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Development of fluid-soil-thermo coupling model for deep sea geoengineering

NOMURA, Shun
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For elucidating the mechanics mechanism of deep seabed ground,the
theoritical model which can evaluate the ground condition induced by environmental change was
developed, and model experiment and numerical analysis were carried out for verification. A coupling

model for deformation-fluid migration-material transport was developed, and a method to evaluate
the ground environment was presented. The results show that we can simultaneously deal with
deformation-stability problems, infiltration problems, mass transfer phenomena, etc. in the ground.



B X C—19, F—19—1, Z—19.

1. AFZEBRAA 4 A DY 5

KGR O PESFI 238 - L C, Mgz o
FFEA T = R LEHICENT =LA EE > TN D
(=-1).

TN BR T DS oD BT RE R, HE oY
CTNNERETHRITE D LYY, JFRAE
TOITE b FhE Al RE7e L ~ULZil > T\ 5 &
WHILTWA . )7, MR AR O =EIZ LD,
FAYE N7 ZWAFAET D A X g R L— ROz
b, < ORKERPHIRICHAE L TV HHEEN
B OMNTR > TV D BIERIRKILGEHT 5 “~
/ﬁxﬁﬁxk”%“v77 AP AAFET D

BB BTG AT EREE, HoEh B
ﬁ&%&#ékimmﬂﬁm IANHHIC & - THH

WCHEWRRME TH Y, WEEREEIRED 7= O O
NHAFT BTN,

HEPEHAE oh OB IAICIE, Hu)s & JRATHIC
PEH SN 2 KIREME N AR L, EWEZ2 -
T EFHRET 2 ECNICBEIL TV, SbiC
ﬂ%ﬁﬁ@ﬂﬁ#%ﬁ%%@ﬁi*»%-ﬁ%z
THHEE N THY, HBEBO—HTIIEmEfb L2
FCTRFMICEE > TWA. Nz T, i
PR8ISR § 5 s D 2 b 23 Wi i L AE
AL T\, g CEYIHkG LT 2@
YNZFfi 2 2 EMMEIE L 2> TS,

Ff 2 O FEIC X0 e T o &R & A9 5
T2 DODFERBRBTIENTWA D, Wik EE)F e
DEZLMIER G L S, EPRERBGE R C g~
HEND A 37 M HSIGHES A TR
59, WUREF N ABSEOMY, RFE
DIENEHEOMEE 7> T 5.

2. WtoHBY

BELEORZEIZLD, RPN/ DD
b AUREHIAE D T A = X I % G TR 1025
FIAZmT 72 BARE 72 TiE~ BT 520, O
ﬂﬂ%ﬁ%%%ﬁfébéﬁﬁ@%<@ﬂﬂww
BHoEEME, @EkOE - WEERRERE 2R
;Jﬁfé ENEEL D, AW TIE, FEx
O HE B 55 25 A BEAF 0D B 0/ AN i Fn Mz oD )
TV U, TR AR T s o mi 7240
A RIA4 0D EBlE Lz, £-—8OEIR
IV 2 O R EFEHIAR IS BB L TR Y, Ky
%@mﬁﬁﬁmiwﬁﬁwﬂﬁﬁikm&&é%
A oRd 720, IRAEGAMEE L TONHFOR
NS LD, %% HPRPRG 28 L C R
[E R D] 7 D HRRPIRREIC & 2 HE A k0O 25 8) 2 ik
ﬁ#é%&%ﬁﬁfﬁ%bh

3. WMEDHIE

TR HAE C 1Y, OMPBREIRIZ X 2 P/E it sl
&, QIRE - JENEAIC iéw%«wW%WWt
O EEHAZ DB EMEN BB, Sk
TR R ER IR LA U TV A, S L CTE 2R
ftohxesraic, FEik - BigfirklvEohn
HEEFERT T, WEMETA L 29EL
FHGR ARG m_ﬁﬁf%éiﬁéﬁibt ﬁ
%%Twﬁﬁﬁ ZHRAEHEREZ D LI
HEn/EZ k@ %ﬁfﬁ& @ﬁﬁﬂ%@ﬁ
HAEHZBE LB Ease v, S Eh
T2 Ity T RE T, EY) e BRI S CRE Y L
7-1%, ﬁ@%%%«kﬁ%ﬁékw,ﬁ%-%%
BEBUE M T, 2ot — RGN E L TRELS

CK—19 (Jtm)

'r‘%ﬂﬂz N
G BEZRRE

-1 FBEMBETELLSNFEHRD

=
==
Momentum conservation law \
Kinematic value Flux value
(Dirichlet conditions) (Neumann conditions)
| [ ComresiN s
] 5 :
> Solubility
§ [_Fluid head — [ Fuidfuc |
H Dispersion 5
Material 7 Soil-fluid
characteristic
H — i
H Heat }é curve

o Measured N
Numerical result

Displacement (mm)
7

201
25 %o 00
30 s '
0 5 10 15 20
Time (day)
40
£ ° Measured
530 Numerical result
230k
2
g
220+
E D
S
-
%I 0F ] o]
&
b o e
= Omk Omood 0 oo,
]0 15 20
Time (day)
70 - R —
F —Numerical result
60k © Measure (After 18 day)

Initial ]|

b 02 04 06
Normalized concentration (-)

-3 EBEFREICLSIERE (L), @

FIFMKEFREER (), MEBRHH

(F) DOEBEMBITHERDLLE



ni-. oo FRAREA I 2K~ Y
U AEREHRT D LT, fix ORI
G % REBLATRE T BUEARNT = — FOBAR 2 D,
RIfIENT = — RIZ & » TR A OB 0O H BT &
ATz

F7, BGOEBEN ST ST a0
REN DB KGR0 B DORYRL T %8 AU T RGBT
DO PRERR RS Z T3 2 FEORG 2 ED 7=

4. WFFERR R

B -HEET L (H-2) 2 &1,
WIHZ HUAE N SRR E ORI E R % LT2IRRE
TENE T TR 24T - T2 R BR O FELRAT 2 &
M L7-. A0 E S1X70mTH v, Bk
THRENTWA LD TH L. BIERENTIZL Y,
KR EEME (3.1, 5.6, 10.4, 20.1, 39.5,78.4
kPa % 18 H ] CH#ifir) (ZBI1F 2 1 ER O T
# (F-3 k) &\ o4 U2 MRkEoOB
B L - TH U 2RI R K E O3 A4 /3 s
B (B-3) IHELIHFIHEINE. £, #
N O E L EIBRK OHEAKGEFR IV RICE
420, EBRKTHR (I8 HE) owEED Y
07 7 A VBTN L0 BV CRELS
NTWLZERShoT- (B-3 F). EHERBR
DOFEBFENT 28 LT, RFHIAELTTWL DD
EI—2%E-'E OB B 2 55 25 BB % e
BT DL, ABPEIEND ZEUIFE
T NG, BGORENLBED
72D ETEL I ENRBEINE. LV
KR 728G & LT, MIMIcwERERT D
HiAg (R-4) #4E L, MR m~DOmEOAH
MEC L0 ZORBEMEN DX )BT D
FEMED - (B-5). ZORE, FR@HITMZ S
NT-FEIC L VBRI HEITT 58T, MWEE
bz i —2 (Case-A) ITHA_THWE OBE)
NIEZE (Case-B) 2B Z R3S o7-. Nz
T, WEMOERE 34T, BKGREL, fafn/Riafn
SMENE OBENEENCE 2 DB LT
HEED .

Mz T, WEEMEIORE SR ZREST D Z L
THIFNE AR E A BRI E 2 FIEOBI%
AT - Tz, YRR 5347 % RO MR SR %
L CRHEZRFAERE Z R ET 5 Z &L T, HHIC
SHEEDOT 4 v T 47 (B-6) N TEDHZ
EMHBLMNI o=, ELICHEE LB AEH
WA Z L CHE O R mAE (R BAAL K
FEY 7= OXKEFE) ZRHET 27200 mA %
Oy - uu RO = W7 O - Gl Nan i MR =iiki )
A ChHhdraPo— N~ RICHEATSHZ LT
FREBREZ DT & b EEIE KR E ST
HZ LIRS LEE (B-T). Y%FETESRD
BEER ORI X0 sEIRIC U N e IR 22 A 2 A
TEARFEFN AR |2 31T DB KRB ~ D LR DN W FF
aha.

Nz C, ERE DR ERMBEE LT,
R [ s i 0D F) R O R A R EBRIC LY
MR LTz, MBERE D LA E B X AL i
BT AN D A B = X LAOFICEIT T, BT
SRR A SIS e RN U, D AR RO
FUEW SN D2 Rt L7z (K-8).

F .
T

1 P

g g -

S =050 z
sP Ny 2
=S EIE

A A
P 1] E
b 3

N

Impermeable boandary

X-4 HEL B

E

=

[=9

2 5 After 500 day |
—o—(Case-A
—o—Case-B
------ Initial condition

3 1 1

B 01 02 03 04 05
c(-)
M-5 HEOHEIZLDMEBEIDEL

l 1 I L T T TTTT
© Toyoura

|| & SilicaNo.8
0.8 0 Silica No.MP
Dy,=0.26mm,a=5.21
0.61~"" Dy =0.16mm,a=2.95
——Ds=0.10mm,a=2.13

K6 BEH I vTaUTICKBHER

EOF-EL]
10'2E :
103 —
:‘;’: = o R ]
= O
: [ 4
107 E
r C  Experimental: k. B
I Theoretical: &, ||
-5 . | . 1 .
l00.6 0.7 0.8 0.9

e(-)
®-7 BAEHEMOBHIE L EREDLE



5.

SRS .
a0 G ) ." '5'"-'
A & 1 '

@

Shun Nomura, Yuzuru Yamamoto, Hide
Sakaguchi, Modified expression of 2
Kozeny-Carman equation based on / |
semilog-sigmoid function, Soils and

iio%%%twwns, 58(6), 1350-1357, 2018, , H-8 SET3LHTEOET
Shun Nomura, Katsuyuki Kawai, Shinya

Tachibana, Atsushi Iizuka, Solute transfer during consolidation based on a
solid-fluid-solute coupling model, International Journal for Numerical and
Analytical Methods in Geomechanics, 2018, &Fed V

Shun Nomura, Jumpei Hitomi, De Cesare Giovanni, Yasushi Takeda, Yuzuru Yamamoto and
Hide Sakaguchi, Sediment mass movement of a particle—laden turbidity current based

on ultrasound velocity profiling and the distribution of sediment concentration
Geological Society, London, Special Publications, 477, 2018, &Fed V

(F=%E] GHefh)

@

@

Shun Nomura, Giovanni De Cesare, Hide Sakaguchi, Yasushi Takeda, Spatial and temporal
turbidity currents sediment deposition assessment, European Geosciences Union
General Assembly 2018

Shun Nomura, Jumpei Hitomi, De Cesare Giovanni, Yuichi Murai, Yuji Tasaka, Yasushi
Takeda, Hide Sakaguchi, Instantaneous flow vector measurement by a pair of ultrasound
doppler instruments, Proc.11th ISUD, 119-122, 2018

Jumpei Hitomi, Shun Nomura, Giovanni De Cesare, Yasushi Takeda, Hyun Jin Park, Yuji
Tasaka, Yuichi Murai, Flow Monitoring of Particle-Laden Flows Combining Ultrasonic
Doppler and Echo Intensity Profiling Techniques, Proc.11th ISUD, 119-122, 2018
Shun Nomura, Hide Sakaguchi, De Cesare Giovanni, Venuleo Sara, Jumpei Hitomi, Yuichi
Murai, Yuji Tasaka, Yasushi Takeda, Distinctive features of horizontal and vertical
velocity profiles in turbidity and saline density currents, Proc. of 5th IAHR Europe
Congress, 83-84, 2018

NFASE, BATBE, De Cesare Giovanni, #H ¥4, Park Hyun Jin, WK 8%, #H #h
—, ELIRTRPRL T EEEB) O S K 5 EF, IR AR Y T A 2018

Shun Nomura, De Cesare Giovanni, Takada Yasushi, Yoshida Taiki, Tasaka Yuji, Hide
Sakaguchi, GraCE: Velocity Structure and Spatio—temporal Evolution in the Turbidity
Current Head based on Ultrasound Doppler Velocity Profiling, European Geosciences
Union General Assembly 2017

KBTS L 208, IEE D AR L BECBOTERT 2 b DO TY, 207D, IO ERRLMIERR D AREIC
OWTIE, EOEFEFICES b O TR ZOMERRICHET 2 RALEED, IFEEHAICRESET,



