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LIQUEFACTION ANALYSIS OF LAYERED SANDS

By Hisao Goto, Fusao Oxa and Kouzi SEXIGUGHI

Synopsis

In this report, the dynamic response of horizontally layered soil is numerically analyzed, using
the stress-strain relation of sand and the equation of motion of two phase mixture. The saturated
soil with water is treated as a two phase mixture. As the pore water and the soil particle is assumed
to be incompressible, the effective stress analysis becomes useful. In the case of horizontally lay-
ered soil deposit, the lateral deformation is considered to be confined during the earthquakes.
Then, in this study, the laterally confined condition is taken into consideration.
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Fig. 2. Schematic representation of stress-strain relation.
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7 (28) Rhd G, Mp, My 3—RENICRAMEREICBRLTHE EEZZSNEH, AT TIREHD

fed—E L Uico

PEDESICLTRD SN 0., G EK OWMO45 TS Table 1 IRENTV 3. MO S

Table 1. Initial soil properties used in calculation
Depth D, O G K
0 45 0.0 5.16 —
1 45 0.127 5.16 0.7779
2 44 0.255 6.46 1.558
3 44 0.316 6.93 1.929
4 42 0.376 7.25 2.309
5 41 0.437 7.56 2.685
6 39 0.497 7.78 3.067
7 43 0.557 8.32 3.413
8 46 0.618 8.79 3.763
9 50 0.697 9.32 4.103
10 57 0.741 10.0 4415
11 64 ' 0.804 10.8 4.722
12 69 0.867 114 5.044
13 71 0.931 11.8 5.393
14 73 0.995 12.2 5.741
15 75 1.06 12.6 6.088
16 77 1.12 13.0 6.433
17 78 1.19 13.3 6.791
18 80 1.25 13.7 7.133
19 81 1.32 14.0 7.488
20 82 1.39 14.3 7.848
21 83 1.45 14.6 8.198
22 84 1.52 14.9 8.551
23 85 1.58 15.2 8.904
24 86 1.65 15.5 9.256
25 87 1.71 15.8 9.607
26 88 1.78 16.1 9.957
27 89 1.85 16.4 10.31
28 90 1.91 16.7 10.66
29 91 1.98 17.0 11.00
30 92 2.05 17.2 11.35

Depth (m), D, (%), 07 (Kglem?). G (X

— 11 —

102Kg/cm?), K (x 102Kg/cm?)
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NBNRT X = 2RPUTOEBDTH S,
£=0.003, 2=0.0098, emin=0.634, €max=0.991
G'=400, M,=0.640, Ms=0.739, M’'=1.279

¥TC, ABEUTHRERCBOT 2BHEORYEEE 5% 2o Example A TILEE®D sin JiH%, Ex-
ample B Ti% Taft OFEH (1952 H 0 7 4 v =THIFE) @ S69E Wk HOhEEREEREICE R LTS
DEROT.

Example A

Example A OFEMTORIBEHIIRRNTE L

v = Aosin2ufit)sin(2nft) e, 67)
fi=1.8, f:=0.05 (1/sec)

Example A TRIRD 4 DD CASE KDOWTHERITI -0

CASE  A-1  Ay=0.1m/sec  k=0.0m/sec
CASE A-2 Ay=0.1m/sec k=0,0001 m/sec
CASE A-3 Ay=0.1m/sec k=0.001 m/sec
CASE A-4 Ap-”—O. 06 m/sec  k=0.0001 m/sec

FRMBREOLDOTHD, BIEEbic 69 Rk -TRI TS,

Fig.6 {3 CASE A-1~A-4 {Th 2 BRI 2 KEDHHZR LTS, CASE A-1 5 CASE A-3
A&, B BRELRBBICONTRES TOBENG XKEOEIEEIBLTOEZ &, HMEEEHNED S
WPRIZ->TONBEZ LD 5. THRFEKRC L > TAEMY KEIMEET B-DTHD, BAIEAUENE
Az, ZBHICET 0 SKEOEIMCERNENNE L2 5 TH B

CASE A-4 BAJHRIEIVNEWEBATH B, CASE A-2 ICENTHIF S KFEORLEE, SHOHELE
- THY, EGELECKYUTHZBEDOAJIEEREEERLU TS, ¥A MBS U U3 CASE
A-1 T 9m~19m & 2l m~24m, CASE A-3 T 13m~18m THY, COBA, MEERIT kKRS
BBREBLTEEMCHS. LHL, CASE A-1 & CASE A-3 2HEILThhB XS, HER T D
BRAETO 0 ORCEBKREBAEVEERD, LT, k BAEVIBERLMTH S E—fim
WKIREZ . %/, Fig-6 TR EKEND - LR MM 201, MBLBNTTIREL, H2E
XILBWCTTH5, Fig. 7 i3 CASE A-1 & CASE A-3 D% 10m OEICBI BIEHRETH L. T8
DE P DOMFEL, BHE Ton/0n’ 12 P T M L1320, DBEG SKERBMLENS, RBIZE
ARBEDBICH B0 TOFEZDIRBOITHENICH AICH S B, BFEHBOREHEER Lz
2, on' & 0’ DEIWNS LD, BIBEFL LI EMBTRINER EE - TOBo LD, Tou i3 017
& (o' —03) DBEPER > TVINE, HIHERRHEHEZIE LTSS, o & 0 DEINELIR
LIV, Tox DEOEDIE 01" ODBLOACLB T ERIBY, BRELT, to MEB WA X13H
OF FHHCE SRR ET IS ED UL BV ANBIRER £ 1250 BRIEBHC IS D3 ASE A 1
SHEMRAREL? OEBRERP O bEA LD LMTE S, Fig.8 1Ci3 CASE A-1 © 10m OESIKBI
5, ony 035 & 0, OMINEMIRENTV S, F2LHT on’ & o3 BREHELLRD, Lk o0 28
B ULDD, on' & 03 DEIBELIE->TVD. Pl kdic, MHFEHMEEMER, ATH AR I
BADVER UK OIS TR EHET 21 DDLHADEETHE LV EMNTE 5B,

Fig.9 {3 CASE A-1 OEX 24m & 10m iTB 2 RAWIES, AWM T A E BRI & KEDOHRIR
LB R LIS DTHBo Fig. 10 13 CASE A-1 © 10m DEXTOHBH—O T A TH S0 EX10m &
2%4m TRENEN, 3638 & 3. 8 DICHEME->TBY, DBEANENOREIE LTS, COR
RELTR, BB X > CTEOBEMETL, TxVF-MEBINCL W oTelcd EEZ DNB. B
BE-> FETRAMOTARBABCEML TV, X 24 m THRYOEBEFOTANRED shb ot
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Fig. 6. (a)
with depth (A-1).
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Variations of pore water pressure and mean effective stress

T T T T T

0.0 0.4 0.8 1.2 1.6 2.0

“/n(0)

Depth (m)

-20 -6 -12

-24

1 sec

%l (o)

Fig. 6. (b) Variations of pore water pressure and mean effective stress

with depth (A-2).
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BB TR 225 B-2 (H54.4)

1 sec
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Fig. 6. (c) Variations of pore water pressure and mean effective stress
with depth (A-3).
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Fig. 6. (d) Variations of pore water pressure and mean effective stress
with depth (A-4).



i - W - B0 EIRB AR OIRLET 63
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Fig. 7. Effective stress path
Depth = 10 m
—
o~
1=
3]
~
o
P4
f
L L 1 " ] M A 2 i i L i
10 15

Time (sec)

Fig. 8. Time histories of ¢/11, "33 and 0’ (A-1).

LT, 10m ORI TREHOTADENDIE. T, Fig. 10 5 bbb LHiC, 10m OEI TR,
DB OHTHEDS 0 1L 18 5 72 & T A TRHAWIG N EMIHED ,, BEXSZNLUETE R h /D TH
3o —F, BEMT SKERBRLICHEAL, THEIKE > T—EOMIKEBDVTI 5, Fig. 11 i3 CASE
A-3 D 10m QEITORAKIESA, FANOTH LS SKEOHLIE B RINTHS, CASE A-1 ©
BAEBERRBOBENTHS. Fig. 12 13 CASE A-3 © 10m TORA—VTAHHEHETHS. &b, BE
BECE > TZANF-DHE LTS ENWIRITHA ENB, Fig. 13 i3 CASE A-1, A-2 B XU
A-4 OEEILEIRENT S, Fig. 13 (a) & Fig. 13 (¢) 2HETH L, (2) Ol (b)iIcKk~TID
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FABT R FEH A 55225 B-2 (FR54. 4)

Depth = 10 m Shear Stress

T12
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Fig. 9. (a) Time histories of 015, €12 and u (A-1).

Depth = 24 m Shear Stress
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Fig. 9. (b) Time histories of 015, €12 and u (A-1).
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Fig. 10. Stress-strain curve (A-1).
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Fig. 11. Time hisotires of, 613, €12 and o', (A-3).
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1 Depth = 10.m

Shear Stress 012(Kg/cm2)
-0.16 -0.00 ,

=~ j\\

=

-0.32

.43

T T T T T T T

5 T T T T T T T 1
-0.16 -0.12 -0.08 -0.04 0.00 0.04 0.93 0.12 0.16

Strain 812(%)

Fig. 12. Stress-strain curve (A-3).

LU 4 LG OEEREOMMES K E L, JHMBELIE->T5. chid, (o) IT~RT () Dl HIL
WHEIC bl - THEEDSIE T ©, MBOMIMEDED Uiclow, oBEE AL, BEEHHSHRERE
B ARICHSL UCHIERMIBR Uicicb E B2 Shbe CASE A-2 DBA, BHELZERIZ 13m~23m
TH YT CASE A-1 OHAICE LW, Licdi->T Fig 13 (b) (2 (a) ERBEIBENAR LT3, Fig. 14
13 CASE A-1 OHETONEERETH %0 BIEHRINARE OHXHEIZ/NS {125 T 5, Fig.9 (a) &
Fig. ¥ 21872 &, HIRICBO TR, MR - 2 BOMEEIREIVNS VOO L, SEHEIR Lk
K&V, LIcds->T, Mk LOBEDOREBINEE X D EEPEMIC L - T, £ 5 EELTEE, Mk
OREFRMHEREZTCHEERU 2L LTl 5, DItk Example A 5, RHIFFOMEMDHAOES) it s
K OBKBEPANRIEOHARIRENCS 2 3 ZENH S ENT 5T

Example B

UICRRASIRIIC & 2 5% T <5 12 HIC{T78 - 72 Example B {tD\WT#%K§ 5, Example B Tid,
WD 32D CASE KDOWTHEETE 5120

CASE  B-1  k=10"*m/sec
B-2 k=10"3m/sec
B-3  k=10"m/sec TLBEHUEEKOEE

Fig. 15 {3 A1 & LT - 7o Taft (1952) © S69E 5> DiLék TdH 5o Fig. 16 12id CASE B-1 & CASE
B-2 o a0BRINY &KESFEEMEIOES FHOAHISRENTHOS, CASE B-1 {3 CASE B-2
T, [ SKEDRAERDE . CASE B-1 O/ AMREFBIZ 7Tm~20m T& 355, CASE B-2
TEBECEE > TORWV. 2N, BRBEROERIC L BHIF SKEDNHEEIRICK S D TH5.CASE
B-1 OFX 10m B BIEHEES Fig. 17 ICRINT VS, Pi BSHMORETH Y, Example A OB}
BERRIC, To MEL LISBBEMIC 0. BB L, BRRBEAICH->TEY, BRILBEED 52—V
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Fig. 13. (a) Velocity response for various depths (A-1).
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Fig. 13. (b) Velocity response for various depths (A-2).
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Fig. 13. (c) Velocity response for various depths (A-4).
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Fig. 14. Acceleration response (A-1).
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Fig. 16. (a) Variations of pore water pressure and mean effectives tress with depth (B-1).
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Depth = 10 m

s Mf\ m p
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Fig. 17. Effective stress path (B-1).

%%b LT\ 5. Fig. 18 iCi3 CASE B-1 @ 10m OEITORAWIGS, HANO TS LBRERY KE
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TNB T ENDDB, Tz, RANMDTARBIEE & S ICABICHEAL, Uk—EDMIcEL 20T 5,
chick LT, BENT SKERIBEICES  ThAIKEAL, —EDEICEINTNS,

Fig. 19 RAEITO v OBIINELTH S0 HE 10m T o OBDICE bI5 - THIMHEIEL,
BEVABTEHLTOS. ZHICHL, FE 24mn TREFSKEOREESDEL, BICETE->TH
1207, 10m OEX I ke U RS WA TRE LT\ 3, Fig.20 i7i2 CASE B-1 oifiRic & 1
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BoTW5bo

RIC, RO DABSHFMMAE L5405 %S CASE B-3 TIT1 - oo Fig. 21 I3IKBISE,
Fig. 22 BEEIEETH 5. WEEF vO—REEHANZ ¢ OTHENORDB LK 2VTHY, IHESIZ
B DL SVORBTRI LT\ 5. Fig. 18 & Fig.23 235, CASE B-3 10m OEITOE A
Wil T OB AMEIZ CASE B-1 D4.535ThH o, W E LB EANB N OV TRRIEFED
TIRbha L EIE5.

SIE, Example A & Example B O & RBRICH LTI, ATOKREX, AT, EkERE
DRFHELEBR X EEEL 5 EBNLhER T kT, EHLOHITHBEMY &KEDMEH
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