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Liquefaction Analysis Considering Solid to Fluid Transition Based on Internal Erosion

OZEMIE - %L < - ERMT
OJun KURIMA -+ Hiroyuki GOTO * Sumio SAWADA

When liquefaction occurs, excess pore water pressure increases and reaches initial effective confining pressure and
then the soil behaves like a fluid. Laboratory experiments have shown that time evolution of the excess pore water
pressure prior to the evolution of shear strain. The conventional dilatancy model cannot explain the lag of
evolution. In this study, we introduce an internal erosion during the liquefaction. Three-phase model of saturated
soil proposed by Fujisawa et al. (2010) is applied to our model, and the conservation of momentum is newly
derived. The model is validated by comparing the results of shaking table test in the centrifuge. The proposed
model reproduced a progress of stiffness degradation even after the excess pore water pressure increased. From the

shaking table test, the acceleration, excess pore pressure and shear stiffness degradation are well simulated in

comparison to the observed ones. (142 words)

1. (ZCHIC

TRALBI S S, =il 0 IR UafratBr ok R e
E Al L ORISR 2 R ORF 72 ST
5. ZORBERTIE, BRI TSP A
RN L7214, B b T 2 ABOT 35
L, TOBRLEAKOTHOKE STHEMLT
W< REREAMOT HBFAEL TV DHIRREN

AR DREMRBIZHE L TV D EEZ BTV D.

BAEFEHTIZ BT, BIPRS00 KA
DETNOFEITIE, ARRIEN O IZE L%
DFABOT HOEMEFELT 5 Z LN TERN
7D REBUEOT AE T A —& L L CHlES{E
DHEATERILL TN 5D,

AHFGETIE, WEMR R ZCRAAENT I LA
W OFHE NS Z L2, HBEDREES
WRIE~DOEFIZ LY, WS LERBIT HET L
BIRETD.

2. fafnt=MHROIZEHER
Fujisawa et al. (2010))IZFB WV TIRE S N-ffn+
SHRET VIS, EEREAE ST 3 hL
R EE LT
2. 1 BRHEE
BN EAE, BT Y 72 0 ICHAEIC IR D IAE D
TR OEEE L TREFHE E 2 ERT H.

E=a(t—1.) (1)

T NIMBIERTH D, R EHEREL L RS,

TR AMTE N TH D, RADIAE B IROW

PTG 239 R 2 IV TR OBIFR A
5N5.

@)

-7, ”m@jzjtﬁ;é%"f/l/@ MR 2R .

2.2 EE#hHERX
E AR 2 EE FREIIR DO L H 12725,

(p - ﬁ]ﬁi + r'tmpf[t}i — lli) — NPl + 0"+ (1 — "m) p;

P92 (U i) (p— py)bi = 0 3)

= =, Uit o Zenr, WidEm o6, Pridik

HoOERE, B KR EET.
W R B4 2 B R AUIIR O L H 122 5.

'y e Prd
pra' + pra =—D;— kL

nﬂ( U, — ;) + peb;

“4)
X(3), @)FfaEFi L —FRET WML HO B 5
Biot DFUZLL, MR, RO E O LoD

PHFTITEA ST,

i



3. HLEMAEROBBMBNT

Watanabe (2018) 2 {3y Ik Mk 0> 3% K % 5 % 5
THZLEEHBE LiE DT EREIT- 7. Hl
\Z7a N E A TR — BT DR R,
@@%%wtw*%ﬁﬂ%%@mb,7nb&4
7 A A — Uit Bm B 11, 25m O EERFER 2 Fu T
L. E T2, IR & BT 2R E LT b,
FEBR TR S T2 8T A — 2 T EE 65%, 1%
AERE=2.3X 107" [m/s], KOMRFEFMEZR=2. 0X
10°[Pal, KOKEVEFREL=1.0x10°[P « s], /KD
J£=1000[kg/m?], k.74 FE=2669 [kg/m*] & 72 >
TV,

3.1 fRHTHER

FEMNT SRR, RIS AN B EBES, i 125
R A G %, RSB TIPS A2 5 2 7=,
AR ORERLHNE Li (2002)Y DEF L& HWE. N
BMREICET 287 A =2 1%, t3BEHTLICE
%, a=5.0X10°[m*/kN +s] & L7-.

-2 123t 5 [ B K D IRF 2 JBE & ek 8 38 7% oD
IRF I JEE 0D SEBRAE I & AT HE R D bel 2 7R 9.
ST BRAEIE 1. 5m LA R OHSTIE, M Vil
PEZ R L THY, HEFEIC L ERIFBKKED
ERAPHHTEDL Nyl — TR R
T DY I FRIE D3/ S UWHILSIZ 381) 5 i )
B E DT RE RS L < Zpn 2
m@f&% %LT%@%%@KT&H%LF
FEDTRVHLRIZ 381 DIEMTRE R DIZ 5 ALV "
ﬁﬁ@%m?_&ﬂbﬂé.iLZDm%ﬁ®ﬁ
1T, 6 PREFEFTIILIHIHEINL TS, L
BEDIRIEN K E L 7o olath, /NS 2DIBEEH
T ENTETWARNZ ENDNY, FED
A% 0.6m HADFERTHRENTWD. Zh
1%, WEMREIC K » TR RE < 2o 72 ikAE
EHEUNCRBETETWARWNWEDTHD.
Lot OFEITR Z 22 BRIC RS U, RN EE D
M EIE3, BRICKs TEHE LR+
FEEEETDHLETHD.

Pore pressure
transducer

osm J °= = Accelerometer
°

Sm

11.25m

1. EBROER (Fa kXA T Ar—)L)

ERIRIB ST

Experiment = Numencal analysis Esperiient — — Numu‘iw\dnd])\\|
aom T i
Bt : Wh
MMWW'N
0 S A s W 5 L
0025 50 75 100 125 150 i 2.5 5.0 150 125 15D
T §
Gt ' (T ——
3 < \ } I ||
x o A
o Lt e N
o 25 i 75 0 125 150 XA T G T 111 A I 1
- T T T ; ) T T
GL-1.5m GL-1.5m
5t : i
s il W“ﬂ “H“"hu’m:lw [Jl'hll
0 o Wmf MI\“ I & L L L
11 e T I T 17V B B 0025 50 1F W0 18 150
- T T T T 5 Iy T
— | GL20m (iL-2.0m
o
E
O IRty I Ebiddd iy
E ] _ﬁ:‘;ﬁ 1 1 l 1 ] |
g(\.(l 1350 75 100 15150 ”¢ 0o 25 S_tJ ."'.S 100 125150
31 g
T =8
e [aam ' <l
5 1 8
R s I oA ,ruwﬂn
z U 1 1 L L L % 5 Il Il
15 11 e T O (17 L X 5 T 1 5.EJ 15100 115 150
0
& 5
FA [T ' < g
]
o BN i h
2 AT oA
&)
0 ,-"-F# | | | | 5 |
0025 50 73 100 125 150 w2 5.0 ?.5 0o 125 150
T T T T T 5 T
GL-3.5im QL33
Mt
T e
1 I | | | -

00 25 50 7§ 000 125 150 00 2.5 E.U .".S 100 125 150
‘ |

Gldim 0 “ L GLA O

uu‘,"%“ﬁ:

T T oMY

0 ‘-""Ijﬁ’ I L | | 5 I I I

002350 75 10 125150 025 50 18 100 125 150
5

GLAS ] a4 T ]

P ]
2wl .
% W () e AR AR AR
P

.»-’.ﬂl I | I L - I i L

00 125 150 W2 s 1
Time[sec] Timelsec]

0
025 i T3

100 125 150

X 2. SRR & ARHTHRG H oD Lk

75 30K

1) Kazunori Fujisawa, Akira Murakami, and Shin-ichi Nishimura.
Numerical analysis of the erosion and the transport of fine particles
within soils leading to the piping phenomenon. Soils and
foundations, Vol. 50, No. 4, pp. 471-482, 2010.

2) Akira Watanabe: Development of methods to evaluate the
permeability of liquefied sand. T K235 3C, 2018.

3) Li, X.S.:A sand model with state-dependent dilatancy, Geotechnique,
Vol.52, No.3, pp.173-186, 2002



