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Fig. 5 Calculated contours for the distribution of excess pore water pressure due to reclamation

MIHIZIZIEEBLCLE->TWA Z ERbnbd, =
izt L, %%@ﬂﬁﬁﬁﬁxﬂﬁﬁﬁﬁﬁﬁi
JB TIERE BRI K EARAE L, RMEESR
TWAIERbND, YAROZ LTI DN, T
ERE T CIRIER ISR E B MR AERN AT D,
Mal2, Mal 17 £ o> FpfE Ml 30 o> 58 8kl -8 <
PEKREN OE WD (Dsl, Ds3) OZREIZL - T
368 T8l R R K E 2N EFRIZ B L TV B oz xt L, Ds6,
Ds7 &\ 9 #Ed K MRS g o JE U IR 9 D Malo,
Ma9 W o - HEHFREEE P L L Ly Tl
R T B K E DTN FE R I TVN D Z & 2537

5, Fiz, HSTEES BT ENMERE LT
BO, ZHEREEFIEZII LD T D Wk
BN TIEAEDIENBRHLT D LN REREL T
W5, I OMNTEEIES~ O M B E ORI

THIZE S Y 200m BEEE L CHEO ST H N D BRI
i, —HIBE FBICRRT S E VD, KSR
DHEEZERBETDHHLOTHY, LIS TR
W T 5y (— M BERFO &P EM) &,
brfr - B 2= 280 (—HBET) &23H
FNENOHBEN ED X HICETRT D Dh

S HITHRF LA g2z b7eun,

ZoOWNWT

— 293 —



1.9(0vo=243.2kP
Excess pore water pressure(kPa) ave P?:363.2kPa
-100 0 100 200 300 400 18 ‘ _
‘ TN Mail2
-20 ASRE T \
Ma13 Completion of 17 \\
F el | 1st reclamation : N\
40 E 0| U N
Mal2 : \ O vo=662/9kPa
=60 | pg3 A\ LPC =782.9kPa
ol © i \
T -0 [ g \\"
= ©
E Mal0 o 14 LYy x
£ -100 | D e
2 Mad | hefore 2nd reclamation § 13 0'vo=987.7kPa
W -120 [T it ' Pc=1107.1kP4
IIII}oanE | ’_;._._.A. =
| Mas g 1.2 a7
~140 [ pgg 7 after 10years A
Ma7 | i 111 \
-160 | psto I| R Set up e-logp
L (U ———=— Calculated \
-180
Fig. 6 Distribution of excess pore water 09
pressure with depth at the center of the 1% 200 400 600 800 1000 1200 1600
phase island of KIA Effective Vertical Stress, 0 'v(kPa)
ST WD 0D Th R (— 772 vk 1 S ME i A ) 12 Fig. 7 Advance in stress due to reclamation
is ‘j‘ 5@%”?ﬁﬁﬁﬁ7kﬁ@1§<ﬁ§ﬁrﬂ%?ﬁ %Flg6ﬁ:i—\‘j—o Elapsed tlme(days)
FRKEAUE, FigSICHERL L €, —HZE# BN E T 0 1000 2000 3000 4000 5000
R, HNZ104EH%, T HIZEv BN AT RIZ B 1T 0 T o~ 0 s
BREE AT L7z, Fig.50 HuE i o3 6 Rl Bk FE 53 e T
A HX—THH LN I DI, EBHEHLE T4 \\
Mal2, Mall “CIFHINZIZ X - THAK300kPa 70 it F S \
N A, ¥ N \
MBAKEREET 260D, ZOHOEHRELE & E a0 | N
= i i S S N N
BAZNEFIZVEHL L CHEE D EIT T 287 23R I B o ~
)
NTW5, ZOEMBE LTI, Dsl, Ds3 B ®EK 5 S
L ~
PEOHERKRENZ L, & 7-Mal B IEHERC X - 120 ~ Mai2
TIRBICaE s, Mt b v NE THEAREK
160

HRLKEL 72> T3 (Mimura and Jang, 2005b)
ZERhERBITFOND, ZHIZHLT, £DOTFMD
HHHEE OKEBEBRET— NI L NCR 2528 0
Lo TWNWD, ZOEBICHERE T 50H)E, Ds6,
Ds7 1SRN T OHAE T 6 272 0 BAKEESNCHEN & 5
CEMliESNEZEBTHY, MITICELTH 107em/sec
F—H—DERWEIE KR E G52 T D, fERE
LT, Mal0, Ma9 % L CIEHEKDDocs & Vo 72k
TREEH s b 1Ko E (BREICHkET 5 Ds6,
Ds7 BMFELRWND L D7) THHND L D 7
FIEBRAKIEDORAE— REZRL TS, ZRDHOME
TIXIRNE D B E IR TS T 228, 108%~
Tk BN AT OB IR LA EERE
bAERERN, ZOAHN=ALFTLUTDOLEH Th %,
Tbb, HNEELEHEIL, JTe FKEREE
Tho THEBIZHAD EEKEOEWDEEEIC,
NS K o TR EJBN IS T A3 2 BRI B K E 2N m
HBLTL D, 207D, KitENOKEIZDEREN

Fig. 8 Typical performance of settlement with
time for the Pleistocene differential settlement

WCHED SNDTeDITETRBIND, &2 A0,
LG DAR NGB AR MED T2 D I HER DB BOON T, &
DOEHIRAEICET D & D% LB A L S BT
ERLRD7D, BlEA (Mal0o~Doc5E T) M3k
T—EBTHIID LD REEHERT LI D,

3.2 HIITHEDKATEE

EE (Mal2) , HE8 (Ma9) , FE (Ma7) T
kG O BEFR DARHERRIE 2 Fig.7 12, ZNENDILT
~ IR [HI BIFR 2 Fig.8 (27", Fig7 £V _XToMi+
JBIZ B W CTHINTIZ K » TEMERR DA U TV 5 23,
MBS0/ & <, AKREHER S RERIET 72 Mal2i%
FEBIZE D RESEMLTRBY, LFED “HZ5EH
BN ERITI25cm IEL TW5D, RISk LT
Bfg OB AKENEVDEEEICHRENL TV SMa9 T

— 294 —



Excess pore water pressure(kPa)
-100 0 100 200 300 400

—20 TFrftrfrlr 1 rnrrrrr Py
Maid | o Completion of
_40 L Dsl | 1st reclamation
-60
Fand
E -80
T
;9
= -100
> u
@
w -120 L
-140 [—
-160 |
-180
" measured icompletion of 1st reclamation)
4 measured (after 10years)
+ measured (before 2nd reclamation)

Fig. 9 Comparison of the distribution of excess
pore water pressure with depth

LB R R BUKE OISR & > TIEBOEITNEL,
HWTFELNEL RoTWDEZERbND, 20X
W2, BHVEEBSZE LA AR CII B O~ 7 a g
KM & o TR BR A TE O 5 - 14 Bk 23 2 70
D, THhEHEEL TENENORTJE MR R 5
THEETILILEVIOIHENEL TS, EFKELK
ELTRERIETEAELCTWDR, FEMICANIT,
Dsl, 3, 10 &5 @ HEAKVERD LG 15 D b5 5 Frk
JE, TEEHE TS A R R < EITT 0
WXL, Ds6, 7 &\ o #EEAKMERD B8 IS BERE T %
Ma9 % by & 972 Hh - T T R K 28 K &
KEHEL, EHBEFENTEIT T2 W) E— RIZR
ST ERGND,

4. FENHEROE~RAEL DB~

4.1 BEIMEMKED LR

BEVE [E B ZE vk — B D 1 B TR S 7= b e 8
Ot Tl [ B K % AR C S U 72 A BRI S5 AR AT s SR
&bl U CFig9 (2, BH, ERUIBATER %,
Zay MI 1 SHBICBTIEMMEREL NS, E
BHEESR LY, FAREICEN TV SDs3, 10/8 TiE, H
SEERT RO KT LR S SIF EHE I, BN
WHIEFRICHEHBLTWD, Zhicx LT, #KEE
LTHME L THRWEMEKEHEEEZ TS
Ds6,7/E TiX420kPaDHLST IS F712 % L, 300kPall 9
BHED e RE RIS TAE L, KIFFH72TE
BbEECESMIChZ > THEENICERTS Z

ERGND, ZOX D ImRIRIBAKENS <, g
RIS E T 20 EE <1k, NI AN K E A
BIET DM AR b, BEEEfER & oM EEMA RN
ML 2D ENBREIND, MITRERIZZO L
FRREREZYJIIRBELETWDH I LB D, £
7o, FRMTAE R DS Z TN T 5 7291, Fig.6 Tx
U 7= fgtr Wi o el (— 0220 5 1 B M i SR )
(3T 2 i Jell P B K DR B 7 [ 43 AT % FEIMIE & b
1 L CFig.10 (279, HNIH S ORKRIERM, —HE
400
350
300
250
200
150
100
50
0
400
350
300
250
200
150
100
50

Ds3

400
350

300
250
200
150
100

50

400
350
300
250
200
150
100

50

Excess Pore Water Pressure(kPa)

Ds7

400 [ [ [ [ [
350 || o Measured

300 [| — Calculated
250 |

200 |
150
100 |
50

Ds10

0 | e
0 1000 2000 3000 4000 5000
Elapsed Time(days)

Fig. 10 Comparison of the calculated and measured
excess pore water pressure for the Pleistocene sand
gravel layers

— 295 —



PISZSE TIER, 104E, THIRBESTERTIC I T D T
FERIIMNEAFELZ HFHE TETHY, RELHE
BTV, RIS HOETHL D O S5 AHZ KRB DS 2%
BRI —F—TholcZ hbhd,

4.2 BEHFEHMLIBOBIETOLLE
WIZ, BFHRS T8 ~ R BI R & Fig. 11 12”7
AR TRG L Lo BATHOR LE1%, Fig.2 (27”9 Dsl
WHEE DR TDs10L Y Eo¥stHETH Y, TnEh
or
20 | R
40
60 | N

i D"
80
100 |
120 | A
140 |
160

Ma12

Ma 1
20

40 | \%
60 | &
80 | T

100

120

10

20 \w%%

30 %,
e

40 g

50

Settlement(cm)

60

Docb

10

20

30

40

50

Ry
\%%
20 Ry

30 \\%%

Qns,
75

40 © Measured

— Calculated
- L

60

0 1000 2000 3000 4000 5000
Elapsed Time(days)

Fig. 11 Comparison of the calculated and measured
differential settlement for the Pleistocene clay layers

DREZRET DR LB ICTT B UHEERL TS,
—HIZE RS DO IENT I & o THEEHURICEM 5 % v

b E#S SIS A 0 = 420kPa 12 X o> TMa7 %
TOEFHRE LB ILp. 2B 1 DIREL 2D, FALO
ML 21 E MBS TR E L, BEkIZNE
IR BDT, JEHM L AT B FEHFR 1272512
EREL 2D, BEHHE LI OMal2)g TlI—H1Z2
EHENIATEIC L > TN S RERILTRREAEL,

T ZE R B ST E AT O BERE T 125em Dk FE L o
TW5, Mall, 10 EELS RBIC L2 - T, (B FD
Mot BT/ E <o TRY, EHKEEEOL TR~
DOFLGRE LT EEBLEENARE W, =%
HNLE RO BT oL T &IX, Mal0T43cm, DocS
T25cm, Ma8T32cmé 72> T\ 5, K/KEE, KiEE
IRTHHBOTD, JIEHO—WI FEMZ K<
EEHPALON LD, FEBRTR UMK RIEEO
HTEBEFRFICHEELSRAL TS Z EBbn
2o

5. &bHYIc

3] 7 [ [ 22 A R AR O 0 2 SR i oD BEEI A e 1
MitEEWBEORLEMEZAL TS, 2oL

FHHREE O E LT, Z0H0IzidRi
JIA 72 <, ﬁi#%@t@ﬁﬁﬂ+ STIE AW &

M, KRB & e~ CRPHEE E 3 <,
BEMEIC R, MBI EEEBENE VI FERH 5,
L, HEKEE L TORRNICEIEOEEE BT
WEWD T LT, KL fE O R A SR
THOWHE OB AKIENRL BRI ND, AFETIE

HFEHAE TR RICE SN T TE 2 HFACEHHED
WE@v&mém*%ﬁﬁm¢é:&K%bbko

HGE I EN P EYE IIDs1 & Ds3 Th Y, IEFI
%%fﬁ@ﬁ;&@ IDs6 & Ds7 THol= @M IcH > T
L, EEEICEISCHBEICL - Te s api@Ekik

WCRIEDN B D & & 5 Ds6, DsTIE TR AE K %
BAEHREL, ﬁmﬁ@iw@ET%émﬁmﬁE
SAE AR B < BRE Lz, TRLS O W@ o R
BB LU LEBICOWTIEERTHEOND
10%em/s A —Z —DEEZTOEEFHTETFT ML E
1To7,

WHHR T IT RIS hb > TRV ERLETH
D, EHWEHSIHEICL > THRY OEEETCOH
%@%i@im%ﬁzfﬁﬁﬁﬁ%%%t’ﬁ ES

, BEZ T TV A L0 EIcx s T 2L LY
%k%&%ﬁ%%ﬁ?é,wb@é ‘NEE T
BEEALTEY, —HZOBENREND EZF0D5
ERELANRKEL D, ZOEMEEZEE LR TN
X, BTk Z o TV D K E BRI R K E o % A4

— 296 —



LIEE, BROZOXMT CORBBRILTOEIT L
WO BIGITFA T X R, WIS, T OJEMERRE &
T UL T D Z Lk »C, BHFEoHEREED
NEFHER—OICRBETELZ EBbhoTz, K
FTiE, AT oOREEZEE L TAp, (=p-po) =
120kPaMEEE B AR OERICTESWTH O,
F 7o, FRATCIX, pok BHTHLERCLE L &R o 7
JObDEFZ X, plh FOIGIIETOIEMEZE %
RE LTI 24T o 7o, HEKRDBE)E AMENL 72 B 5
Bk B T, BRI X o TR E Q ESERICA
0, DONEFHISERIFBRKESHERT 2 0D, #H
BEWMREZEDNEITT 5026 LT, @RIFRAE
DOIEBDIEF RN D P IRE OFL L8 ClrIkRicEE
TOHRMNKREEND =0, BLEEEER RE
Dp LA T OIS T8 C O R R ALIE T 2318 F 7 Bt Ak
BERETCREIDZ LIRS,

WAL RVE A TR R MEATIC LV, ZEH B HER
T%ET%@@%@KEM,@J%EETT#%»
RELRDHP, BHHEDEBNEZEAIEREL, &
IR 1T 22 8 B4 O Bl AR (L8 5 2 & b o
Too ZEVEEE FHUE I, EEWEHREICRBW T
M O K E 2B EIRM IR ORE & & bICEFIC
HBT D DICK L, WHEEOE KRRV HPERE O
WA LEE I, THEREOMNERNTDH
250kPall # 9" D IEF I @ W KIER R BT bz - Tk
L, ZOH5FEEOEITIIEND Z LIT D,

THTHOAL T8 Ok T~ e BIAR TIX, ENIATEIC
Ko TRE S EBEBBEIRICET 2 S E vk -
ETix, ¥ S FRIOWL T & 250k L, HiE
JEE C i ) P B K R 23 = I RS B2 0 2 K 8 T
IS LAV RE N & E - TEBRZR LT il
MmEnb,

FRATHE R DI DN T, BHUIC IS T 5 5
& DIEAMIZ L - TFliEN D, AT, —#
2 1 MO REE AV TRE L, S
J& DF KM E BEME KGRI CIM T2 L b, B
Bk LR EE A ZE LTV EHWT

31 VL ] % 2 A L A 0D YR U BHURG H  A TOR S R iR
B s L7o bR, — W22 ik s & 2 BBt it

A oD e R T B A & T AT 7R SR L B L D Jig Bl Rt
FEREMELISCTMETEDLZERHALNE RS T,

DX D e WRZERRIE, KM EIENTIC XD
BB B DT & "R TTH IREFRIEIC X - TR
T DA% —LEMHEL, BET D ZODZERERE

AR & 2 ST HE AL A O R I T A & R I
KIEDERRBLR 2 IR T 5 720 D A% — L fg i3
TE D, ZhiE, ZHEEOSRORMMICDIZ %L
ER R E T SRR BT F S D,

SE Xk

BIC i, vwmEFER, @Ik (1982) Rk
T ONF IR IE £ T SO T, 370 LR
WIS BAE, 25340, pp. 181-182.

B A0, Semmt, BRAE - hn#A (1986) R
WA 2= T D/ N—F v KL — T D
ETEMRAT, B31E L L%y R Yy LR R R,
pp. 111-116.

Ito, Y., Takemura, K., Kawabata, D., Tanaka, Y. and
Nakaseko, K. (2001): Quaternary Tectonic Warping and
Strata Formation in the Southern Osaka Basin Inferred
from Reflection Seismic Interpretation and Borehole
Sequences, Journal of Asian Earth Science, Vol. 20, pp.
45-58.

Jang, W. Y. M. (2005): Effect of
Permeability and Compressibility of Sandwiched

and Mimura,

Gravelly Sand Layers on Subsequent Settlement of
Pleistocene Deposits, Soils and Foundations., Vol. 44,
No. 6, pp. 111-119.

Mimura, M. and Jang, W. Y. (2004): Description of
Time-dependent Behavior of Quasi-overconsolidated
Osaka Pleistocene Clays Using Elasto-viscoplastic
Finite Element Analyses, Soils and Foundations., Vol.
44, No. 4, pp. 45-58.

Mimura, M. and Jang, W. Y. (2005a): Verification of the
Elasto-viscoplastic Approach Assessing the Long-term
Deformation of the Quasi-overconsolidated Pleistocene
Clay Deposits, Soils and Foundations., Vol. 45, No. 1,
pp. 37-49.

Mimura, M. and Jang, W. Y. (2005b): Long-term
Settlement of the Pleistocene Deposits Due to
Construction of KIA, Proc. of the Symposium on
Geotechnical Aspect of Kansai International Airport.,
pp. 77-85.

Mimura, M. and Sekiguchi, H. (1986): Bearing Capacity
and Plastic Flow of A Rate-sensitive Clay Under Strip
Loading. Bulletin of DPRI, Kyoto University., Vol. 36,
Part2, pp. 99-111.

Mimura, M., Shibata, T., Nozu, M. and Kitazawa, M.
(1990): Deformation Analysis of a Reclaimed Marine
Foundation Subjected to Land Construction, Soils and
Foundations., Vol. 30, No. 4, pp. 119-133.

Mimura, M., Shibata, T. and Watanabe, K. (1994): Post
Yield Modeling of Compression for Pleistocene Clays
and its Application to Finite Element Analysis, Proc.
Int. Symp. on Pre-Failure Deformation Characteristics
of Geomaterials -Measurement and Application-, Vol. 1,
pp. 517-522.

— 297 —



Sekiguchi, H. (1977): Rheological Characteristics of
Clays, Proc. of 9" JICSMFE., Vol. 1, pp. 289-292.

Numerical Assessment of Stress and Deformation of the Offshore Reclaimed Pleistocene Foundation

Byung-Gon JEON* and Mamoru MIMURA
* Graduate School of Engineering, Kyoto University

Synopsis

A series of elasto-viscoplastic finite element analyses is conducted to assess the stress and deformation
of the reclaimed Pleistocene foundations of Kansai International Airport. A large amount of reclamation
overburden was applied to the alternating Pleistocene sandy gravel and quasi-overconsolidated clay deposits.
Due to the filling for the construction of the reclaimed airport, long-term settlement has been expected to
occur in the quasi-overconsolidated Pleistocene clay layers with insufficient dissipation of the excess pore
water pressure generated even in the permeable sand gravel layers that are generally considered as drained
ones. Propagation of excess pore water pressure through the sand gravel layers is also expected toward the
outside of the reclamation area. In the present paper, the assumption of the equivalent permeability
coefficient is introduced to model the macro-permeability of the Pleistocene sand gravel layers considering
the effect of discontinuity, change in thickness of the Pleistocene sand gravel layers and high content of fine
components in them. Non-eclastic strain is also assumed to take place in the quasi-overconsolidated
Pleistocene clay layers even in the stress range less than the apparent p, that can be derived by the laboratory
experiments on those clays. Calculated performance shows that the remarkable compression takes place in
the Pleistocene clay layers associated with insufficient dissipation of the excess pore water pressure even in
the permeable sand gravel layers. The validity of the calculation has been confirmed by comparing with the
differential settlement for each Pleistocene clay layers and the distribution of the excess pore water pressure
in Pleistocene foundations.

Keywords: Pleistocene layers, Elasto-viscoplastic finite element method, Long-term settlement, Equivalent
coefficient of permeability of sand gravel layers, Quasi-overconsolidation
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