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m = 0.54exp(-Ip/122) (for Clay)
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OCR =0, /0,
A=0434 C,
Cy=C,. /10

C, /Cy=1 — logf / log( OCR )
B=(1+2K)/ (1 +2K,)

K= 0434 C,
A=1-x/A

e =G; w,

e,=¢ — Al — A)In(OCR)

OCR =OCR (1 + 2K,) /0 + 2K})

13)
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16)
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18
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v, = alt,

D=1 A/(MQ1 + e))
m, =3 A1+ ¢)( + 2K,)0%,)
my ¢y Y,

t. = HT,(90%)/c,
o,/ A =0.05 + 0.02
o,/ =007 + 0.02
a=a,/(l +e)

Ip=0.67(W, —16)
C. = 0.012(, +50)

Massarsch (1979)

Alpan (1967)

Ohta (1971)

(for Peat)
(for Clay)

Sekiguchi (1977)

Mesri & Godlewshi (1977)
Sekiguchi (1977)
Sekiguchi (1977)
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- B BAFL T D (4T - =58, 1990)

A4 (EEXZEERL | EEQ) (BEQ) EhktEtBE0) | BH(2)
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TEHEEREEREY
section L kN /'’
depth | 7 4 | M | v | K | K o Vo . | ¢ |OCR| k7,
fill 20.00 E =25.00 Mpa 1.00E+01
Acl |0.0~1.0] 13.00 E =5.00 Mpa 1.44E-03
Ac2 | 1.0~2.5] 13.00 | 0.80 | 1.40 | 0.41 [0.69 [1.31 | 8.18E-03 | 1.64E-05 | 0.74 | 3.51 | 4.00 | 1.44E-03
Ac3 | 2.5~4.0| 13.00 |0.80 | 1.40 | 0.39 [0.65 [1.02 | 8.18E-03 | 1.64E-05 | 0.74 | 3.51 | 3.50 | 1.44E-03
Ac4 |4.0~5.0] 13.50 | 0.80 [ 1.40 [0.39 [0.65 [0.91 | 8.18E-03 | 1.64E-05|0.74 [3.51 [3.00 | 1.44E-03
Ac5 |5.0~7.0| 13.50 | 0.80 [ 1.40 | 0.39 | 0.65 | 0.88 [ 8.18E-03 | 1.64E-05|0.74 [3.51 |2.50 | 1.44E-03
Ac6 | 7.0~9.0| 13.50 | 0.80 | 1.40 | 0.39 [ 0.65 [0.85 | 8.18E-03 | 1.64E-05 | 0.74 | 3.51 | 2.50 | 1.00E-03
Ag 16.00 E =60.00 Mpa 1.00E-03

Linear-elastic Material

- Clay : Elasto-viscoplastic Material
>y _
{ == drainage
>l dl =>¢= undrainage
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Y -
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g 12 ; ——
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o Z100; 1. 2 |
5 2 50 i 4+ =
o a . " y ) - -
% % |: i f = T " 63 |
8 =150k G.L. -4.85m ] -
5 51008 Je— T8 ]
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time (day) lateral displacement (m)

94 MIDAS E% - 25 (s ) D%




RRAZE KHFH HiE

P2

€XCEeSS pore

P3

€XCEeSS pore

water pressur

€

g 121 : : —
= 8
OD L
i
= —— monitored
ol —e— computed
= 1.0- (2D, gradually increasing load)
5 | ||| =&~ computed
& 1D, gradually increasing load
= 2.0r A c(:omp%ted 4 g load)
7 ; 0' L e 0 (1D, instantaneously loaded)
150 G.L.-3.20m] 1 ]
100 1 1 -
2 50 1| B4 7.
2 S i =64+ —
2150} G.L. -6.50m- ot 1
~ 100" i Ssl ]
2 500
g ] 10 380th day%

0 100 200 300 400 500 600 700 0 02 04 0.6

time (day)

—
\®]

B~ o0

_
O T

[
A

a

<
wn
S
-

1
o L
~ 4
g

L

kPa) settlement (m)fill height (m)

[E— W

0 100 200 300 400 500 600 700
time (day)

\p)

T

)

na)
7

lateral displacement (m)

——

—h—

monitored
computed
(2D, gradually increasing load)
computed

(1D, gradually increasing load)
computed

(1D, instantaneously loaded)

SAGEGES GALE e o
I
A

- 480th day—

0 02 04 0.6

lateral displacement (m)

http://jp.midasuser.com/geotech 95



BESHIBITRI DIBE/ N T A — 2 REH &

P4

€XCEeSS pore

P6

€XCEeSS pore

g 12 y y y i -
E 5
= 8 :
OD L d
2 4 f
= i i i —— monitored
G —e— computed
= 1.0r . (2D, gradually increasing load)
5 | 'J|| —A— computed
% 200 i (1D, gradually increasing load)
=t computed
2 3 0' o 0 (1D, instantaneously loaded)
150, G.L. -2.00m" 5 ]
2100[ 1. ! ]
g 50, map—CE 1.
% ’» t f —— ] 5 63‘ |
=150r G.L. -4.60m] o 1
1001 ] S84 -
i 50 ] 1
g 10¢-330th day«

0 100 200 300 400 500 600 700 0 04 0.6

time (day) lateral dlsplacement (m)
€
\
g 12 : : oA
= 8 5
sh ]
2 4 f
= i i i —— monitored
Ol —e— computed
= 1.0 . (2D, gradually increasing load)
5 | +d| —A— computed
g 200 i (1D, gradually increasing load)
=l computed
2 | (1D, instantaneously loaded)
,-\30 P Y S I U IS B | 0‘ M —
< 1 b
i !: T T T T T T T T T T T T T E 2:‘ —
}-;150? G.L. —2701’1’1*4— ~ I )
2100 7 B4 1.
% 50& E 5 61 _ )
8 T R e ; i i % r's -
; 0 100 200 300 400 500 600 700 =g -
5 time (day) 10 - 410th day-
0. 2 0. 4 0.6
lateral displacement (m)

96 MIDAS [£% - =35 (R55ithilE ) D



RRAZE KHFH HiE
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altitude (m)

inpermeable / x-fixed
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¢ berm
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unconfined
comp.test
state index

@

physical
properties

@j

piezometer

physical
properties

state index

()

piezometer

e
o

—
(9]
T

compression index C,
[
(@)
T

50 100
liquid limit w 1 (%)

150

clay (Am2-2) S

0.5
0
0
2.0
OO
% 1.5¢
o
g
§10F
%
g.0.5F
£
3
0
0

50 100
liquid limit w | (%)

150

(1
2
3
“)
€
(6,
()
®)
©)
(109

& 9

an
(12)
13)
(14
(]
(16)
an
(18)
19
(20)
@0

22

(23)

24
(25
(26)
()]
(28

sing’ = 0.81-0.233log 7,
Ky=0.44+0.42x107° I,

Ko=1- sin¢'

M=6sing’/ G-sing”)

V' =Ky (1+ Kp)

(qu2 %0 IN=1(OCR) (g2 G0 Yoc
(Su/ 6% Xekoue =4 (qu/2 0% Ine
M determined using (Su/2 6% )ckouc
A=0434C,

C, /C,=1-log Bog(OCR)
B= (142 Ki)/(1+2Ko)

K= 0434 C,

A=1-x/A

A=MN.75

my=3 A/((1+e)(142 Ko) 6% )
k=m,Cyyw

te = HTV(90%) Cy

7= G5y w (14Wa) /(1+ Gy Wy )
O'Q|=7 (z'pw

OCR=0%/ &

ei=G,w,
eo=er A (1- A)In(OCR)
‘OCR= OCR (1+2Ko)/ (142 K;)

a./A =0.05£0.02 (forclay)
a./A =0.07£0.02 (forpeat)
Ki= Ko(OCR)"

m =0.54exp(-1,/122)+0.45  (for clay)

D=4 AM(1+ &)
a=a./1+a)

vo=a/ t

¢ =0.19Lig+32 (for peat)
Ki=Ko(OCR)"
m=0.005Lig+0.45 (for peat)

Kenny (1959)
Massarsch (1979)
Jaky (1944)

Ohta (1988)
Ohta (1988)
Ohta (1988)

Karube (1975)

Sekiguchi (1977)

Mesri&
Godlewshi (1977)
Alpan (1967)

Ohta (1971)
Sekiguchi (1977)
Sekiguchi(1977)
Hayashi (2005)
Hayashi (2006)

2.0
UO
51.5
4s
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.5 1.0
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80.5
=
3
0
0 50 100 150
liquid limit w (%)
15 T
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5 o
:-g 10 _ 00@)\%08 ° T
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g //Q. 8 (e}
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8
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ignition loss Lig (%)
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over consolidation ratio OCR
B~ (@) oo 5

clay (Aml1)
- OCR=4.02-0.594In(c"'y;) |

0 | | |
0 50 100 150 200

effective overburden pressure

10
8

o'y; (KN/m’)

clay I(Am2-|2)
" OCR=4.57-0.633In(G')) |

over consolidation ratio OCR

[\ B (@)
T

over consolidation ratio OCR

0 | | |
0 50 100 150 200
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—_
o O

N R O

clay (Am2-1)
- OCR=3.14-0.406In(c",;) ]|

0 | | |
0 50 100 150 200

effective overburden pressure

10

o'y; (KN/m)

peat (AIP2'2)
- OCR=4.08-1.072In(c,;)

20

10
effective overburd%n pressure

30

o'y (kN/m’) o'y; (kN/m’)
clay (Aml) clay(Am2-1)

wa (%)-Lig (%) : :
W (%)-wr (%) w=0.978 w,16.85 wi.=0.826 w,+8.22
wy (%)-¢; ¢;=2.75 w,/100 ¢;=2.74 w,/100
wi (%)-1,(%) 1,=0.77(wy -17) ,=0.80(w; -17)
wi (%)-Ce Cc=0.015(wy. -20) Cc=0.016(w-20)
Ce-Cs Ce= Ce /10 Cs=Cc /10

OCR-6",; (kN/m?)

OCR=4.02-0.594In(c ;)

OCR=3.14-0.406In(c"y;)

clay(Am2-2)

peat(Ap2-2)

wy (%)-Lig (%) - w,=10 Lig

Wy (%)-wi (%) wL=0.711 w,+15.45 -

wy (%)-¢; €;=2.65 w,/100 €;=w,/100X1/(0.00237 Lig+0.3¢
wi (%)-1,(%) 1,=0.75(wy -15) -

wr (%)-Cc Cc=0.014(w -20) Cc=0.088Lig

Cc-Cs Cs=Cc /10 Cs= Cc /10

OCR-6",; (kN/m?)

OCR=4.57-0.633In(c";)

OCR=4.08-1.072In(c";)
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WELHREMIZANDEENTX—X

cone (29) Eoed=M=0o qc
penetration test (for peat and organic clay) Sanglerat(1972)
- 50<wn<100% 1.5<a <4
100<wn<200% 1.0<a<1.5
200<wn 0.4<a<1.0
¢0) 62 (for NC sand) Lunne and
qc<10Mpa a=4 Christophersen (1983)
10Mpa<qc<50Mpa M=2 qc+20
(1) (33) 50Mpa< qc a =120
~ (for OC sand)
qe<50Mpa a=5
Dao ol n 50Mpa< qc @ =250

physical
properties

&)

30) M=Eoed=(1-V )E/A1-2V )(1+V)

31) E=2G(1+V)

G2 T-vEQ+v)a2v)

(33) HA=G

(34) K determined using D20 Creager(1945)

(a) Ebetsu trial embankment of NF1

constitutive equation m m KN/m® KN/m’ kN/m®
depth__ | thickness| _w, D A M v Kyw o'V, K, o\vi Ki u aVy/dt P < ik 1t | lame's 2| lame's o
fill material lincarly clastic 8.810E-03) 9.90 [ 1.000 19.800 | 14814 7429
capping linearly clastic 2.643E-04) 430]  1.000 19800 3667] 1839
sandmat lincarly clastic 8.810E-03) 9.07] 1.000 18140 7335 3679
peat (Ap2- clasto plastic 00 ~ 09 09 726] 0095 0843 1.887 9.820E-04] 1130 0.282] 464] 0582 2.773]_11.988]  2.773] 10310
elasto plastic 09 ~ 16 0.7 726] 0095 0850 1.887] 0220 4.195E-04] 1581 0282 946] 0428 2773 _12.092] 2773 10310
clay(Am2-2) |clasto-visco plastic_| 1.6 ~ 3.6 2 44| 0062|0772 0940|0351 | 3.856E-05| 4743| 0.540] 17.11| 1.344| 0.0038] 6.104E-06] 0.162] 1.149] _0.162 17.280
clasto-visco plastic_| 3.6 ~ 5.6 2 44| 0063|0779 0940 0351 1911E-05| 76.12| 0540 32.05| 1.170| 0.0038] 4854E-06] 0.162] 1.152] 0.162] 17.280
56 ~ 16 20 44 0063|0784 0940 0351 1.279E-05| 10023| 0.540] 4699| 1.063| 0.0038] 4277E-06] _0.162 1.154] _0.162 17.280
sto-visco plas 76 ~ 86 1.0 44]_0.063|_0.786] 0940|0351 | 1.035E-05| 11625| 0.540] 5820] 1.003| 0.0038] 4015E-06] _0.162] 1.155] 0.162 17.280
sand (As2-2) lincarly clastic 86 ~ 94 08 30) 0.333 |_1.410E-03) 6554 1.000 18820 7488 3755
clay(Am2:2) __|clasto-visco plastic_| 9.4 ~ 10.2 0.8 41| 0.057] 0789 1,000 0348 | 8.074E-06| 13443| 0.533| 7225| 0933 0.0036] 0149 1.077]__0.149] 17.560
sand (As2-2) lincarly clastic 102 ~ 106 04 25 0.333 |_1.410E-03] 9676 | _1.000 19540 | _12481] 6259
lincarly clastic 106 ~ 126 20 25 0.333 |_1.410E-03] 10844 | 1.000 19540 | 12481] 6259
linearly clastic 126 ~ 146 20 25 0.333 |_1.410E-03) 10844 | 1.000 19540 | 12481] 6259
clay (Am2-1) sic_|14.6 ~ 16.0 14 23] 0.059] 0.807] 1.040] 0346 | 2.716E-03 0530 123.66] 0.617] 0.0038] 2.208E-05] 0.165] _1.175] _0.165] 17.640
c [160 ~ 180 20 23] 0.059] 0.808] 1.040] 0346 | 2.203E-03 0530 13697] 0.598] 0.0038] 1.914E05 0.165] _1.176] 0.165] 17.640
elasto-visco plastic_| 18.0 ~ 20.0 20 23] 0.059] 0810 1.040] 0346 1.754E-05| 167.69| 0.530] 152.64] 0.577| 0.0038] 1634E-05| 0.165| 1.177] 0.165 17.640
sand (As2-1) linearly clastic 200 ~ 206 0.6 30 0.333 | 1.410E-03) 163.18 | 1.000 18820 7488 3775
clay (Aml) elasto-visco plastic_|20.6 ~ 21.1 05 45| 0.076] 0900 1.070] 0355 | 1.653E-05| 167.80] 0.550] 167.80| 0550 0.0045] 6337E-06] 0.201] 1.238] 0.201] 17.480
elasto-visco plastic_|21.1_~ 23.1 20 45| 0.076] 0900 1.070] 0355 | 1.527E-05| 17739] 0.550] 17739] 0550 0.0045] 6.188E-06] 0.201] 1.238] 0.201] 17.480
elasto-visco plastic_|23.1 ~ 25.1 20 45| 0.076] 0900 1.070] 0355 | 1.298E-05| 192.73| 0.550] 192.73| 0550 0.0045] 5.714E-06] 0.201] 1.238] 0.201] 17.480
elasto-visco plastic_|25.1 ~ 27.1 20 45]_0.076] 0900 1.070] 0355 | L119E-05| 208.07| 0.550] 208.07] 0550 0.0045] 5320E-06] 0.201] 1.238] 0.201] 17.480
elasto-visco plastic_|27.1 ~ 29.1 20 45 0.076] 0900 1.070 0355 | 9.705E-06] 22341 0.550] 22341| 0550 0.0045] 4952E-06] 0.201] 1.238] 0.201] 17.480
(b) Ebetsu trial embankment of SD
constitutive equation m m (%) KN/m? KN/m? KN/m®
depth__ | thickness| _w, D A M v Kiyw v, K, o\vi u dVy/dt A ) ik vt | lame's 2 [ lame's
fill material linearly elastic 8.810E-03) 9.900 19.800 | 14814] 7429
capping linearly clastic 2.643E-04) 4300 19800 3667 1839
sandmat linearly clastic 8.810E-03) 9.070 18.140[ 7335|3679
peat (Ap2-2) lincarly clastic 00 ~ 0.6 726| 1.638E-03 0282] 3.9 277311942 10310 s64] 718
elasto plastic 0.6 ~ 03 726] 0.095] 0845 1.887 6.567E-04] 0282] 626 2773 12,027 10310
elasto plastic 09 ~ 0.9 726] 0.095] 0.846] 1.887 6.414E-04] 0282] 657 2773 12.034 10310
clay(Am2-2) |elasto-visco plastic | 1.8 ~ 20 4] 0055 0770 1.060 4.763E-03) 0540 1427 0.0038] 6.190E-06] 0.162[ 1.149 17.280
elasto-visco plastic | 3.8 ~ 2.0 4] 0055 0778 1070 2.129E-03] 0540 2921 0.0038] 4.774E-06] 0.162[ 1.152 17.280
clasto-visco plastic_| 5.8 ~ 20 44| 0055 0783 1.080 1.384E-03) 0540 44.15 0.0038] 4.187E-06] _0.162] _1.153 17.280
clasto-visco plastic_| 7.8 ~ 12 440055 0.786] _1.080 1.074E-03] 0540 _56.10 0.0038]_3841E-06] 0162 1.155 17.280
sand (As2-2 lincarly clastic 9.0 ~ 0.8 30 1.410E-03] 64.19 18820 7489] 3756
clay (Am2-2) __|clasto-visco plastic_| 9.8 ~ 038 41| 0.050] 0789|1140 8.261E-06 13277 0533|7090 0.0036] _2.784E-04] __0.149] __1.077]__0.149 | 17.560
sand (As2-2) lincarly clastic 106 ~ 16 30) 1.410E-03] 8121 18820 7489 3756
clay (Am2-1) __|clasto-visco plastic_| 12.2_~ 20 39 0.050] 0804 L110 4173E-05] 124.13| 0519|9667 0.0034] _8298E-04] _0.142[ _1.065] 0.142 | 18.060
sand (As2-1) lincarly clastic 142 ~ 04 30 1.410E-03] 106.72 18820 4993 2504
clay (Am2-1) |clasto-visco plastic_| 14.6_~ 1.0 23] 0.065]_0.806] _0.940 3.172E-05] 13748] 0530] 11244 0.0038] _2.824E-05] _ 0.165] 1175|0165 | 17.640
clasto-visco plastic_| 15.6 ~ 20 43[_0.065] 0807|0940 2.631E-05] 14684 0.530] 124.19 0.0038] _2502E-05] __0.165] 1175|0165 | 17.640
el 17.6 ~ 20 23] 0.065] 0809 0.940 2.156E-05] 158.62] 0.530] 139.86 0.0038] 2215E-05| __0.165] 1176|0165 | 17.640
silty sand (As2-1) [linearly elastic 196 ~ 0.8 30) 1.410E-03 151.30 18820 7489 3756
clay (Aml) clasto-visco plastic | 204 ~ 05 45| 0.065] 0813 1130 1.864E-05| 161.10| 0.550| 156.83 0.0045]_6.860E-06] _0201] 1237|0201 | 17.480
elasto-visco plastic_|20.9 ~ 2 20 45| 0.065] o0814] 1130 1.772E-05]_165.08] 0550 166.41 0.0045] _6.682E-06] _0201] 1.238] 0201 | 17.480
elasto-visco plastic_[22.9 ~ 20 45]_0.066] 0900 1220 1.476E-05| 181.75| 0.550| 18L.75 0.0045] _6.126E-06] _0201] 1.238] 0201 | 17.480
elasto-visco plastic | 24.9 ~ 20 45| 0.066] _0.900] 1220 1257E-05| _197.09] 0550 197.09 0.0045| _5.657E-06] _0201] 1.238] 0201 | 17.480
elasto-visco plastic_| 26.9 ~ 28.9 20 45]_0.066] _0.900] 1220 1.075E-05| 21243| 0550 21243 0.0045]_5.217E-06] __0201] _1.238] 0201 | 17.480
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Construction period : 1993~1997

Location : Soto-Asahikawa in Akita Prefecture

Soft ground : peat and clay layer with various thickness
Bedrock : sloping base

Embankment sections : BC11, BC21, BC31

509.0 )

Deepest Point 39.6 1|

649.5
Deepest Point 37.2 “V|
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Section BC11 |B/D =4.7

Section BC21 |B/D =4.1

| 84.0 ‘ ‘ 85.0
05 05
e | A
10.0 ></ 12.1
=
19.5 : 20.5 =
- sand drain area - sand drain area
Section BC31|B/D=3.7
99 5 Unit: m
0. f ,,ﬂ,,,,, ~Fill | Peat
32 T Sand mat | Clay 1
. | Crust [ IClay 2
14.1 \ J
\ sand drain area \
Peat
(23)
W o=pz-p,
@) OCR=0, /0,
® (3) K,=0.44+042x1071p Massarsch(1979)
(4) K,=K,(OCR)" (for Clay)
m = 0.54exp(—Ip/122) Alpan (1967)
(6) V' =K, /(1+K,)
(6) sing’=0.81-0.233 log Ip Kenny (1959)
(7) M=6sing’ /(3 —sing)
®8) C,=C./10
9) C4/C4=1-1log B/1og(OCR)

B =(01+2K,)/(1+2K,)
(10) x=0.434C
(11) 4=0.434C.
(12) A=1-x/4
(13) @,/ A=0.07+£0.02 (for Peat) Mesri &
0,/ A=0.05£0.02 (for Clay) Godlewshi (1977)
(14) m, =3 AN(1+ €)1 +2K,)0y)
(15) D=AA/(M1+¢,)) Ohta (1971)
16) a=a,/(1+e¢,) Sekiguchi (1977)
an k=m ¢, 7,
(18) t, = H’T,(90%)/c,
19) v, =/,
(20) w, =Lig/10
(21) ¢'=0.19Lig + 32
(22) K, =1-sing’
(23) K, =K, (OCR)"
m=0.005Lig + 0.45

Sekiguchi (1977)
Sekiguchi (1977)

Hayashi (2005)

Jaky (1944)
(for Peat)

Hayashi (2006)
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TERREERES

Layer |Depth (m)| D | A | M | v'| K0| K, | a | Yy |ﬂ |eo |/1k kly, | Vi(kN/mD|
Fill E =20.70 MPa 3.46E-04| 1630
Sand mat ; " E =981 MPa 5.60E+00] 1740
Crust | 0.0~0.5 E =10.00 MPa 5.50E-04]  15.20
B| Peat | 05~45 [0.075]0.85[2.90 [0.28 [0.38 |0.84 |1.78E-02|1.36E-07|1.97 |6.74 |0.95 | 5.50E-04| 12.30
C | Clay-1 | 45~145[0.103 [0.88 |0.91 [0.41 [0.70 [0.87 |5.34E-03|2.09E-07[0.33 [2.09 [0.31 |4.00E-04| 14.70
11| Clay-2 [14.5~34.0{0.070 [0.87 [ 1.00 [0.38 [0.62 [0.78 [4.00E-03|7.84E-08]0.19 [1.32 |0.14 [ 1.00E-04| 16.30
Crust | 0.0~0.5 E =7.50 MPa 1.70E-03 |  14.88
B| Peat | 0.5~4.6 [0.059 [0.86 [2.90 [0.27 [0.38 [0.52 [1.40E-02[3.80E-07] 1.84 [8.20 [0.71 [ 1.70E-03| 10.99
C | Clay-1 [ 4.6~16.7 [0.148 [0.88 [0.85 [0.43 [0.76 [0.89 [7.14E-03[4.43E-07]0.54 [2.80 [0.34 [3.50E-04| 1432
21| Clay2 [16.7~34.2[0.073 [0.87 [ 1.04 [0.37 [0.60 [0.76 [4.34E-03|5.25E-07]0.22 [1.50 [ 1.25 [3.00E-04] 16.68
Crust | 0.0~0.5 E =8.00 MPa 6.50E-04] 14.52
B| Peat | 05~6.4 [0.049 [0.86 [2.90 [0.30 [0.43 [0.62 [1.15E-02][2.02E-07]0.82 [4.00 [0.47 | 6.50E-04| 13.15
C | Clay-1 | 6.4~14.1 [0.120 [0.88 [0.84 [0.43 [0.77 [0.91 [5.74E-03[1.17E-07] 0.48 [3.20 [0.38 | 1.80E-04| 14.52
31| Clay-2 [14.1~28.2[0.095 [0.88 [0.87 [0.42 [0.73 [0.89 [4.73E-03]3.74E-07]0.26 [1.80 [0.13 [2.80E-04] 16.68
Fill, Sand mat and Crust : Linear-elastic Material
Peat and Clay : Elasto-viscoplastic Material
(2D )
P S
Y e T — )(}25, —S— drainage
§ / —>& undrainage
= load
g Y
~
g 15
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- :
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=
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‘ 7300 days = 20 years
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BC21
long term during construction
—
E 15
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S glsgf : | 1 |||—A— computed
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s 0 E
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‘ 7300 days = 20 years

BC31
long term during construction
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: L-20.0 CL  R-185
—— monitored L-31.0 L-12.5  R-12.5 R-29.0
—e— computed

(2D, gradually increasing load)
—A— computed

(1D, gradually increasing load)

settlement (m)

W N = O W= O W N = O
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W N = O W= O WN = O
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10° ‘ Hm‘i‘Ol ‘ “““1“02 ‘ H““i‘03 - 10° ‘ H““i‘Ol ‘ “““1“02 ‘ ‘Hmi‘03 -
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L-42.0 L-22.0 CL R-22.0
[T

lateral displacement (m)  DAY361 :
2 1 0 -1 0 -1 oI 0 1 ~— monitored
U & I & g ! g g
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L-27.5 CL R-26.5
——— monitored L-37.5 L-14.5 R-12.5 R-37.0
—e— computed W
(2D, gradually increasing load) N = = / -
—A— computed

(1D, gradually increasing load)

It
2,
3
4
ol g
k= ol =
E 4 k=
2 0 2
T
2b .
3r y C
4HL37.5 : R37.0 ]
T T T B 0 10 e e
time (day) time (day)
L-50.0  L-29.0 CL R-29.0
R R
i
lateral displacement (m)  DAY356
2 -1 0 -1 0 -1 0-1 0 1
O——¢- — T g T — %
St B - —— monitored
Alo'_ B i i | —e— computed
E + (2D, gradually increasing load)
o 15F - - i 1 —A— computed
_@20'_ B L i ] (1D, gradually increasing load)
25 - s 44
- 1L50.0 ¥ L29.0 } CL $£|R29.0
30 L | L L | L L | L L | L
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CCETOESR

1RFTTEFZBITIE. BTN,
T4, Terzaghi DEFHIZE T HDIE, ©LHFELLS,

HEFEHZDOH T, BEIDERICETELELLD,

_C_Tl&. DACSAR (lizuka & Ohta, 1987) Z{#L EL =A%,
e-log p’ B{R& e-log k BfRZFE->TLVST=I+TI M, EXCEL
THEETELLRVET &,

TN, FBEOIFEATEESTIT &,

ENCHLDENHLHD

Akita Highway Nagasaki Highway

section e TRl p1 | P2 | P3 | P4 | P

H(m) [ 11.7 | 13.7 8.5 85 | 85 | 7.0 | 7.7

B(m) | 84.0 [ 99.5 ([ 112.6 [90.8 |[59.0 |69.7 [91.0

D(m) | 175 [260 |[ 85 [9.0 [ 85 [70 |50

. . \ B/D 4.7 3.7 132 |[10.1 | 69 |[10.0 | 18.2
Approximation :

g _g Sop(m) | 3.38 [ 470 || 222 [2.62 | 1.95 | 1.72 | 1.41
A: 2D 1D
—Sw P Sp(m) | 3.02 | 382 || 221 | 242|228 |1.71 | 1.18
-
0.8F .
= 0.6 B
% 0.4} :
g 0.2¢ o A
= O 2 4 } error about 20%
S -0.2; o )
& -0.4r ;
< -0.6r e Akita Highway ]
-0.8- A Nagasakl nghway .
s 10 15 20

B/D
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BIEETIV
Original Cam-Clay model
Modified Cam-Clay model

= EBLA LLDOEDIH ? =—
. =

The undrained triaxial compression tests

[N

Deviatoric stress, ¢

Yield surface

Effective #ean stress, p’

Deviatoric stress, ¢

Shall we use ?
(DStandard strain rate «—

Original Cam-Clay model

i Yield surface

Effective myean stress, p’

(@Slow strain rate «<— real site Modified Cam-Clay model

IN—FHIL-KL—2

CAMISHRNS

BHLEIRITIIFR —IKITIKE

ESETIET M

http://jp.midasuser.com/geotech

113




BESHIBTRL DBR/ N\ T A —ZRE S &

IN—FHIL-RL—olz&AihEkB Vertical drains
.....3-dimensional treatment is necessary AR Ry

l In many cases

< 2-dimension >

/ l N\ Mass permeability method

— Problems...

= Difficult to evaluate how much
we should change

* Arbitrariness characteristics
LCLaLgL - Difficult to say that reproduction

\ K (coefficient of permeability) of the ground is precise

(D Macro-element method : &I
(@ Mass permeability method : {E#fEHY

ESLVERMETILEFESIMN?
/A c e
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NRAR—3RE R

Back pressure Lateral pressure
pump
/ pump

E—FHIEH A M
NS4 /\—

Triaxial W . e (pee

2|

Test samples

The undisturbed samples of clay

Test conditions

Size of the specimen ¢50mm @ 100mm

Test procedure:
Saturation the specimen
—Isotropic consolidation
—Undrained compression shear tests

Test cases

No.| Sampling Depth Consolidation | Axial strain rate

Position (m) stress (kN/m?) (%/min)
@ | Saitama | GL-11.50~-12.33 300 0.05 R
@ | Urayasu GL -29.0 ~-29.9 550 0.05 Fast
@ | Urayasu GL -22.0 ~-22.7 600 0.05 (Standard)
@ | Urayasu | GL-29.00~-29.88 600 0.05 D
® | Saitama GL-11.50 ~-12.33 300 0.005 D 10 times slower
® | Urayasu GL -29.0 ~-29.9 550 0.005 = than standard
@ | Urayasu GL -22.0 ~-22.7 600 0.005 )
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AN Hi2eE

Saitam

aGL-11.50~-12.33

600

S
S

— N W B W
o © o O
2 e e <9

Deviatoric stress, q (kPa)

0_

slow

N\ MCC

0

PR [ PR [
100 200 300 400 500 600

Effective mean stress, p' (kPa)

Saitam

aGL -22.0 ~-22.7

600

Deviatoric stress, q (kPa)

0_

(=
=)
—T T

N W B W
oS O
==
1

—_

oS O

(==
v v

- slow

0

PR [T [T (U T
100 200 300 400 500 600

Effective mean stress, p' (kPa)

Urayasu GL -29.0 ~-29.9
600 L L L
500
4001
300F
2001
100f-
0 I P I T T R . ]
0 100 200 300 400 500 600
Effective mean stress, p' (kPa)
Urayasu GL -29.00 ~ -29.88
600 L T T 7 T 7 LI
500+ MCC -
4001
300
2001
100f-
O- P IR I PR BN BT
0 100 200 300 400 500 600
Effective mean stress, p' (kPa)

Deviatoric stress, q (kPa)

cC

Deviatoric stress, q (kPa)

From triaxial test results

(@ Lab tests :
— Modified Cam-Clay model

@ Site performance : Slow
. — Original Cam-Clay model

Shall we use CC in the analysis

Deviatoric stress, g

Yield surface

Sekiguchi-Ohta model

Effective mean stress, p’

q
/ S
F
XS
Qo)
MCC / &
CcC
Slow
» P
W

of site performance ?

. 2

The analysis in this study uses Sekiguchi-
Ohta model which was extended from the
Original Cam-Clay model.
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IN—FHIL-KL—2

BHLEIRTIHE SKIFKEARIZTENS

ESETILIET BH

2H0ILAVMEEF?
/— Normal element \ /— Macrc-element j
o —_ = at
A |
v
Quantity of water to flow out from... Quantity of water to flow out from...

element 0, element 0,

I : I :

\ element boundary QO / element boundary Q

v— a vertical drain Q-Vlj

The macro-element method < Sekiguchi(1986)

... very old proposal : rational
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KR %R

Field site x ﬁaa)m +

Configuration at analyzed section C

compacted fill body
lime mixed soil
steel mesh

sand mat — S
surface crust /|

organic clay
deposit

berm

50.0 |
50 35.0
. 0.60 [X]Surface crust
" Highly organic clay
i 5.00 B Organic clay
|
_____________ H3O oS 40621000 |
--------- i _-_-_-_-______________:""“"'4---- -12.60 .Sllt
45 T 7 .
|
Ared i . 16.80
7 rea improved by sand drains

Left side Right side
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Mesh formation G,

[l k=)
g B g =
5 t; Embankment 5 L;
o g 2 35
S S S .8
O O L O
& 2 DL
£ S £
=3 s " =N
ol 5%
< 150.0m

— » [ ] Area improved by sand drains
28.0m

Drainage boundary / X,Y-direction fixed

Constitutive models

Geological formation Constitutive model
Embankment Elasto-plastic model (Sekiguchi-Ohta model)
Crust Linear elastic model
Peat Elasto-plastic model (Sekiguchi-Ohta model)
Clay Elasto-plastic model (Sekiguchi-Ohta model)
Silty sand Linear elastic model
Sand Linear elastic model

[_1: Obtained directly by laboratory tests

[ : Determined by using some empirical
equations or theoretical equations

[ : Assumed as general value

Embankment

. Depth Thickness o, o, K, M K, v A A A @ D k
Type of soil
[m] [m] [KN/m’] | [KN/m’] [m/day]
Embankment 69 | 921 [ 070 | 1850 136 004300 | 8.60E-03
Sand mat 115 E = 51.2E+03 [KN/nr’] 136 6.00E-01
Surface crust | 0.0 ~ 0.7 0.7 2.0 E = 7.5E+03 [kN/m’] 8.70 3.32E-04
07 ~ 10| 03 41 | 210 | 034 [ 1693 | 002 | 0254 | 2027 | 2127 | 0854 | 922 |0.1049% [3.326-04
10 ~20] 10 46 | 104 | 034 | 1693 | 019 | 0254 | 2027 | 2027 | 0867 | 952 |0.10355 |3.32E-04
20 ~ 30| 10 s4 | 54 | 034 | 1693 | 034 | 0254 | 2027 | 2027 | 0890 | 979 [0.10362 [3.32F-04
30 ~ 40| 10 62 | 62 | 034 | 1693 | 034 | 0254 | 2127 | 2027 | 0941 | 980 [0.10941 |3.32E-04
peat 40 ~ 50| 10 78 | 78 | 040 | 1501 | 040 | 0286 | 116 | 1ite | 0918 | 514 [0.11109 | 1.20E-04
50 ~ 60| 10 104 | 104 | 042 | 1429 | 042 | 0297 | 0743 | 0743 | 0914 | 355 |0.10444 | 120E-04
60 ~ 70| 10 129 | 129 | 042 | 1448 | 042 | 0294 | 0841 | 0841 | 0.948 | 429 |0.10401 [ 1.20E-04
70 ~ 80| 10 153 | 153 | 041 | 1467 | 041 | 0291 | 0939 | 0939 | 0969 | 5.1 |0.10149 | 1.20E-04
80 ~ 90| 10 174 | 174 | 040 | 1485 | 040 | 0288 | 1.036 | 1.036 | 0978 | 598 009772 |120E-04
90 ~ 95| 05 190 | 190 | 044 | 1352 | 044 | 0305 | 049 | 049 | 0955 | 3.00 |0.08582 [1.20E-04
95 ~100] 05 210 | 338 | 055 | 1is5 | 070 | 0355 | 0287 | 0287 | 1136 | 1.80 |0.08507 |8.00E-05
Clay  [100 ~110] 10 253 | 407 | 055 | 1155 | 070 | 0355 | 0260 | 0260 | 1149 | 1.64 |0.08156 |8.00E-05
10 ~ 120 10 312 | 502 | 055 | 1155 | 070 | 0355 | 0260 | 0260 | 1149 | 1.64 |0.08156 | 8.00E-05
100 ~ 110] 10 253 1.59
Stysng [0~ 120] 10 312 1.59
120 ~ 130 10 37.1 1.59
130 ~ 140 10 430 1.59
100 ~ 110] 10 253 159
10 ~ 120 10 312 1.59
Sand  [120 ~ 130 10 37.1 1.59
130 ~ 140 10 43.0 1.59
140 ~ 150 10 438 1.59
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Macro-element method
Settlement ... agree well to the actual behavior near the
center of the embankment
cracks @
LOCal fallure ®®® \\ Embankment l:] Area improved by sand drains
of
st
0 T T T T T T T T 0 I I
g L
- 1_ = - = - = - =
8 L > > |
ol I K N\ L N ]
p=1 :
83-(e|)l i) -(C.)| .§| \ ] -(b.)l Ll ] -(a.)l L
0 200 400 60p[ 200 400 6000 200 400 600 [ o=y
time (day) g | time (day) time (day) g 7| ]
‘g L J * measured § L ]
£ 21 - computed £ 21 _
s83-(*%:). Ly § 3(f) o]
0 200 400 600 0 200 400 600
time (day) time (day)
Macro-element method

Excess pore water pressure | ... agree well to the actual behavior near
the center of the embankment

cracks (i,
Local failure D23 \\

Embankment l:l Area improved by sand drains

»  measured
computed
’g 12_ T T 120_ T T T ]
T st 2 [ st @ E
=0 C £ C ]
2 4r 1 [£ 4°F ‘-A\_
Z 0 ! > ! . ! : :

120 T T %128_ : . . ;

- (d) £t (b)
NE 80_— = a 80_— =
= S L o} .

%E 40:— - s 40_— -

3‘0/ 1 E i " 1 "
= 5128_ . . 5 128_ ; . ; : . :
—-e—H— () = t(c) 1
2 2 80F = 2 80F =
N N -
5 40F 3 5 40;— Sg —
0 . L . ] 0 J

0 200 400 600 0 200 400 600
time (day) time (day)
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Mass permeability method for modeling sand drains

@ Horizontal direction | Coefficient of permeability is converted so that time for 50%

@ Vertical direction consolidation of horizontal and vertical direction are the same
Vertical drains
Vertical direction Horizontal direction |
2
, = —hTe =
Ch

e S spacing of drains

o d, effective drainage

e
o | /'/;:' @ diameter

d,, diameter of drains

S?=z(d,/2)

-

The factor for permeability £,

Embankment
F,=c, /¢

F is obtained as 75.3

p /1 characteristic length
Comparison macro-element method
and the mass permeability method
Settlement Pore water pressure
cracks € cracks ¢
Local failure D@®@ \\ Local failure D@® \\

Embankment

* measured

computed (Macro-element method)

10F ] computed (Mass permeability method)
[ = 12 T T 120 T T
E
* measured 50 E E ( )
computed (Macro-element method z 8F 3 £ s0p(@ E
0 computed (Mass permeability method) i - ) 5 4F = é 40F ‘k
’é‘ T T T T A T T A T T T T E 120 T : § 120 : :
~ —~ 173
gl T T T T 1 & %0 =(d) 31 £ sof(b) E
L L L 5
E’z- T T T i §é40_—,ﬁ_—: g Ok E
E B
E: . (e)I LT (d)I L1 (C)I L1 (b)I N (a). . §§120 e 5 120——FF 4
200 400_ 640 ¥ 200 400 600 200 400 60 ' 5 2 sop(e) 1 2 s0f(c) 3
: ; - 2
time (day) § e i time (day) time (day) % 1k - E 40F 3 § 20F 3
= = o
s 2 r 0 . 0
gl g2 g 0 200 400 600 0 200 400 600
g L (g), , g L (f) , , time (day) time (day)
3L n n 3L n n
200 400 600 200 400 600
time (day) time (day)

Macro-element method : Good  Mass permeability method : No good
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RS hEERE R

Field site ZU 5(;/ ﬁﬁﬂi’!ﬂ
N

4& ! Configuration at analyzed section

Sri Lanka

Colombo district organic clay deposit

sand
Galle district

Mesh formation

18.0m:

T

Constitutive models

~

[ ] Area improved by
vacuum consolidation

Elasto-plastic model Embankment

(Sekiguchi-Ohta model)

Peat
Peaty clay

Undrainage boundary
/ X-direction fixed

Drainage boundary
/ X-direction fixed

Linear elastic model {

22.0m
Drainage boundary / X, Y-direction fixed
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[_1: Obtained directly
by laboratory tests
S 1 : Determined by using some empirical
equations or theoretical equations
i :I;m"m”“" [ : Assumed as general value
o [ : quoted from parameters
of embankment at Ohsawago
i Depth Thickness | o, o, K, M K, v A A A @ D k
Type of soil :
[m] [m] [KN/m’] | [kN/m’] [m/day]
Embankment 6.900 92.1 0.700 1.850 1.00 0.330 0.210 0.210 0.900 1.360 0.043 |8.60E-03
Platform 6.900 92.1 0.700 1.850 1.00 0.330 0.210 0.210 0.900 1.360 0.043 |8.60E-03
00 ~ 0.5 0.5 0.549 14.0 0.595 1.619 4.88 0.373 1.736 1.736 0.803 4.018 0.172 |4.00E-03
R 05 ~ 1.0 0.5 1.648 14.0 0.595 1.619 239 0.373 1.736 1.736 0.817 4.209 0.168 |4.00E-03
1.0 ~ 15 0.5 2.757 14.0 0.595 1.619 1.72 0.373 1.736 1.736 0.824 4.297 0.167 |4.00E-03
15 ~20] 05 [385 | 140 0595 [ 1619 | 138 [ 0373 | 1.736 | 1736 | 0.828 | 4356 [ 0.166 [4.00E-03
20 ~ 25 0.5 5.082 14.0 0.595 1.412 1.01 0.373 0.651 0.651 0.853 2.514 0.112 [4.00E-03
Peaty clay 25 ~ 3.0 0.5 6.435 14.0 0.595 1.412 0.90 0.373 0.651 0.651 0.855 2.529 0.112 |4.00E-03
30 ~ 35 0.5 7.779 14.0 0.595 1.412 0.81 0.373 0.651 0.651 0.856 2.542 0.111 |4.00E-03
35 ~ 40 0.5 9.133 14.0 0.595 1.412 0.75 0.373 0.651 0.651 0.857 2.552 0.111 |4.00E-03
Sand 4.0 ~ 45 0.5 11.18 1.00E-03
45 ~ 50 0.5 15.29 1.00E-03
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Macro-element method

Settlement ... agree well to the actual behavior

1 Area improved by vacuum consolidation

<
& ' ' ' platform (input)
2T ® vacuum pressure (measured)
2 ° embankment pressure (measured)
& embankment pressure (input)
E vacuum pressure (input)
<& vacuum and embankment (input)
0 T T T T T T T T T T
i . .
g |
Z 2F . 1
Q
|
3 y 1
2 T . 1 r * measured | [ .
4r(b) L-side . 1 @ | —computed 7 (b) R-side . .
0 100 200 300 400 O 100 200 300 400 O 100 200 300 400
time (day) time (day) time (day)
Macro-element method

Pore water pressure | ... agree well to the actual behavior

¢

Embankment

] Area improved by vacuum consolidation

platform (input)
® vacuum pressure (measured)
° embankment pressure (measured)

l)ressurtl:\)(kPa)
S
S
T
I

(=

S
T

|

3 embankment pressure (input)
é { — vacuum pressure (input)
< ok . e T“"& — vacuum and embankment (input)
5 Y
& 60F ]
& f
2 30k S 3
2 30K
— B [ s
= r s -
'§ 0 C ! *  measured at GL-2.50m
% 30 . — computed at GL-2.25m 1
g% 100 200 300 400
time (day)
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Mass permeability method for modeling vacuum consolidation
G, ¢,
Alternation

of mesh formation

I S

H=S/2
Vertical direction Horizontal direction g
. 2 . .
t, = Ty (d./2) L i e S spacing of drains
i d, effective drainage
© | /'/;1' ® diameter
& ; ° d,, diameter of drains
" S2=z(d,/2)

Vertical drains

The factor for permeability £,

settlement (m)

Fp:Cv/Ch

F p is obtained as 0.175

Comparison macro-element method
and the mass permeability method

Settlement Pore water pressure
)

Embankment

Embankment

’a T T T IE
(] . & T T T
5 200+ E platform (input) 2001 i
E ®  vacuum pressure (measured) 3
s © embankment pressure (measured) 4
Z 1001 B embankment pressure (input) 100k i
2 vacuum pressure (input) B
<& vacuum and embankment (input) E
C T T T 6 T T T T T T <
A I 0 T T T
i T T b 2 6o 3
- o
oL I I - :
I Z 30 ]
3L - | | g,
. . I . 5 op W 3
4L (b) L-side 1@ 1(b) R-side ] s <
L L L L L L L L L o
100 200 300 400 100 200 300 400 100 200 300 400 &30 100 200 300 200
time (day) time (day) time (day) time (day)

* measured
computed (Macro-element method)
computed (Mass permeability method)

Macro-element method : Good  Mass permeability method : No good

¢ measured
— computed (Macro-element method)
computed (Mass permeability method)
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