O 0o o

Joogdoogtdbobogtdobotgdood
Joogtdubootgdood

0030 30

gt o

guoodod
Juooubgun



O

o oo oo oo ogo oo d

o oo o0 oo oo oo o o0ooogo o

gbobbooooboboboouoboboooobboouobboouobbDb0OOnNAT™
goobboooooboboooooboobooooobboooobobooooobbooognn
gooboboooobboooooboooooboboooobobooobboognon
gogogoooboobobooooououoobobbobobbooooogooooobao
gobbooooobobooouoobooooooobbooooboboooobbooogooan
gooboboooobboooooboooooboboooobobooobboognon
gogobbooouoboboouooboboooobbooobobooobboogn
goobboooooboboooooboobooooobboooobobooooobbooognn
gooboboooobboooooboooooboboooobobooobboognon
gogobbooouoboboouooboboooobbooobobooobboogn
goobboooooboboooooboobooooobboooobobooooobbooognn
gooboboooobboooooboooooboboooobobooobboognon
gogobbobooouobboooouboboooooboboooobboooobobboo
goobboooooboboooooboobooooobboooobobooooobbooognn
gooboboooooobopidb0OO0OO0O0OL0ODOO0O0ODODODOO0OO0DODODOOnOOD
gogoooboobobboooooooobobobbiboooooooobobobbobon
goooboboobobobbobboibooooooooobobooboboooooooooobob
gooboboooobboooooboooooboboooobobooobboognon
gogobbooouoboboouooboboooobbooobobooobboogn
goobboooooboboooooboobooooobboooobobooooobbooognn
gooboboooobboooooboooooboboooobobooobboognon
gogobbooouoboboouooboboooobbooobobooobboogn
goobbooooobobooooboobooboooobbooooboboooobobooogonn
gooboboooobbooooboboooobobooobbboooboboognon
spoo0goooobooboooobobboooobobboooobobboooobboooooob
gooooooooobbbobbboooooooooboobobobbooooooooaon
gooboboooobbooooboboooobobooobbboooboboognon
gogoboboooooboboouoobobooooobbooobobobooobbooonn
goobbooooobobooooboobooboooobbooooboboooobobooogonn
gooboboooobbooooboboooobobooobbboooboboognon
gogoboboooooboboouoobobooooobbooobobobooobbooonn
gooooooon



guobboooooboboouooboooobbooobboboooobboogooan
uoobbooouobbooooobobooobboooooobbooooobboooooon
gooboboooooboboooobobooobboooobbooobboboooobb
gogobbooouobbooooooboboouobboooobbooobboobooooobb
uoobbooouobbooooobobooobboooooobbooooobboooooon
oooooooooon



od

]
]

O~ = = O
0O w N B e

NN N O

O NN DN O N DN WD - DN

O
O N © w w ol A W W w w w w wDNPFk w

O

O

O

O

O O 0O
O

O 0O 0O 0O

O

gd
gd
00
g

O o1 o
[:INI—‘DI\)H
O O

b o
O O

ud
g
gd
00

O0O0Oo0oogoooogd

OO oo oooooogood

g b~ W = -

o N N~

12
12
16
19
19
20
20

23
23
23
23
25
27
27
28
28
29
31
34
34
34
35
37
37



O
O

A~ A~ A~ O

Dlnbbﬁbh#wmpb
O O O
O O O

w

w w
O wn -
O

D ]
O = N -
O

O
O

O O
O O

O o o1 oo 0O
OG0 & wao oo oo aiN e o
= O NN RN
o5 5 a s o e
O 0o g

o O
O

] U1 © & O O » O O W O O O N P O
oo 2O
O O

N N

0000000000000 000 -« e e
DDDDDDDDDD ........................................
OO OOO0D0DOO  cc e e
DDDDDD ................................................
DDDD ....................................................
DDDDDDDDDDD ......................................
DDDDDDDDDDDD ....................................
Sl i = n
DDDDDDDD ............................................
D ..........................................................
DDDDDDDDDDDDDDDDDDD ......................
DD ........................................................
Sl i = n
DDDDDDD ..............................................
DDDDDD ................................................
SR n = n s
DDDD ....................................................
DD ........................................................
D ..........................................................
DDDDDDDDDDDDDDDD ............................
DD ........................................................
DDDD ....................................................
DDDDD ..................................................
DDDD ....................................................
T =
0000000000000 00000000001020 -«
000000000000 0000000000000003050 --
000000000000 00000000 oo
DDDDDDDDDDDDDD ................................
0000000000000 00000000 -«
DDDDDDDDDDDD ....................................
O e

- jv -



od

O

] © o o []

70 0000000000000000000000000000++ -+ -~
1 DD ............................................................
2 DDDD ........................................................
7_2_1 DDDDDDDDDD ........................................
72_2 DDDDDDDDDDDDDDDDDD ........................
3 DDDDDDDDD ..............................................
7.3.1 0000000000000 00000000  cococrocenn
7.3.2 0000000000000 0000000 e
R I 1
DDD ............................................................
8|:| DD .........................................................
1 DD ...........................................................
2 DDDDDD ...................................................
3 DDDDDDDDDDDD .......................................
DDD ............................................................
e

93
93
93
93
95
97
97
101
104
104

105
105
107
110
112

113



010 00

oo o000

1.1 OO

ubobooooboobooboooboobobuooooobobooooboboooobooobon
vbogboobobobdooboboboobobooboobobuooobooboboon
NATM OOODOOODOOODOO0O0ODODO0OONATMODOOODOO0DO0O00DO000DO00
D0000000000 Y0000000000000000000000000000
ubobooboboboobobobooboboobooboboooooboboon
goboooooogoobooooboobooobooboobboooo=-110b0b000Dbo
000000000000 00000 ?0000000000000000000000
gboboooboboboobobobooboboboooboboooobobooo
ubobooboboboobobooboobobooboooboboooooboobooon
vbogboobobobdoobobobooboboboobobuooobooboboon
ggoboooooooobooobooboobooobooobooboobbooobooboobooDuoDbo
gbobooobobobooboboboobobobooboboooobobooo
ubobooboboboobobobooboboobooobobooooboboon
D0000000000000 0000000000000000000000000
0D “00000000000000000000000000000000000000
gbobooboboboobobobooboboboooboboooobobooo
000000000 Y00000000000000000000000
gbogboooboobobuooboobobuooboobobooobooboboboobobob
O0000000 000000000000 000000000000000000
D00000 ®000000000000000000000000000000000
D0000000000000000000000000000000 0000000
vboboobobobdoobobobooboboboobobooobooboboon
gogboobooboobooobooboobooobooobooobobooobobooboo
gbobooboboboobobobooboboboooboboooobobooon
D000000000000 ®00000000000000000000000000
vboboobobobdoobobobooboboboobobooobooboboon
gogboobooboobooobooboobooobooobooobobooobobooboo
gbobooboboboobobobooboboboooboboooobobooon
goboooooogoboooooooboobnoob103g00booooooooooDo
D000000 00000000000000000000000000000000
ogooooobooobooobobooboo



010 00

00-1.1 00000ODOOODOOOOOOOOOO?®

000000000000 00000000000 ¥Yoo0o0oo0on
0000000000000 0000000000000000000
0000DO0o0DOoOOoDOoO0OC0 ®oOooODOoOO0OO0O0OO00O0O0D0O00O0OO0O0O
0000000000000 00000000000000 o000
000000000000 00000000000000000000
O00J0o0o00 ®0oO0o000000000000000000O0on
0000000000000 00D00000000000000000
000000000000 00000000000000000000
000000000000 0000000000J000000000
0000000000000 0000000000000000000
000000000000 00D0000D0000 pHODOODODOODO
000000000000 000D00000000000000000
000000000000 00000000000000000000
000000000000 00D00DO0Dooo ¥®oooooooo
0000000 ®oooDOoO0oD0OO0O0O0O0O00O000000000O00
000000000000 00D00000000000D0000 *ooo
000000000000 00000000000000000000
0000000000000 0000000000000000000n
000000000000 0000000000000000O0

gobooooon
ooooooboog
gooooooo
ooooogoon
gooooboo
ooooogoon
ooooooboog
oooooboo
gooooboo
ooooooboog
gooooooo
oooooboo
gooooboo
ooooooon
ooooogoon
ooooogoon
gooooboo
ooooooboog



010 00

1.2 000000000

0000000000000 00000000000000000000000000
0000000000000 D000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000 00000000000000000000000D0onoao
000000000000 00000000000000000000000000000
0000000000000 D000000000000000000000000000
000000000000 00000000000

0000000000000 00000000000000000000000000
0000000000000 D00000000000000000000000000O
0000000000000 D000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000 0000000000000000000000000o0aO
O0D000 1x10°m/s0 0000000000000 ®oooooo0o0OO00O000O00O0
0000000000000 0000000000000000000 1x10° m/sd00 O
0000000000000 0000000000000000000 20000000
0000000000000 00000000000000000000000D0noaO
000000000000 00D0000000

00000000 ®oOoDOoO0O0OO000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000 00000000000000000000000D0noaO
0000000000000 D00000000000000000000000000O
0000000000000 D000000000000000000000000000
O0000000000000OOHerndonD 2000000000000000000
0000000000000 00000000000000000000000D0onoao
OO0 0000000000000 000000000000000000000000
0000000000000 D000000000000000000000000000
OO0OOvoonD 0000000000000 O000OO0O0OOOOOOOOOOOODOOO
000000000000 00000000000000000000000000000
0000000000000 0000000000000000000O0
O0D000000 HerndonO ?0000000000000000O00O0DOOO00 0.1
O6dPals0 000 0000000000000 O0OO0DNOO0OODOOOODOOOODO
OD00D000000 3000000000000000000000000O000000
0000000000000 D00000000000D000000000000000O
0000000000000 D00000000000D0000000000000000
0000000000000 000000000000000000000000000

-3 -



010 00

goboobooboobooobooboobooboooboooboobooboobbogoboboo
gbobooobobobooboboboobobobooboboooobobooo
ubobobooboobobobooooooooboooboaoann

1.3 UOOooao

goboooboobo-1.A00000b00obo0oobooboooon
igooooboooboobooobooobobooobooobooooDo
20oooooooobogobboooooobobooboobbooooboboDooD
ubobobooboobobobobobooooooooooboboobo
g3gooooboobooboooboooboobooboooboooooboooobooon
goboobooboobooobooboobooboooboooboboboobobooboo
gboboobobobooboboboobobooboooboboooobobooo
ubobooboboboobobobooboboobooboboooooboboon
gboboboobooboobgob

400 000000D0O0O0DOO0O0DOOO0DOOO0ODOOO0DOOOO0ODOOO0ODbOO0OODOO0Dn
gboboobobobooboboboobobooboooboboooobobooon
ubobooboboboobobobooboboobooobobooooobooboon
ubobooboboboobobobooboboobooboboooobobooon
goboobooboobooobooobooboobooooboooobooboboobobogoboo
gbobobobobobobobon
gsdoooonoooooooobooobbobDooooooboooboOosoooon
uboboobobobdooboboboobobooboobobuooooboboon
uobooboobooboooboobooboooboooboooboobooobobogoboo
gobobobobobobobooooooooooon
dedDO0o0DoOOoO0oDODOoO0OOOoboOoOOoDDOoOOoOoOosSOo0booboooooooDn
ubogbooboboboobobobooboboboobobooooboboon
gogboobooboobooobooobooboobooooboooboboboboobobooboo
gobobooboboboobobobooboboboooboboooobobooon
uboboobobobooboboobooboboobooobobooooobobooon
uboboobgobd
Ov/v000OO0OO0OO0000D0OO0OCOOO0OO0OO0OO0ODOCOCOO0OO0OO0OOO0ODOOO0OOOoso0oe
uooooobobobob20b0b0obobobobobobooooooooogn
ubobooboboboobobooboobobooboobobooooobobooon
ubobooboboboobobobooboboboobobooooboboon
ggoboooooooobooobooboooooobooboooobooboo

-4 -



010 00

gsOoooo0oooooooooooboooboooooooooboobobooboboogoo
gbobooboboboobobobooboboboooboboooobobooo
ogog

010 - 000000000
oy -00ooo
020 -000000000000
< -0000000000000
nooon - 00000000
030 «NAD DD D000
< -0000000000000000000
- booooboboby | nppopoooooooo
ooooooooo

040 +00D00000000

nopoooooooo | 2222 R0E2Ren
Dooooo

A 4

050 -+0000000000
+00000000000000000
ooooooooooo
Jooooooon -000000000000000000

A4

060 - 000000000C0O0O00O0O0O00O0
-000000000COOO00O0O0O00O0
gboboboboobo
Sisialalals -00000000C00O0O0O0O000O0

070 - 0000000000
Jooooooooog | *0000000000000000000

gobooobooooo
oooood

A

080 -0000000000
00 -000000
- 000000000000

0-1.1 000000

gobnd

1) D0O0O00O0O0O0O0ONATMOOOOO0O0O0000000000000042100VI-130
pp.253-2620 1990.

2) 0OBPOOOOCOCOOOODODOODOO6590 O pp.32-490 2007.

3) 000000000000000D0D0D0D0D00OO0000000000000000d
0000000 pp.79-850 1997.



010 00

4) 000000000000 0000024M 0000000000000 00 Cpp.144-1450
2018.

5 000000000 DOO0OD0OO0ODOO0ODO0ODODOO0mMODbOODOOD3s0O 10 Oep.11-210
1993.

6) J00000D0OD0ODO0O0D0D0D0D0D0O0D0D0OD0ODDDODODO0O0D0D0DO0DO0O0DOODDODDDOOOO
O0000000DO Vol.470 No.20 pp.148-1510 1998.

7) 0000000000 DOO0O0bOO0oDOO0oOooOOoDoDOooDoOoDoDOooDoOobOOooDoOoOooDOOon
O00OCOODOOD0 O Vol.700 No.10 pp.1-150 2014.

8) J0000O0ODDODDODO0DD0D0DO0U00DDO0ODDDODOD0DO0DO0DO0DO0D0DDODDODDDOOOO
000d0d0doooooooooonNoe. 7770 H1-650 pp.53-580 2004.

9) DO0D00OD0OO0O0O0000DO0ODO0ODOODOODOODOdp.2750 1978.

10) 00000 b00bO00d0bOO0bOO0oo0DoO0bO0oDoO0obOoDoOoOobOOoDoDOoOobDOoobooOooOoaon
0000000000000 DODDOCOVol.640 No.40 pp813-8320 2008.

1) O0Odo0DOdooOdodooOooOOoooOodobOOopDpoobOOooDooboOOooDoooOooooao
0000000000 No.4620 VI-180 pp.101-11000 1993.

12) 0000000000 DOO0ODOO0OO0DOoOO0ODbOODOoO0ODLOODODOoOoDbOODODOOoODbOOoDOOOoon
00000000o0ooo-000000000D0DOD0ODDODO0D00000D0DDODDODOO0O0
0020 M 00000 d Vol.1180 pp.29-3500 2002.

B)O000D0do0oO0doOdooO0obOO0oooO0obOooDoobOooDoobOooDOooooOooooao
000000000000 O000000DO0ODOVol.e10 No.10 pp.52-570 2012.

14) 0 0O 4)0 p.401.

1) 0000000000000 0ooDo0dobOdDoO0obOO0ooDo0oobOOooDOoooOooDOooao
0 O No.420 pp.58-640 1990.

1) 0000000000 DLOODLOO0OO0DOoOO0ODLOODOoODLOODOOoODbOODOOoDbOOobOOOoon
000000000000 0D0DODOCOVol.620 No.10 ppl75-1900 2006.

17) 0000000000000 OO0OOoOooOoOooDOooDOooDOooDoOooDooooooOo-o000
000000000000 O0D0DO0O0-000000WVol.350 No.40 pp.153-1650 1994.

18) 0000000000 DOO0OD0DOO0OO0O0OOnOadaop.4500 2009.

19 000000000000000000ODD0OD0O000D0000DOODODDODDOO0OO
dddddooooooo400000000000000000 pp.1307-13080 2005.

20) Herndon, J., Lenahan, Tom.: Grouting in soils, Vol.1, A state-of the-art report, pp.72-76, 1976.

20 00000000 Db00b000bO0oDOO0oo0DbOO0ODODO0oo0DoOOoDODOooDDODObOOooDDOODOOon
0000000000000 000000000ODO038OOODDODODOOOOOO
000000 pp.149-1540 2009.

22) Yoon, J., Mohtar, S. E. C.,: Groutability of granular soils using bentonite grout based on
filtration model, Transport in Porous Media, Vol.102, pp.365-385, 2014.



020 00000

oo bOoood

2.1 OO

0000000000000 00000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000004000000

() 00o0oo0o0

(2) 000000000000

(3 0000000000000

() 00000000

2.2 OJOOODOO

0000000000000 0000000000 "000000000000000
ubobooboboboobobobooboboobooobobooooboboon
gbogboobobobdoobobobooboboboobobooooboboon
D0000000000D0000000000000000000000DoooD Y000
gbobooboboboobobobooboboboooboboooobobooo
D0000000 Y0O000000000000000000000000000000
gbobobobobuobuobouoooboobobobobobobo

oogboobooboobooboobooboobooboobooboobooon
gbobooobobobooboboboobobobooboboooobobooo
ubobooboboboobobobooboboobooobobooooboboon
OD000000000000000000000000000000000 %0

O0P00000000000000000000-2.1000000000000000
gbobooboboboobobobooboboboooboboooobobooo
uboobooboboboobobooboobobooboooboboooooboboon
vboboobobobuoobobobooboboboobobooooboboon
ggoboooooboogooooboobooboooboooooboobobooboboooboon

cooob-2100b00b0b0ooooo0gooooDoooooooDpooboooo
D000000000000000000 P00000000000000000000
gbooaoao



020 00000

0-2.1 0000000 OOOOOOOOOOOOOOOO®

() 00000000
() 0000000
(3) 0000000000
(4 0000000
() oo oooooooon
(6) oo oooooooon
(7) JOo0oo0ooobOoooboooooooo
) JOoObooooboooboono
(9 DUo0oooooooooooon
(o000 ooooooon
(lH)ooooOoooobooboobooboooobooo
- EEBR LAV HERVEPFAF RT)—
TZURFE R
rEaTR — RE
A g
A — sansy) r=y
Z DAt
- R + K77 R
- R AR

0-2.1 gooooo?

2.3 UOOoOobOOoOobooboaonbo

O000000000000000000000000000000MmOo0®0000
gbobobooboobooNATMOODOOOOOOOOOoOoOooooobobobobobob
ubogbooboboboobobobooboboboobobooobooboboon
gogbooboobooboooboobooboobooobooboobooboobobooboboo
ooboobooobbooboobboobooboboobobo=-2.200000b000D00DO
OD00000000000000000000000000000000010°m/s000
OD0DO010"m/sO00000000000000D00000D000D0DO00O0DO00DODO
goboobooboobooobooboobooobooobooobobooboobobogoboboo
gbobooboboboobobobooboboboooboboooobobooo
ubobooboobooboooooo



020 00000

77 0| mEmseT

77 2| maEAL GRE)

—] BRIAL (R)
}397 3 b uiEHIT

k2R ILIRHIT

T AT ATATATATAVATATAT A

JAVATAVAVAVAVAVAVAVAYA,

[ 1

BHIEHRT

L' ToammT
BHUERT

Ho 877 W 9h T
JEERIBEAT

0-2.2 ooooooo @

O000”00000000000000000000000000000000000
gobooboobooboooboooboooboobooboobooboobobooboboobobooboo
gobooboobooboooboobooboooboooobooobobooboobobooboboo
oobooboobboobogoboo=-2300gbooobboobooboboobboOoDbo
ooboooobooobooooboooooboooooboooboobooboboobobooboboobOoo
gobooboobooboooboooboooboobooboobooboobobooboboobobooboo
ggbooooboobooooboobobooobooooooobooobooboboooboooboboon

[

b FrEETE, A=
B EEE

d

TR meE, B4
FEIBsEZE A% s By
g, FLEREE o
BhENRE .
ThED, ER
CEMEERR K

® <D

HEAFEH (h)

»
BFEll t )

A o EREAR T HIEL N X
hEBE wig, HLEIEE
o DHIE S K
Yo \:@?":a‘b!
EfoEhE
HRkEL 5.

EAES(H)

>
BFRE(t )

0-2.3 DO000DO0O0DOODOODOODOOOO??

D00¥Y000000000000000000000000000000000000
gobooboobooboooboobooboooboooobooobobooboobobooboboo

-9 -



020 00000

gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobobobobooooobobobobobobobuoooooobobdbo
0-24000000000000000DO0OODOO0OODOODOOOODDOODOO
vbogbooboboboobobobooboboboobobooooboboon
gobooboobooboooboobooboobooobooobobobooboobbobDoo
gbobobooboboboboooooooon

@ )

KA 7 APEE25%

0.000 4= 0392 4 1542 4F
KA T ABIEI90% K T ATIE12.5% 1.926 4 2310

82 10 1 20 25 28 82 10 15 20 25 28
mg/g-dry mg/g-dry

() 0000000000000 (by DODODOODOO
0-2.4 D0O0DO0OOOOOOOOO ®

000”0 00000000000000000000000000000000000
gobooooboooboboouobo2ibodbbooobooobbooooobDooo
dooboodobobooooboboooobuobooDoobobobooboobooDooo
ubobdobobobuobouooouoooooboboo

¢ =A[0BR®" + ., 0000000000000000000000000000000000000000000000  (2.1)

A=f(oyp) 0000 A=4.181"logoy + 4.144

B =f(Byy) 0 0O00O]logB =0.228"- B,y — 4.851

Ry =(1/2) - (e/6) Dy
bbb bey0b0b0ObObDUOB 0000000 O0OOR,ODOO
00 mmOADO0OO0OO0OA=0897-U7%*00u,000000e00000D,000000
U Dyy or D0 O
00YWOOoOoO0DO000D000D00000000000000000000000000
goboobooooboboobooobobobooboboboooboboobobobooo

- 10 -



020 00000

ooogooooooobooooooooboboooooooDboboog=-2.5000000
goboooooooboobobooobboobooooboboobboooboooboo

35
DA20

e Al1S

A AO6 ® é
OcH o 9000 B A7E

¥ CSN

w
[=]

N
v

Sio, DFABE (%)
5 B8

-
o

So00 B AE

AA
Qg o R WG R
1w s

1 10 1000 10000

wv

©
»

#40% (8)
0-2.5 sio,0o0o0oooono '@

1. 0E-01 g

1. 0E-02 E f1 R

1. 0E-03 - > T ” ‘I

— -

FHARFBHDET

-

LOE-04 | ¢

BRI k(em/s)

1.0E-05 f I -

1. 0E-06

Q >
REER - - TR

0-2.6 DoOoooooog '

OO00'"0O0000000000000000000000000000000000
gbobooobobobooboboboobobobooboboooobobooo
oobooboobogbooboobooboobooboobooob=-2.600000000000
010°m/s~10°m/s00000000000000000000000000000000
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobooboboboobobobooboboboooboboooobobooo
ubooboobooog

vbobobobobobobobuoboboooooobobobobobobobo
gogbooboobooboooboobooboooboooboobobooboobobooboboo

- 11 -



020 00000

gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobooboboboobobobooboboboooboboooobobooo
ubobooboboboobobooboobobooboooboboooooboboon
vbogboobobobdooboboboobobooboobobuooobooboboon
ogooo

2.4 JOO0O0ODOOO0OOOoODbOOn

2.4.1 DOOOOOOO

0000000000000 00000000000000000000000000
0000000000000 D000000000000000000000000000
000000000000 0000000000000000'™o

0000000000000 00000000000000000000D00noonO
0000000000000 D00000000000000000000000000O
0000000000000 D000000000000000000000000000
O00D0000000D0120h00000040050h000000000000000000
0000000000000 0000000000000000000000000oao
00000000000 0-2.70000000000000000000000000O0C
0000000000000 D000000000000000000000000000
000000000000 0000000000000000000000000'™0

t—] o
100.0 AE=0.086mmDIFE

[ 1RHL |
X e
@ 100 ~~—{ 3RA
A 2R, ‘ O\ T ] = .0.513x
4k H y = 18.06e
:k' - R? = 0.938
A =
— 1.0 \\
0408 = = 4 = = = = = = e e

0.1 -
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.05’x:ﬂ'8.0 9.0

e ah

0-2.7 000O0DO0OOO0OOOOOOOOORe

0000000000000 0000000000000000000000000
gobooboobooboooboobooboooboooobooobobooobbogoboo

- 12 -



ggobooooboobooooboobobooboooboooooboooboobobooobooobobooon
oobo-2800000000ooboo0boobboobooboobooD0oooDo0oDbDOgGr
ubobooboboboobobooboobobooboooboboooooboobooon

gooooooo

D000 0000000000000000000000000000000000
gobooobogoobooooboooooboooboobooDobooDobbDobbooboobOboo
goboooobooooboooobooooobooooboobooobooboobobooboboobooboo
gobooboobooboooboooboooboobooboobooboobobooboobobooboo
ooogooooobooboo-290000000000DDDODOODOOOODDDOOOOO

gooooobogoo

7.000

6,000

o
[=]
(=1
o

~
[=]
o
o

—EhEHEEE(28A) qu (kKN/m?)
~ w
g8 8
o o

1,000

GR=24

oo

D @

* 255 R i
BRST R k2
ARSYTRD: 3
LS ENOR: ) 1)
SRS R i
NRSYFRQ): k2
ARSYTRQ): S
ORSYT R HHES
Ot ALRRD:
Ot AvRD: 2
ARAVRD: S
OtAURD: k4
Ot AUMRQ): 5

%0 o

100

200
o258 ) T—

400

0-2.8 DJ00D0O0OOO0OODOOOOOOOOOO Y™

1) 74 NA—lr—XDRL

74 flx’f—ér —¥

Vv aAras JJ_JL

Oo %, o oooi

3) T NB—Ar— DR

b — K D eSO 3EA

7777 A

eSOk i

KL K DAHGHI5:

) 2GR OFRE

UGBTI

0-2.9 0000000 O0OOO0OOOOOOOO '%°

- 13 -

020 00000




020 00000

O00'"”00000000000000000000000000000000000
gbobooboboboobobobooboboboooboboooobobooo
ubobooboboboobobooboobobooboooboboooooboboon
gobooboobooobooobooobooboobooboobooboobobooboobobooboo
2100 000000000000 DODODOOOO00GHOOO0O0O0ODODDDOObOOODODD
gbobooboboboobobobooboboboooboboooobobooo

uboboboobobuobooooobobobobonbo

i3

8

8

3

bl
Exp ([Cle
s
iz |01

OO00"®O00DO000000000000000000000000000000000
goboooooogooboooooboooboooboooobooobb-2110000000000
goboobooboobooobooboobooboooobooobobobooboobobogoboboo
gboboboboboboboooooooooboooboon

Discharge q/q,

0000000000000 00O00DO00O00DO000O00DO0DOoO0ooooag
ubobobooboobobossgbobooboobooboboonooooobobobobong
gobooboobooobooobooobooboobooboobooboobobooboobobooboo
-2 1200 0000000000000000O0DDDOOOOODOOOODOODODODDOOD

BRI/ X.%]

o
o

-, 100

80

60

40

30

100

Bl BT iE

D15/G85

0-2.10 0/OOOODOOOOOOOOOOOl1oogo!te

=
%

e
=

=
'S

o
to

T T T T T T T T T T 1 T
—a- Experiment |
- — = Analysis

LS T LI T T T T T T
—»—Experiment |

- —-~ Analysis

| N T T WD RN RN N | oy

T T T T T T

—a— Experiment |

- —- Analysis

0
0

20 40 60 80 100 120 1400
Elapsed time (min)

(a)C/W—1/10

20 40 o0 &80 100 120 1400

Elapsed time (min)
(bYC/W=1/5

1
20

40 60
Elapsed time (min}
()C/W=1/3.5

0-2.11 0000D0DO00O0DODOO0OO0OOOOOOOOO0"

- 14 -




020 00000

ocoogooooooobobuooo-2aa000goooboboooooooboObbogoo
gbobooobobobooboboboobobooboooboboooobobooo
ubobooboobooboobon

Ultrafine cement grout

W/C=400~800%
W/C=1200% ]

W/C=1600%

Superfine cement grout [~ ]

|
Chemical suspension grout |
|

Chemical solution grout |

0 20 40 60 80 100
Length of solidified ground (cm)

0-2.12 0O0O0OOOOOOOO Y@

H=200cm

W=200cm

O00-2.1 0OO0O0O0OOO0OOOOOOOOOO™e

0000000000000 00000000000000000000000000
0000000000000 D00000000000000000000D00000O0O
0000000000000 D000000000000000000000000000
0000000000000 000000000000000000000000000
O00D00000pHODOODOODOODDOODODOODODOODOODOODOOODOODO
0000000000000 D00000000000000000000000000O
0000000000000 D000000000000000000000000000
Dooooooo?®?g

- 15 -



020 00000

2.4.2 O00O0O0OOO
000**0000000000000000000000000D000000000A0
ooooo=-2.3000000000000000D0bDO0obD0ob0obO0obO0obOobLbOOO
21400 000000000000 00DO00DOODOO0O1e00OO 12000000000
ogoboooooboogoooobooobooboboooboobobooobooboboboonas,eo0
¢/min] 02,600 ¢/min0 0 0000000000000 O000O00OO0O0O0O00O0O0O0O0O00O0O0OO
ubobobooboboboboooooooboooan

percent finer by wejght
percent coarser by weight

particlesize [pm]

0-2.13 O0O00OOO0OOOOOoOoO ®

[T

P —
[ —

\_3r¢ beach /

A natural recharge

B natural recharge and clear barrier water

C natural recharge, clear barrier water and clayey water

0-2.14 000O0OO0OOOOO ®

gbobooooboboooobobooooboboboobobobDooobooon
ubobooboboboobobooboobobooboobobooooboboon
vbogboobobobooboboboobobooboobobuooobooboboon
gobooboobooboooboobooboooboooobooobobobooboobobogoboboo

- 16 -



020 00000

000000000000 000000000000000
0o0*®000000000000000000000000000000000a0Q
-2.15000000000000000000000000000000O00000000
0000000000000 00000000004.0%000000000000000
0000000000000 000000000000000000000000000
000000000000 00D000D00000O

i 77 [=] BT [

HR R
P

HENATOEGhAE
H i 0y
HEA 58 27 U — ME (I 20em)

Gt1,Gt2,Gt3

HKE HAA2C G4, Gth
fEFAA-10° Mk

0-2.15 0000000 OOOOOOOO #

O00*00000000000000000000000000000000000
ooooogoooooobobbbobooom-2.16000-2.17000000 MM 0/0 M p/WO
gbooobooobooboboobopwooboobooobgoobgoooboooboooboo
uboboobobobooboboobooboboobooboboooooboobooon
gobooooooooobopwbhOoobooooobooboooboooboobooboooDbo
oobooboobooboooboobooboooboooobooobobooboboobobooboboo
gboboboboboboooooon

P/W=0.100O7E A A3 R o i) [ 4
6 0 I e YD AN - A & AN L 18

— (CaseS-a
= = +(ase5-b
— CaseS-c

0 150 300 450 600
HENEERE] (s)

0-2.16 0OO0OOOOOOOOOO 2

- 17 -



020 00000

~ 600
£ O - @ - Case5-a
% N --0-- Case5-b
= 400 -
i .
# @]
i o-__-
“E 200 o O
= ¢,=80kN/m? O -e-0- =0, _.0
T o=
@ |

40 60 100

AL E (cm)

0 20 80

24)

0-2.17 OO0OOOo010000

D00 *®00000000000000000000000000000000000
vboboboobobuobuobuoooooobobobobobobuobobooooaon
ocoooogooooooobobobobboooogouoo-2a18g00oooooDODOOODOOO
gbobobobobobooooooooobobobobobobobooooooon
gobooboooboobobooboobooob=-22000000 20000000000
vboboboobobuobuobouoooooobobobobobobuobobooooan
ooooogooooo-2.90000o0ooboOoO0bOO0OO0O0OoooooooDDObObObOd
gboboboboooobobo=016e7000000DO0O0DODODODODOODDOODODOO
gbobobooboboboooooooooboboboboobobuobooooooonn
gboboboobobuobuobouoooooobobobobobobuobobooooan
ggoobooooboogooooobooboooboooboboobobooboobbooboo
gboboboboboboooooooooboboboboboboboooooooon
ubobobooboobobobobobonboon

L RBEIE K E TREEKGEER
= — KR ] | ;
@ ¢ =10 @ = =
‘ o , o | o
??O — Jo @ Jo®_Jo
2—-_
30 3
& , 4
e K |
- 30 5
6
A 7
- 30 8
Bk ‘ g )
(B4 om) L@j? J ,c_g\_Q_-I

0-2.18 oOoooog

- 18 -



020 00000

0-2.2 oooooog

goo1 goo 2
gogooogon (g 270 540
gooooooog (@) 6.3 11.8
000000 a(d) 36.8 37.5
0000 pg(g/em’d 1.83 1.94
1x10%F  i=0.167 =0.250 i i=0.333
> A A A A A A A A A A A A A A A oaa
= ; oo y &
© teeeesbeetred
11X 107 ! i
ﬁ C}—U—O I _o—o—o—e——é"ﬂ_ofo
= - =0 1
X< 4 ‘O\O‘(_,‘/i)ﬂ i
K x 107k | :
e fr—2A1 i i
o r—2A2 |1 .
L L A NBOH; | l
1107 S -
0 100 200 300

400
28 t (hour)
0-2.19 oOoOoQg »

2.5 0OOoOOoobooao

2.5.1 O00OOO0ODOOOOO
gobooboobooboobooboobooobooobooobooobooboboOooDn
gbobobobobooooboboboboboboboooobobobobobo
ubobooboboboobobooboobobooboooboboooooboboon
vbogboobobobdooboboboobobooboobobuooobooboboon
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobooboboboobobobooboboboooboboooobobooo
ubobooboboboobobooboobobooboooboboooooboboon
vbogboobobobdooboboboobobooboobobuooobooboboon
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobooboboboobobobooboboboooboboooobobooo
ubobooboboboobobooboobobooboooboboooooboboon
vbogboobobobdooboboboobobooboobobuooobooboboon
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobooboboboobobobooboboboooboboooobobooo
ubobooboboboobobooboobobooboooboboooooboboon

- 19 -



020 00000

gobooboobooboooboooboobooboooobooobobooboobbogoboboo
oboboboobgonoo
ubobooobooboboooobobooboooboboboobobobooooboan
vbogboobobobdooboboboobobooboobobuooobooboboon
oono

U gboooooooboobobobob

U gbooooooooooooboboobo

U gbuooogoogbogoboobooban

U oogboobooobooobooobooboobbooboobo

2.5.2 O00OOO0ODOOOOO
gbogboooboobobuoboboobobuoboobobobooboboboooboan
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobooboboboobobobooboboboooboboooobobooo
ubobooboboboobobooboobobooboooboboooooboboon
vbogboobobobdooboboboobobooboobobuooobooboboon
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobooboboboobobobooboboboooboboooobobooo
uboboboobobuobooooobobobobonbo

good

1) 00000000000000000000000000000No0.5050I11-290pp.1-90
1994.

2) 00000000000000O0O0OO0OO0OOOCOCOCOCOCO0O000000000000
0000000 pp.79-850 1997.

3) 0000000000000000024M000000000000000 Gpp.144-1450
2018.

4) 00000000000 0O0000000000MO0000O 3500 10 Op.11-210
1993.

5) 0000000000000 0000000000000000062000200
pp.283-3010 2020.

6) J00D0D0O0OCOO0O0O0O0000000C0OO0O0O0000000000O0O00O0O0ONATM
0000000000000000000006/000000000VI-05102012.

7) 000000000000O0O0O0O0ODOOOCOCOCOCOOOOOO00O00000000
00000D0D0DDDOO0OO0OOOOCOOOO0OO0OO0OOOOOC(OOO)d Vol.710 No.20

- 20 -



020 00000

pp.55-680 2015.

8) 00000000 ODODODODODOODDODOODODODOCOOOOOOOOOOO0O0O0OOOQ
0000000000000C@EO000)0 Vol.690 No.20 pp.162-1730 2013.

9) 0000000000000 D0D0DODDDOOOOO0O0O0O0O0O0O0O0O0O0O0O0O0O0d
00000000 Vol.470 No.20 pp.148-1510 1998.

10) 000000000000000000000000000000000000COO
00COO0O000MO Vol.700 No. 10 pp.1-150 2014,

11) 000000000000000000000000000000O00D0O0O0OCOO
000000000 00000000N0.7770 MI-650 pp.53-580 2004.

12) 00000000000000000000000p.27501978.

13) 0000000000000000000000000000000O000O0OCOO
0000000000000 D0ODODOOODOOOODOODODODODOODODOOODDODOOO
00000000000000000000000000 Vol.120 No.40 pp.469-4780
2017.

14) 0000000000000 O0Op.3960 2009.

15) 0000000000000000000000000000000D0D0O0O0O0OO
000720000000000-02902017.

16) 00 000000000000000000000000O0O0DDODODODOOOOO
0000000000000000CO Vol.640 No.4d pp813-8320 2008.

17) 00000000000000000000000000000O0D0D0D0OOCOOO
000000000 ONe.4620 VI-180 pp.101-1100 1993.

18) 0000000000000000000000000000D0D0D0DD00OOO
0000000000 0-00000000000000000000000000
00200000000 Vol.1180 pp.29-350 2002.

19) 000000000000000000000000000O0D0D0DODODOOOOOO
000000000000000000000O0 Vol.610 No.10 pp.52-570 2012,

20) O O 1)0 p.401.

2)) 000000000000000D0O0DODOOOCOOOCOOOOOO0O0O0O000000
0 O No.420 pp.58-640 1990.

22) 00000000000000000000000000000000000-000
0000000000000000-000000 Vol.350 No.4d pp.153-1650 1994,
23) 00000000000000O0D0ODODOOOCOOOOOOOOOO0O0O0O00000

00000000000000000CO Vol.620 No.10 ppl75-1900 2006.

20 000000000000000O0O0O0DODODODOOOOOOOCOCOCOCOCOOOO0
0000000000 D0O0D0D0O0OD0OO0OODOODOODOODODODODOODOOODOODOO
000O0COO0000 O Vol.740 No.20 pp.234-2470 2018.

25) 00 000000000000O0D0DODODOOOOOOOOOOOO0O0O0O000000

O

- 21 -



020 00000

gobooboboooboo40000D0000000D00O0O0DODOOpPpp.1307-13080 2005.

- 22 -



030 00000000000000000000

ol bODoboobobdodoooodtuotoboooboood

3.1 OO

0000000000000 00D000000000000000000000000
O0000000000000000000NATMOOY?00000000000000
0000000000000 00000000000000000000000000
0000000000000 00000000000000000000000D0noaO
000000000000 00000000000000000000000000000
0000000000000 D000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000 00000000000000000000000D0noaO
0000000000000 D00000000000000000000000000O
000000000000 0000000000000000

0000000000000 0000000000000000000NATMOOOO
0000000000000 00000000000000000000000D0noaO
000000000000 0Y0000000000000000000NATMOOODOO
0000000000000 D000000000000000000000000000
0000000000000 000000000000000000000000000
000°000000000000000000000000000000000000
0000000000000 0000000000000000 0000000000
OoDO0ooooo

0000000000000 00000000000000000000000000
0000000000000 00000000000000000000000000aO
0000000000000 00000000000000000000000000
0000000000000 0000000000000

3.2 OO0O0O

3.2.1 OOOOOODODOOCO
D000D00000000000000000000000847.3m0000 00 32.3m*0
ool booooooooooooooooooboboboboooooooood
NATMUO O O4Ooooooobooboobooboobobooboobuooboooboobd
obobobooooobobembObO0O0O0OO0OOODODOOOODOODODODOD

- 23 -



030 00000000000000000000

goboboooobooooboboobobooONATMODODOOOODODOODO
gbooobooboobgoooboobooboooboobobobbobobooboboooboo
uboboboboobobobobobon
goboobo=-3.10000o00b0oobo0obboob0obooJROOO0OCODO0O0OD0 1km
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobooboboboobobobooboboboooboboooobobooo
I I A A A A e
D0000D000000000000000001m0000000000000010%m/s
0D10°m/s000000000000000000000D00000000000010 %m/s
D10°ms000000000000000000000000000000000000
uboboboobobobobooboobobooboobooooooobobobobobob

‘? “s Q =] ,",‘. %
I o Q wo
JR$%1SE’E?.§J o Ry
o ; \ T
TR i ° ¢
L ;Go o ’ »
- S ﬁﬁ.' 4 : ¢ 9 §
.+r 0’ ‘0
2t ") Q D
:.:o -
/
’ 0 wnry 2500

7 I ‘7. ':J
fonnr B, HERL

" n U ~7 82018 Google, ZENRI 20D m & s v

0-3.1 0000

(@) ‘ 367m it || 316m “ﬂl
- | 320m i 210m{ | 320m
) = = ‘
' . te e
B-4 B8-3 B-2 B8-1
€ 157)) 330m FHE || 100m fFiE
- VGL
£ | s m——— S — . —— =
3 %
Z W (EKERE 104~107ms) -l
H E BRIRERE (EAREI 109105 m/s)
2 ’ H H : ‘: H T T '
. I =L QL E PO
700m  600m  500m 400m 300m  200m 100m
B-4 B-3 B-2 B-1

0-3.2 00OOOO

- 24 -



030 00000000000000000000

3.2.2 0OOO

(1) 000000 300n00
D20m000000000000000000000000000000000000
000000000000 0000000000000000100m0000000000

-3.1000000000-3.2000000000000000000000000000
DO00020mO300m0 000000000000000000000000000000
000000000000 00O0O0OO

0od-3.1 DOoO0oOooooooooo 00-3.2 ODOO0O0O100mO00O

(2) 316n0 O
36m00000000-3.3000000000000000000000000000
0000000000000 000000000000000000000000000
000000000000 0000000000000000000

o0-3.3 0DO0OO00031emgnO

- 25 -



030 00000000000000000000

(3) 326m0 O

326m0 0000000000000 00000000000000000000000
00000-3.4000000000000000000000000000000000
00000000000 000000000000000000000000000000
0000000000000 000000000000000000000000000

I

Ooo0d-3.4 00000330mO0O0O

(4) 367m0 O
3¢/m000000000000-3.500000000000000000000000
0000000000000000000000000000000000000000
0000000000000 000000000000000038000/0000000
00000000000000000000000

oo0-3.5 0DO0OO00036/md0O0O

- 26 -



030 00000000000000000000

3.2.3 OOOO

gbobobooboboolloombobboboboboboboboboobDooooo
gboobooobo3z2midlbmooboooboooonoooobooboonoogo3smydnboogn
oooooo-s.10bo0d

oogboobooboobooboobooboobooboobooboobooon
gbobooobobobooboboboobobooboooboboooobobooo
ubobooboboboobobobooboboobooboboooooboboon
gbogboobobobooboboboobobooboobobuooobooboboon
ooooooooooboboooooooobobooo=-s.20bb0booooooobooboobooo
000000000000 00000000000000’0000000-3.100000
oobooboobboo=3.20000bo0oobooboobooboobbooboboOoDbo
gbogboobobobdoobobobooboboboobobooooboboon
gogboobooboobooobooboobooobooooboooboboboobobooboo
gbobooobobobooboboboobobobooboboooobobooo

ogoooao

0-3.1 00000000 0DbOOO0O0oboOOoOg3sombOoOOd

a0 ooooo ooooo ooooooon
0100m 0 OO 0320m 000 0350m 000
00000 (g/em’) 2.661 2.621 2.631
000000 (%) 20.0 19.2 10.2
oooo 18.0 12.06 3.65
000000 (N/mm?) 9.92 — —

0-3.2 000D0O0DO0Oo0OoOooooo e

0 0 ooo

00000 (g/em’) 0 2.65

Ooo0oog (%) 010
oooo 05

3.2.4 OO0OO
oooooooo-s.3gguoooooooggoooooboooooooooboonog
gbod2z2m000000000D00O00D00O0000o0100O/O0000000O00O?220mY
gbod3zemOOOOOOoOoOoOoooooooboboooO32emd0n0noooooonog
goboobooboobooboboooboobog2soo/oobooboobooboonDo
Ugbooobooobooxsmoooooooooooogseo0b/oboobogoboo

- 27 -



030 00000000000000000000

ooooooo-s.edguoooobooogoooboboboooooobobobbooo
gbobooobogoomdDooooooooo3eot4o00n/0O0bDODO

0-3.3 000000

goo0dO(m) gbooboooo/mao oo
220 g 0.1 -
326 g 250 googo
388 g 500 googo
800 g 3000 0O 400 -

Ub-3.6 DUO00ODOOOOOOOOODO38mOOO0

3.3 DOO0Ood

3.3.1 DOoOoDoooooo
gobooboooobooogboboooboboboobobooboboNATMOOOD
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
goobooboooboooobooooobooobooooDoooDoboboDobbooboobOboo
oobooobooobooooboooooobooooboobooobooboobobooboobooboo
goboobooboobooobooobooboobooboobooboobobooboobobooboo
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
goobooboooboooobooooobooobooooDoooDoboboDobbooboobOboo
oobooobooobooooboooooobooooboobooobooboobobooboobooboo
goboobooboobooobooobooboobooboobooboobobooboobobooboo
ggoboooooobooboobooboboooboooboobooobbobooooboboobbooDbo
goobooboooboooobooooobooobooooDoooDoboboDobbooboobOboo

- 28 -



030 00000000000000000000

oo
oo
oo

3.3.
O

@

&)

€)

goboboooboooooobooobooooboooboobooboooboobooboobooboobooD
gooooobobobooboboboobobobooooboboooobo
ugoooao

2 0O00OO0ODOOCOOO

gbobobooboobobooooon
g3oombooobooboboboboobobobobobobobobobobono
gooboooboooooobooooobooooboooobooboobooboobooboboobooboon
oo-3.70OO00O00ogoooooboooOoooooboOoboooooobDbObboOogo
gboboobooooo

U3lembO 0000000000000 O0O0O0OO0OOO0OOOOO0OO00O00bO00bO00OO0
gobooobooooooobooobooobooooboooooboobooboobooboboobooboon
goboooboooboobooobooobooobooobooobooooboooboooboon
gboobooob0L=3mboooooobooobobooooboboobobon
U33mbdogooboooboobooboonoonooooobooboooooobono
goboooboooooobooobooobooooboooooboobooboobooboboobooboon
gooooooooooooooopobobDDDDODDODDODDODDDDDDDDDDDO
o763 mmU 0 0006mO0O000600mm0 00000000000 O0O0O0O0OO0O0O
uboobooboboboobobooboooobobooooboboboooba
O450mm00000Y0000000000000000000¢76.3mmO0 00 09mO
gobo1roommoo0ooooooooobooooboooboobooooboon
gooooobooooooboooooobooooooobooboooo=-33pogoogno
ubooboooboboboooboboobonooobob4sommbgnoooonon
gobooboooooobooooobooeoommb OO0 OO0O0OOOOOODLOOOD
00 1200mm0 OO0

oo0-3.7 DOOODOOOODOOOObOO

- 29 -



030 00000000000000000000

R4 T (600mm) fRAEZ T (450mm)

FAREEAR/L FT (1200mm)
| |

0-3.3 00O00DO00OOobOOobooboobooog

() 03¢/m0000D0D0CODODOOCOO0O0OOOO0OOODDDOOOOOOOOOOODOD
330 00000000000000000000000000000000000
goboooobooooooobooooobooooboooooboobooboobooboboobooboon
oooooboobooobooogooooboobooboogo-s.s0boopoooooboboboboOogo
gobobooboboboobobobgoooobobooooboboboobo
uboobooobobooboobobooboooobobooooobobobooooboa
gobobooobooooooboooooboooooooooobooboobooboboobooboon
goboobooobooooboooboooboooobooobooobooobooobooboobooon
googo

oo-3.8 OoOOOOOO

G) Osmi00OO0O000000ooooboobooOOoOO00oooooooooooD
gooboobooobooooboooboooobooooboooboooboooboobobooobooon

- 30 -



030 00000000000000000000

goboobooobooboooboooboooobooobooobobobooobooboobooon
gobooobooobo-340poogbboobooobboobboooboobod2mb
uboobooobobobooboboboooobobooooobobobooooboa
goboooboooooooboo

1A EE
RPELL TLERE
TR %
V’_‘\; W=2m
/’:‘i
.—n——i
0-::—,—_;1
——

N, #H/9TROM I Le10020
L re ¥ 2 |

0-3.4 00O0OO0ODOO

3.4 JOOooOooban

oobooobooobooobooobooobooobooooDoooDoooDobooDoboboDOobD
oobooobooobooooboooooobooooboobooobooboobobooboobooboo
goboobooboobooobooobooboobooboobooboobobooboobobooboo
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
goobooboooboooobooooobooobooooDoooDoboboDobbooboobOboo
oobooobooobooooboooooobooooboobooobooboobobooboobooboo
goboobooboobooobooobooboobooboobooboobobooboobobooboo
ggboooooogobooobob4somb 000000000 O0ODOOODODOODOOODO
ooboooobbooboboogobog
oooboooboooboooobooooooboooobooooboobooDoooDoboobooboboOobD
goboobooboobooobooobooboobooboobooboobobooboobobooboo
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
oobooooobooobooobooooboobooooDo
uboboboobobobobooomoobobdbobOoobo20mbd3oomb O
goboobosomboooboOoo0oobobooooobooboobobooobobooDbo
ggbooooobooobooooboobooobooooobo2mb3mb0n0nooonDO

- 31 -



030 00000000000000000000

ggbobooobogboogoo200booobooobboobobon
u-3.5joodboooooooooobooooboooboooboobbooboobobooD
ubobobooboobobobouonoooo2mdbonoOdTBr-100000O00O00O000O00O0O
uboboboboobuoobobodTBe-300TBr-400000O0O0OO0OOOO0OO0OO
goboooobobobogobooboobooobooTBr-300TBr40000000000
UoooO00OTBr-10TBr30 000000000000 O0O00O0O0O0O00O0O00O0O0OOD0

BINAR— Y 7 rEifE
(RAREH S0m%F)
o TE&EIZLS

v
B B ARE R O H B
( bR AR EREH)

Y
BNA— » F{rERTE
(FEFE#AY 20m~30m)
H Eoki L& LS

0-3.5 000O0O00O0o0ooooo

gobooboobooboobooboobooobooobooobooobooboboOooDn
oobo=3.6000ddoooboooobooobooobuo=-3.700bboooooOoOoDO
oo=-3.8jbpooobooobooouobooboooboboooobooon
(Hh Ooooooooboobooooooooooo
(2 ooooooogooooooooogoooobOoboooooDbDObobooooo
000000000000 0000000 8.8kN/m°0000000000
3@ ooooooooooooopooo0goooDbDoboooooobobooogooo
gogod
G oooooboooogooooooooogoooobooboooooobobbooooo
oo
G)joooooooOoOoOoOoO0oOoUooooopooDOoCOoOoUO0gooOobDboDbobooo
(6) O0-3.700ODOOOOOOOOODODOOOOOOUOUDDOOOOUOOOOOODD
goboobooobooboooboooboooboooboooboboobooobooobooon
oo

- 32 -



030 00000000000000000000

TBr=5 TBr:3  [Br-11 Br-9 & [Br=1 [ a
[ 28.3m 7% 57.3m — Somlilom, |
411 o o B~ | /
i % @ % .
L =
—— I —

5 T s T] =\ TBr-2
TBr-6 TBrF=4 sT---U } 3
® 6.8 16.20@G) 16.5n | 19.24m | ®

{Br-3, 5 (Br=1D) Br—97 TBr=8) o7

Lt st ] o s
o4 & 13 @, ., @“’M 3 | Br-s -~ TBr-2 P e
: D . ®) = il : = -
LS T 24 I o 1 P
B REEE HR e B
- nm - h - . SOV -

|.!.l

i

rrrrrrERRYRY
TN
J
1
¥
¥

TIYRERTRAED
i Y
-

é’:alrl‘.!ilarzl
B
] ]
& L
! .l
|

L
AN
IR

]
{

¥ ¥
BEEEE]

0-3.6 00000000 ODODOODOOOOOO@OYL
Er
“/@JELL)L ,
; .””‘"1#‘ TBr-13 @. - i - [ :
.g‘f ._ - ~ = il d l i J Ml TB7-5 'é’i?’-llls 5

== &3 i i.;l- '
EL JE jjﬁ Eéj E{ES ) 592 o773 MRS LS .r‘ - —
TBr-16 =14 E Br- - T -
® et : —
i = 7 sl 183
|

»E =
\ @ —\ TBr-105 ©
BEE ' )

TD800m TD750m TD700n TD650n " 10600n TDSS0n TDS00n

(Br-15 Br-16)(Br-13 Br-14) Gral) ] e

o " > -

TBr-16 TBr-15 TBr-14 TBr-13 TBr-10 TBr-7

e i e v e = =—==== = — =

HiBREERE R EEE HHBREREE HELRERRE

JREARRREN)

0-3.7 00O0OO0OO0ODOOOODOOOODOOOODbDO(@OD?2

- 33 -



030 00000000000000000000

kR IVH X -~ i e
5, AL BT s -

BgE e R EEE TPNE | mcmima (388m)
©) ® /) ® ® @®®D

—— | 0 e T L
EEIRERYE | | l IR : W rReEun

b L AERISE T

LA

+—— | 7L IBEITTE

0-3.8 DO00OO0DO0O0OOOO0ODOOO0ODOOODO

3.5 DOobooobobaoo

3.5.1 DO0O0OOoO0oOOobooOOoOooOooooD
gobooboobooboobooboobooobooobooobooobooboboOooDn
oobooboobbooboobboobooboobboooon=3400boobboDbO
gobooobooobooobooboooooobooooboebobooDO
goboobooboobooobooobooboobooboobobooboboboboobobooboo
ggoboooooogoooooboobooobiboobbobooobobooboobooDbo
ooobooboooooobooooobooobooboooooDobobDobboobboobOboo
goobooboooboooooobogooooboosbooboboboooobboooboboooDbo
goooooobooooooobooboooobooooboobbooboobobooDbo
() ooooobobooogooooobobobooooobobbbogo-8.600-3.700-3.8
gobooobooooboouoboobboooooobooboo
(2 JooooOOoOoO0O0OoOoOoDOOOoO0UgOoOooODObOOoU0OooOoDboDboboOooooo
goboobooooboobobooooDo

3.5.2 ODOOOOoOooOooon
oobooobooobooobooobooooboobooobooooDoooDobooboobobooobD
goboobooobooboooboooboobooboobooobooboobboobooboobobooboo
gobooboobooboooboooboobooboooobooobobobooboobbOoboboo
oooboobogoobooobooooobooobooooDobobDobbDobbooboboobOboo
oobooooboooooboooooboooobooboooboobooboboobbooboobOoo
goboobooobooboooboooboobooboobooobooboobboobooboobobooboo
ooooooooboooboboooooooobo-sooooOboooooobbobbouOoo
godboooooooboouobo40bbbebbbbboobbobbboob OO

- 34 -



030 00000000000000000000

0-3.4 JO00O0OO0OO0OOOUOODOOOobODOOoOobbOOoOobooboOoo

oooo
ooooao oooad ooag oag
1 2 3 4 5 6
ogooa ooag oooon ooooooa - - - - - °
ooag
gooooooa gooad oooooo goooooa - - - - ° -
ooooad oad ooooooa - - - ° ° -
ooooooao oad gooooag - - - ° . -
oooooao
gooooag oooooao
ooooo oo ogooad - ° ° - - -
GRPOOODO oad ooo - - ° - - -
00000000 |oooooao - oooad ° ° ° ° ° -
ooo oag - ooooao . . ° ° ° °
oo0ooooooo@3200MOG)YY OO -1 G| G | G
g 198n
—TD605M Eunas @ @ @ ® @
,f’@ 4 WoEsE A . #hod o 1L AGEA 1 0% N
A 40SF63m=120m ) . BSFof=48m ISFe6m=42
: R w—
e e T 4‘%’
S me-e > o
TR 455 483K
(2Fv78) (2797 5) 200 (27 v by
fa 2 _o - 0582000 AIREARICHD
"~ . X e ‘r{.ﬂﬁ _911_?’-" ::_«es‘ln‘rh-lkg\ =8)\ B2 ’_::'i- X
9, o o o \“ V/o P \" 1A A 97 . \3
o o 'ﬁ:ﬁ g q_é. oo oo ¥ ,'r;': g 3
| 9]l / e ] fe b meeesm
TR : S R :
R T
— s ‘-’-‘..')'.:.'-NEE!IB‘E
(A7 w7 4) (A7 w75) (A7 w7 6)

0-3.9 000000000

3.6 JOO0ODOOobOboOoDoOOoOoDOn

gbobooooboboobooboboooobobooooboboooboobon
ooboooooogobooooboooboooboog=3.lo00booobooobboooDbO
oooooooooooobooook-=243m00000ooooooboDOObOOo0oOOoo

- 35 -



030 00000000000000000000

goboboooooobooooooo0iigoogoboamybog

kR ILIEH]

0-3.10 00000

g-3.11g0oogbo0oooboooooboooobooooobooogooooooDo
U0000000000000000i=270v=2.55x 10°m/s0 000005000000
gobooobooobooobboo

e vov vy vy vy v e v bl -
EA0E04 A N N Al N v A ¥ ¥ ¥ R B
= 4 | A b} | ] Al | | Al | ¥ r | r ¥ £ | <
LU T TR T A Y Y r F|F || =
LRAE-08 alalalalalalalslslsl= a |=a
202609 AR IR IR IR IR £ l# |+ |= |*
ZEMEG el [l M . 1 . 5 OB 9 O LB J.' Pal"_d . colll] bt
2090508 - | “l oA owm| ow| o ~ \l 3.01"10-4
AE-( o - bl el ] B e . . iglgj
A& oa w a ow| w s owa =4 592'10-3
e e ] ] ] ] e e 1357103
ABHEE il ] W el M Ml (80 B i
- = = = = = > VARS e S, N E
hla- .-' - - x 1 1\“‘\%-—-1—.4—.
- = = =] »| » - | 4 LA R T .
- = = = > > > 4 LR R o e

0-3.11 ODO0OO0O0DOOO0OO0DO

- 36 -



030 00000000000000000000

3.7 OOO

uboooboobobooboooNATMOOODOOOODOOooOooDoOooooooono
ubogbooboboboobobobooboboboobobooobooboboaon
gogboobooboobooobooboobooobooobooboboboobbooboo
gboboobobobooboboboobobooboooboboooobobooon
uboboobobobooboboobooboboobooboboooooboboon
ubogbooboboboobobobooboboboobobooobooboboaon
gogboobooboobooobooboobooobooobooboboboobbooboo
gbobobooboboboboooooooooboooboon

uboboboobobobobooboobobooooooboboboboboboonoo
ubobooboboboobobobooboboboobobooooboboon
gogboobooboobooobooboobooobooobooobobobooboobobooboboo
gbobooobobobooboboboobobooboooboboooobobooon
ubobooboboboobobooboobobobooboboooooboboooon
ubobobobobobobobobob

oooo

1) 0000000000000 D00000MODOOO0000O0O0mMOOO0 Opp.42-450
2016.

2) 0000000000000000D02400000000000000000000
0 O pp.35-360 2018.

3) 00000000000000D0D0DDDO0OO0OO00O0O0O0O0O0O0O0000000
O000O0OO0OO0OO0OO0OONATM 0000000000000000067000000
0000O00O000-0510 pp.101-1020 2012.

4) 000000000000000000000000000000NATM 00000
0000000000000000000000000No.516/0-270pp.63-7301995.

5) JOOBPOOOOCOCOOOODODODODDOO6590 O pp.32-490 2007.

6) 000000000000 ODODODOODOODOOOOOCOOOOOOOO0O0O0O0O00d
Vol.240 No.10 pp.1-100 2006.

7) 000000000000D0O0O0O0OO0O0O0O0O0O0O0O0O0NATM 0000000000
000000000 D0ODDDODODDODODODODODODODOODOODOODOOODDODO6DDODO
00000000000 0-0540 pp.107-1080 2014.

8) 000000000000 COOOOODODOODOOAGFOWGOOOOOOO0O00000
0000000D0D0D0D0OD0OD0ODODODODODODODOODODOODODOODOODODOOOOO 20060

- 37 -



030 00000000000000000000

120 60 O p.100 2006.

- 38 -



040 000000000000

0 bODobobobodoodoooodododgn

4.1 OO

ubobooobooboboooobobooboooboboboobobobooooboan
vbogboobobobdooboboboobobooboobobuooobooboboon
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobooboboboobobobooboboboooboboooobobooo
uboboobooobobooooboboooooboboooobobooboooboboon

4.2 OO00OOOOOOOOOO

gbogboobobooboboobobooboobooooMcobooHADDODO
TPOOO0ODOOO0OO0OO00O0OCc3Ues0c7000DO0O0DOO0O0DO0O0O0DOOODOODODNOce7DO
gbooobooboobooboobooboboobbobbobopHOGDOODOO
gboobooboe3destbonoobooboobobooboboobobooonbo
gbooogboobobboboobuogbuoobobbobboobpH=80O0 00004
gobooboobooboooboobooboobooooboooboobooboobbooboboo
gboboobooboboboooobobooboboboboboooobobobobo
uboboobobobooboboobooboboobooboboooooboboon
gbdobdobestbobuobobuobuobuobuobouooooboobobobobobon

0-4.1000-4.1000000000000000000O00O0O0O0ODOOODOODO
gboboobode3bcesOgbonoobonboobobooboboobobooba
0-4.10 000000000000 0000DO000DO000DO0b0DOD0ODb0OO0c30DbOesOO
gboboboobobuobdce7ooboooboobobobo

0-4.1 O0O00O0O0OD0OO0OOO

ggood c3 c5 c7
ooooad ps (g/cm?) 2.748 2.736 2.713
50%0 0O D5y (um) 4.928 5.027 7.482
oooo U, 1.942 1.896 2.117

goog wr (%) 53.0 46.7

oooo wp, (%) 24.9 33.8

- 39 -



040 000000000000

100
90 r
80 |
70
60 r
50 ¢
40 r
30 1
20 r
10 r

0 L T R TR T S |

1 10 o 100
Grain size (um)

0-4.1 DOOOOODOODOODOO

Cumulating passing weight (%)

S07un’ ef ;

et el

(a) c30¢ch (b) c7
O00-4.1 ODOOO0OOOOOOODOOOOO

4.3 O0ODOOOODOOOOO

4.3.1 OOOOOO

obooobooboobooboboobuobo-4200000000000000D0O0O
gobobooboooboobboboooooboooooTev-iopogbooooobooogoo
goo-4.2000ggooooooo0oooooboobobboobboooooooooD
gbobooboooboobooobboobooboooboobooobobouoboO0oe3tdesgonoon
gboooooboooboobodestbooob0oJbobobobOobe3b0c7bDonooon
gboooooboobooge3te7 000000 bO0o0nDO0obe30c70 00D OOOOnD
gooooob

- 40 -



040 000000000000

0-4.2 00O0O0OO0ODOOOODOO

afalalislis 000 ow | 00000p. (g/em®) | OO0 u(dPals)

c3 0.25 1.148 1.46

cs 0.21 1.188 2.51

c7 0.52 1.385 1.10
c3:c7=1:1 0.30 1.166 1.31
c3:07=2:1 0.27 1.151 1.06
c3:c7=1:2 0.34 1.248 1.18

N
(9}

ec3
Ac5
mc7
e c3:c7=1:1
@ c3:c7=1:2
©c3:¢7=2:1

0000, u(dPals)
> S

—_
(=)

0

00 01 02 03 04 05 06 07 08 09 1.0 1.1
oobDO00OD0cw

0-4.2 0O0O0OO0O0ODO0OOODOOODOO

4.3.2 OO0OO

gbogboooboobobuoboboobobuoboobobobooboboboooboan
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobooboboboobobobooboboboooboboooobobooo
ubobooobooboobobob

ooboboboobD-4.2000000000000000Semx 0024cm000000ODO
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobobobobgoboboooooooooboobobobobon

oobooobD-43000000000000O00DOD0O0ODODO0ODODODbDOObOCsSOOOD
gbogbboobuobbobodobe3te3e7=1:1000000000O0O00O0O00O00O00O0c30c5U
gobobooboboobobooboboobobooboboobored20%00
Ubo0b0ob0obobobdobdde3dde3e7=1:10 00000800000 0O0O0ODOODOO
ubobooboboboobobobooboboobooboboooooboboon
gobooboobogoboo-43000b0b00b0bo0ooo0oobooboobO0OoDO
ogoooooo

- 41 -



040 000000000000

(a) 1h

oopooOooooooogo

1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

ooo0-4.2 OJ0O0OOOOOOO

—c3 (c/w=0.25)
—c5 (c/w=0.21)
—c7 (c/w=0.52)
—c3:¢7=1:1 (c¢/w=0.3)

4 8 12 16

20 24 28 32
0000 (hour)

0-43 OO0DOOOOOOOOOOOOO

(b) 4h

(c) 8h

00-4.3 JO0O0OO0OOOODOOOO

- 42 -

(d) 16h



040 000000000000

UdbOec30c700DO0O0DOOOOODOODOODODODDOODDOODODODOODOOD
"OO00DO000000-4.400000000000000000000000D000O0O00O0
gbh2o0gboooooboobobobobobooboobooboonooobobobobobo
gbobobooboboooooboobobobobobobiboobobobobobg
oogooooooog

o l.1
D10
O
~N09
O
0 0.8 f
007 f
O
D 06 [
005
o .
004 e c3 (c¢/w=0.25) o
003 | =c7(c/w=0.52)
02 + (—O3000
01 + |[—O7000 o
00 ! TR R R A | ! [ | ! Lo L1
1 10 100 1,000 10,000

0000 (min)
0-4.4 000O0DOO0O0ODOOOO

4.3.3 DOoODOOODOOOODOO
ogboobooboogoobooobooobooboobooboobobooboilz20rP0O
gboboooboboboobobobooboboobooboboooobobooo
43000000 o0ob0o0bo0oboobooobboobboooooono=-450000
gboboboobobuobuobuoooooobobobobobobuobobooooon

0-43 ODO0OO0OO0OOOOODOOODOOODO

ooao oo 00
nooon c/w pc(g/cms) p(dPall O) 0o
c5 0.25 1.201 3.00 000000000 w=4.60
c7 0.73 1.443 1.43 O00o0Oo0O0oo0o0gd w=5.11

- 43 -



040 000000000000

[\l
W

0000, u(dPalls)
> S

—_
(=}

0
00 01 02 03 04 05 06 07 08 09 10 1.1

oo00000cw
0-4.5 OD0O0O0O0OO0OO0OOO0OOODOOOODO

4.4 UJ0ODOOO0OOOODOODOOO

0000000000000 O0ODODOOODODOOODODOODDOOODODOOODOOOO
00000000000000000000000000000000D0O(CUO00 20
0000000000000 O0O0O00000000000000000000000000
BOOOOOOOOOOO0O0O0O0O0O0O0O0O0O0OOOOOODODOOOOOOO0O0O00000
0000000000000 O0O0OO0OO0OO0OO0OO0OOOOOOOOOOoOoOoooooooon
0000000000000 O0OOOOOODOOOOOOOOOOOOOOOOOoOoooO
0000000000000 O0O0O0O0OO0O0O0O0O0O0O0OOOOOoOooooooooon
00000000000)000000()000000

4.4.1 0OOO
() 0OOoO
0-46000000000000CUIOOO0OODOOOODOOOOOOOOOOOO
0000000000000 000000000000000000000000000
000000000000 0000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000 000000000000000000000000000
0D0-4.4000000000000000000000000000000000000O
000000000000000000000

- 44 -



040 000000000000

Dial Gauge ~TR,

Air release valve

Air release
Double valve

burette Load
cell

_Filled
with water

= 3

/l.atex membrane

= Porous stone

Pore water
ressure

ansducer
(+ 200kPa)

Differential
ressure
ansducer

a

(10kPa)

0-4.6 0000000000 D0O00D0 0OO0-4.4 000C@OOD)
(2) DODO0OO

0000000000000000 1000000000C0000000 Sem000
loemO0 000000 O0OO0C0OOO0OO0OO0OODOOODOOOCOOOOOOOOOOOODOO
-4.500000000000000000000000000000-4.40000

“

ob-4.5 0000000

0-4.4 0OOO0ODOOOO

00 O 00oOoooooo
0000 o. (kPa) 0 50 075 0100 050 0 100 0150
0000000 (g 353.24 | 35385 | 355.60 | 346.57 348.98 | 338.63

000000000 (g - 13.95 8.17 13.2
0000 pg(glem’) 1.80 1.80 1.81 1.84 1.82 1.79

- 45 -



040 000000000000

(3 0O00O0O0O

000000000000 000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000000000000000000000000000000
30kpa 000000000 ODOOOOO0OODOOOODOOOOOOOOOOODOOOO
000000000 30kPa000000000000 12000000000

() D0ODODOOOoO

0000000000000 000000000000000000-30kPal0000
0000000000000 000000000000000000000000000
0000000000000 00000000000000 3000000000000
0000000000000 000000000000000000000O00 (back
pressure) ] 0000000000000 O0OBOOO0OD0950000000000000

(5) 00O0DOOOO
000000000000000000000000000000000000000
0000000000000 0000050kPal75kPall00kPall O 0 000 O O 0050kPal]
100kPall 200kPa 00 0000000 ODODCO0ODO0O0ODOO000O0000O00 0.1%/min
0000000000000 000000000000000000

4.4.2 0ODOOOOOO
0D-4.70000000000000000000O0C0C0OCOOOOOOOOOOOOCOO
0000000000000 O0OO0OOO0OOOOOOOOOOOOOoooooooooon
000000000000000000000000000000000DDOO00O00-4.8
0000000000000 000000000000000000000000003
0000000000000000000000000000000000(c)=0kPalO
0000 (¢)=458°00000000000000000(c)=60.0kPa 000000(¢)=
304°000000000000000000000000D0DODOOOOO0O0000000
000000000000000000000000000000000000

- 46 -



040 000000000000

2500 e
- Sand B
T 00l )
2000 —
A 1 ¢
) L -
3 - 1 3
& 1500 - — -
7 C ] 7
g C ] o
7 B 1 B
© 1000 |- 7 o
g f 1 8
8 C 6.=50kPa g8
500 ’ ] >
A C — G=75kPa ] 2
B c,=100kPa |
0_...I...I...I...I...I...I...I...I..._
0 2 4 6 8 10 12 14 16 18
Axial strain, €, (%)
(@ O
O0-4.7 0O00O-00
3000 T
r Sand b
2500 r — GCZSOkPa .
< E —— o.=75kPa E <
% 2000 = —— ©.=100kPa ] &
= C | c'=0kPa § o
[ | ¢'=45.8° ]
$ 1500 F ¢ . 3
» C ] D
© C . <
S 1000 |- . s
< - e e
[9)] C b 0
500 - 7
0_" [N RN RPN UFA TR S B
0 500 1000 1500 2000 2500 3000
Effective normal stress, ¢' (kPa)
(@ O
0-4.8 DO0OOOOOOO
4.5 OO0

2500 RIS R R LN I IR R
r 0,=50kPa Sand + Kaolinite .

2000 |- —— 0.=100kPa ]
r 6,=150kPa ]

1500 | ]
1000 .
500 [ .
0 Y, RTINS U U U N T T N T T T I W M [N N M A N S A N S S A B |_

0 2 4 6 8 10 12 14 16 18

Axial strain, €, (%)

(0) 000000000

god
3000 [T
E 6,=50kPa Sand + Kaolinite E
2500 - 6,=100kPa 7
L ,=150kPa ]
2000 |- .
r | ¢'=60.0kPa i
C | ¢'=39.4° ]
1500 [ -
1000 |- -
500 [ -
0 A EETETATIN ENATTENN AL VRS (AFRTATAEN AR

0 500 1000 1500 2000 2500 3000

Effective normal stress, ¢' (kPa)

(0) 0oDOooooooo

gbooooogoogo

gbogboooboobobuooboobobuoooobobuooboobobuobobobob
gobooboobooboooboobooboooboooobooobobobooboobobogoboboo
gbobooboboboobobobooboboboooboboooobobooo
ubobooboboboobobooboobobooboobobooooboboon
gbobobobobobuobuoooooobobobobobobob

ggboooooboogoobooooboobo

- 47 -



040 000000000000

(Hh ooooooobobooooooooooooooooooDboObObbOboUug g
(2 J0O0ODOOOO0OO000OO0ODOOOUOO0OO0OO0OODOOOOOUODODODODOODOOOOD
3 DoooooobooboCooOoOo0oOooOooooobooboooboooo

good

1) 00O00ooooooDDoOODOpp.18-200 2009.
2) J00O0oo0oooDDOoO0O0O000O0O0ngpp.s72-57502009.

- 48 -



050 00000000000000000000

ol bODoboobobdodoooodtuotoboooboood

5.1 OO

goboooossgoogoooobooobooobooboobooobboobooooboooD
vbogboobobobdooboboboobobooboobobuooobooboboon
ggoooboobooobooooboboooboooboobooboobobobooboobooDbo

5.2 0O00O0OO

5.2.1 0ODOOO

oooobooogoboboo-s100000000-5.10000000000 ¢10cmx
soemiO0 00000 booobooogoooboobobboboobboobobooboonbd
gogboobooboobooobooboobooobooobooobobobooboobobooboboo
goooboboboobooloomd 00D ooooobobobobooboobo
ubobooboboboobobobooboboobooboboooooboobooon
gbogboobobobdoobobobooboboboobobooobooboboaon
oobooboobooboooboobooboooboooobooobobooboboobobooboboo
gboboooboboboobobobooboboboooboboooobobooo
gbobobooboobobobobobobobobooobobob2sembdngng
gbogboobobobdoobobobooboboboobobooobooboboaon
oobooboobooboooboobooboooboooobooobobooboboobobooboboo
gboboooboboboobobobooboboboooboboooobobooo
ubobooboboboobobobooboboobooboboooooboobooon
gbogboobobobdoobobobooboboboobobooobooboboaon
oobooboobooboooboobooboooboooobooobobooboboobobooboboo
gboboooboboboobobobooboboboooboboooobobooo
ubobooboboboobobobooboboobooboboooooboobooon
gbogboobobobdoobobobooboboboobobooobooboboaon
ogboooooboooobooobD

- 49 -



050 00000000000000000000

’/_?Ej(ﬁi = :/7°1/y-]j—_.
EIN

| AT

”””””””””””” <! s—wme 0 |
Ealvh
P
o AFULA AT LA
/K S ? & SR
N7
I\\
N S '
- ¢10cm )= =» JScm = -
':> o g} ﬁ‘%EiH\ZIS |
| i O11b) j
——
® 4 L olem b §

L=50cm

st :
T =g —

() 000000000

N

]
(
&
=

i
20

i
O

B\
I

)
Sl

b

(b OoOoODODOO
0-5.1 000O00Ogo

oo0-5.1 0000

- 50 -



050 00000000000000000000

5.2.2 O00O0ODODOO

ooboooboobooboobbouobooboboobboobobooboobooOoo-5.2000
boboboboomobobobo@muoooobobonooobobonboobo#sed
ooon

() 00O (b) OO (c) DoODooO
0DO0-5.2 000000000

0-5.1 0ooooo?®

goooad gooo googno 50%0 O
0O (gem’) | (gfem’) | (gem®) | Dsg(mmy |FHEE |DOOD
dodoogooao 2.682 1.407 1.692 0.718 4.230 1.234
Jdodoooooood 2.694 1.212 1.486 0.289 2.739 0.980
0-5.2 oooooao ?
gododo god gogdno ooo
OO OO gooooogo Uom gooogo god O wm0
gooooodd 20
. 2. 1.

godo oo 5.50 550vV0 5 6 0099000 (100001 710)

goboooobDiusARR2oDooooooboooooonsAzo4oooooooon
0000000000 00000000O0-5.10000000000000-5.200
oobooboo-s200dboooooobooobooboobboobbooboobboOoDbo
ooooooobbboooooooooooooooooobbbbboboooooo
0.075mm0 0.106mmO 0.250mmO 00 0 0000000000000 0000O0O00O0O0O00DO0
ggoooo3gobogoobooobogooobooobooobooobooobooooboooDbo
oooooooooboooobwmbbogoD

- 51 -



050 00000000000000000000

u
0
U
g

0
U
g
u
0

40 |
30 F
20 |

100 A m
2 000

S 90 0.250 /A
| =000 75

% 80 | e0oO 106

270 | a0DO 250 0.106

260 | 0.075

g 50 | ™~ A

on

£

g

E

@]

10 r
./o——o—o—o———O—O—NV' {
0 L 1 Lol L L L “l_l 1 L o111l

0.001 0.01 0.1 1 10
Grain size[J mm[]

() 000

I:IIOO
=90 ¢ :5575
O
%D 80 r |00 106
‘D L |»000000
= 70
260 - 0.075
g 50
240 |
s
g 30 r
O 20

10 r

o o o 0o 00
0 1 Lol 1 L1 1 [
0.001 0.01 0.1 1 10

Grain sized mm[]

() OODODODODODOOO
0-5.2 000000000

.2.3 OOOOOO
gbobobobooboboooooboobobobobobobooboooooon
OooO0oOooooooobobobooo-5.3(p)ooooooobbCoboboOoooo
gbooboobobobooboboboobobobooboboboobobob
goboobooobooboooboobooobooobooboooobooboobbOobD
gbooboobobooooboboboobobobooboboboobobon
obobobogbo2sobobabo=2s50300000000000000
Ooooooooobooooo-s3Mooobooogr7sooobobeebooon
goboobooobooooboobooboobooobooboooobooboobboOobn
gboogdloelcaselD O ODOOODO0ODO0ODOO0ODO0ODOO0OOODODOODOOODO
gboobooboboobooboboboobobobooboboobooobarsgn
gbobobobobooobooboboboboboooobobo=27000000
gbooobooboooobolebease2 D00 O00ODO0ODODODOODODODODOODO

- 52 -



050 00000000000000000000

ogooooboooobooobn

1 ‘quarped orneIpAy

) < \n < ‘N < \ <
[sa] [sa] N N — — (=] (=]
o
o
(=] — (o8] o <t sl
T _ _ _ ! _
&4 2l 2al = = =
= = = = = =

(s/wo) Sy ‘K31anonpuod oIneIpAq

250

200

150

100

50

Elapsed time, # (h)

(a) OO0

1 ‘yuarped oIneIpAy

T T T s B S
on on (o)l (o)l — — (e (e
¢ 19
- nSS 88
AAvv ~==222 |
¢ O00oog
i Oodooo
% kkk._ll._lu
5. LR SRR
/
g ‘
&
g
1
% o |
- W |
1 [ 1
6o
!
| |
S _ 1
' |
! ]
! 1
oo |
Lo
- o H
28 =
° - o
| ) A

(s/u) Sly ‘AyIATonpuod OIneIpAHq

40 60 80 100 120 140 160
Elapsed time, ¢ (h)

20

(b) OO

1 ‘yuarpeId oIneIpAy
‘N . \n . ‘N
o on (gl N A

1.0

0.5

0.0

>kO0O0O000OO0

x-.000000d

VT VI

/
’
’
’

’

X---=-=-X

PR

(=]
T
m
—_—

1E-1

(s/u) Sy ‘Kyamonpuod orneIpAq

1E-2

Elapsed time, ¢ (h)

(c) 00D00O0O
0-5.3 000000000

- B3 -



050 00000000000000000000

O00000o0oO0O00o0oooOoDOoOo-s.3(c)b00ooOo0oooooDOoOooon
D0000000000000000000004.13x10' em/s00000000000O0
ubobooboboboobobobooboboobooobobooooboboon
gboboboobobuobdub=2700000000000b00b0b0O0ob000oaon

gogboobooboobooboobooboobooobooobooboboobobOooDb
gbobobooobobooooboboboooboboboobobgrlleedbobbon
gbdb=270000000000000b0ob0obooboobooooboobobobonbg
gbogboobobobdoobobobooboboboobobooooboboon
ogboooboobooobooboobbooboooboobbooboobbE=2700000
gbobobobobobobobobpoopoooobobobobobo-s5400000
ubobooboboboobobobooboboobooobobooooboboon
goboooooboooboobobooobooboooo-s.50000

~ 030
£
L
N 0.25 r . *
2 2t
2020 |
S o
i >
0.15 /"
0.10 7
0.05 | &
0.00 1 Il 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0
hydraulic gradient, i
0-5.4 00000000 OD0ODOO 1060
v 10
=
g9 |
e}
E S8t
g
57|
o 6
5
% 5 r
4
3 L
2 L ‘00 *
I - "
1 .
*
0 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0

hydraulic gradient, i
O0-5.5 00000000 DOO0O0ODOOOd

- 54 -



050 00000000000000000000

000000000000 0000000000G.H00D000on
_ pwvD

R, 0000000booobooooooobooobboobbooboooooooobboobooobooon - (5.

O0D00OROODOODOODP,00000 (g/em3)0v0 00 (em/s)0 D00 D00 D (em)d 40
O00000(s emIOO0D00000000=30000R01000000000000
0000000000000 00000000000000000000000D0noao
000000000000 0000000000010600000000000000000
000000000000 00D0000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000 000000Y000000000000000000000
O00000000000D000000TerzaghiD 0ODO 0000 OKozenyD DO ODODO
0000000000000 D000000000000000000000000000
O0o00oooo?000(¢G.2)d0oooon

Doy = /M = nl/mpi“d{\/pwg(p;‘};zpw)dg +1- 1} 00000000000000000  (5.2)

Re < 0.2 1/m = 4.65 + 19.5-d/D

02<Re<1.0 1/m= (446 +17.6-d/D)Re~"03

1.0 <Re <500 1/m = 4.45Re~01

500 <Re < 7000 1/m = 2.39
0000v,000000cm/si0v0Rubey 000000000 em/si0 /md 0000 0AD
00000Mp000000000Palsl p, 000000 g/em’d00000emD g0
D00000gem’ 00000

00010600000002500000000000000-5.60000000025000

O000~.00000000000000000000000M 00000 M 1060
000000000000 000000000001060000000250000000
000000000000 0000000000000000000000000000
000000000000 00-5.7000000000000000000000000
000000000000 0000000000000000000000000000
00000000000 000000000000000750000000106000 00
000000000000 0000000000000000000000000000
000000000000 0000000000000000000000000000
000000000000 0000000000000000000000000000
00000000002500000000000000000000000000000
000000000000 0000000000000000000000000000
0000000000000 000000000000000000000*00000
000000000000 0000000000000000000000000000

- 55 -



050 00000000000000000000

gobooboobooboooboooboobooboooobooobobooboobbogoboboo
0D000000000D0030010000000000000*0000 0000002500
uboboobobobooboboobooboboobooboboooobobooo
gbaobobaobbdgdleeobbobbO2s00b0b0ObO0ObObObObOOO3ng
1oogobogobogoobooooboooobooboooboooooboooboooboooboon
gboobooobleeobgog2so0bopooobobonooobobooooobobdg
gboobooboboboobogoo2soboboonoogbleebobonoooboonodg
uboboobobobdoobobobooboboboobobooooboboon
goboobooboobooobooobooboobooobooobobobooboobbOobDboo
gbobobobobobobobpoooo-s40000001060000000

~1E+0 ¢ 357
k= [ |—k River sand 106 g
= " |—k_Oji sand 250 e 13078
{ [ i River sand 106 __L ?
Z | |-i_Oji sand_250 N 1223
= H H =
E 1202
§ 1E-1
2 115
-% 1 1.0
105
1E-2 0.0
0 50 100 150 200

Elapsed time, ¢ (h)
O0-5.6 O0O0O0OOOOOO

> 1E+0 ¢ 3.5 ':“
¥ 13078
o 5
2 Q
g 1252
:
2 s
g 1203
1E-1
______ i —R.samd v15/m | | 1.5
R.sand vem
—Osandvism |1 1.0
—-0.sand vem
----- R.sand i 1 05
----- O.sand i
1E-2 ‘ 0.0
0 50 100 150 200

Elapsed time, ¢ (h)
0-5.7 DOOO0OOoOoOoOOOO

- 56 -



050 00000000000000000000

Ooo-5.2 0001060

5.2.4 O0OO0OO
oobooooo-5.30000000b000c30e50040000c7010000000DO
goboboooboboboboobooboooboboboobe3Dc7T0DODOODOC30
ooobooooooobooodogbobobobogo3obooboosoobooobooboO
goboooboooobooooboooooobooboobooboooboobooboboobboobobooboo
oo-s3000bbo0oobo0o0boobbo0ooboobbo0odcec7db0Onece/wlo.64
ogbooooboooboobooboooboo

5.2.5 0O0OOO
gobooooobooooo@®B.e0bbooobooboooobboob=270000000
goboobooboobooobooboobooboooobooobobobooboobobogoboo
gbooboboboboobgoboooogsokpa D00 O00O0O0OOOOODOODOODODOO
goboooboooobooooboooooobooboobooboooboobooboboobboobobooboo
DO00O0D00100em’ M 0000000000000 00D0000000000D0ODOO
gogbooboobooboooboooboobooboooboooboobooboobobooboboo
gooboobogoooobooooobooobooooobooDobobDobbooboobOboo
gobo0omoobooooboo-s300gbooooboobobooonDo=-s400000

oo0-5.3 0Do0ooooog

- 57 -



050 00000000000000000000

oo0-5.4 ODOOO0ODOOO

O-5.3 0DO00O0ODO

gooooad goo@mo)
booobo 000000 00 ooooo oooo ooo
c/w (g/g) C (%) n (dPals) pa (g/em’D] n (%0
1 0.130 11.5 0.15 1.665 38.2
2 0.250 20.0 1.46 1.667 38.1
¢ 3 0.300 23.1 2.52 1.655 38.5
4 0.400 28.6 5.70 1.720 36.1
1 0.100 9.1 0.17 1.721 36.1
2 0.210 17.4 2.51 1.718 36.2
© 3 0.250 20.0 4.60 1.714 36.3
4 0.350 25.9 12.90 1.707 36.6
1 0.100 9.1 0.03 1.719 36.1
2 0.300 23.1 0.10 1.656 38.5
3 0.350 25.9 0.10 1.731 35.7
4 0.450 31.0 0.29 1.702 36.8
5 0.500 333 0.43 1.698 36.9
¢7 6 0.520 34.2 1.10 1.700 36.9
7 0.560 35.9 1.68 1.738 35.4
8 0.640 39.0 3.06 1.676 37.8
9 0.730 42.2 5.11 1.655 38.5
10 0.800 44 .4 7.58 1.698 36.9
1 0.167 14.3 0.14 1.684 37.4
2 0.260 20.6 0.44 1.707 36.6
3 0.270 21.3 0.80 1.734 35.6
c3:c7=1:1 4 0.300 23.1 1.31 1.721 36.1
5 0.350 25.9 1.86 1.727 35.8
6 0.400 28.6 2.83 1.709 36.5
7 0.500 333 5.67 1.702 36.8
1 0.200 16.7 0.13 1.731 35.7
3icT=1:2 2 0.325 24.5 1.11 1.727 35.8
3 0.340 25.4 1.18 1.714 36.3
4 0.600 37.5 8.23 1.733 35.6
1 0.200 16.7 0.27 1.719 36.1
2 0.270 24.5 1.06 1.698 36.9
c3:¢c7=2:1
3 0.340 25.4 2.11 1.709 36.5
4 0.600 37.5 15.00 1.740 35.4

- B8 -



050 00000000000000000000

5.3 ODO0OO

(1) 000000 c30c50¢70
000000000000 0000000-5.80¢70C=33.3%0c¢/w=0.50000000

gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gobobobobobobobobobobooboobooooooobobobobobob
uboboboobooboob7obobobobobobooooooobobobobobo
gobooobooooobooooosgbooobooooooboobboooboon-s.9
ggoobooobobosoboooobooooboobobooobooobooboboobobooDbo
gbobooboboboobobobooboboboooboboooobobooo
UbobdbrRubDIObOoboobooooosbobonboobooboonoonon

Ju—

N
N
N
(=]

E —00 B
S 10 f —000 200 <
Q) IS
- O
O 0.8 r 180 O
O [}
0.6 | 1160
AN
0.4 ’——/:Ah=135cm, =27 1 140
02 120
0.0 : : 100
-10 0 10 20 30 40 50

00000000 (min)
0-5.8 00000000000 O0O0O0OOCc70c/w=0.50

1% 10-2: 4.0 ~
r O

—0ooao

—0ooao

i O
3 O
L A a0kl b AL 3.0 O
£ b

1x 1073 7\% 4 2.0

0000, ks (ms)

1x 104 ' : 0.0
24 0 24 48 72 96 120
00000000 (h

0-5.9 0000000000000000000c70c/w=0.50

- 59 -



050 00000000000000000000

O0-5.100c30c50c7000000AO00A00D0D0D0000000kKk0Oc30c50c7000
0O1x10°m/s0 0000000000000 00000000000000000000000
kOc50D0 00000 C=174%0c¢/w=02100005x10*m/s0000000000c¢3000
0000C=20.0%0c¢/w=02500001x10"m/s00020000000000¢700000
gogbooboobooboooboobooboooboooboobobooboobobooboboo
go2000o0ogogboboboboboboboooooooooooobobobo
ubobobooboobobobooooooboboboboobon

- 1x 102 E
E r
g
0
e
O 1x 103F
0O E
O
O
O ©-c3_kO
1x 104E oc3 k
F *-c5 kO
#c5 k
Tc7 kO
1x 10'5 I I I I -.—07—1(
0 10 20 30 40 50
oooc@)

0-5.10 DO00O0OO0OOO0ODOOOO0ODOOOODO

—_
(=}

<
O
T

S«
-
T

000000k,
o o
=) %0

o
(%,
T

=~
w B
T T
s
(e}
W

e <
— N
T T

0 10 20 30 40 50
oooc@)

0-5.11 0O000OO0OO0OO0OOO0OOOOO0OOooooOo

o
o

oogboooobooobooobobD0k/keDODOO00ODOO0O0ODOOO0ODbOOO0DO-5110000
gbobooboooobobobuoooobobobobooobobesobonbd
C=174%0c¢/w=02100000k / kU O0OODOO0I1O00O00DO00Cc3000O0O0DOC=20.0%
Ocew=02500000k/k0cSO000O00O010D0000000D00O0DO0O00O00OO0OODOAO
ooboobooobooobooboboee7sb0bb0obOO00obOO0obObOOobObDOobObOO0ObObOODbO

- 60 -



050 00000000000000000000

U00000D000C=342%0c¢w=052000000000000 C=33.3%0 ¢/w=0.500 O
C=39.0%0c¢/w=0.640 00 000000000000 C=31.00 39.0%0 c¢/w=0.450 0.640 O
uboboboobooboobooooonn

o-5.1200000b0boboboboboboobobboboboboooooooooon
U00000e300C=200%0c¢w=0250000000000000000000c500
C=174%0c¢w=0210000cc30 00000000 0O0O0O00ODOO0O0ODOO0O0ODOOe300
C=20.0%0c/w=02500000000c500C=174%0c¢/w=021000000000000
gbogboobobooboobobtocgrgbobobooooboobobooboaobo
C=259%1 c¢/w=0.3500 00 0C=35.9%] c¢/w=05600 0000000000000 0O00O00ODO
gbooobooobooboobobobobobobOobOonnie=39.0%0c/w=0.6400 00
uboobooboboboobobobooboboobooboboooooboboon
uboboobobobdooboboboobobooboobobooooboboon
ogoooo

1200

1000 r

800 r

600 r

0000000V, (cm)

400 r

200

0 1 1 1 1
0 10 20 30 40 50
ooocid)

0-5.12 JO00O0OO0OO0OO0OOOOOOOOobObOOooboboOoo

600

o3

00000000m,(g)
5
(e

0 1 1 1 1
0 10 20 30 40 50
oooc@)

0-5.13 000O0OO0OO0DDOOO0OO0ODOOOO0oDOoOoooo

- 61 -



050 00000000000000000000

Oo-5.1830000ggoooooooobooooooooooooooboooboooooo
Uo0o0b0bo0obobobOobOde3ndcCc=20.0%0cw=02500000000000000
uboboobobooboobobooobobooboboboobobonobdestod
C=174%0c/w=021000000000000000c3000000000c700DO0O00ODO
U0o0D0O0cC=3%.0%0c/w=06400 000000000000 0DO0O0ODOO0OOO0OODAO
gboboobobobooboboboobobooboooboboooobobooo
uboboooboooboon

gbogbooobodobobuooboobobuoobooboboobobobuoobobob
goboobooboobooobooboobooboooobooobobobooboobobogoboo
gboboobobobooboboboobobooboooboboooobobooo
uboboboobobobobobobon
(2) 00D0DODO0Oe30c7=1010 10 20 20 10

0-5.14000000k004A000000000000000000000KDOI1x107
m/s0 000000000000 0000000000000O00O00O00O00O0O00O0O0O0Ok0
gbdbc30c7=10200c70 000000000007 OOO0O0DO0ODOO0ODOODOODOO
Ubdec3bc7=20100000000000c300000O0D0O0O0OOOOOOOc7DOOOO
gboboooboogobogobe3de7=1010000000DO0O00O00ODO0OODOOOOOOODDO
gboboobobobooboboboobobooboooboboooobobooo
ubobooboobobod

a1x 102 F
k| F <-¢3:¢7=1:1 k0 c3:c7=1:1 k
= <¢3:c7=1:2 k0 +c3:c7=1:2 k
o 3:c7=2:1 k0 oc3:c7=2:1 k
3
DX 107 F o e e
O C
O *
O
1x 104 F
g &
1x 10 : : :
10 20 30 40 50

000 (%)
0-5.14 0000000000 O0OOOOOO0

O0-5.1550000000k/kU0000000000c30c7=10200c¢70 0 0O Qe300 c7=20
1003000000 0000000D00c30c7=10 100000000000 0O0O00OOO0
ubobobooboobobuobuoooooobobobonc=21.3%025900 ¢/w=0.270
o3sububuobubodcdgbuobobobobaobd

- 62 -



050 00000000000000000000

< 1.0
S
0 09 r ®
O
0 0.8 r
S 0.7
006 N
0.5
04 | * _/
0.3 1 *-c3:c7=1:1
02 r *c3:c7=1:2
0.1 r ¥ oc3:¢7=2:1
0.0 Il Il 1
10 20 30 40 50
O00C (%)

0-5.15 000000 O0OOOOOOOOooOOoOOO

o-5.16000ggooooooobboboooooooooooooboobooouooo
gbobooooonooooooobobobobobobuoooobOobOe3der=101
Ubdc30bonobonbode3dbce7=1010c30c7=102000000c70O000O00O00O00OO
g

% 1200
) o <-c3:c7=1:1
51000 | +c3:c7=1:2
[ JPRe
O o-c3:¢7=2:1
O 800 f
[
[
5 600
O
400
200
<>
0 1 L Il
10 20 30 40 50
gooc)

0-5.16 0000OO0OO0O0OOO0OO0OOOOO0OOOOOOOO

U-5.170 000000000000 00D00000000O00O00O0e30c7=2010000
Ubdc3bOce7=10100000O000O0

- 63 -



050 00000000000000000000

&0 350
© A <-c3:¢c7=1:1
s
o 300 - -c3:¢7=1:2
O =
O 250 < oc3:¢7=2:1
O &
0 200 +
O
O
O 150 B
100
50
3
0 1 1
10 20 30 40 50
O00dcC (%)

0-5.17 000O0OOO0OOOOODOOOODOOODOO

(3) DODOCoOOoODOOOOOOO
oobobooboooooobooboooobbooobo-sasbooobooooooD
ubobooboboboobobooboobobooboooboboooooboboon
gbobobobobuobuobouoooobobobobobobo
o-5.190000ggooooooooboo0oooooooobobooboobooouoo
Uboobo0obo0obobbobO0obobobOe3dbe3bce7=1010000000O00O0DO0ODOO
gbooboobobodcgrbobboobobbooboboobobooboe3ognog
ubobooooan

[\
W
(=)

o3
45 ®
&c7

+-c3:c7=1:1
+-c3:c7=1:2
oc3:c7=2:1

[\

[}

(=)
T

—_

W

(e
T

000000, m (g

0 10 20 30 40 50
0ooc@D)

0-5.18 0DO0O0OO0OOO0ODOOOODOO

(4) DODOoooOoODOOOoOOoOooooD
ubobooooboobooboooboobobuooooobobooooboboooobooobon
gobo-s40000000000000O0DO0OODOOODOODOODOODOODO
ggoooboobooobooooboboooboooboobooboobobobooboobooDbo

- 64 -



050 00000000000000000000

o 1.0
=00 H[*€
Eﬁ -4C5
o 0.8 r a7 PS /9
0 0.7 rl|ec3:c7=1:1
g 0.6 F|*c3:.c7=1:2
O o5 | &-c3:¢c7=2:1
2o
o 04 F
Ho3
02
0.1
0.0 L 1 L
0 10 20 30 40 50
oooca@)
0-5.19 000000000000 0O0
0-5.4 00000000000
() 0DD00OO0
q00 oooooo ooo0oooo
OO0 No. DOOOODO 00 00000 oooo ooo
o0 ;
c/w (g/g) C (%) 5 (dPals) pa (g/em’) n (%)
; 8 1-1 0.640 30.0 306 1.676 37.8
¢ g 12 ' ' ' 1.668 38.0
3711 21 0.500 33.3 5.67 1702 36.8
R X! ' ' ' 1.633 393
() DDDO
0O 000d (m/s)
O O No.
000 k 000 k& k/ ko
1-1 1.40x1073 5.93x10™ 0.424
1-2 1.16x1073 4.80x10™* 0.414
2-1 1.01x1073 8.81x107 0.872
2-2 1.51x107 1.26x107° 0.834
5.4 00

(1) DOOoOooooooOooooao
gboooooooooogoogoogooooobooboobooboobuobobo=s.2000
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobooboboboobobobooboboboooboboooobobooo
uboobobobodc7DObbobde3besobobonobobooboooboonog
gboboboobobobobobooooooooboobaonn

- 65 -



050 00000000000000000000

< 1.0
Z09 | el
O 45
O 0.8 ac7
g 0.7 +c3:c7=1:1
006 | ° +-c3:c7=1:2
O 0.5 I o-c3:¢7=2:1

04 r

03 r

0.2 &

0.1 r

23
O'O 1 Il Il [l
0 50 100 150 200 250

00000000m, (g
0-5.20 00000000000 OOOOO

@
| |-&c3
45 L /
=7
I [®-c3:c7=1:1 \’
&
0.3 0.8 0.9

(e) —_
o O
T

OO0D00O0k/k
© o o 9o
“hn AN N

<
N
T

L [o-c3:c7=2:1

e el
S = N W
T

N
*c3:c7=1:2 ¢

04 05 06 07 1.0
000000000m,/m,

0-5.21 0O00O0OOOODOOOODOOOODOO

00 0.1 0.2

oooo-s.210000000b000000bODOO0OU0DODOO0DOOm,DDOOOO
U0m 0000000000 D0O0DO0O0D0O0O0O0OO0ODOODOODODDOO0ODODOODODO0ODOODO
gbooboooboboobc7dbobooobge3bce7=102000500600000000
gboboboboboboboboboooooooobobobobobobobob
Uobobo00c300ce5S000000000e30c7=10100c30c¢7=201000.700.800 0
gbobooboboboobo2o3oobobooooobobooooboboon
uboboobobobooboboboobobooboooboboooooboboon
gbooaoboao

(2) D00DDOO0OOODOOOO

0000000000000 000000000000000000-5.22000000
0000000000000 000000000000000000000000 1~2.5
dPals0 0 0000000000000 O000O0C0O0O00DO0ONOOONONO0ONON0ONONO0OO

- 66 -



050 00000000000000000000

gobooboobooboooboobooboooboooobooobobooboobobooboboo
gboboooboboboobobobooboboboooboboooobobooo
oobooooogobooo-s.230000oooboooooobooooooDo
gbogboobobobdoobo2g4obbboboboboboboooobobonon
ooooooooooobooo-s.200000000000000ODODDOOOOOOOO
gboboooboboboobobobooboboboooboboooobobooo
ubobooboboboobobooboobobooboooboboooooboobooon
vbogboobobobdoobobobooboboboobobuooobooboboon
ooboooooooon

=1.0
e
=09
O
|:|0.8 -
007 +
O
0 0.6 | \\\
Sos t e
45
04 |
| =7
03 r -+-c3:¢7=1:1
02 r +c3:c7=1:2
0.1 | c3:c7=2:1
0.0 1 [ A A | 1 L1 a1l I 111 a1aal I F I N B A1
0.01 0.1 1 10 100
00000 u (dPals)
0-5.22 O000O0O0O0OOO0OOO0O0
= 4
= ec3
a9
= AcCS
3.' 3 mc7 =
. ¢ c3:c7=1:1 *
O
O ®cCoC/=IT A
O ¢ c3:¢7=2:1

40 50
oooc@)

0-5.23 000O0OO0OO0OOOOO

- 67 -



050 00000000000000000000

(3) DOODOOODOOOOOOOO
gbobooooboboobooboboooobobooooboboooboobon
ooboooooooboooobooobooobbooboobooobooboOo-s. 240000
gbdboboobobdNaOooobobuoboboboboboooooobabo
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
Ubo0bo0obo0obobobuobDoboddce/w=0.12000C=10.7%0 0 0 0O O n=1.7dPalls0 1
ubobooboobog

100
90 r
80
70
60
50
40
30
20
10

—c3
—c5
—c7
—bentonite

Cumulating passing weight (%)

1 10 o 100
Grain size (um)

0-5.24 0O0O00O0OOODOOOODO

o-5.2500000gooooooobobooooiisbooooboboooogoooooo
gboboobobobooboboboobobobooboboooob24000n
00893.9em’ 00 0000000000000 0O0ON0OOODNOOO

1E2 ¢

0000, ks (cm/s)

IE4 |

1E-5

-1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
goobogooog (h

0-5.25 0O00OO0OOOODOO

- 68 -



050 00000000000000000000

UoboooobOooboobobo0bbRubIDDbO00DDbO0b0DOokDbOODbDO
oobooooo-s.260000000000Kk=04000000000000000O0DOO
U0boo0o01iodo0kk=07200000000000-5.220000000000000
goboooooooboobobooo-s.2r0bb0iIcgboboooooboboooobooon
ogboooobooobooooboobooooboooon

= 1.1
&
210 \l
O
O 0.9 [
0 0.8 _ o .
() - T T
0o 0.7 r
006
05 r
04 r
03 r
02 r
0.1 r
0.0 :
-5 0 5 10 15 20 25 30
oooooooo (h
O0-5.26 O0O0O0OO0O00O0O0O0O0O0O
=1.0
2
<09
O
o 0.8
007
O
006 r o3
Sos t wcS
0.4 e
--c3:c7=1:1
0.3 --c3:c7=1:2
0.2 c3:c7=2:1
0.1 O bentonite
0.0 ! Lol 1 o1l 1 Lol 1 Lo
0.01 0.1 1 10 100

00000 u (dPals)
0-5.27 DO0OOOOODOOOODOO

- 69 -



050 00000000000000000000

5.5 000

ubobooooboobobooobooboboboooboboboobobobooooboan

gboboobobouoobbooboobb3sgogooobbogboooboobooobdgd

ggoboobooobogooooobooboooboobobooboboo

(L) O0O0ODOOoOOOoOOoobOoOoOOOoUOUoUoOobODOoOOOogoOooODoOboOoOoooooDoaOo
ubobobooboobobobooooooooobooboobobono

(2 J0oooboOoOoOoooooboooo0ooobooDOooOoooooDbDoboOoooooDO
goboooobooooooboooooboooboobooboobooboobooon
gboboboobobobobooooooooooobobobo

3 000D Oo0o00o0oooOCoco0UOobDOOoOoOoOoDDoOObOOl.002s5 dralls OODODO
gboboobobobboobobuoboobobuoboobobdaon?2ob4ond
gobooboooooboobo

good

) 0000000000000 DOO000O00DO0O00oO00oDOo0oOoDOoooOoOoonogn
0000 Vol.300 No.10 pp.39-460 2012.

2) 000000 0DbOO0O0obO0O0 oboooobo2o19.2.00.
http://www.fujimfg.co.jp/kenmazai/Abrasiveglassbeads.html

3) 000000 0DODDOO0OD0ODOO00OO0OO—0Opp.17-210 2009.

4) 0O0d0O00O0obOO0oOOooOoo0oo0OooDOobOOobOobOOooOoOO0oDOooODOobOOobOOooODOn
Vol.570 No.90 pp.26-290 2009.

- 70 -



060 OO0OOOOOOOOOOOOOOOO

0 bODobobobodoodoooodododgn

6.1 OO

ubobooobooboboooobobooboooboboboobobobooooboan
vbogboobobobdooboboboobobooboobobuooobooboboon
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobooboboboobobobooboboboooboboooobobooo
ubobooobooboobobob

6.2 0OOOO

6.2.1 0OOOO
O000oo0ooo0O0o0o0ooooOobDOoooooooboOo-e1()0OO0OODCODOOODO
gooobobobooboobgoobobooobooboobioyymbgdognboonbo
Ub00semxO0O50em 0 0000000000000 00O0O0O0O0O00O0O00OO0O0OOO
ubobooboboboobobobooboboboobobooooboboon
gogboobooboobooobooboobooobooobooobobobooboobobooboboo
gbobooobobobooboboboobobooboooboboooobobooon
uboboboobooboobgonog
ooooooooooobobobooobooOoooooooobooD-6e.1MLOOOOoOoOoOoo
gogboobooboobooobooboobooobooobooboboboobobooboo
gbobooobobobooboboboobobooboooboboooobobooon
uboboobobobooboboobooboboobooboboooooboboon
gogooooooooooooboooboooobooooboobbooDo-6.10000

6.2.2 OOOOO
ooboooboobooboo40bboobboobobooboobooIgo=-e1000bOoOoD
U0o00O00Do0o0b00o0oo0DbDOOne3de/w=0.250c50 ¢/w=0.250c70 20 O O O ¢/w=0.520
0.730 0000000307 OOODO0OODOI:ID1I:2002:1 000000000000
U000000c30c7=1:10 ¢/w=0.3000 ¢30 c7=1:20 ¢/w=0.340 c30 ¢7=2:10 ¢/w=0.270 O O
dbhebbonoobobooboobonoonoooobobobo#x2o00b0bOOOd

ODO0GBOOODODOOp=2.561g/cm’0 D5p=0.80 mmO 0 000 U~1.780 000

- 71 -



060 00000000000000000

a7 Lyt—
LB
TEKAL IV —RREIR

o Ealvh [ AL

N 4
S AFULA AFULA 257};
N LI
EZIR N
0

i S N
; = oSem dem® % gtk S
ek % L —s0em *4- u-b (HFAE—X) %
olem -

/i?fMﬁ
HF7J< Ah
P4 L
EVIN =
Bk L. g
5 @k peatrk
= > o —mmmEA
5 HIAL —X) .
] d_{ kbl
F+—X) > ) A —
Rk E 3

() DODOOOOO
0-6.1 0J00OOOOO

Y
w//

Ooo200000000000000DDOOOO-6.2000000GB#200#800 50
gboboooobobgon

oob30b-e300000000DO0O0O0ODO0OODODDO 400-64000000D0
goboooooogooooboooogosgo-e5000000000O0O0O00O0O0OODO
U030000000000000300000 40 GB#ROLUOOO 50 GB#200000
gboboobogooboo

oo-6.1 ODOOO

- 72 -



060 OO0OOOOOOOOOOOOOOOO

0-6.1 O0OOOO

10gooooooon

ooo oooooo oo ooooo 00
00 c/w C (%) p (g/cm?) n(dPalls)
c3 0.25 20.0 1.148 1.46
c5 0.25 20.0 1.140 4.60
0.52 34.2 1.356 1.10
<7 0.73 42.2 1.360 5.11
¢3:c7=1:1 0.30 23.1 1.166 1.31
c3:c7=1:2 0.34 25.4 1.152 1.18
c3:c7=2:1 0.27 21.3 1.151 1.06
0-6.2 0000OD 20000000
oooooo oooog 000
00 pa(g/cm?) n (%0
GB#20 1.604 37.4
GB #40 1.582 38.2
GB #50 1.569 38.7
GB #60 1.576 38.5
GB #80 1.558 39.1
0-6.3 00000 3000000 GB#800
goo Oooo0o0O0O0 | 0oooo oo
0o c/w p (g/em?) 5 (dPal s)
c3 0.30 1.145 2.52
c5 0.21 1.115 2.51
0-6.4 0000DO 40000000 GB#300
ufinls oooogoo ooooo 0o
00 c/w p (g/cm?) 5 (dPal s)
3 0.21 1.185 0.94
c5 0.21 1.188 2.51
0-6.5 0000050000000 GB#00
oo
ooao Ooo0o00O0| 0oo0o0oo n (dPall s)
oo c/w p (g/em?) ooo ooao
ooo Oooag
c5 0.25 1.201 4.60 3.00
c7 0.73 1.443 5.11 1.43

- 73 -



060 00000000000000000

6.2.3 ODOOO
gbobooooboboooobobooooboboboobobobooobooon
ubobooboboboobobooboobobooboooboboooooboboon
vbogboobobobdooboboboobobooboobobuooobooboboon
ooogooooooo-e.200D0O0O00OUOOODDOOOOUOODODLDOOOOOOO
gbobobobobobgpooosokpa D00 0OD0DO0O0O0O0OO0ODODODODODO
gbogoboisoemdloonogo2semo0noooonooooonoooboonooong
vbogboobobobdooboboboobobooboobobuooobooboboon
pgooboooobogoooooboobooobooobooobobooboobobooDbo

00-6.2 ODOOOOOOODO

6.3 0OO0OO

6.3.1 D0O0OODOOOOOOOOOOOOOOOCOOOL020

() 0OOO

00000000000000000000000000000000000#50 00
00 ¢ C=23.1%0c/w=03000 00 0000000000000 00000-6.30000
000000000 ¢70C=23.1%0¢/w=03000000000000000000000
0000000000000 000000000000000000000000000
000000000000 00000000000000000-6.200000-6.100
0000000000000000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000 D00000#00#40000000000000000000
0000000000000 0000000#00#00000000000000000
480 000000000 O00O00O0OO0OO0O0ODO0OOO0OO0O00ONOO0ON0ONOOD
00000000000 00#0 00000000000 00000000000000
ooooo

000000000000 00000#0000000#400000000000000
00000000000 000000000000000000000000000000

- 74 -



060 00000000000000000

gbobboobuobooboouoooouobobobooobooboooboobooann
gbobobog#obO0ObDO0OI0#c00 00000000 OD0ODODODLDOOODOOODOO
gboboooboobogn

00-6.3 00O0DO0OOO0ODOOOOODOODDO 2
O c¢70 C=23.1%0 ¢/w=0.300 0 O O O OO #500

100 30
90 | mOgoooon

w0 | mO0000000 25
mO0000000
~0000

00000 (g
0000 (mls)

#20 #40 #50 #60 #30
(Dsg(pm)) ~ (550) ~ (160)  (150) (140) (76)
oooooo

0-6.2 c70c¢w=03000000000000O00O0O0OOO0

(2) 0000
00000 100000000-6.3000-6.4]J00000000000000000
000000000000 0000000000000000000000000000
0000010400304000000000000000000000000000000
0000000000000 1500000000000000000000000000
¢70 C=34.2%0 ¢/w=0.520 0 O ¢30 ¢7=10 20 C=25.4%0 ¢/w=0.340 00 00000000
000000000000 0000000000000000000000000000
00000 e30¢7=1020 C=25.4%0 ¢/w=0.340 00000000 25em 00 50em 00O
000000000000 0000000000000000000000000000
000000000000 00000000000000000000000ooonoon
0000000000000 0000000000000000e¢30c¢7=1010 C=23.1%0
¢/w=030(0 000000 50em00 75em0 000000000000 000 Ll €=20.0%0
¢/w=02500 000000 75emO0 0 100em 00 0000000000000 000000
¢70000000000000000e30¢7=20 10 C=21.3%0c¢/w=0.2700 O ¢ C=20.0%0
¢w=02500000000000000000000000

- 75 -



060 0000000000000000O0

~ 900
S —c3(C=20.0%)
800 H ¢5(C=20.0%)
O —c7(C=34.2%)
o 700 |—c7(C=42.2%0
600 ||[—c3:c7=1:1(C=23.1%)
c3:¢7=2:1(C=21.3%0
500 [|—c3:c7=1:2(C=25.4%)
400 |
300
200 |
100 |-
0 —
0 10 20 30 40 50 60
ooog, t (min)
0-6.3 0O00OOOOO
— 175 i~
8 —EKELE 7 \g
< 5 —c3(6=20. 0%) iE]
4 ¢5 (6=20. 0%) R
= —c7(C=34. 2%) e ———")
¥ 125 [ 57(C=42. 2%)
—c3:¢7=1:1(C=23. 1%) “}
100 H—c3:c7=1:2(C=25. 4%) i —
¢3:c7=2:1(C=21. 3% /[ —/ —
75t —
50 f - o
25 L
IlI
0
0 10 20 30 40 50 60
#FiBeER, t (min)

0-6.4 ODO0OO0OOOOO

ooboobboogobo=-6.500000:;00000 KsO15000000000DOO0OCc¢7
0 C=34.2%0c/w=0.5200 i=0.50c30 c7=10 27 C=25.4%0c/w=0.3400 i=0.50 1.00c30c7=10
Oc/w=0.3000 =0.501000000000000000000000O000O0DOO0OOOO
0 0 3] C=20.0%CLc/w=0.25001 i=1.50 2.00cc7=210 C=24.5%Lc/w=0.271010 cT C=42.2%0
cw=0.730 0000000000000 00000000000000000 300000
gobO300o0oobooobooogoboboobooobbooobo-e.60000b0i0O0O0ODOO
ooboboobb0k/kbDOO0O001S0000000000DODODODDOOOODOO0O0OODOO
c70 C=34.2%0 c¢/w=0.521J c30 ¢7=10 10 C=23.1%0 ¢/w=0.3011 c30 c¢7=10 20 C=25.4%0
cw=03400000000000000000000000000=2.0000 10200
gbbobbooaobbbooobbuoobooobboooooobnog e300 C=20.0%0
c/w=0.251] c50 C=20.0%0 ¢/w=0.25[1] c30 ¢7=20 10 C=24.5%0 c¢/w=0.27[1] c¢70 C=42.2%0

- 76 -



060 00000000000000000

c¢w=0.7300 =2500 608000000 0O0OO0OOODOODOODODO

gbobooooboboooboobobooooboboooobobooobobon
ubobooboboboobobooboobobooboooboboooooboobooon
vbogboobobobdoobobobooboboboobobuooobooboboon
gobooboobooboooboobooboooboooobooobobooboobobooboboo
gboobooobobon

2 1% 102F
E F
- i
I:I L
O
1x 103 Y
0 g r‘ ——
- : { ) —c3(C=20.0%)
- €5 (C=20.0%)
1x 104 E —c7 (C:34.2%)
i —c7 (C=42.2%)
L —c3:c7=1:1 (C=23.1%)
i —c3:c7=1:2 (C=25.4%)
c3:¢7=2:1 (C=21.3%)
lx 10»5 L L L
0.0 1.0 2.0 3.0 4.0
oooooqg
0-6.5 ODO0OO0OOOOOOOOO
- 1.0
< —¢3 (C=20.0%)
< 09 r ¢5 (C=20.0%)
g 08 | —c7 (C=34.2%)
- I —c7 (C=42.2%)
- 07 —c3ic7=1:1 (C=23.1%)
o 0.6 —c3:c7=1:2 (C=25.4%)
Ogs L c3:c7=2:1 (C=21.3%)
04 r
03 r
02 —-—:\4
0.1 r
0.0 :
0.0 3.0 4.0
oooooqg

0-6.6 DJOOOOOOOOOOOO

c700D00OO00O0O0OoOoooooDbDD-6.4000000-64(@UDDODODOOODOO
ogoooooogb =0000000000DOO0OO0DOOO0OO0ODOODOOODODOOODO
OO0oO0o0ooooooboobDboDboo-6.4(H)00dggog=050000000000000
ubobooboboboobobooboobobooboobobooooobobooon
gbobgogobuobboobobobobobuoboboboboobobobobobo
O00oO0oooooD-6.4(c)0OO00O0 =05~100000000000DOOOODODODO

- 77 -



060 0000000000000000O0

gooobooboooboooooobooboobbooboooooboobbooobooooD

goooobooboooboooooooboobobooboooooboobooboobooboooD

goooooooDooOOoOOoOOoOOOOO0OObODbDDO-64@OODODODDO =10~2.00000

goooobogobooobooboooboooboobboobooooooboboooboooo

goooooboobooOooOoOOooOobbDoOobOObO0ODb OO0-6-4(e)d =20 00

goboboooogoobooobaoobobobooboboooboobobboboooboooDbo
goooboo-e 500000000000 bO0O00bLDbODOo0oUobOoOoOobDOoOoOobDbOOD
gooooooooogoboooboooobobooboooboboobboboooobooooo

goobooooooogoooboobooobobooboooboboobbobooboooo

goboooboooobooobboobobo

@ b0000=00000

1 b

My - o @@ ~ B W
mmnl-,—:_-—.—-r-

(d)i=1.002.0000 (e)i=2.000000
00-6.4 ODOO0O0OO0OOODOOOODOODOce7O

- 78 -



060 00000000000000000

oo-6.5 000000

@)oOOoOooOOoO0o0o0DOoooooooooo

gboboobobooboboooooobobobobooboboboboobobooann
gbobboobuobooboouoooouobobobooobooboooboobooann
ggboobooobooobooobogoooboooboooboboboboooboboooboo
gbobooboboooooooooboboooobooooooboobooon
ooboooono-e.70000

gbobobogb 700 J00 e30c50c3:c7=2:10c3:c7=1:1 00000000000
UobobooboD bDoobobO0b e3:e7=1:1003J000000 4000000 40g00
O c3:xc7=1:1 0000 2000000000000000000000 ¢c7000000
c3c7=1:10000000 3000000000000 00DbOObO0O00O0O0bO0bO0ODbOOce7d
gbobobobobobuobobobobobobobobobobuobobobooo

— 160
20 R0 000000
5140- 0000000
- o0oOooooQ
120
O
Y100 | ]
80
60
40 +
] M &
0 ’_‘\ Il 1 1

c3 c5 c7 c3c7(1:1)  c3c7(2:1)
0-6.7 DO00OD0OO0ODOODOOODDOUODDOOOUODOODDODOODOO

(4) JODOoOooOoDOOOOoOoODoDCoO
U-6.8000000000O00O00OOLOOOOOODOOOODODOOODODODOOODOO
gbobobobobdoboobobobobobobobobobobob

- 79 -



060 00000000000000000

UdbOecsO0O0DOO0OO0DOOODOODOOODOOODOODDOOODOOODOOD
gboobob=3.00000000000D000O0Cc3c7=2:1000000000 2000
ubobobooboooboboboboboboboobooboobaonD esobobong
ubobobdobe3bgbuobuobunos3sgbooboobobaobabestobodn 20%
ggboooooboboobooobooboobobooboooboobbDesOobO0OoDbO
goboboboboboboooooooooboobobobobobobooooooon
uboboboboboboboobobooboooon

Udb0c700000D000D0DO 20%0000cs000000000 1130000000
ogboooooogooboooobog 25% 0000000000000 b0o0o0obo0obo
U0c3:c7=1:1 000000000000 0O0DO0DO0OD0OO0O00O000O0DO0O0DO0ODO0ODbOODOO
uboboboobobobob y0bobobobobobobobobobobobo
uboboobobobuooboboboobobobooboboooobobooo
ogboobogbooboooboobbooobooboobooobooboboobobooDbo

100 : 3.2
oo || ™O0000D -
=] 000000 [(k0-k)/k0] 3.1 0

80 | ---00D000O0 o
3 O

70 e - =

60 r
50
40
30
20
10

0
-10

gooooooooooobooooo

c3 c5 c7 c3c¢7(1:1) ¢3c7(2:1)
0-6.8 DO00O0OO0ODOO0ODODOODODOODOOOODOOOOOOO

6.3.2 DO0O00ODOO0ODODOOOO0ODDODODODOODOOODOODOOOsOs0

() 00D 3WO00000

0000 e30¢500000000000000000000000000000000
0000000000000 000000000-6.90000c300000000000
00 +=25em00000000000000000A=S0emO00000000000000
0000000000000 0000000000000000000000A=75ecmO0
0000000000000 00000000000000000000Nonooooon
r=100cm 000 0000000000000 O0OD0OD0OO0OOOOOO0O0O0O0O0O0O
00000000000A=125em 0000000000000000000000000

- 80 -



060 00000000000000000

gobooboobooboooboobooboooboooobooobobooboobobooboboo
gooboog e1soemJ 0000000000000 0O00O000O0000D0 24g/min 00
ubobooboboboobobooboobobooboooboboooooboobooon
gbobobobobobobobobobon

csU c3000000D000OOO0O0OODOOD 24gmin00000O0O0OO0OODOOODO
gbooobobobobobobobD e=100emb0O00000DO0ODOODOODODOO

=150 o
3™ s 2
: | | o
= °
F 100 - h : ¢3(c/w=0.3) o
o z
= \ :
: e
B _\ h : tank s
0T h: c5(ciw=0.21) “
Q: c5(c/w=0.21)
25 .
Q:c3 (c/Iv:0.3) l ____________ g
0 : | mmmTmmmm————t " ‘ ‘ 0
0 10 20 30 20 - "

Elapsed time, t (min)

0-6.9 0000000 OODOOOODOO10

(2) 00040000000

0000 e30¢500000000000000000000000000000000
0000000000000 0000000000-6.100000¢3000000000
0000 #A=25em00000000000000000A=S0em000000000000
0000000000000000000000000000#=75em000000000
000000000000 0000000000000000000000000000
D000OA100em 0000000000000 000000000000000000
0000000000000 0A125em0000000000000000000000O
0000000000000000000000000000000000000000
00000000 A=150em 000O0O0O0O0OO0OCOCOOOOO0O0O0000000O0OOO
45gmin0 00000000000000000000000

50 h=S0em 000O0000D0O0O00OODOOODOOOOODOOOOOOOOOO
r=75em000000000000000C000000000000 0h=100em00000
0000000000000 0000000000000004=125em 00000000
000000000000 000000000000 A=150em000000000000
0000000000 24gmin000¢300000 54%000000000000000
000000000000000000000000000

- 81 -



060 00000000000000000

= 150 150 =
§ £
= S
-g 125 1 125 o
= h : tank %
S 100 | — 1 100 2
= 3
h:c3 (c¢/w=0.21) =

75 ¢ P 1 75

'\ Q:c5(c/w=0.21)
50 - h:c5 (c/w=0.21) 150
Q:c3(cw=0.21) .~ \
25 \‘ p— e 4 25
0 LT 1 L L L 0
0 10 20 30 40 50 60

Elapsed time, t (min)

0-6.10 0O00OO0OO0OO0OOO0OOOOOO0O?20

(3 00050000000

000000 ¢70000¢7+000000000000 ¢70000c¢70000000
0000O0e¢7w0000000000000000000000¢7 0000000000
0000000000000 000000000000000000000-6.110000
7000000 #=25em 0000000000000 OOOOOO0OO0O0OO0O0OO0O
0000000000000 00000000¢000000000000000000
00A=50em 0 7+ 000000000000000c700000000000000¢7-r
00000000000000000000000 800gmin0000000000c¢700
0000000000000 00000000000000 650gmin000000000
000000000 80%00000000000000000000000000000
ooooQ

000000000 ¢S0000c¢5r000000000 5000050000000
00000000000-6.120000c5r00000 A=25em000000000000
0000000000000 000000000000A=S0em000000000000
0D00A=75em00000000000000000O0O0C0O00000000000000
00000000000 ¢5r00000 750gmin00000000c5000000 h=75cm
D000000000A=100em 00000000000 000000 620g/min 0000
500000 82% 0000000

() 0O0D0O0O0D0O0

000000000000 000000000000000000000000000
0000000000000 000000000p=1.54701.570 g/em’ 000000000
0000000000000 000000000000000000000000000

- 82 -



060 00000000000000000

2225 900 2
NS g
=200 f 800 5,
—U N
< L o
3175 700 e
2150 | 600 =
= S
125 FQ:¢71(c/w=0.73) 500 &
100 + e : ] 400
75 L i — 1300
s | W S 7 I h:c7(c/w=0.73) | 200
/ h:c7-r(c/w=0.73)
25 i 1 100
0 _—---—“":{i“'i I 1 1 I 0
0 10 20 30 40 50 60
Elapsed time, t (min)
0-6.11 000D0OO0ODODOODODOOOO 30c¢70
€225 900 =
N g
=200 | 1800 5
E] T S
8175 ¢ Q : c5-r (c/w=0.25) 1 700 s
£150 | et 600 =
= i ; g
125 ¢ h : tank e A 4 500 =
100 | Lo 1 400
El === '\ h: ¢5(c/w=0.25)] 300
0 r | C h:csr(ow=025) | 200
25 P AN 4 100
0 e Q : ¢5 (c/w=0.25) 0
0 10 20 30 40 50 60

Elapsed time, t (min)

0-6.12 OJO00OD0OOOO0ODOOOODOOOO30c¢sO

6.4 00O

6.4.1 DDO0O0DOOOODOOOODOOOOOOO

0000000000 00000000000000000000000000000
0000000000000 000000000000000000000000000
O0D0O0D000OGRODODODODOO 8% 00 GsO0ODODODO 15%00 Ds00000000
ooooo bo

D
GR = G—ls 0000000000bo0bobooboooo0bo0boobobooboobboboobooboboonoo (6.1)
85

O0D0O0OGR=24000000000GR<I10000O0D0D0D0O0O0O0O0O0OODO MO

- 83 -



060 00000000000000000

0-6.6 DO0O0OO0OOOUOoDOO0OOxODDOO

oooooooo #20 #40 #50 #60 #80
c3 oo 66.7 37.3 37.3 34.7 17.3
(C=20.0) 0o o O 0 O o
c7 OO0 38.5 21.5 21.5 20.0 10.0
(C=23.1%) oo o o o o x
(C=34.2%) oo o O 0 O x

Uobooo0o0 c70C=23.1%0c¢/w=030000000000000 ¢3(C=20.0%0 c/w=0.25)
O c70C=342%0c¢w=0520000000G.HO0 000000000000 0O00O0O00OO
6,60 000000000OKKOIDOOOOOODOOODOHC=23.1%Uc/w=0.300000
c70 C=342%0c¢/w=0.5200 00 000000000000 HOODOODOOOOOOODO
gbogboobobobdoobobobooboboboobobooooboboon
goboboobobobo# D0boboooobobooooboboooobobgd
gbobooboboboobobobooboboboooboboooobobooo
oobooobooooboooboooooboobe3d.l bbb OoobDOoOoDbOO
ogbooobo0oobooboob=2s50000000000DO0O00DO0O0O0OO0OODDO
oogbooboobooboooboobooboobooobooobobooboobobooboboo
gboboobog

0 00 Tachibana etal’0 0000 000000000000 D0O0DO0ODOOODOOOO
gbogboooboobobuoobooboboboobobobooboboboooban
oogbooboobooboooboobooboobooboobooboobooon
gbobooooboboooobobooooboboboobobobDooobooon
ubobooooboobobuooobooboboboooboboboobobobooooboan
gbogboooboobobuoobooboboboobobobooboboboooban
oogbooboobooboooboobooboobooboobooboobooon
ooboobogooboodobe3d.l bbb boUobboobboobboobOoo
000 ¢70 C=34.2%0 ¢/w=0.520 =0.52 dPalls[1] c30 c7=10 10 C=23.1%0 ¢/w=0.300 #=0.30
dPalls[] c30 ¢7=10 20 C=25.4%0 c¢/w=0.340 y=0.34dPalls0 D O 0000 0O0O0O0D0OO0O00ODO
uogboobooboobooobooboobooobooooboooboobooboobobooboo
gbobobooobog

o oo o0oo0oo0o .

6.4.2 D0ODOO0ODOOOOOOOODO

ooooo 1b2g0oooooboboboooooooooboboboDboboD-6.1300000
gbobooboboboobobobooboboboooboboooobobooo
ubobooboboboobobooboobobooboobobooooobobooon
gboboboobobabd

-84 -



060 00000000000000000

OO0 100000e30c¢/w=0300 c50c¢/w=0210000000000000000 5
gooboboobobobobobobobobobobooo 3b0bo0obobobo
ubobobooboobobgeesOobononoooooboe3dbobobgesbbong
uboboobobobooboboboobobooboobobooooboboaoon
ogoboooobogooobooobogob

b0 200000e30c¢/w=0.2100 cSOc¢w=0210000000000000000
cSbbo0mouoooooobobobobomoboobobobobobobon
csO00b0b0 c30bubuobuonubuoooooobobobobobobobon
ggoboooobogoobooobooobooboooobo

Ub0o0bOo30b00000000b0c¢70e500 DesODODODOO 125umO00 7.5um O
Dooddoooo#00 DysO00 S00pmO00000000c70 500/12.5=400c50
500/7.5 0 667000 5000000000 0000O00c70 c5O000000O00O00O0ODO
go#o000000000D0OO0O0O0DOOODOOOODOOODOO

350 100
= EZMass of injection @ Volume of injection| | 99 =
=300 - |-e-Injection time 2
> 1 80 .E
@,3250 - Case 1 Case 2 {170 g
200 I 160 3
.’ """""" D * 150 ;T
150 1 40
100 1 30
50 1 20
I 110
0 0
n(dPa-s)  2.52 2.51 0.94 2.51
c/w 0.3 0.21 0.21 0.21
Type c3 c5 c3 c5

0-6.13 DO0ODOOOOOOODODOOO

gbdbesO0O c70000b0bobobobobobobobonoonooooon
goboooooogoboooooboooboooboobboobbon0-6.140000¢c¢5r 0
csgbboobooobo0ooboooboooooboooooooboobboobooD
gbobobobobobooooobobobobobo

Ubdc7-r0 c7O00000O0O0OO0O0OO0OD00O0 ¢7rd 700000000 OOO0O0OO
ub c7ouobobobuobuobuoooogodabobobobobuobobgberdng
gogboobooboobooobooboobooboooobooobobobooboobbooboboo
gbobooboboboobobobooboboboooboboooobobooo
uboboobobobooboboobooboboobooboboooooboboon
guo

- 85 -



060 00000000000000000

—~ 400 — 28
E EIMass of injection @
= 350 T |mmVolume of injetion ] 242
@3 300 | |[-®-Injection time | 20%
) - e =
g 250 /,p 1168
200 r g
1 12
150 - S
100 f 18
50 14
0
n(dPa+s)  3.00 4.60 1.43 5.11
c/w 0.25 0.25 0.73 0.73
Type c5-r c5 c7-r c7

0-6.14 0O0OODODODODOOOOOOOO

6.4.3 OD0OD0OO0OOOOOODOOOOOOODODOOO
(HhOoOoos3xpoOOoDOoOoOoOooooooDooao
ubobooooboboooboobobobooobobobooboboboooobooan
goooboooboboobboobobooobobog=-e1500 003000000 O0O0=2000
gogbooboobooboooboooboobooobooobooobobooboobboboboo
gobobobooooooboboboboboooooooboobob =3.00000D00
uboboobobobooboboobooboboobooobobooooboboonoon
vbobobobmobobobobobobobuobuoboooboboboist=3.0
gogboobooboobooobooboobooobooobooobobooboobbOoboboo
gbooboboobobbooboobOoeSObe300bonDb0oboobOne3d
uboboobobooobooboboobobooobooboobooboboobonesd
csShO0buoboboobuoobuobobodbuoobobuooboe3bgbodestoonnd
gogboobooboobooobooboobooobooobooobobooboobboboo
gbobobobobobgoboooooooooon

(2 00D 4000000D0CCOOOOO
ooooogoooooboobbbobouo-e160 00030 ODODODODOO =10
gobobob=3.00000000000b00ob0obo0obobooobobobobobo
uboboboonoooooo=3o0b00b0b0oboboobobobuobonooooonbn
gbobobobobuobuobuoooooobdgbesuobobobe3b0bO =3.000
oobooboooboooboooboobooboobobooboobooobbooboobOondes
gboobo0obobobobuobDoooooobobobOoe3b0nbg 094 dralsid OO
cS5O000 251drPalsO 00050000 300O0ODOO0OOOOOOesO 30000
vbogboobobobdooboboboobobobooboboboooboboonon
gogboobooboobooobooboobooobooobooobobooboobbOoboboo

- 86 -



060 00000000000000000

ooooooon

_1x 100 F 4.
e = —O
b <
=~ 1x 101 3 &b
2 g 2
£ 3
2 i3 (c/w=0.3) s
4] Sl 1:¢3 (c/w=0. 1 oz
glx 107 i 5 (cw=0.21)
2
=
s
1x 103 ¢ 1
T

. kys:c3 (c/w=0.3)

1x 10—4 | | 1 1 1 0
0 10 20 30 40 50 60

0-6.15 0O00OOOODOOO

Elapsed time, t (min)

gooboooooolig

~ 1x 10° F 4 .
(%) F -
£ 5
= e
"{ Ix 101 ¢ 3 §
= g 2
£ 2
g i e3 (cw=021) S
1% 102 ¢ 5
’ i: 05 (ew=021) |
E S
=
= 1% 103 ¢ 11
a g Ky : €5 (ciw=0.21)

i ks :c3(c/w=0.21)

lx 10_4 1 1 O
0 10 20 30 40 50 60

0-6.16 OU0OO0OO0OOOOOO

@S O0DoOoso0o0o0oDooOoO0Ooooooon

ogooooboo ¢7r0c7000000DO0
ogbogb=o050000000010000000
uboboboobobobdgbe7d =1.0000

Elapsed time, t (min)

gooboooooag 2)

oooooooono-6.170000c¢7-r0d
gbobobobg=t000000o0oogn
gboobobooooooob=1s5000

gbogboobobobdoobobobooboboboobobooooboboon
ggoboooooogooooobooboooboooboboobobooobooobo
OO0cSr0 cSO00D00O0ODODODOODOODDODOODDOO=-6180000cs5-r0gn

ugb=0500=100000000000000

gbobobooog=1.000 i=150

gboboobobobooboboboobobooboobobooooboboon
ogboooooboooboooobooboooboobbooboo0besh =1000 =150

- 87 -



060 00000000000000000

ggboooooboooobooooobooobooboouobooboboobobo0o0bOeshO
gbobooboboboobobobooboboboooboboooobobooo
uboboobobobooboboboobobooboobobooooobobooon
gboboboobooboobgob

_1x 100 3.
E i ks : ¢7-r(c/w-0.73) kys 1 ¢7(c/w=0.73) g
— 5
; \ ——
> 7 .2
= -1 | ‘,' N oy pm)
g 1x 10 E ............... / 2 5
- A A 3,
= T
8 _______________
] /A —
S 1x 102} A i:c7(c/w0.73) 11
3 : [
>
=
i:c7-r(c/w0.73)
1x 10—3 I | I I 1 0

0 10 20 30 40 50 60
Elapsed time, t (min)

0-6.17 O0O0OO0DO0ODO0OO0OO0OO0OO0OO0OO0OO0O0O0O0DO00O030¢7)

1% 100 £ 3.
é F i:c5 (c/w=0.25) o
X k,s: c5-r (c/w=0.25) g
& B
2 2
ERLRIG; 23
3] B 5
=1
E =
3
2
g 1x 102 ¢ 1
=5 r
>
jan
kys: ¢S5 (c/w=0.25)
lx 10_3 1 L Il L 1 0
0 10 20 30 40 50 60

Elapsed time, t (min)

0-6.18 DU0OOOODOOOODODOOODODOOO3dcS)

6.4.4 DDODOOOOOOODOO
gboboooobobooobooboboooobobooooboboooboobon
ubobooboobooboboobobob
gbogbooobodobobuooboobobuoobooboboobooboboboobobob
D00000000000000000@®2)00000 0

- 88 -



060 00000000000000000

1/m 6iu

Lo, -p,)gd’

V. =
cm n pw d

jp

54 ,uz

+1-1

0000000000b0b00bo0bobooboooooboono (6.2)

0000p00000000gem’M)p,0000000gem’Mx00000000g/(cmO
sO0d000000emMegl000000g/em’s00000mOReynoldsD 00000

uboboooboo

e2)buooouooo c7shobobububtdc7rd c7dbgbdbobobong
ooooggo-6.190000c¢7r0 c70000000c7r0 c7O00OD0O00ODO0O0O0OOOO
gbobooboboboobobobooboboboooboboooobobooo
ubobobooboob™moboo c7-r00obo0o1ob0obobooooooobobong
gbdc7dbuoboobuobuobuonouoooobooboboboboboooooobaobd

ogooooobogoon

Velocity, v (cm/s)

Ix 102 E
1x 1073 ¢
Ix 104 E

1x 105

Ix 10! E
F V:c7r(c/w-0.73)

1x 100 &

1x 10! E

N\

V : c7(c/w=0.73)

30 40 50 60
Elapsed time, t (min)

0-6.19 ODUO0OO0OOOOOOOOOOO

gbogboooboobobuoboboobobuoboobobobooboboboooboan

gobooboobooboooboooboobooboooobooobobooboobbogoboboo

gbogd 2000000 o0ooooobobobobobobobDooe2yoobobo
O0000 »"0000000000000000000000000000000000
gboboboobobobuobuoooooge2ybobo 1obooooboobaobd
oogbooo 000000000 ., 000000000 ea=x/px 000000000000

. 1/m 6
ch:n/m s

Py d

\/pw(ps -d,)gd’

54(ap)?

+1-

1

000o000o000bo0oboooboonooooooon. (6.3)

- 89 -



060 00000000000000000

Oo00o0ooooooooDDD SUgw=0210000000000-6.20000000
100000 20b0000000eS0cgw=02100000000 200000000000
uboboobobobooboboboobobooboobobooooobobooon
uboboobobobdoobobobooboboboobobuooooboboon
ooboobooboobooobooboobooobooooboooboboboobobooboo
oo

I1x 102 g
F| c5(c/w=0.21)
Ix 100 g | =V
E| TP,

cm

X 100F | =V,

Velocity, v (cm/s)

1% 107
1% 107 F

1x 10-4%

1x 10 L l l l l l
0 10 20 30 40 50 60

Elapsed time, t (min)

0-6.20 D00O0OOODOOOODOOOODOO

6.5 0O0OO

gbgboobdoboboobobobuoobobobooboboboobobd
oogbooboobooboobooboobooboobooboobooboon
gbobooooboboooobobooooboboboobobobDooobooon
ubobooooboobobooobooboboboooboboboobobobooooboan
gbogbooobodobobuooboobobuoboobobobooboboboooban
oogbooboobooboobooboobooboobooboobooboon
gbobooooboboooobobooooboboboobobobDooobooon
ogog
(Hh)ooooboooooooobooboooooobooooOoooooDbDooOooooooDo
goboooboobooobooooboooon
(2) J0O0DOOO0OOO0O0DO0ODOOOOU0OOU0DODODOODOOOODODODODOOOOODO
uboboobobooboobobooooobf0=3.000000000000000000
Uboboboobobdgb e3:c7=2:10 300 c5O0O00O00ODO
@G oooooooogooooooooogooooboobooooooboObbooooo

0 [ I I N

- 90 -



060 OO0OOOOOOOOOOOOOOOO

4)
%)

(6)

Q)

(®)
9

goboooooo
gbogboboboboooooooooobobobobobobobooboon
uboobooobobobooobobobooobobooboooboboooobonod
gbogboobobobooobobuoboobobobooboboooboobobd
gobooobooooooboooogooboooboobooboobooboobooon
goobooobobooooboboboooboboboooboboooobobd
ugbooboooono
gbogboobobobooobobuoboobobobooboboooboobobd
oono
goobooobobooooboboboooboboboooboboooobobd
ogog

ubobdoboboboboboboooooooooboobobobo
goobooobobooobooboobobooboobooboooboo 200000000
gooboobobooooboboboooboboboooboboooobonbd
ubobobooboboooooobobobobooboon

good

)
2)

3)

U00b0b0b0ob0ob0ob0oUo0oUo0oob0U0Ub0UnUdpp.2-40 1985.

Tachibana, I., Moriguchi, S., Takase S., Terada K., Aoki T., Kamiya K., Kodaka T.:
Characterization of transition from Darcy to non-Darcy flow with 3D pore-level simulations,
Soils and Foundations, Vol.57, Issue 5, pp.707-719, 2017.
gobobodobdooooboboodbobuoobOobooboboboobobooobo
Ubo0bobobOoboooooobOobOobOn vol.2s0 pp.61-670 2013.

- 91 -



060 O0000O0D000O0000O0O000OO

- 92 -



070 0000000000000000000000000000

o bODobobddodooooodooboon
gooobooood

7.1 OO

gbobobobobooooooooboobobobobobooooooooooon
00000000000000000000®00000000000000000O0OO
vbogboobobobdoobobobooboboboobobuooobooboboon
gobooboobooboooboobooboooboooobooobobooboobobooboboo
000?00000000000000000000000O00O0O00OO0OO0OO0OAO0
00000000000000000000000000200000000200000
000000000000000000000000000000000000000®0
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobooboboboobobobooboboboooboboooobobooo
ubobooboboboobobooboobobooboooboboooooboboon
vbogboobobobdooboboboobobooboobobuooobooboboon
ggoboooooooobooobogoobooboooboobboobooboOooboobo0ooDbo
000000000000 0000000000%®°0000000000000000
ubobooboboboobobooboobobooboooboboooooboboon
ubobobobobuobuobouoobobobobobobg
oogbooboobooboooboobooboobooboobooboobooDn
gbobooboboboobobobooboboboooboboooobobooo
oobooboooobogbooboooboobooboobooooosoooe00nooonDO
goboobooz2200bogoooobbootbobooobooboooboobooooboooDbo
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobooboboboobobobooboboboooboboooobobooo
ubobooboboboobobooboobobooboooboboooooboboon
ugboboabod

7.2 OO0OO

7.2.1 DOOOOOOOOO
() 0000
0000000000-7.10000000050000000000000000000

- 03 -



070 0000000000000000000000000000

oogbooOobobooobogooooboboooboowmb 000000000000 @e10cmx
gosoemb 0000000 DOODOODODO0OO0OOOOODODOOOOOODODO
gbobooboooooboboboboobooobobobobonobobdelsmmdOd
vbogboobobobdooboboboobobooboobobuooobooboboon
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
U0e¢lemxO Oeommxd O05Sem0 0 0000000000000 DOe3mmO00O0O00O0OdA450
ubooobobbobooboobobooboobooobooobobooloowmddngonog
gbgobogbooboobdgileommxtDesmmd 0000 noooooooononog
gogboobooboobooobooboobooobooobooobobobooboobobooboboo
gbobooboboboobobobooboboboooboboooobobooo
ubobobooboobuoboooooboobobobobobooboooooon

Constant head inflow tank
Compressor

Back Pressure

T Clay  |si burette
suspension
4h
Stainl Stainl hater
ainless ainless <
Exhaust Polr(ius mesh mesh Polrous Exhaust ; “Supply
plate ecti ate .
a valve Injection p valve Drainage
! % e 4
Comant {3 2 Sreimen ey Fow } 5
outflow T = Sem : : em B I
ak i RS TE
| = f = |
Flow —
meter ® L_lﬁ] ¢lem [PE:J@ ®
"\ Differential pore water
Data Logger pressure gauge
0-7.1 00O0O0OO0OO0OODODOObOODbOO
100 .
S 90 |
)
.2 80 r
2]
3
g 70
O
én 60 r
5 50
=
o 40 +
30 | :
—Kaolin clay
20 1 -+ River sand
10 | = Glass beads
0 L L L L Ll Ly
0.001 0.01 0.1 1 10

Grain size (mm)

0-7.2 JO0OOOOOOO

- 94 -



070 0000000000000000000000000000

(2) 000000000 DOO
0000O0S0000000000000000000000000000000 106pm
0000000000000 0000000000000p=2682¢gem’ 00000000
0000000U~27500,=0.92000000000000-7.200000000000
000000000-7.10000000000200000000000000018000
000000200 000000000000003000000000000000000
0D00004=2802101.5030000000000000000

0-7.1 0000000000

0ood AQ BO
0ood oooood oooooooo
O O (dPals/250) 0.18 0.10 O
g 0o eob) 1.32 1.01
ooon 1.17
pH 11.4 5.6
god A:B=1:1
0000 (min) 180 100 O
Oo0o0O0O0g (min) 200 100 O

(3 0000

000000000000 000000000000000000000000000
000000000000 0000000000ADOBOOOOOOOOOOOOOOO
0000O0s50kPa0 00 0000000000000 0O0000000000000000
000000000000 0000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000 1000000000000000000pHOODOOOCOO
000000000000000

7.2.2 00O00O0OOOOOOOOOOOOOCO
() 0OOO
0000000000-7.3000000006000000000000000000
00000000 ¢5em 0 4emd0 000000000000 000000000000O
-7.100000000000000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000000000000000000000000000000
ooooO

- 05 -



070 0000000000000000000000000000

Constant head inflow tank
25c¢m/10min

Compressor

Back Pressure |

Clay
suspension

£
~| burette
Ah = 0~150cm

< Stainless Porous

Porous plate \ig‘ late
0 Stainless (1) Injection mesh )
J mesh I ‘ QN

Constant
head
outflow
tank

Specimen i J_»
””” = L=50cm

¢lem
Manometer <--

~
o)
S, - S
Tttt
338
S
o)
o)
3
[ala[aa[a[a[als]u U0}

|000000000noaD:

Pore water pressure gauge

0-7.3 JO00OO0OOOOOOODOOObODOOOobDObOOO

(2) 000000000 DO0O

0000060000000 000000000p=2.561g/cm’d Dsy=0.80 mmO 0 000
U~1.78000000000000000000000-7.200000000000000
000000000000 0000000000000000000000000000
000000000000 000002000000

0000000000000 0000000000000000000p=2.713 gem’d
Dsy=7.48 mmO0 0 0 0 U,=2.1200 0 0 0 ¢/wd 0.520 0 00 O O p.=1.385 g/em’00 O p=1.10
dPals0 0000000000 05%000000000p=1.365 g/lem’0 O O x=0.25 dPals0]
0000000000000 0000000000-7.20000000

0000000000000 0000000000000000-7.40000000
000000000000000000000000000000000000000
000000000000 000000000000000000000000000
0000000000000 000000000000000100000000000
000000000000 000000000000000000000000000
00001.10dPals0000000000000000000000.25dPals00000
000000000000 000000000000000000000000000
0000000000000 00000000000pHO 60 000D DO0OOOODO
000000000000 000000000000000000000000000
0000000000000 0000000000pH=8090000000000000
000000000000 000000000000000000000000000
000000000 pHOODOOODOOOOOOOOOOODOOOOOOOODOOODOO
0Doo

o ooooooooogoo g

- 96 -



070 0000000000000000000000000000

—
[\

+Clay (c/w=0.52)

™
o
B
2 1.0 -+Clay (c/w=0.52) + 5% Water glass
5
808
2
8
5 0.6 [
S04 | *
&
002 r » D
0.0 ' :
1 4 7 10 13 16
Elapsed time (h)

0-7.4 000OO0OO0OO0OOOOOOOOOOOOOOOOOOOO

(3 0OOO
000000000000 000000000000000000000000000
0000000000000 000000000000000000000000000
00000000 10000025em0000000000000000000000000
000000000000 100000000000000000010000000000
0000000000000 000000000000000000

7.3 0OO0ODOODOOO

7.3.1 O00O0O0OD0OOO0ODOOOOOODOOODOOOO0OO
gobooooboossggooooobogobboo=-7r.8sg1sbooooobooooobooon
ggbooobooboooboobooobboobooboobbooboobboOobDb=2.80
gbobooboboboobobobooboboboooboboooobobooo
ooboooobooo=-7.e0000300000000DLO0O0ODODOODOOODODOOODO
ubhd=28000b0b0uoooobodobobooboboooooboboboboboaoo
ogbo-r.70D=1500000000000000000OO0O0DOOODODOODOOODDO
gbobooboboboobobobooboboboooboboooobobooo
ooboooob=2800000000000D00000DOO00ODO=-7.60000=2800
ubogbooboboboobobobooboboboobobooooboboon
ggboooooogooooooboooboobooobooobooboboobboboDbO
D0000D0000000000000000000000000pe=1.69401.716 g/em’
uboboobobobooboboobooboboobooboboooooboboon
vbobobg=280000og0bodbobooboboooobobobobobaod
ggbooooooooboooobooDbo

- 97 -



070 0000000000000000000000000000

_1E+0 —
[72) “+1=2.

g ~i=2.1
a =i=1.5
~

» 1E-1 £ =2

5 L

'% .

& L - ——  m
5]

o 1E2 | L

5 E

3

>

an)

1E-3 : :
-24 0 24 48 72 96 120 144 168
Elapsed time after the injection (h)

o-7.5 000OO0OOOOOO

0.30

0.25

0.20

0.15

Darcy velocity, v, (cm/s)

0.10

0.05

0.00 : : :
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Hydraulic gradient, i

o-7.6 J00OO0OO0OOOOOOOOOOOO30O0O00

0.30

0.25

0.20

0.15

0.10

Darcy velocity, v, (cm/s)

0.05

0.00 : : :
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Hydraulic gradient, i

Oo-7.7 0000000000 OOOOOOG=1.50000000000000000

- 08 -



070 0000000000000000000000000000

o-7r.500000000O0DOO0C000000OKKOODODODODDODDDODODOOOOO-7.8

gboboboobobobgobg=tsgbgoun=21000500=28000 200
oobooooooob=280000000000000DOO00OODOO-7.900000000
gbdsuoboobobuobuobouoooooobobobobobobuobobooooaon
ggoobooooboogoobooooboobooooboooboboobobooboobbooboo
oobooooobooobooouoboobooooboooobbooboboogDn-raaoooboooD
uboboboobobobuopHOOOOOODOODLOODODOOOOODOODOOODOOD
gboboboobobuobuobouoooooobobobobobobuobobooooan
ggoboobooooboogooooobooboooboobboob200b00000b000DbOO
gbobobobobgoboboooooooooboobobobobon

_12
o ~i=2.8
-

' ‘T =i=1.5

0.8 —— .

oo _

04

02 r {//L |

0'0 1 1 | 1
-1 4 9 14 19 24
Elapsed time after the injection (h)

0-7.8 DOOOO0ODOOOODOOODOO

0

—
[\
(98]
o]

= ~k/k0 g

1.0 . -1 . 3.6;§

5

.2

0.8 ] v, 342

<

ES

0.6 - 1324
04 A 4 3.0
0.2 1 1 2.8
0.0 ' ' ' ' : 2.6

-0.4  -02 0 02 04 06 08 1
Elapsed time after the injection (h)

0-7.9 0000000000000 O0O0O0OOOO0OO #=2.80

- 99 -



070 0000000000000000000000000000

12 14
< —K/KO T
1.0 0

0.8

10
0.6

g
0.4
02 | 10
0.0 ' ' 4

s 1
=
0.8
0.6

0.4

0.2

-0.4

-0.2

0 0.2

0.4

0.6

0.8

1

Elapsed time after the injection (h)
0-7.10 OOOOOOOOUOUOUOpHDODDODOOO 7=2.80

1.5 2

2.5

3
Hydraulic gradient, i

3.5

0-7.11 0OO0O0O0OO0OO0OOOOOOOOOOOOOobOOOO

21
=
~
0.8
0.6
0.4

0.2

0

0.1

0.15

0.2

0.25

0.3

Darcy velocity, v4 (cm/s)

0-7.12 0O000OO0OO0OOOO0OO0ODOOOO0ODOOODOOOODOO

- 100 -



070 0000000000000000000000000000

oooo-r.1a000-7.120000000000000000DODDOODOOO0OOO
gboboboboboboooooooooboboboboboboboooooooon
gboboogbobobobobobgobobooooobooooooobog37gboooboono
gbobdab=280000000 4000000000000 0O0OOOOOOOODLDOD
ggoobooooboogooboooobooboooobooboboobobooboobbooboo
gbobobogobgonboo
gbobbooboobooooboobooobooobooiibobooobobobobobobooon
gboboboobobuobuobouoooooobobobobobobuobobooooan
ogoooooboooobooo

7.3.2 00O00O0OO0OOO0OOOOOOOOOOOOO
() DOoOoooOo

000000000000 000000000000000000000 100000
000000000000 000000000000000000000000-7.130
0000000000000 000000000000000000000000000
000h=1462em0i=2910 00 00000000000000000000 0=0.05L/min0]
00000000000 0000000000000 0000000000015s0000
0 ki5=3.30x10"m/s 0 0 0 0 0O =2.91 0 0=0.05L/min 0 O O O k;s=1.65x10°m/s 00 00O
000000000 5% 000000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000

—~150 600 =
g/ Upstream tank g
S125 ¢ 1 500 &
: S
=100 | 1400 £
: N ;
&= . Qo
75 r Hydraulichead 1 300 =
50 r 1 200
25 '_' Flowlrate i 100

0

: : 0
0 10 20 30 40 50 60
Elapsed time, t (min)

0-7.13 0DO0OOOOODOOO

(2) 0O0D0DDOOOCOOOoOoOoan
oobooobooboobooobooboobooboobooboobooboOooon
ogb1o00oboo0oobooooboooobobooobooboooboboobobooobo0ooDbo

- 101 -



070 0000000000000000000000000000

gobooboobooboooboooboobooboooobooobobooboobbogoboboo
goooboobobbobooboobuoobobobs4bobooboobonbg
gblo4000000bDO0O0bOOoobOobDoOobooobooobooboobobooboonog
ubobobog i subobobobuobuooboobobobobobobg
ogono-7.1400-7.150000000000000DO0O0O0DOOODODOODOODO
gboboooboboboobobobooboboboooboboooobobooo
uboboobobobooboboobooboboobooobobooooobooboon
gbdb4o000bobobobobobobobuobooooboobobobbobo
goboobooboobooobooboobooboooobooobobooboobobgoboboo
gbobobobobobobobobooopoooooooobobobo
ooboooboooboooboooboobooooooboobooDoobDoOo=-=716 00000
gbobdab=ostuoboobobuobuobuobobuobuobobobdob=100000
gogboobooboobooobooboobooobooobooobooobooboobobooboo
gbobobobobobgbo4ob0bOobDOD=175000000000000000
ubobobooboobobobobobooooooooooboboobo
goooo-7r.170o000booOo0o0obO0oOooo0oooooboooobooOo 1soobooob
gobooobooboooboooboooboooooboogbooooboOoobooobooboOoon
gboobo200000boboboboboboboboooobobobobobo
giotdlsbg 400000 0boboboobooboobooboobooooooobonbo
vbogboobobobdooboboboobobooboobobuooobooboboon
ogoooooD s%» boo0ooboooboooboooboobboobooobooboooooDbo
goboboobob-7r400000000000000O00OODODODODODOOOOOODODO
gbbooboobooobo1oggs»wboboobobooooboboboboooooooonbo
uboboboboboboboboboaoboooooooobooboobo

—_
()]
(e

Upstream tank

—_

[\

()]
T

Clay solution (c/w=0.52)

+5% Water glass solution ’
100 r ]

75t |

Clay solution (c/w=0.52)

Total head, h(cm)

50 r

25 e

0 1 1 1
0 10 20 30 40 50 60
Elapsed time, t (min)

0-7.14 0O0OO0OOO0OOO

- 102 -



070 0000000000000000000000000000

Flow rate, Q (g/min)

Hydraulic conductivity, k5 (cm/s)

000
800 r
Clay solution (c/w=0.52)
600 |- T~
400
Clay solution (¢/w=0.52)
200 | +5% Water glass solution
0 Il 1 | 1 1
0 10 20 30 40 50 60
Elapsed time, t (min)
0-7.15 0O0OODOODOO
1.LE+00 - 3.0
- k;sof Clay k5 of Clay solution (c/w=0.52) =
[ solution +5% Water glass solution 25 g
- (c/w=0.52) 1 405
[ / e R
b 2.0 .2
=
s
L.E-01 | 153,
T
iof Clay solution 1.0
(c/w=0.52)
0.5

i;5 of Clay solution (c¢/w=0.52) 7
+5% Water glass solution
1.E-02 : ' ' : : 0.0

0 10 20 30 40 50 60
Elapsed time, t (min)

0-7.16 0UO0O0O0OOOOOOODOOOO

0

Clay solution (c¢/w=0.52)
9 T +5% Water glass solution
8

N

Clay solution (c/w=0.52)

0.0 : :
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Hydraulic gradient, i

0-7.177 0O0O0O0OO0OoOoOoOOoOoooOOoOoooOoo

- 103 -



070 0000000000000000000000000000

7.4 000

uboboooboobooboooboobobuooooobobonooboobobooobooobon
vbogboobobobooboboboobobooboobobuooobooboboon
ggoboooooogoooooobooboooboooboob 2bb0bbo0oo0ob0o0oDbo
gbobooboboboobobobooboboboooboboooobobooo
uboboboobooboooo
uboboboobobaoooaoo
(Hh oooooooogooooooooogoooobooboooooobobobooooo
gobobooboboboobobobgooooboboooobobobooobo
uboobooboooooo
(2 ooooOoOoOoOoooooDobooUogoooDbDoOobooooooDboboboooooo
gobooboooboobooobooobooobooobooobooobooobooobooon
gbobobobooooooo
3 ooooooooooooopooo0goooDbDobooooooDbobooooooo
uboboboobobobuoboooooooobobo
gogboobooboobooboobooboooboooobooooboooboobobOooDb
gbobooobobobooboboboobobooboooboboooobobooo
uboboobobobooboboobooboboobooboboooooboboaon
ubobobobobuobuoooobobobobobg

oooo

1) 00000000000000000000000000D0ODOO0000O0DO0 Vol.670
No.80 pp.4-70 2019.

2) 0000000000000000000000O0O0O0D0OOO00000000000
00000O0pp.79-950 1997.

3) 0000000000000 D0D0O000000000000000000000000
000000000 0000000000000000000000AIDDOOO0
0 O 0 Vol.650 No.10 pp.622-628, 2009.

4) 0000000000000000000000000D0D0O0O0O0000000000
0COO0O00 0O Vol.700 No.10 pp.1-150 2014.

5 0000,0000,000000000000000O0O0O000000O000000
000000000000000000C@O0000OVol.700No.40pp.387-39402014.

- 104 -



0os8d 00

oo o000

8.1 OO

ubobooobooboboooobobooboooboboboobobobooooboan
vbogboobobobdooboboboobobooboobobuooobooboboon
ogobooobooobooboo

gbobobobobgobuoboooooooooboobobobobon

gigonooooooboobooooboobooboboooboobooNATMODOOOD
gogboobooboobooobooboobooobooobooobobobooboobobooboboo
gbobooobobobooboboboobobooboooboboooobobooon
ubobooboboboobobooboobobobooboboooooboboooon
ubobobobobobobobobobon

20ooooooooobooooobobodtboooboooboobooboboooD
uboboobobobooboboobooboboobooboboooooboobooon
ubogboobobobdoobobobooboboboobobooobooboboon
ogoooooo

g3gooooboooobooooooboobooboooboooooboooooooDn
gboboobobobooboboboobobooboobobooooboboon
goboobooboobooobooboobooboooobooobobobooboobobogoboo
gboboobobobooboboboobobooboooboboooobobooo
uboboobobobooboboboobobooboooboboooooboboon
gboboboobobobuobuoooooooboaoan

uogboobooboobooboobooboooboooobooobooooboobobOoob
gboboog

40 0000000DOO0O0DOODOOO0ODOOO0ODOOODOOOODOOO0ODbOO0OODO0O0D
gogboobooboobooobooooboboboooboooooobooobboobbooboon
gbobooboboboobobobooboboboooboboooobobooon
ubobooboboboobobobooboboobooboboooooboboon
uboboobobobooboboboobobooboobobooooboboon
ggobooooooooboooooboboooobooboobbooooboobilbooDbo

- 105 -



0os8d 00

gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobooboboboobobobooboboboooboboooobobooo
uboboboobooboooo

gsdfooonoobonoobooOobooobbOoboooobooobooboboOosoobooon

gbobooobobobooboboboobobooboooboboooobobooon
ubobooboboboobobooboobobobooboboooooboboooon
ubobooboboboobobobooboboboobobooooboboon
gogboobooboobooobooboobooobooobooobobobooboobobooboboo
gbobooobobobooboboboobobooboooboboooobobooon
ubobooboboboobobooboobobobooboboooooboboooon
ubobooboboboobobobooboboboobobooooboboon
gogboobooboobooobooboobooobooobooobobobooboobobooboboo
gbobooobgobogloglsdrals DOODODODOODODODOODODOODODOO
ubobobooboobooboboz203sgoooooooooobooboaonba

ge000O0O0O0OO0OO0ODOOCOOOOODOOOO0OO0OO0OSO0oooooDoOobOOoOognoo
gboboobobobooboboboobobooboooboboooobobooo
uboboobobobooboboboobobooboooboboooooboboon
gboboobobobooboboboobobooboobobooooboboon
goboobooboobooobooboobooboooobooobobobooboobobogoboo
gboboobobobooboboboobobooboooboboooobobooo
uboboobobobooboboboobobooboooboboooooboboon
gboboobobobooboboboobobooboobobooooboboon
goboobooboobooobooboobooboooobooobobobooboobobogoboo
gboboobobobooboboboobobooboooboboooobobooo
gboob20b00o0boboboboboboboooooooooooobobonbg
gboboboobobobuobuooooooooboboboboboboboab

70o0b0o0oOoooobooooOob0oOoOoOobDoOCUOob0ooOoOoDODDOboOoOoOoOoosoooe
gboooooooobooboobo200oboobooboooboobooboooobobooboogoboo
uboboobobobooboboboobobooboobobooooboboon
gogbooboobooboooboobooboooboooboooboobooboobobogoboo
goboboboboboboboboopoooooooobobobobobobobob
uboobooboboboobobobooboboobooboboooooboboon
uboboobobobooboboboobobooboobobooooboboon
gogbooboobooboooboobooboooboooboooboobooboobobogoboo

- 106 -



0os8d 00

gobooboobooboooboobooboooboooobooobobooobbogoboo
o

8.2 DOODOOO

ubobooobooboboooobobooboooboboboobobobooooboan
vbogboobobobdooboboboobobooboobobuooobooboboon
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobooboboboobobobooboboboooboboooobobooo
ubobooboboboobobooboobobooboooboboooooboboon
gbooaoano

(hOoOooooOooOoOoooooo
0-8.1googboogobboobooboboobboooboooDo=-s.lgbooboooon
ubogbooboboboobobobooboboboobobooooboboon
Uo0oob0obooooobobodleoemxdd100emxO O 15semD 0000000000
gbobooboboboobobobooboboboooboboooobobooo
ubobooboboboobobooboobobooboobobooooobobooon
gboboboobobuobuobuooobobobobobobobolloemtdgbbgng
uobooboobooboobooboobooobooseboboboboboobbogboo
gbobobobobobobgoboooooooooboobob

CIVFAX XY =TSNV T VAT A VI A—H
| I B B B ]

ooooooo

L=100cm

EA

g
| - =»
== H=100cm (g/%

ik (A
JEREAZ Y o 1) &

7 V—%@J(ﬁf (S =1 l

0-8.1 00OOOODOOOODOOODOOO

- 107 -



0osgd oo

(@ 0000000 by oogooo
oo-8.1 ODO0OO0OO0OOO0OOOOOOO0OO

gbobooobobgoboobooboobobuobobobobboobobOdnes
Oc/w=0.250C=20.0%00 00000000000 0000000O000O0O0O0O0O0O0O0ODDO
go0-8.20 0000000000 s0kPa0 00000000 DOOODOOOODOODOO
ogboooooogooooobD 4a=0em 000000000 O0ODOOODOOODOOODDO
gbobobobobobooobogobobooooob 1m0 oooooobOoDbO
ooboooooooboooooog seembbOOO 3BecmdpooobooOoooOoOoDO
gobooboooboobooobooobooboobooboobooboobobooboobobooboo
goboobooboobooobooboobooobooobooobobooboobobogoboboo
50ocn0 00000 40cmI000000DO0DOOOOO0OO0OO0OOOOODOODOOO0
ubobooboboboobobooboobobooboobobooooobobooon
goboooooogoboooooboooboooDbo soem ODO00DO0O0OOOO0OO0ODOOODO
goboobooboobooobooboobooobooobooobobooboobobogoboboo
gbobobobobgoboboooooooooboobobobobon

() OOOO0 (b)y DO OO

O0-8.2 O000000OOce30c¢/w=0.250 C=20.0%0

- 108 -



080 OO

gboooobooobooboobooboobooboooboobobooboobooboooboo
goooooooooooooboooobbobobboooobougo-8.2000400
goooooooobooogobooootboooobtbooogobbboobooboobooo
goooobooboooboobooobooboobboobooooobooboboobooooo
gooobooboooboooooboobooboboobooooobooboboobooooD
goboooboooobooobboobobo

gooobodoboobooboobooboboobbooboboobDooboDOouboOoo

gbooboboooobobobobooobooobooboobooooooobooobooan
goooon

~100 (Upstream) (Eownstream) Pressure
5 99 = __head(cm)
- l 4 ' m03.6-94.7
ﬁ 80 ! ®92.5-936
91.4-92.5 |
= 903914
60 180.2:90.3
" 88.0-802
50 #86.9-88.0
40 u85.8-86.9
m84.7-858
30 m83.6-84.7

20 o
10 E: Q=3.12L/min
0 L .

0[0"0;0405060708090]00 o

X axis(cm)
() OO0
=100 (Upstream) : (Downstream) Pressure o
S L head(cm)
g% e - w90.1-914]
I: 80 . = m88.8-90.1 —
- 87.6-88.8 =
= \/ 863876 ———
60 - 85.0-86.3 ==
50 m83.7-85.0 _
w824-83.7 —
40 mg12-824 :
E799-812 —/]——
30 (m786-799 =——— ==
20 - ————— - — ]
10 E‘ 4 Eel— b smun} J
: | — —— J
0 10 20 30 40 50 60 70 80 90 100
X axis(cm)
(b OOOO

0-8.2 J0OOOOOO0OODOOOe30ce/w=0.250C=20.0%0

(2) 000ODOoOCOOOoOoOoooDOoO

gboogoobooboobooooboobobobooooobooboobooboobooboo
gboobobooobooboboboobooooboobooooooboobooobooon
0000000000000 @)ND000000000000000000®0

- 109 -



0os8d 00

uo

ZYW'g'h're

Re 28

+r 00000000000D00000000000Do0Dbobo0bo0bonooboonoonO (8.1)

O0ORO0000000000(mIMOODO0O0O(emOrIOD0O0O0O0O0O00 (gm0

g0 000000 (em/secd) A0 0000000 (EmIxr0000000(mOS00000

oo
oo

u
uo
oo
ao
g
g

O0O@yne/cm)0 000000 000D00D0DO00SOO000D0D000DOOO00OO
oo
g@nouoogbogboogbobuooboobuobooboboobobonooboobo
gbogboooboboboobobooboobobobooboobobooooobo
goboboooboooooobooobooobooooboboooobooboobooboooboobooon
0000000000000 0 "0000000@)ND000000o0oooooo
ugbodob 70em U00goobooboobooboobobobobooooogbonbd
vbdoboboobobobuobooooooobooboboboboboboboab

8.3 ODUOOOOOOOOLOOO

€y

0
00
00
00

0
00
00
00
00

)
O
00
O
O
O
O
O
00

ooooobononoo
gbooboobobobooboboboobobobooooboboooon
gbooboooboboboobobooboobobobooooboobooboooooobo
gbgboboobobobooboboboobobobooboobobooooobo
ggboogooobooooboooboooboobooooboooboboboo
.o ooooooooooooobooboobDoUobDboOobboobDbgoD
gbooboooboboboobobooboobobobooooboobooboooooobo
gbgboboobobobooboboboobobobooboobobooooobo
goboboooboobooooboooboooobooooboobooooboobooboobooobooboon
obobobobobobobogon

O

goooboboooooooon
goboooobooooboooboooooboooboobooboobooboobooon
gbobobobobobobobobon
gbooboobooboobooooooooboobobobonbo
gbogboboboboboooood
gobooboooobooooooboboobooboobooobobooobooboooDn
gboboboobooooooooboboboboboboboboooboooon
goboooboooooo=-s.2000bo0o0obooboooboboobooboobogoD
gbooaoao

- 110 -



0osgd oo

<{EHIFEZSUEEKE> ZBEEA

*

EEE———— O
o S
o\

cm——————=—

0-8.1 ODO00O0ODODODODODODODOOOOObOOO

=RBEA

0-8.2 OD0O0OO0OO0OOOOO0ODODOOODODOOODODOOObOOD

0000000000000 00000000000000000000000000
O00D0O00 Y0000000000000-8.300000000000 120emx0 O
15emx0 0 40em0 00000 l0emO 00000 MOOO00DO0OO0O0O00OO0OO0DOOOO
0 0@Ga)J0000000000000000000000000000000000

D000000000000004=9.43x 10°m/s000000D=90%00000
0O 00@G)OD700004=547x 10°m/sl0 0000000000 DO0DO0O0O
0O 0000(S:C000000000oN0noDM3i000000000000000k=1.75

x 107 m/s0000

0-8.400000000000000000000000OO0D0O0O0O0D0000OO00
000000000000 0000000000000000000000000000
000000000000 0000000D000000000000000000000
000000000000 0000000000000000000000000000
000000000000 0000000000000000000000000000

- 111 -



08gd 00

goobooooooogooobooboooobobooboooboboobobobooboooon
goboboooboooobogooobobooboboooboooboboobobooobooooD
gooooooobooboobooboooobobooboooboboboobbO bbb UoD
gooooooooobooooooobobogoooboooboboobooboooDoo

10 Punching plate
Constant ] gp Acrylic plate t=1

head tank

Punching plate
—

)
120 g

Supply Drainage (Unit: cm)

0-8.3 DJOODOOoOoOOO?

Il wtesn
EIN

LEREAEE § Sa2 (Dr=90%)
THERRE G

0-8.4 000000 ODODOOOOOOOOOOOOO ?

B 0DooooOooooooooboooao

gobooooogooboob mOO0O0OO000OO0O0O0ODOOOO0OODOOODOOOOODO
gooooboobooobooooooobooboboobooooobooooboooboooD
goooboobooobooobooobooboobbobogoooobobooobobobooo
goooobogooboooboobooobooboobbooboooooobobooobooooo
gooobogoboooooooobooboobbooboooooboobbooboooon
goboooboooobooooboboooboboooboooobobooboboOooobooo

good

1) 0000000000000 000000000 D0 pp.272-2740 1978.
2) 000000000 bO0O0oO0bOOO0ooO0oODoOOooobOoooooDOooDoDoOooooOoocL
OO0000O0Vol.370 No.10 pp.61-69, 2019.

- 112 -



oo

OO

gobooboobooboobooboobooobooobooobooobooboboOooDn
gbobooboboboobobobooboboboooboboooobobooo
gobooooooobooooooobooooboooobboobobooob3oboooooDO
vbogboobobobdooboboboobobooboobobuooobooboboon
ogobooobogooobooobogob

ubobooooobooboooboobobuooobooobobonoobooboboooboobon
vbogboobobobdooboboboobobooboobobuooobooboboon
gobooboobooboooboobooboobooooboooboobooboobbooboboo
gobobobooboboboooooooboobobobobobobobooooon

gbogbooobodobobuooboobobuoobooobobuooboobobuobobobob
ggbo3sooogooboooooboooboooboobboboooobooboboobobooDbo
gboboboboboboboooooobobobo3sgooooobobobobo
ubobobobobobobobooboboooooobooboboboob40bO0obOonbg
gboboboobobuobuoooobobobobobg

O

gboooooboboooboobobooboobobooboboboobobo
gboboobooboboboobobobooooboobobooooboooobooon
gbobobobobobobobobon

O O
O

gboboooooboboooobobooooboboboobobobDooobooon
uboboobobobooboboobooboboobooobobooooboboonoon
gboboobobobuoobobobooboboboobobuoooboobobooo
gobooboobooboooboooboobooboooobooobobobooboobbOoboboo
gboboog

ooboobooboobooboobooboobooboobz20180 000000
gogbooboobooobmoobooooboobooboboom@oooboobobooboo
gbbobobooowyoooooooooboboboboboboboboobobobo
goboobozoooooooooooboooboobmoooooboobooooboooo
gobbood20n0gbooobooboooboobobooobbo0ooboobooobobooboboO2ozo0
gobooboobooboo40bmobobobooboo4bmoobbooboo

- 113 -



oo

40000000000 00DOOO0DOOO0O0ODOOODOOOODOOO0ODOObOODOOODO
ooooooon

gbogbooobodobobuaooboobobuooobooboboobooboboboobobob
ggobooooobooooboooboboobooobooooboobobooboboooboon
gboboooobobooboboboooobobooooboboooboobon
uboboboobobobobooooooboobobobobobooboon
uboobobuooboboobbd oboobobuoobooobooboooboabao
gobooboobooboooboooboobooboooobooobobooboobbogoboboo
gbobobobobobdoooooboobobobobobobo

uo
oono
god
ogod
ugod
oono
god

g
ooo
god
ogod
ugod
ooo
god

g
ooo
god
ogog

goboooboobooobooboobooooooooooboooobooooboobn

0
g
g
g

ggboooboobooobooobooobooooboobooboboo3oon

O

O o oo o d

ooboobooooo
ooboboooooooon
ubooboobooooon
uboboboooboan

ooboooboo
gbooooond
ogbooboobood
gbooboobod

oboboooboobogon

gbooboobooodano
ooboobooobooo
gobobooobooooon
ubooboobooooon
ubobobogooban
ooboobooobooo
gogo

ooboobogoooo
ooboobooobooo

ugboobaodg
ooboooboo
gbooboooboond
ogbooobood
gbooboobod
ooboooboo

ooooooboo
ooboooboo

ogbooobooboobooon
gboboooooobobooobon
gboboooooboobooobaoan
gbobouooodobobuooobooan

gbogoboooboboboooann
ogboooboobooboooo
gbobooooobobooobon
gbobooooobooboooboan
gboboooobobuooobooan
ogboooboobooboooo

gooooboooooobooobooo
gogbooboobobogobogooo

gbobobobobsgbobobobobobobobooooooobobo

ugoooao

ggoobooobooooboooboobooooboooboooobooboboobobooDbo

- 114 -

gooooo
u g o



	01-題目
	02-要旨・目次
	03-第1章 序論 1-6
	04-第2章 従来の研究 7-22
	05-第3章 止水工法の実施事例 23-38
	06-第4章 カオリンクレーの特性調査 39-48
	07-第5章 通水下での注入に最適なクレー懸濁液の検討 49-70
	08-第6章 クレー懸濁液の間隙内移動挙動の評価 71-92
	09-第7章 水ガラス系注入材の性能及びクレー懸濁液との混合効果の検証　93-104
	10-第8章 結論 105-112
	11-謝辞 113-114

