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A NUMERICAL MODEL FOR MUD MASS TRANSPORT UNDER WAVES
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1. Introduction

Mud mass transport plays an important role on
the geological processes in coasts and river mouths.
The purpose of the present study is to investigate
mud mass transport under waves. Based on an em-
pirical rheology equation, a numerical model is de-
veloped to predict the wave attenuation as well as
the bed mud motion. Then, numerical simulations
for the motions of one- and two-layered mud beds
are carried out and the results are compared with
laboratory data.

2. Numerical Model of Mud Motion

The interaction between waves and muddy bot-
tom is very complicated mainly because of the com-
plex characteristics of mud, especially, of its rheo-
logical relations. Therefore, an empirical rheology
equation (Suzuki, 1992) which was proposed on the
basis of the experimental results on the rheology
(Shen, 1992) is used to describe the relations:

T = Ge — 1g tanh(age) + py + 1o tanh(o,y) (1)

where 7 is the shear stress, € the shear strain and y
the shear rate. The other parameters are constants
of which G and u represent the elasticity and viscos-
ity, respectively, and 7@ tanh(oge) and 7otanh(a,y)
represent correction terms. )

The linearized equations of motion and the con-
tinuity equation for the incompressible mud layer
under oscillatory loading are
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where u; and w; are the horizontal and vertical
components of the velocity of the j —th layer, p; the
pressure, 7; the shear stress which is represented by
the rheological model proposed. The above govern-
ing equations can be integrated numerically with
the following boundary conditions: i) Non-slip con-
dition at the fixed bottom (u, = 0 and w, = 0); ii)
Zero shear stress at the mud surface (g = 0).
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The SIMPLE (Semi-Implicit Method for Pressure-
Linked Equations) algorithm, which is developed by
Patankar (1980), was used for the calculation of the
mud motion. Once the oscillatory motion of the
mud is solved, the energy dissipation rate, D,,, is
calculated by

d g
D, =/0 ;—t(TE)dZ (5)

where d is the thickness of the mud bed and the
symbol  denotes the average over a wave period.
The distribution of the wave height in the wave
propagation direction can be estimated from D,,.
The mass transport velocity consists of the Eule-
rian average velocity, Ug, and the Stokes drift, U,.
These are generally calculated by

0
U = au’ Jdt+ /w, dt (6)
. 9%Ugp; au w5
ajv‘)c azzj =pJ( ax J ]) (7)

where 4, is computed only in the layer where u
changes, and defined as
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where ¢ is the phase value where the sign of the
shear stress changes.

3. Comparison with Experimental Results
To verify the numerical model, the previous labo-
ratory data are used to compare with the calculated
results by the present model. Figure 1 compares the
calculated excursion amplitude of the mud particle
with the experimental results. A good agreement is
seen between the calculation and laboratory data.

The natural deposit processes frequently give rise
to layered soil deposits having alternating layers
with different properties. In order to predict the
mud motion and the processes, the behavior of two-
layered mud is studied.

Laboratory experiments were performed in a wave
flume 0 21.00m long and 0.80m wide. A two-layered
muddy bottom was constructed with the lower layer
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of the consolidated mud of 8.5cm thick and the up-
per layer of the newly mixed mud of 7.9cm thick.
The two-layered bottom is very similar to the bot-
tom deposited for an order of a year in natural
coastal areas. The mud mass transport velocity and
wave damping were measured.

Fig. 2 compares the calculated and measured
mass transport velocity at the beginning of the ex-
periment. The profiles of the transport velocity is
similar to each other, but the calculated mud mass
transport velocity in the upper layer is larger than

the measurement.
Fig. 3 compares the calculated and measured

wave height change. The difference may be because
the values of parameters are not estimated appro-
priately.

4. Conclusions
Based on the empirical constitutive model pro-

posed, a numerical model is developed to predict
the mud mass transport velocity and wave height
change under wave action. Agreement is good for
the mass transport velocity of two-layered mud and
fairy good for the wave height change.

10
9 o
8 °
] SR R - o
—~ & o
S s
K] B
o 4
2
1 feoeesy ;/ Pres.. Mods)
0 i o Nak no's;Exp.
0 02 0.4 06 0.8 10

U_xx {(cm)(T=0.8s, H¥=4. icm)

5. References

[1] Shen, D.-X, M. Isobe and A.Watanabe(1992):
Experimental study on the rheology properties of
mud, Proc. 47th Annual Conf. of JSCE. Vol. 2,
pp. 1208-1209 (in Japanese).

[2) Suzuki, T., M. Isobe and A.Watanabe(1992):
Numerical Calculation on mud motion by an em-
pirical rheology model, Proc. 47th Annual Conf. of

JSCE. Vol. 2, pp. 1210-1211 (in Japanese).

1.0 3 g’«‘*
g9 o; /I
S0 d
o v :oo/
W § A3
£0.7 o
2 /,:3
o 0.6 to
0.5
o
7. 0.4 ==.Total
3,0.3 -- Stokes
s « Euler
~ 0.2 P
N0l

0 ;i H
0 0.2 04 06 08 1.0 1.2 1.4

Transport velocity (mm/s)
Fig.2 Comparison of mass transport
velocity at 2.0m (T=1.02s, h=30cm).
10

Q.

QA
K\

w=226%
To=2.11]

-/ p=1.28
6=20
h=35¢cnm

o

z (cm)

Pres...Model......... .
© Nakano's Exp.-

0 0.2 0.4 0.6
U_zz (cm) (T=0. 8s, hw=4. 1cm)

O - W
T
S~

Fig 1 Comparison of excursion amplitude of mud particle.
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