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Effect of ground improvement on lateral movement under the embankment

Toyozi OKABE, Kazuhiro NOMURA, Mitutaka SUGIMOTO and Shoji OGAWA

When the embankment is built on soft ground, lateral movement is occurred sometimes. Therefore it is

important to develop the prevention method of lateral movement.

This paper aims to examine the ground improvement effect on lateral movement in account of three construc-
tion parameters, such as, loading speed, soft ground thickness, and improvement area, to make clear the construc-
tion parameters which decrease the lateral movement economically. The lateral movement was calculated by using
elasto-plastic model coupled with consolidation in plane strain state. Furthemore, the validity of this method was
confirmed by comparing the calculation results with the actual measured data.
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Table.-1 Stratum model

+ 5 " E g B | BEAG
m m m
®t — —9.96~+0.00 9.96 9.96
LE#HELE] L—1 | £0.00~1.00 1.00 1.00
L—2 1.00~1.75 0.75
ik 1.50
L-—-3 1.75~2.50 0.75
L—4 2.50~3.70 1.20
Bat L—5 3.70~4.90 1.20 3.60
L—6 4.90~6.10 1.20
THEBEL| L—7 6.10~7.10 1.00 1.00
Table.-2 Input data in erastic analysis
- MRS | KTVl | EKEE 158z
E (tf/m?) v k (m/day) e
FEEVE 500.0 0.40 0.864 1.00
i 15.0 0.46 4.32%x107* 5.00
&t 20.0 0.46 3.02x107* | 11.00
FEVEVE L 1000.0 0.40 0.864 0.80

AEEMTIIH LI E LB L1, L7 58T L%,
T L-2~L-6 icHBEET AR,

B E Tt EIs B AEER v = 1.59 ti/
m* DACTHDL", £ TRBHTIHBEEOHEYE L
I, HAMAEER ¢ = 1.6 t/md, HAMEIMERG =
150 tf/m?, BLUETY Y =03 &1L, BELEEHn
s HETH I Lic L,

A HBEHRBNLE L1, L7105 % % &4, »
DHMAMERBERIBELIN TN LW 005, &

AT TIZRIRE % BT 2 22 BRI R SRR L,
AT1piEfElE Table-2 DfE% AV 5 Z &2 L 72 khtE
TR L2, L3IRVCEAETE L4~L-6i2x L Tl
KRBT Tnd s, EANYHEIL T 4 -5
WEENZ L > THEL L Table3 1o EAFAL
72,

3.3 BETTROHEE
Fig-2 it &) LB EEENTEIEL, —KELR
UCRE TR S TR IINER & BT 2ERK
L, 8z, REERAKRA I zIELEL T2
|& (BE*%E# CDGF, Fig-1&M]) £KT5 2+ TH
BHLTwb,
Q—&RELET (388)
QDIRELENE (1548)

Q-RELHT (2628)
OHBIAWIET (12H)

B W (9.960)
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Fig.-2 Loading model
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BRTHEAMTHRE L EH LR L T LI2h T,
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Table.-3 Input data in Sekiguchi-Ohta model

FEFRIES | B ORIE S | RIERE ) | BAN | R7T V| WHLEK | BRSSO |FHETE () #) i & o
+ & o R EEE 114 % B | R (R (| MBEL| WEIE | o
THEX 5 s ')—""I/ A x M G v ko Ax Ko [N Ovo’ Ovo’
Ly tf/m? m/day tf/m?
1 A — — — 150.000 | 0.300 - — — - - -
L-1 A - — — 178.570 | 0.400 0.864 — — 1.0 — -
L-2 B 0.365 0.156 0.941 — 0.360 |[4.32x10°* 0.621 0.562 5.0 0.999 1
L-3 B 0.365 0.156 0.941 — 0.360 | 4.32x107* 0.621 0.562 5.0 1.396 1
L—14 B 1.338 0.217 2.060 - 0.280 | 3.02x10°° 1.135 0.389 11.0 1.631 1
L—5 B 1.338 0.217 2.060 — 0.280 |3.02x107° 1.135 0.389 11.0 1.703 1
L—6 B 1.338 0.217 2.060 — 0.280 | 3.02x107° 1.135 0.389 11.0 1.775 1
L-7 A — — — 357.143 | 0.400 0.864 — — 0.8 — -
* A =GMEK, B=#EMNK
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Fig.-3 Comparison of the measured lateral displacement

with the calculated one at the shoulder of slope
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Fig.-4 Comparison of the measured surface settlement with

the calculated one at the toe of slope
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Fig.-6 Inprovement type
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Table.-4 List of analysis case

£ BT EE L BHEE S T b

z
Ll V/Von H A/Ao*
No. !

H (m)
1| @ 0.5Vo 00.5B -
2 | ® 0.5Vo 0 0.5B -
3| © 0.5Vo O 0.5B —
1| D 0.5Vo O 0.5B O1.0
5 | ® 0.5Vo O 0.5B O1.0
6 | W | O1.0Vo 00.5B -
7| ® | Ol.ovo 50,58 -
8 | © | Ol.ovo $0.5B -
9 | O O 1.0Vo $0.5B Q1.0
0 | ® O1.0Vo $0.5B O1.0
1| @ 2.0Vo 00.5B —
12 | ® 2.0Vo O 0.5B -
13 | © 2.0Vo O 0.5B -
1| 2.0Vo O 0.5B 01.0
5| ® 2.0Vo 5 0.5B O1.0
16 | @ 01.0Vo 1.0B -
7| ® O1.0vVa 1.0B —
18 © | Olovoe 1.0B -
19 | @ | Ol.0Vo 1.0B 01.0
20| ® | Olove 1.0B O1.0
21 w | O1.0Vo 1.5B -
2| ® | Olove 1.5B —
23| © | Ol.0Vo 1.5B —
2% | ® | Ol.ovo 1.5B 01.0
2% | ® | Ol.0Ve 1.5B O1.0
% | [ O1.0Vo 00.5B 1/3
7 | ® | Ol.0Ve O 0.5B 1/3
2| © | Ol.0Vo 5 0.5B 2/3
29 | ® | O1l.0Vo O0.5B 2/3

O3 fEde sy — 2 %R T

*1 Vo O&{FL 2 ®eiEE
*¥ 2 Aol 7D EEDURHEIE
Vo=0.16tf/m?/day

Table.-5 Input data

E #( SE(R R|XTVy|BELE( H 5k
8 &|# EH(hik] K | | M| (m/day)
b x M v Ko eo k

EIR| 0.380 [ 0.198 | 0.836 | 0.437 [ 0.776 | 1.11 | 107*

QA |1 0.110 ] 0.033 | 1.220 | 0.344 | 0.524 | 0.57 | 1072

ey

avo' =¢ovc =10(tf/m?) > —%E

B, WREEIZL SWEMR~DFHEORIEIL T
F D) & T IENZDWTIT- 72,
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AR ERE LAY TUT- 72, ToOMLTOWEE
BT LEBNTIT > - ANEBED T 2 —5 - 2%
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Bogtkolla s b2 EREL, Hi, WREICIZE
HEI/NE L, BREEDRWHEEDHEAEG Y 55X
B L2 ERREE L W RTD ATt fE% Table.-5 iz
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effect

I, BHEEAEZL 2 TIOUEOEMIG SN E
Fig-12 12 "7, WL 2 WRAT THOBETIZIAD
BREBHIEEL TWbDhborb, ETIENHE
#LARREE, OmiosLEMEORE»T, @
WBRETIHRBEE MM Lk > TENAKDE
By 27000, BMEBOKEFmROVTAAKREL
%Y, ANEEGHIET R, HEEZLNL, L2

BrRmE $£ 145 (1992)

HoTETFNMETIE, BOBHFELLTVWRBME
2R N A BT AREMEEAT 2 LE S 5,

¢ HELE Y
l-h\ Hmxasnmxs IEHORY ~n
EEEnO LI 2K R N AR ; ¥ ¥
4 3‘3:* t 11 + 4+ 4+ + o+ 4 + +
1153130 AHDIRUIE T S R S T T 4 + + +
33, Wk x b+ F F o+ o+ 4+ 4+ 4+
Al e x & + 4 1 + o+ 4 £ o+ +
| &\\\,\xx:uf+ £ o+ o+t 4
sy x x x ¥+ o+ 4+ 4 + +
pfrl e x x x X & 4+ & F + + +
SRS Y x X x x X &+ 4+ F + +
) 1 Y xxx o x ¥ ¥ & 4 + 4 +
i1 Y xxx X ¥ % & 0+ 4 4+ +
FEEYE Y Y X X X % X ¥ % ¥ + +
I EEE I N T I + +
u Frb r ok x % X X X % & + +
FEF Y xx % x X X% X * ¥ +
1 Yy iy ok x x x X ¥ x X 4 * +
3 ¥t X X ¥ ¥ ¥ ¥ ¥ X ¥ ¥ +
FEE Y X X ¥ X X % %X %X X + t ]
Fig.-12 Distribution of principal stress

(model(E)(#— 2.10))

4.5 WHEEHEE:WESROBEIR

Fig-13 12T & 5 ICETNMED F A Wi R H
BTLUBMEBLREL T 200095,

UL, EFNETIIRERESET 2 MEEDE
rRBETAZEICE), OMERNOEMNEZWRTE S
Zr, QRHBESYZEIN, ERREHICHELIEN
PERET AL Iz B L, @LEHHRICL) TH
DEFBEBEIBD L2 rnzdrEL LN,

O — O: (D) BLiRETOIBAA
O —0: (E) AL Tole®m LSRR

40

35

4

/
x

30

25 /
20 1/
|/
/ 4

.0 /3 2/3 1.0
HARBIRA Ao

SLANRBt (%)

(A) RUR

Fig.-13 Effect of inprovement area on inprovement effect

5. ¥ & &

LITiz, FHECL - THL N BROEH 2B~
%,

1. 8L 7 B E R ATE R & AT R R
ERBOFHIRER & B L 2R, B R
i3, BEEBMEOSERNLEREH L BB TRE



HM#Be - E-SFLR-AMEZ

WTEpr bz, BT CRARATE L2
BEREPOMBOELEH+BFHRTE LI L HH
e, MIBVEERMETrO R AL TE 2,

II. FMHETESNLZREMEICL 2UBHR~DE

HIZOWTRETL 2%,

OeMiz, BRMGEMARET BRLERB T
HAEER L ) LR EAEEER T 2L T oM
THEEAUBT A AU E R AR TE B,

QMR E S EMT 5 &, BOWRIC L ARARE
R OERMOTEEIIHST S, Lizh->T, B
SURIZE AWRMRR VAV OEELE M L
THIZIIEEM T AR TH S L2 b,

CEEIEFIZREL LB L, BORRIZLIUR
MBI EACHFTELL & B,

@B+ T oM FHESR RT3, BEHEIET S
WERMMEAWART LI EI0LY, ShWikRE
WTLMBEREORNFEM LR TE 5, $72,
R 112 KREBTEEIC 5 CHRNEERS
B o ERO—2I2IE, FEHRBICLY,
TEORBEEI B AL 22 2 EL LN,

OBELTOME LEEICWB 21T 848, ADIGH
e L B ULBERI N £ B 5 KA
MAFET 220 BETH L,

1

fars

3

ot

4

=

)

2

x

e

ZETHLPITh 5T,

&2EXM

B 24F, ANINFERR | BRI DR T O ERE, &4 LA TR,
pp. 73-82, 1975.

H.Sekiguchi and H. Ohta : Induced Anisotropy and Time
Dependency in Clay, Proc. 9th. ICSMFE, Tokyo, Special
Session, No. 9, Constitutive equations of soils, pp. 163~
175, 1977.

Mt ®-BIOFH - 6E 3 BIEERZIC L 2 BIEST
AM 2, BoORERNT, 1k &8, 1988. 1, pp. 71-78.
B3RS - B B AREREIC L 2BERTAM 5.
MO T T, X Z5E, 1989, 2, pp. 95-102.

HRFE— BN R BRCEBRME T 5 IERFE ST —
VT AEROEH, REKEN KT, 195 B, pp. 15-29,
1976.

e B0 R EARMACRT R, REBMATEIEREE
L&, 1991 pp. 10-42, pp. 43-65

AL A B EER )| TR LRES, B AEBLHTE
B, FRTLESBER

Bz, FE B-F AR HrFFLr—rickaBsaR
REDEERT L BIH LR, T & %8, vol. 30, no5, pp. 7
-12, 1982.

Atushi. Tida and Hideki. Ohta: A Determination Proce-
dure of Input Parameters in Elasto-Viscoplastic Finite
Element Analysis, Soils and Foundations, Vol. 27, No. 3,
1987. 9.

R EEMR



