CHAPTER 263

PREDICTION OF SHORELINE CHANGE CONSIDERING CROSS-SHORE SEDIMENT TRANSPORT
Yoshimichi Yamamoto', Kiyoshi Horikawa®, Katsutoshi Tanimoto®

ABSTRACT

Relations of cross—shore sediment transport rate with the grain size of
sediment, the sea bottom slope in a surf zone and others were investigated by
using data of field observation and large scale model experiments. The results
are as follows : ) o
(1) the coefficient of a cross-shore sediment transport rate varies inversely as

the 1.31th power of the grain size. Then, the steeper a initial bottom slope
is, the faster a beach profile reaches a state of equilibrium
(2) The amount of a shoreline change is roughly proportional to the square root
of the cross-shore sediment transport rate. .
(3) The stabilized bottom slope in the surf zone increases with the grain size
and the wave period, and it decreases as the breaking wave height increases.

Then, new equations to predict a beach profile change induced by cross-
shore sediment transport were introduced from this investigation. Moreover, the
adequate applicability of these equations to actual coasts was confirmed.

1. INTRODUCTION

As practical models for
predicting long-term trans-
formation of long beaches,
a shoreline change model and
Uda et al. s contour change
model (1991, 1996) were pro-
posed. However, these numer- . - > Time
ical models do not take  Figure 1 Transformation of a beach with time.
cross—shore sediment trans-
port rate into consideration. In designing measures to control coastal erosion
and wave overtopping, it is necessary to take account of short-term beach trans-
formtion under stormy weather condition in addition to the long-term transfor-
mation as shown in Figure 1.  The short-term transformation, which cannot be
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determined without considering the cross-shore sediment transport, can be
predicted by means of 2 or 3 - dimensional beach transformation models combined
with the computation of waves and currents (e.g.. Horikawa, 1988; Sato, 1994;
Shibayama et al., 1990). However, it is difficult to apply these models to long-
term prediction of long beaches, because long computational time is required
and numerous coefficients introduced in sand transport rate formulas have not
vet been generalized. ) o

In this study, an attempt was made to generalize the coefficient of cross-
shore sediment transport rate formulas. Moreover, a convenient beach evolution
model using this result was proposed and applied to actual coasts.

2. CROSS-SHORE SEDIMENT TRANSPORT NEAR SHOREL INE
Sunamura (1984)  proposed the following formula for calculating cross-

shore sediment transport rate. @ near the shoreline per unit time and unit
beach width -

Q=KU"*¢(¢—0.13U.) wd (1)

where K : a coefficient of sediment trans;[)ort rate, U, :Ursell parameter [=
gHT?/n? ], ¢ Hallemeier parameter (= H? /shd ], w : the settling
velocity of sediment, d : the median grain size of sediment, g : the acceler-
ation of gravity, h : the wave setup height at shoreline against the still
vater level [= (1.63 tana+ 0.048) H, Sasaki and Saeki (1974)], H : the wave
height at shoreline against

the still vater level [= 2 4(ta 0.0001
) * h Yamamoto(1988)], T :

the vave period, s:the specif- e —
ic gravity of sediment in water,
tanc : the initial bottom slope
in the surf zone, H, : the

breaker height. B

Now, let us generalize the AL TN N
coefficient K of Eq. (1. As 0.0000 : )
long as external forces remin « N S
constant, the rate of cross- . A ST
shore sediment transport de- & <
creases with the lapse of time, 2 ]
and the beach profile approaches 5 <
the equilibrium state. Therefore S A\ %
the coefficient K can be ex- 4 ggo001 \ S
pressed by the following equa- [ — —

. -5 5~ x10"%~

tion with the elapsed time ¢ : | Bxi0 e 11X1034><10"—P2 Do

K=Ae™®7 2 [ o.07~0.00 ° "] A

0.045~0, 063 0 O

where Aand B are coefficients. OB, x

Then, we assume that the ——"— r R S—J
coefficients Aand B are domi-  0.0000001 ‘ :
nated by tana and /B (Ho is 0 100000 200000 300000

the wave height in deep water), . ST N
and investigate relations of Figure 2 Relationship of the coefficient
these coefficients with tana Kwith t/T.
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and d/H by using data of field observation and large scale model experiments
given in Tables 1 ~ 4 in the appendix. o

Figure 2 is a semilogarithmic graph of the relationship between K and /T
based on these data. Symbols with a vertical segment mean field data and other
symbols mean experimental data. Then, average values of significant waves are
used for the wave height and the wave period of irregular waves, because data of
significant waves are used in many countries.  However, experimental data of
regular waves are used in order to supplement lack of data. Each straight line
in_this figure shows a tendency of data of ea%roup. When £ Tis 0, K(=
A) varies greatly depending on the value of d/Ho, but changes very little
depending on the value of tana. Thus, the coefficient 4 is dominated strongly
by d/Ho.  Moreover, the slope
of the straight lines in this
figure varies widely depending dMo| X105~ 11IXI0 S~ 4210

on the value of tana, while it =@ oxjrt) et toexie?
is little affected by the value | 0.017~0.0% e u A
of CVHQ. ’H'llS. means that the 0. 045~0, 068 0 C
coefficient B is strongly domi- 15 A
nated by tana. Ak
1X10™ e 1x1 04— ;F’/
L EEN =
- AN R 4]
- @ s
< BEEOEE H / B
1107 b 1X 10 ——fw—
= : _[/. i N
T [/ 5 H
1x107¢ , 1x107t ' i
1x107¢ 1x107 1x10” 0.01 0.10 1.00
d/Ho tana
Figure 3  Relationship of 4 Figure 4  Relationship of B
with . with tana.

. Figure 3 illustrates the relationship of the coefficient Awith d/H, and
Figure 4 shows the relationship of the coefficient B with tana. As these
figures indicate clearly that the coefficient A increases as d/H. falls and the
coefficient B increases with tana. Namely, the smaller the grain size of sedi-
ment is the larger the coefficient 4is and the steeper the sea bottom slope
is the faster the beach profile reaches the equilibrium state. These relations
can be expressed by the following equations :

A=361X107°(@/H) 2 B = 4.20x10"* (tana) " 7 (3)
[tana = 0.017~0.125, d/H = 0.00006~0. 00102]

The rate of cross-shore sediment transport near the shoreline can be
obtained from Egs. (1), (2, and (3. Figure 5 shows the comparison between



3408

measured values and calculated
values obtained from data shown
in Tables 2 and 4. This figure
shows that the calculated values
agree fairly well with the mea-
sured values.

3. SHOREL INE CHANGE DUE TO
CROSS-SHORE SEDIMENT TRANSPORT

Let us consider a simplifi-
ed pattern of beach profile
change, as shown in Figure 6,
due to cross-shore sediment
transport. Transforming slightly
the continuity equation of
cross—shore sediment transport,
we can obtain the shoreline dis-
placement as Ay o< (JFQaD)™ *

Moreover, by using the data
shown in Tables 2and 4 the
following equation can be

obtained :

Ay =270LQd)""° (4
Therefore, the shoreline dis—
placement due to cross—shore

sediment transport can be calcu-
lated by using Eq. (4.

Figure 7 compares the mea-
sured values shown in Tables 2
and 4 with the calculated values
given by EBq (4. The data
merked with + mean cases that
initial bottom slopes above the
still water level are steep by
cliffs or steps. This figure
shows that the calculated values
agree well with the measured
values. However, since Bq. (4)
is intended for the simple beach
profile change due to cross-
shore sediment transport, Appli-
cation of Eq. (49 to shores
undergone complex beach changes
should he preceded by careful
study. o

By combining the above
equations with a formula for
calculating the stable slopes
of sea bottoms, the beach pro-
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files after transformation

can be determined, ‘
From Eq. (1), when

the beach profile reaches

the equilibrium state, the ,

following relation can be )

obtained : Figure 8  Image of tanB (sea bottom slope

under ecuilibrium state in the
d=0.13 U. (5) surf zore).

Substituting Hallermeier parameter, Ursell parameter and E(é (8 (Yamamoto,
1988) to Eq. (5), and transforming slightly, we can obtain Eq. (7).

H=24tanR)"* h = 1.9(tan®" *Hs (6)
0.0864 sgdT?® 27
tang = [ LSt J (7
B,

where tanS is the sea bottom slope under the equilibrium state in the surf
zone, and H. is the breaking wave height.

_ Then, assuming that the rate of
time change of the sea bottom slope
equals e **7,  the sea bottom slope
of the arbitrary elapsed time ¢ in the
surf zone, tan®, can be expressed by
the following equation :

=]
—
N
[¢]

o

—_

o
T

o

(e

(o]
T
)

tana —tan 8
tan@ = tanB+ ——m— (§)

-Bt/T
e

O
o
o
T
o
(&)

Moreover, substituting the data
shown in Tables 5 and 6 in the appen-
dix, we can obtain Figure 9. The
figure indicates that the calculated
values agree well with the measured  0.00 !

Catculated values (tan@ )
[an)
S

o

(=]

N
T

9

values. 0.00 0.02 0.04 0.06 0.08 0.10 0.12
4. APPLICATION OF THE PROPOSED Neasured values (tan)
Figure 9 Measured vs. calculated
FQUATIONS TO ACTUAL COASTS values of tan6.

We performed the following two beach change simulations.
(1) SHORELINE CHANGE AT HAZAKI COAST

The first one is the time series hindcast for 18 days at Hazaki coast in
[baragi Prefecture, Japan, based on the data given in Katoh and Yanagishima's
paper (1988). In their paper, time series data of the daily mean wave energy
flux, and limited data of the maximm significant wave height [(H; s)max] and
period on stormy days were given. Therefore, time series data of the significant
vave height (;5) from the data of the square root of the daily mean wave
energy flux (E '7%) were calculated by using the following empirical relations :




3410

His = Hi3)wan/1.5 (9),
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E 172 = (Hl/S)mnx (10)

Eqeation (10) can be obtained from Figure 10 drawn by limited data under stormy
weather. However, as the offshore bars exist and the mean water depth at the bar

crown is about 29 m

line 1is less than approximately 2.2 m
due to wave breaking. Therefore, the
breaking wave height heigher than 2.
2m isreduced to 21 m Then the
time series data of the wave period
are calculated by using EBq. (1D
obtained empirically in their paper.

Ho s /L17° =0.5%xE% ()

where L is the wavelength.

_ However, as larger waves are
diminished in this case, the breaking
wave height is cut down,  the wave
period in this case should be short-
ened by using the following equation
based on Bretschneider' s formula [ 7
=386 (H.2)"°]:

the significant wave height of waves acting on the shore-

1.0
6.0

E I/Z(tl/Z/sl/Z)
& e
(=] (=]

w

(=]
L)

.

]
=]

1.0

— -

0.0 1.0 220 3.0 40 50 6.0 7.0
(Hizz)max  (m)

Figure 10  Relation between maximum
sionificant wave height ad
square root of daily mean
wave energy flux.

0.0

Ta/Tb =C (2. 1/H1/3b>0' s (12

where the suffix @ means the values after wave breaking, while the suffix b
means the values before wave breaking, and C is a proportional coefficient
(=11 froma few field observation data ). .

Because the shoreline of Hazaki coast is straight and no coastal structure
like a groin exists along this coast, the shoreline change due to longshore
sediment transport can be neglected. Therefore, the shoreline change on this
coast can be simulated by using Bgs. (1D ~ (4, (7, and (8. The calculated
result of shoreline change agrees well with the measured result as shown in

Figure 11.
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Figure 11 On-offshore changes of shoreline position (D.L + 1.4 m).
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(2) SHORELINE CHANGE AT MISAWA PORT COAST

Another example is the simulation for one vear at Misawa Port coast in

Aomori Prefecture, Japan, based on data of Hashimoto and Uda's paper (1979).
A remarkable shoreline change occured during the period of one year from
1976 to 1977, when the off-

shore breakwater at Misawa D aom
Port became long enough to 3oy

bring about remarkable dif- B_
fraction effect ( refer to T i I
Figure 12 ). It is likely T075- 11 5¢C

that the diffraction effect  vA RN ¢

of the breakvater made the e = .
wave height smll in the ¢ F &
pater area sheltered by the 4 3
breakwater, thereby the rate g g

of onshore sediment trans- < q

port increased in this area \[ & A

as .ShOW[l in Figure 13. o %00 700 7006 X
Hashimoto and Uda applied an (m)
empirical eigenfunction ex- Fiaure 12 Configuration of breskwaters
pansion method to predict at Misawa port.

shore transformation at and .

around Misawa Port and pointed out the existence of cross-shore sediment trans-

port. Thus, the probable mechanism of this shoreline change was that alongshore

transport sediment entered the port area due to influence of the diffraction

effect of the breakwater, then the waves in the port transported the sediment

onshore, therefore the shoreline advancement occured.

~ The hindcast of the shoreline change in this area was performed by combin-

ing Bgs. (1) ~ (4 with the shoreline change model. . .
First, the shoreline change model vas applied under the following condi-

tions on the basis of the Hashimoto and Uda's paper :

(a) The height of the longshore sediment transport zone was 11 m .

(b) Ozasa and Brampton's formula (1979 was used to calculate the longshore
sediment transport rate, and the figure 0.2 was selected as a coefficient in

——— Measured position of shoreline in 1976
. .. reakwater
o - Measured position of shoreline in 1977

¥hen only longshore sediment transport is considered
¥hen cross-shore sediment tra is also considered

e,
'ﬁ."'

300

200 -

Cross—shore distance (m)

100 -

Ve g o ST

9 500 1008 1500 2000 (m)

Figure 13 Result of shoreline change simulation.
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the formula.

(c) The wave height, period and direction are shown in Table 7 in the appendix.
(d) The sea bottom slope was 1

~ The result of this simulation was plotted in Figure 13 by a solid line.
This result, which was the same as that calculated by Hashimoto and Uda, did not
agree with the measured result shown as a dotted line.

Then, the shoreline change due to the cross-shore sediment transport was
taken into account by using Egs. (1) ~ (4. The influence of the wave hys-
teresis on the shore transformation seems to be great. However, the available
data were not the time series data of waves but the statistical data shown in
Table 7. Therefore, we adjusted the median grain size of sediment so as to
obtain reasonable shoreline displacement. Because the natural beach change after
one year induced by cross-shore sediment transport is regarded as small, the
shoreline change due to the cross-shore sediment transport near the 0 m point,
which is far from the breakwater, can be deemed small. Namely, the median grain
size of sediment must be selected so as to obtain a smll shoreline change due
to the cross-shore sediment transport near the O m point. When the figure 0.
43 mn vas selected as the median grain size from usual grain size at Misawa Port
coast, the shoreline displacement near the 0 m point became small as shown in
Table 7. Therefore, the calculation by Hgs. (1) ~ (4) was performed under the
condition of the median grain size 0.43 mmn_ By combining this result with the
result obtained by the shoreline change model, the significantly improved shore-
line displacement was obtained as shown in Figure 13 by a broken line.

5. CONCLUSIONS

Main conclusions are as fol lows :

(1) The relations among tana d Ho, and the coefficient K of cross-shore sedi-
ment transport rate (in Sunamyra s formula) can be expressed by EBas. (@D,
(8 based on the analyses of data obtained by field observation and large
scale experiments.

(2) The formulas | Fgs. (@), (D and ®) ] were proposed for calculating the
shoreline displacement and the bottom slope change in the surf zone due to
the cross—shore sediment transport. Then the effectiveness of these formulas
against actual coasts was demonstrated by the simulation results of shore-
line change on two actual coasts.
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APPEND I X

Ho : significant wave height in deep water.
T : wave period.
: wavelenght in deep water.
Ho/Lo: wave steepness in deep water.
tana: initial mean bottom slope in the surf zone.

Hb  : breaking wave height

h  : wave setup on shoreline against the still water level.

H  : wave height on shoreline against the still vater level.

d : median grain size of sediment.

¢ : Hallermeier parameter.

Ur : Ursell parameter. )

Ar  : cross sectional area of erosion part near shoreline.

t . observation time.

Q  : rate of cross-shore sediment transport.

W settling velocity of sediment.

K : coefficient in the cross-shore sediment transport rate formula.
Ay : shoreline displacement due to cross-shore sediment transport.
tan3: mean bottom slope under the equilibrium state in the surf zone.
tan6: mean bottom slope of the arbitrary elapsed time in the surf zone.
a :wave direction.

Tp : frequency of incoming waves.

Suffix ¢ means the calculated value.
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Table 5 Field dbservation data (No3).

tanB(-) [tan@c(-)| tanO (-) | Researcher

0. 062 0. 044 0.040 {Sonu

0.021 0.032 0.040 {Sonu

0.043 0. 040 0.035 {Uda

0.017 0. 020 Sunamura et al.

0. 021 0. 020 Sunamura et al.
Takeda et al.
Takeda et al.

0.016 0.016 0.017 |Kuriyama

0.023 0. 021 0.019 |Kuriyama

0. 028 0. 024 0.019 [Kuriyama

0.018 0. 041 0. 040 [Nairn

0.015 0.022 0.020 |Katoh et al.

0.015 0. 021 0.020 |[Katoh et al.

Table 6 Experimental data in large wave tanks (No3).

tan 8(-) ftan@c(-)| tan 8 () Researcher
0. 044 0.054 0.050 |Saville
0. 054 0. 060 Saville
0. 097 0. 085 0.075 |Saville
0.015 0. 026 0.040 [Saville
0. 079 0. 061 0.055 |Simizu et al.
0. 097 0. 081 0.085 |Simizu et al.
0.037 0. 042 0. 045 |Simizu et al.
0.031 0. 030 0.030 |Simizu et al.
0. 081 0. 042 0.040 |Simizu et al.
0.043 0. 036 0.035 |[Simizu et al.
0. 040 0.044 0.040 |Simizu et al.
0. 025 0. 028 0.035 |Simizu et al.
0.073 0. 064 0.055 |Simizu et al.
0.012 0.013 0.020 |Simizu et al.
0.073 0. 065 0.050 |Simizu et al.
0. 026 0. 027 0.030 ISimizu et al.
0.012 0.015 0.020 |[Simizu et al.
0. 098 0. 050 0.040 |Simizu et al.
0. 026 0.024 0.020 |Simizu et al.
0.018 0.019 0.040 [Simizu et al.
0.048 0. 058 0.060 |Simizu et al.
0.022 0. 066 0.070 [Dette et al.
0.016 0. 052 0.060 [Vellinga
0.014 0. 044 0.050 |[Kraus et al.
0.014 0. 031 0.040 |Kraus et al.
0.021 0. 046 0.050 |{Kraus et al.
0.021 0. 036 0.040 |Kraus et al.
0.017 0.072 0.070 [Nairn
0.019 0.118 0. 100 {Southgate
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