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Methods for Evaluating Earthquake Stability of Super Levees Built on Soft Clay (Part3)

WRE W B a8 &
WAH-H EEHAE BARERE B B

We carried out elasto-plastic FEM analysis and studied appropriate improvement depths and
improvement widths for soil improvement using the deep mixing method, as described in this
paper, for the pur]pose of developing a new method for practical use in evaluating the earthquake
stability of super levees.

The resuits of our analyses done by changing the improvement depth and width showed
improvement efficacy when the improvement unit was in contact with the bearing layer, but when
a floating type improvement unit was used, no improvement efficacy was seen. Also, even when
we increased the width of the floating type improvement unit, no improvement efficacy was found.
These analysis results also match the trend shown by the results of dynamic centrifugal model
tests done by Public Works Research Institute.

From the above results, we have reached the conclusion that concerning improvement depth it is
appropriate to ensure that the improvement unit is in contact with the hearing layer, and that
concerning improvement width it is appropriate to determine the minimum width of the

improvement unit using the fixed circular arc method of stability analysis.
Key words: super levees, earthquake deformation analysis, cohesive soil (soft clay) ground, sail

improvement, elasto-plastic FEM
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Fig.2 Residual Displacement Distribution Diagram




.0~5.0%

1.0~2.0%

0.5~10%
.2~0.5%
0.1~0.2%

~Q1%

~0 1%

SCALE:

171000

[—RA1 kA EWNEFH 124gal]

Y final

cexiyne Ly e

SCALE:

11000

(—X3 HBEWEom G B RE t0m- |}
AR A 124gal]

Y fina!

NPT AN T amuh T (MEOmTE O 10m} PO mmmchdi wp

5.0%
2.0~5.0%

3 1o~a0%

0.5-~1.0%
0.2~0.5%

6.1~0.2%

0.5~1.0%
0.2~0.5%
0 1~0.2%

~0.1%

SCALE:

171000

[r—~A2 BEIESm-FE-BAh 2m
HHINEE 124gal]

¥ finai

i R

S5CALE:

11000

(r—24 MM Sm-BBREME 15m-
LEMFERE i 24gal)

Y final

VPSRRI wreond ] {KEOmIT A 10D POInsannddn. au

B-—-3 EBeANUVTASME

Fig.3

Residual Shearing Strain Distribution Diagram



4—4 EE

BRAEEFFEIE - —R 2BV TH, Rk
BO—2 L T, KPR, TEMR
NELHRY | WRBRS RN, £, %R
EDEEET— el E | IR0 e AT
— FEfkT a0 X ORBENRELR NS,

Linl, 7a—F 4 Fil Lz —ARREN
TiL, BRESIEET— FTEI< 729, LY
LORREE— FEWLE &Ehid-oiz, 20
¥, REROF—ALLTEREIZEEALY
HENR LI DTz,

Fo, HREERHELIEO 1/ 2Ly
—AL3/A LI — AL OHETH, SR
PRIZIELALERR LN T,

UbaZ &Ry, FRETFILCURIBE Sm
ELES—RIIBW T, MBS RODELS
L, HRFEEFEFEIELILENDS -
Zibhs,

5. HRBEFEAL
5—1 H#H

BB T ORI EES 5 m & HOBE O
BRHETHY, MU7a—F 4 v F 8L 7 Th,
RIBHEL LSRG, WBERE LN
LHIERELLND,

T, Tu—F B TORBICE
WT, WREE (16m) 2HL LTHEES

B0

5—3 MATHR

BEEASHREZRK - 47T, WTho
Rkt BERBOKEEMNE, T E
I 6em, 3em THY, KEBROF—RE
BEAFERRLNZ, 7, HRENE
EE— FTEILTHE Y, MIF 0 #ledEhs
F— FERME LTV,

WiT, BBEEAMOTASARER -5
Fod, WFROA—R L, KETBIERI
HABOTHOKREVRORFE S HEE L
TWAZEML, TROUBELTWDEEL
bIvs,

ER e OB EfTo 1,
5—2 Mirir—=
T — AR R 21077,
"—2 FEHT—2R
Table 2 Analysis Cases
r—= | %RE | U R WrEE 7 | AHE | AnmiE
(r—z1) ®RAZEL Az
(r—>2 4) 5m EEEFN 124gal
(HiEtE | AFE (&
HrenR § 10m 15mOEEELED 3/0 | 1 g0m) kh=0.15 38
=2 B 20m )




m ~0.1%

[#—325 CHBNE 10m- S BREE 15m:
H AR 124gal)

SCALLE: 11000 Y final

€ ¥ PCHXYRE R K dLYunna (R Lo & 1Dud PRk s

0.5~1.0% ~0.1%

0.2~0.5%

0.1~0.2%

£ 1 omaox

T I - 1 | = e 7
) by i oo |3 i | ' Tppeg n
A A r i i }
b 1t e fady ot
I 1) in n e i b e T 1
Gao.zcale 0 e
zaoh§3p-residuat-displacement Displacement ¢ 3""3p ™
[fr—X 5 HEME 10m - BERFRE 15m- &} 124gal)
! — | -
ol 1 I
1 M b ol s =
n o il 2 et 4 X h
i i i e I A 1
e b ¥
ar
i i
1l
Gea.scala 0 T
zaoh123p-residual-displacement Displacement m o

[4=—2 6 BT 20m - BIiEE 15m- &8 124gal]

H—-4 BREEASHE

Fig.4 Residual Displacement Distribution Diagram

[r—* 6 WERIE20m HBRE 16m:
208 I E I 124gall

SCALE: 1/1000 ¥ final

H-5 BRETANROTAHRSHE
Fig.5 Residual Shearing Strain Distribution Diagram



5-4 H8

WEROBE L. R ESHEEIE— FTE
T, M~ gyle i e — ik Snde
Mofo, ZOlh, REROF—RA L TER
Eli3 A SRERR LR T,

Lz b, 7ua—F 40780708
RiZo0 O, sRBEmK 20me LTHRE
R RHRIIBLAT, BB L LBRES
HESELHFBURDEBE BN,

6. KIEEEXAHNLE-BEORKREH

ZHNECORATII L~ L RS OB AT
LB ORETHY, BHERURIENEDL
Nzl i v msids, TIT, HEYE
OFEES LY PRRICT 500, oYL 2o
HEAHEEL., AJINEES 400gal (2 L7148
BORTEIT 7,

BATHERIL N ECoOfMT LRI T n—TF
A TR AFOEBIIOVTI, BRI
L, FEBLETHD LWV IBREELNT,

7. BMELENEBRHELOLE
7—1 H#H

FhME AR B otREE RGBS AR, AREEEAE
EORRIC L DR RDREHO T E & %
Biy& LT, Bard LR FETE HREF e
L O ERR 7L L 0 BhiR DA E B A M
nTwab,

AL O EREL, IR, AN ROFEER
FURIBIC LA EVER<DLZ EAENE L
TeEBBERINLY,

SEL, FEEOERr—AD S B, BB
BRI EECER Ly — 2050,
HYBEF EMIZ L AARTFS R L g L, o
MMz DT LT,

T2 ZERF—RA

ERr—AFE - 61T, OB —X
5~10 ik, BRI IO THEBICITHhAT
WARBIRGMB T L AR R AFEE L
T'ETFNTh D,

AFTEE, TS CIERE 600z 0 20 IR &
LTns,

240 Fq ] 240 ﬁ
. a
g i g RS ]
I S “ il
I G ! } i I
1) F—=1 (S 5) F—AB (WA 5 10XEScn)
- E .
g res ] 8 ] BLE
b8 R 2 )]
| | ! e |

) 800
2) =25 {RK 6 XES5m)

6) r—x 0 (B 0 3% 10m)

pord,

— 8

75,100

xR

et |
xR

75,100 ﬂl

— 800

1

!
) 800
3N F—x6 (WAK ES5xET Sem)

24

®iE

15 100‘11]|

bt

—

4) F=R 7 (URE WS X 10w

T r—210 (BB W 2.5X% 10cm)

BRnwnn
(M : o)

E-6 FHULERREY—R
Fig.6 Centrifugal Model Test Cases



7—3 EEHRE alDbLD (r—2R6,7,9,10) i1, HEEN
(1) #EROER: (K—7) NHECERS L2 L7, BEOLD (—
BRLIcr— 220w Ti, fEEO7ad— & 5,8) 13, JHANZAERE L,

+
+

e D,;

1) =21

N =210

BB (Y. AB%ROURE
B—-7 #ERBKR

Fig.7 Deformation Conditions



BIETHEORELTH(mm)

(2) IHEIEE R L0 TE (M—8)
EFEELTWAHF—2A(7,9,10) 1%, L TFEN/
A, BEBERERGNADN, Tu—T 45

NS INERE (gal)

100 200

75

200 300

100

400

o
(=]

1G5

BELE TR em)

Dr—2A (5,6,8) IHETERKEL, B®ED
BAVRE,

—— i — 21 R

gl — 25 B B{E 5% Som [FE]
—8— Yy —26 WELK 5 X 7.50m [iF8h]
e 47— 2 7 SR 5 % 100m [FHIE]
—a—fr=A8 WRE 10X 5em [FE]
—O—4—29 R {F 0.3x 10em [FIE]
— el — 210 BB 25 X 10cm [FHE]

E—-8 MEMEEEETEEOBHRE
Fig.8 Relationship between Excited Acceleration and Settlement

7—4 E2E
BRESRFE L — ALK ABRS R
<L EBEE-—-FiohoTng, BN 7
=TT Or— AR BHENNXL, B
Bt — Kz T A,
ZhbhoEnE, BmEBEYEF EMIC L A8
RRE-HLTCBY, BITORLEEZIRIET
i,

8. ¥&&

KRR REHIMNETRE L, ATNEEE
124gal (L-L 1802, HFEHE k h=0.15)
LGS, MRS EE I LAIIHE
K0T — FTENE | WRBDHEPRONEH,
Tu—F 4 FE AT LS. dRIEN
RET— F T8, RARBR LN 5T,
T, 7T AT HA L LIEEITH.
WEEE 2%, 415ITA LTH, SRHES
Ronfpipot, WBRDHROHEES LY Rk
THDANIEES 400gal (LU 2 1Y)

L LSS, RSB LNn~E £,
TG OBEHTRE B T ANER TR O EIRE DR
EEREROMMmE — L,

PLEORRMNL | EERALETLEC LD
BRIV TIL, REREC VTR
(CEE S, EEICOVLTIRBEMNMNEC X
NI NMBERIET D HERRLTHLHEBAD
4,

SEOBEE LT,

5 BIOIEFEAGAT 13 BLRG DXEME - i 4%t 5
ELLOTHY . EEOHBIIR kL0
AR TEHD Z NN THLZ Lhb,
AR 2 %18 & U AT TR O BRE D
EEns,

@ ERMBEN LIREOIMAIAARET S
7o, ERH LN OBMENTFRESN
LOpEREEZL, FAICEE D B AR
WRLHEERMITE TRO T SLE RSB,

E=ngFoha,
pds, HEAMEF EMIC X AERMETICOWT

®



L, BEXFOBMAE=HE. HHHESHTC
Ta T AEFRELCHEFGE, £, B
BOEAEBREERIC DT, B LA
AEy LRI ERE R AR LT
Tro ZIIEHOBRERTS,

<BEIE>

1) g — - ROmAL - fEME TR o mEmEE
BHOMBERFEEMHTFHEFEC VT (F0
2). U= MRFRTREE 8 5, 1997
#3H

2) (B U —Tur hEfES—  BEE
R LRE - =T, 199841 A

3 BRd LA RATE LRSS - T 9EE
%1 BIERREN Tt ERS £5S
B e IR EBR MR, 1997 4 10
H





