 7
G-200 None 200 unpermeable material
D-100 Installed 100 E-5 Mg A AT E T
D-200 Installed 200
#—10 BRIV EOMIMEE
k it RO model
Domain v P porosity Bowl model
(g/cm3) (m/'s) n G J05i R max A B C D X, |Cc/(1+ey) [Cs/(1+ey)
SilicaNo.7 | 0.33 184 | 350E-04 | 0.487 4235 |[5.775E-05 | 0.27 02| 14 5 40 | 0.13 0.007 0.006
SilicaNo.3 | 0.33 199 |5.00E-03| 0.393 11815 |5.983E-05| 0.25 30| 14| 25 50 | 0.30 0.0051 0.005
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