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Development of Numerical Model for Mixed Soil Problems Using Dry Bulk
Density and Investigation of Its Numerical Stability
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Abstract : The importance of tidal flats lost due to industrialization has recently received attention, and attention
is being paid to the creation of artificial tidal flats and maintenance of natural tidal flats. However, there is still a
lack of understanding about the behavioral characteristics of mud, mud, and sand that form tidal flats. Although
research on the movement characteristics of mixed soils such as tidal flats has been conducted through field inves-
tigations and hydraulic experiments, interest in developing a numerical model based on these results has not yet
reached. In this paper, the purpose of this paper is to establish a mixed soil model that can efficiently manage the
low quality of the tidal flats. In constructing a model for reproducing the surface movement of mixed soil, the
numerical stability of the reproduction and movement of sand and mud constituting the mixed soil in the numeri-
cal model should be considered first, so first, the volume of sand and mud constituting the mixed soil A mixed
soil model representing the relationship was proposed based on a topographical diagram representing the geomet-
ric structure of the mixed soil. In order to consider the dry bulk density of the mixed soil, it was possible to con-
sider the dry bulk density of the mud by introducing the water content of the mud containing water. In addition, it
was confirmed that the mud and sand movement calculation according to the slope collapse of the mixed soil was
stably performed through the calculation of the slope collapse of the mixed soil through the numerical analysis
model to which the proposed mixed soil model was applied.

Keywords : mixed soil model, mixed soil slide calculation, dry bulk density, mud content
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Fig. 1. Variation in critical bed shear stress of mixed soil with clay content (p,,/Pj.,: 0.0 to 0.5).
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Fig. 2. Concept of sand transport calculation method in grid method (left: state of bottom surface consisting of sand, right: expression of sand
in numerical calculation).
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(a) 4-phase diagram of mixed soil (b) Volume ratio of fine sediments to hydrated water
Fig. 3. Schematic diagram of mixed soil model by phase diagram.
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Fig. 5. Relationship between py,, and each volume fractions.

22
ox,
ox
ot
N
-

115

1.0

0.8 1

0.6 1

N

0.4 1
—=— C;= 400 (0=1.1226)
—— C,;= 500 (= 0.8226)

0.2 1 —— ;=600 (0= 0.6226)
—— C;="700 (0= 0.4797)
—+— C,= 800 (0= 0.3726)

0.0 . . . :

0.0 0.2 0.4 0.6 0.8 1.0

P, fm

Fig. 4. Relationship between py, and py, (4, =0.4, p, = 1,000 kg/
m’, p, = 2,650 kg/m’).

LU=

Fig. 40141 ER1%]&= v} o] C7F 2255 pt pnli
o &3 &g vk ole o7 AT s
AA =3, 22 e A5 A5 W) Eget
AAE] goz HAH p = NFo] F53 59| o) =
Vs 55 29 AAEo| F71sl7] wtolth,
ol21gt p. o] T7HEE vl A A& o] 2 P elA
AA = AFE Bl

Fig. 591 Fig. 48} 53t slebu]g & o]8-3t4] 2/(7)-(15)
FEHE AFES C,=400, 800°] 7B-9-9] XF T wigle
w2 Zbzke] A2 E W3S Holth Fig 5(a)25E 29 &
F7F 2 C=40001AM = 7 o] 245 2] A4
EHENE L A ] A s, B Xt 15
o] AAE @] A2 WEo] xget Eo] A4
EAHR ] HARAYE A ST g, 7 go] xet

2o) A B} AF0) ALEEAIAR) A1) o]t

1o

f
o
>

Rl Yo

;‘snml j'_/irms }'mw
1- }'.mml }'xaml B }'mix. ]”mml
1.0 —
0.8 1
0.6 v
rﬁ
04 4
0.2
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
pfm
(b) C; =800



116 Z83

235 %‘%%01 245 AX 3 ,*JEHZ*E &2 gk 1]
Fo] 22 =800+ # o] F7tel| uwhel R
o] A4 Efﬂ ﬂiﬁrﬂr 55 ¥ 150 A8 E] S
o] HlwA &% A& gl 27 A JepA T Cf
4002} v|DE A 1 A7)+ v Ask C,=8002] 7
o=03726011 &2 AA 7} WEFo @%’i{ =9 XJV* Hl
v, JV, 7 Ak 0997 2320 A4y g Fo) A%
o] AL Arh= AL & 4 Qltk 187 wiEell, 1E s
%94 57}011 w}a} Xle 4 xﬂ %ﬂr EA xﬂ JE0] FEX S

S &F.0
25 &

°1°H 113 ?:1—%'%01] 91?'5} EEHE} XJ%O %Z}%‘% ELX] e

< gRIE Eﬁﬂ =
Zog FAHE 23 EA} E'_%]—% Nakamura and Mizutani
(2010, 2016)7} 7Wdkst 339 74, 3, A FH3}E, Ak
d 42| A2 9 (Three-Dimensional Coupled Fluid-Structure-
Sediment-Seabed Interaction Model; FS3M)ol| 2-8-3}o] A
AL EE 13t EFEALS] AP FARE S 75

sk,
3. AXHHUT S Ne{gt EEAL X[ 2

3.1 FS3M2| 7L

FS3M2 -4, 725, X @Ws}, ARka’d ] 4xp1ke] A
TAES A o Qe FAIEEEA HQL £H (solver)2}
4711¢] & (module)® TAJETH W1 EWoll= 7]Al| 2} A
A 2] AAH-E F2 3= Volume of Fluid(VOF) <& 713
St Multi Interface Advection and Reconstructions Solver
(MARS)°l| 7] %38+ VOF B8, 49 +2&52] 914 &4
(Fluid Structure Interaction, FSI}S ~3dh= Immersed
Boundary (IB) ol 71%3}+ IB B8, 979t A&+,
5 ape) abE etk £Alsl Rkl el
St o Ae] AAMsk AR FHAL 5, ol F B,
S 2 A SN TR S BES A9

+ Sediment Trnasport(ST) X5, u-p F2 2] Biot )&

3k Q AW (Finite Element Method, FEM)®l| 2J3f| &40

/)7\1 ;(]H]—O] %j’,]— :‘igq A HH KX )‘aﬂﬂ]_._ FEM R 5%
24950] 9t} wjel &9} VOF 5] Au)] wAAe o
= Zrh

o ox, (16)
oV, amvv) _ mop
_ D= .
7

m, .s 0b 10 o~ 0
+=(ff + R+ +==—(2 D..+ +
U RS+ R QmiDy) 4 S (- m) + 0,

ke
6F o(mv.F) X
+ —L = 1
"o T ox, Fq (18)

A7IM, xi= YA WE(=[xyz]), A AR pe 4=
Grid Scale 4%, gi= =8 7155 WE(=[00-g]), g& <
g 7SR, pe AS WE(=Fp, + (1 - F)p,), Fi= VOF
U5 p= 3719 WE(= 118 kgm’), u+
T(=Fu, + (1= Py, pi= =2 34 A,
A 74]"1‘, me 38, Cio T A5 #
= Continuum Surface Force(CSF) =&
el W), R b Azl olst 4, v
", TR e 4 g W,
Grid Scale A, 7= Tholu] 2
I = T DA R

st A2 e o] T)

%
5
>

e
1o
=]

3.2 22 EAIE 1S ST 28
ST E%5-2 Roulund et al.(2005)5 3Z3lo] +53F
FAF 6 Zdly) 2 iste] ARt Sl AR
]"33_ T 2, AAE %9} 7l
AR Aol FRAES] - o),
AE, 37 Tor*’é? *Vq = 1T T S B, o]
AR Atehs A A HEA 07 T/ H o] Q.
B Aol ARbe &5 EAF RES 483 FS3ME] ST
2ES v 2ok

4, 449 AL nEAL T o] Fojt.

> m

N

O
o Lo p
U poh ofr Hu

r

m

O

0z, 1 (Oq, K Oq

—é-t—-‘rl_m(ax+—a}z+PNs+P]\/f+qzbs+qzbf) 0(19)

AZIA, zaz 7| R FE O] o] e ] 59, ¢, ¢,

© 27 x, p & RO RFARE, Py 3t Py = 29 AF

o 5 B g o gl O HAlOAS) £ 5

Al ot H-pAre] - EY 2otk 7S] ST Ba=i
Z 5

B 258 i 9 Al w3 STkt 1&9] o]
Foll QlojA] # ATrelld= 7] g8k Aol oal 9/
= flocoll 2]k o] W X 32| (surface erosion), & 3

2] (mass erosion)y< 1S4 ¢k Q7] wliTo Froll ost

A2 9 HARE g o= skl

g

=30

3.3 =8 EALE 1aist AlH S| 29

AP ] AR prE A 1Ak ok zt grnt |zt 6
v Zdehs 9 AP BHE AL gu vAzt
oW ok wj7hA] g7k 2455 7] wiiel] Roulund et
al(2005)5 F=sto] AP AL g 6.+ 05 2he o,
A I AAZE A el 27 S v AP of
e asittal 7P sint. B, A 5 Al E=AL
off 28k 9] YT Fwe] Akl 7Pk, A &

~



AZANNEE G EREAL S At 525 1A

3ol o3 BukEE A YAl ST ) = 2(20)
oz FolAr,

slide _ J4 gdso

Vi 3eD,, (s — 1)(sinfB — pycosf) (20)
A7, e= AU A, Cp= ¥IAE AT AlG(=045), s
= Al 45, pe AbE AR, g AR FekEAle
(=tan@), = o th(=32.0%). o]wle] Abd A} B
=08 6- 0 R A1, 99} g+ g Rt 22 W7t ¥
o Abd Bajel] FubEls ARAlEE ¢ e tgo Aow

Slide 1 d
g —3c\z,dedsoj S = Dising- weosp) @)
371914, Cyuis AP B o F3E T34l shebul o)t}
(=290). AP gajel] Fubsl= Ao A wEA L g
9/1 Xy = = H]—t—ﬂ: Aél?"a 7]_7]_ slidesq_ slide a_:ﬂ .(:5]_1—_,:] )\]
(1925 ¢,=¢"", ¢,=¢,"" 7} Atk & 24 Al 9ol

RN = M E'z“g o A wHS sk 9

£ walsh age goe olseld dokn Ghakes
Wl sl 2elsh NS PO R g = g
;\;l’l:;le, ;)lldL _ ;hfle sllde 7} H /\]J?i Jg__“/] }\] _[‘TI_/\]'Q

T el o E]@O] dojupA] ek=thar 7Hgahd A
(19)ZHE] Py, =Py,=0, ., = qu,fz 0 o|== AP B3
ol o3 A gRst= 2 (22)% Folxith

slide slide sllde slide
oz,

Yes 1 a(qx\ +qxj) a(qy\ xf) _
ot 1-m ( ox oy )_0 (22)

v Unit:m
S Mixed soil
"
S @r=0.0~10) 0.30
Sand (p,=0.0) 0.05
0.002 0.30 0.70 0.002
(a) Left side (5 cases)
z
v Unit:m
Mixed soil Mixed soil
@r=0.1) 0.30 0.30 @r=0.1)
Sand (p,= 0.0) 0.05
0.002 0.30 0.70 0.002

(c) Both sides (1 case)

Fig. 6. Numerical domain of mixed soil slide simulation.
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