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ABSTRACT _

TWU, S.-W. and LIAO, W.-M., 1999. Effect of Seawall Slopes on Scour Depth. Journal of Coastal Research, 15(4),
985-990. Royal Palm Beach (Florida), ISSN 0749-0208.

This paper is aimed to study effectsofseawall slopes on the scour depth in front of seawalls. Th.estud~ w~s performed
by conducting a series of three dimensional hydraulic tests to produce short-crested waves, which IS significant In the
scour in front of the structure.

The scour depths in front of seawalls with varied front slopes were surveyed in the laboratory under different wave
conditions. Results showed that the scour depth is closely related to the Ursell parameter and the front slop.e of the
seawall. Besides, it is indicated that the scour depth in front of the seawall with front slope of tan 8 = 1/4 IS m~ch

less than that with tan 0 = 1/2 or 1/3 , but is only slightly more than that with tan 8 = 1/7. Since the sea:-vall w.lth
tan 0 = 1/7 possesses much larger section tha n that with tan 0 = 1/4, the latter is suggested as a favourite option
for the front slope of the seawall.

ADDITIO NAL IND EX WO RDS: Front slope, scour depth , seawall, short-crested wave, Ursell parameter.

INTRODUCTION

Seawall is a very common struct ure constructed in coastal
area to protect lan d in the lee side . Especially, it is needed
in reclamation areas. However, once the seawall is bu ilt up,
the base at the seawall usually suffers serio us erosion and
thus become a tro ublesome problem for coastal engi neers.
Thi s erosion could lead to a totally colla pse of the seawall, if
repairment has not been accomplished in time. There have
been ma ny evidences indicating that the failure of man y
coastal structures was attributed to the eros ion in front of
those structures. Ther efore, the erosion in front of t hose sea
walls has been a major concern for ma ny coastal engineers .

SHIRAISHI et al. (1960) investigated the collapse of sub
merged breakwater outside Niigata coast and concluded that
its failure had been caused mainly by erosio n at the base of
the structure.

ICHIKAWA (1967) studied the collapse of break water of'Ta 
gonoura Harbor in Japan. Its failure took place in 1964 when
the Typhoon No. 24 hit that regio n. Th e investigation foun d
that the base of the structure had been scourred to a depth
of up to 8 meter s. Since the n, the erosion in front of coastal
structures has been a popul ar study topic.

HERBICH and Ko (1968 ) conducted both theoretical and
two-dimensionally experimental studies on the erosion in
front of the structure. It was concluded that the scour depth
had been a function of characteristics of the incident waves.

SATOet al. (1968 ) carried out a two-dimensional test on the
structure-base eros ion. He indicated that the scour was close
ly rel ated to incident wave characteristics and reflected
waves from the structure. To verify this, Sa to conducted a
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field investigation and found that the scour was closely re
lated to the wave ind uced current.

J ONES (1975) investigated the scour at the base of a ver 
t ical seawall in terms of wave induced current caused mainly
by the incide nt and reflecte d waves.

Hs u et al. (1980 ) indicated that the scour in front of a
breakwater or seawall was in a close re lation with the re
flected waves being reflecte d from the structure . It is known
that as re flected waves appear, the superposition of incident
and reflected waves turns out to be short-crested waves.
These superposed waves have been claimed to be the main
force to cause the scour in front of the structure .

DEAN (1986) pr oposed an approximate pri nciple ind icating
that the volume of the scour in front of a wa ll will be less
than or equa l to the volume that might be pote ntially scoured
in the profile upl and in the absence of the wa ll.

BARNETT and WANG (1988 ), KRAus and PILKEY (1988 ),
also investigate d the scour problem in front of a coastal struc
ture. They mad e the sa me conclusio n ind icating that the sea
wall scour problem seemed to be inevitabl e. However , the
structure they studied was of vertical wall.

TOYOSHIMA (1988 ) proposed in 1981 that seawalls sho uld
have a gentle front slope (1:3) and be covere d wit h armour
units. Conseque ntly, over one hundred field works have suc
cessfully been perform ed. In 1985, he proposed replacing
those existing vertical seawalls wit h gentle r slope (1:5 or 6)
ones . This kind of gentle-slope seawalls were tested in the
laboratory and some expe rimental field works were made. As
a res ult, t hose structures had been prove d to be succe ssful in
red ucing the scour .

FOWLER (1992) described mid-scale laboratory tests of
beach profile change at a vertical wa ll. The init ial beac h pro
file was a IV:15H slope in all tests. Resul ts from both ran
dom- and monochromatic-wave te sts were compared with
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~h = F1(p, Ps' D, w, d, u, v, T, L, A, tan e, tan ex, X, x., H)

To express it in non-dimensional form, the scour depth may
be expressed in terms of two parameters, such as

studied by numerous investigators. In general, the scour
depth ~ h can be expressed as
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~ = F5(~)

in which ~ = tan elVH/L.
The wave height and wave length at seawall were used for

H, L respectively.

Because wave reflection is a significant factor in producing
the scour, another factor such as surf parameter (~) might be
used instead. Thus we have

in which U r = HL2/d3 is the Ursell parameter representing
wave characteristics. Tan e represents a physical property of
the seawall.

As mentioned above, it was observed that the scour is close
ly related to the reflected wave from the wall. Furthermore,
some authors suggested that the reflection coefficient is re
lated to H. L. d and tan e. In this circumstance, we may
express (2) as

in which, p represents fluid density, p, is sediment density,
D is sediment diameter, w is sediment fall speed, d is water
depth, U, is water velocity on bed, v is fluid kinematic vis
cosity, T is wave period, L is wave length, A is the angle the
incident wave makes with the seawall, e is the angle the sea
wall face makes with the horizontal, ex is the angle the bottom
plane makes with the horizontal, X is the position of seawall
relative to shoreline, X, is the position of wave breaking rel
ative to the seawall, H is wave height.

In this study a three dimensional wave basin was used and
the bottom slope was fixed. Coal ash were selected as sedi
ment material with a specific gravity of 1.97 and a median
diameter of 0.16 mm. The experiment fluid was water. The
incident wave made an angle of thirty degree with the sea
wall normal. Therefore, those factors such as p, p., D, w, v,
tan ex remained unchanged in the experiment. In this circum
stance they can be dropped out from the equation (1). Fur
thermore, U, can be expressed in terms of d, L, H. The factor
X is assumed to be involved in water depth d, and only non
breaking waves were generated in the experiments, hence Uo,

X, X, were also eliminated from equation (1).
For previous reasons( 1) can be rewritten as

those from several previous laboratory studies conducted by
other researchers. He concluded that the ratio of the water
depth at the wall to the deep-water wavelength was an im
portant factor to the scour depth.

MISELIS (1994) studied the beach profile and seawall in
teraction, including scour, produced by severe storm condi
tion. It was simulated in a tank of 36.6m long, 0.9m wide,
and 1.2m deep, for which both 0.09- and 0.18-mm sand was
used in separate tests. Miselis found that the maximum scour
depth always occurred during the peak storm-surge level. He
concluded that a seawall's presence had little effect on the
beach evolutionary process except for the immediate area
around the seawall.

FITZGERALD et al. (1994) described beach change and se
vere damage along Massachusetts Bay associated with the
Halloween storm of 1911. They indicated that all beaches
(seawalled and nonseawalled) experienced erosion as a result
of the storm, and that those beaches with wide berms or
where adjacent dunes were scarped exhibited less overall
change than sandy beaches backed by seawalls. Neverthe
less, they also found that the seawalls provided some level of
damage protection to the upland, serving their intended pur
pose.

KRAus and SMITH (1994, 1995) conducted large-scale su
pertank laboratory tests with random significant wave height
ranged between 0.4 and 1.0 m, and periods between 3 and 8
sec. Wave heights and periods were selected to correspond to
destructive and constructive wave conditions. The profile typ
ically had a local variation near the wall, but the majority of
the profile remained similar to an unwalled profile. They sug
gested that the scour trench sometimes observed in the field
after storms may be a result of longshore transport or com
bined cross-shore and longshore transport occurring during
the time of the storm.

From those previous publications, it is known that the
scour in front of a seawall is likely to take place after the
seawall has been built up, and that the erosion is related to
the reflected waves, thus also relating to the seawall slope.
However, it is difficult to capture the exact effect of the sea
wall slope on the erosion in field investigation, due to the
varied environment involved in different cases. Therefore, ap
peal is made to laboratory.

Twu and CHIOU (1994) conducted a series of two-dimen
sional moving-bed model tests to study the relation between
the scour depth and the front slope of the structure. Four
front slopes of tan e = 1/2, 1/3, 1/4 and 1/7 were modelled in
their laboratary. The result of these tests revealed that the
scour depth in front of the seawall with front slope of tan e
= 1/4 is significantly less than that with tan e = 1/2 or 1/3
but is only slightly more than that with tan e = 1/7. Never
theless, this observation has to be examined by a three-di
mensional model test, because of a fact like Hsu and SIL
VESTER (1980) indicated that the scour depth was mainly cre
ated by the short crested waves, and the short crested waves
can be produced only in a three dimensional basin rather
than a two dimensional wave channel.

DIMENSIONAL ANALYSIS

The scour depth has been a key topic in studing the scour
related problems in front of coastal structures. It has been

EXPERIMENTAL TESTS

Laboratory tests were conducted in a wave basin with 17m

X 9.6 m X 1.5m
• Two wave generators were installed at one
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Figure 1. The sketch diagram of the wave basin.
Figure 3. The sketch diagram showing bed surface surveying ar ea .

Figure 2. The profile of the test basin.
Figure 4. Contour lines of th e scour depth or accretion height (tan 6 =
112, d = 16 em, H = 6 em, T = 1.0 sec, surveyed at 6th hour).

The front face of the seawall was built with wood plates
with a layer of concrete block covered on its face. Beneath
those wood plates was a hollow space , allowing water to pass
by. The seawall crest height has such an elevation that the
incident waves would never overtop . The seawalls with four
front slopes of tan e = 112, 113, 1/4 and 117 were installed,
respectively.

The wave generator can generate waves with wave height
of up to 25 em and wave period between 0.75 to 4 sec. Four
wave gauges of capacitor type were installed in the basin.
Their locations are shown in Figure 1.

Water surface variation were detected with these wave
gauges and recorded by PC through an AD converter. Wave
data were collected every 0.025 sec. Three water levels were
adopted in tests. They were 10, 16 and 24 em in depth at the
seawall, respectively. Wave periods in tests ranged from 1.0
sec to 2.0 sec and wave heights ranged from 3 to 8 em.

Bed surface variations were surveyed with a sand surface

TrTT""~,",-"", ..,er i a l

end of the basin. They can make both regular and irregular
waves.

In this study, only regular waves were made, due to an
observation indicated by ULICZKA and DETTE (1987) that a
regular wave case reached an equilibrium state faster than
an irregular case . They indicated that the regular wave case
needs 4000 waves to reach an equilibrium profile as opposed
to about 7,000 waves for the irregular wave case.

In this study, seawalls with varied front slopes were mod
elled in the wave basin with its normal making an angle of
thirty degrees with the generated wave direction. Because
the moving bed has to be repaved after a wave condition test
is finished, a lot of manpower has to be spent on it. To save
some of this work, only a half of the basin was used and
therefore only a wave generator was operated. In this circum
stance, a wave guiding board was needed to be placed along
the central line of the basin. Therefore, the actual testing
area, shown in Figure 1, covered only one half of the basin.

As generated waves propagate and encounter the seawall
with an angle to the seawall normal direction, the long shore
current would take place . To avoid unwanted circulation from
happening in front of the wall, two gaps with each located
between the seawall and the side wall (or guiding board) were
built. Thus they allowed the long shore current to flow into
the gap at the down-flow end, passing through the lee side of
the wall. Then, the flow came out from the gap at the up-flow
end and joined the long-shore current again.

A bottom slope of tan a = 1150 was adopted. Coal ash was
used as the moving-bed material in front of the seawall. The
thickness of the sediment ranges from 25 em, at toe of the
seawall, to 10 em at a line located more than 200 em away
from the seawall. The profile of the sediment is shown in
Figure 2.
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Figure 5. Nondimens iona l scour depth ver sus th e surf paramet er.

detector WH-201. The measured area, 150 cm x 160 em, cov
ered th e middl e third region in front of the seawall as shown
in Figure 3, In this region eleven lines in line with the inci
dent wave dir ecti on were surveyed, The spacing from line to
line is 15 cm. Along each line, th e bed surface was measured
at an interval of 10 cm. The se bed-surface surveyings were
carried out before waves sta rted and at 1st, 3rd, 6th hours,
respectively, after waves were generated .

RESULTS AND DISCUSSIONS

It was mentioned above that bed elevation was surveyed
whenever at th e 1st, 3rd and 6th hour after waves were gen
era ted. The surveyed bed elevation was then compared with
the original elevation at correspondent points, thus th e scour
depth or the accret ion height can be obtained. Based on th ese
results isoclines were drawn showing lines of the same scour
or accretion depth. Figures 4 represents one of th em . Since
maximum scour in front of th e seawall was focused in this
study, th e deepest scour depths wer e picked up from these
figure s. These deepe st scour depths obtained at different
stages under a wave condition were compared. It was ob
served that the maximum scour depth took place eithe r at
the 3rd or 6th hour. Then the maximum one was considered
as the maximum scour depth under that wave conditi on.

Figu re 7. Nondimension al scour depth versus th e reflection coefficient
(d = 16 em).

They are designated as ~h and first plotted against the surf
param eter based on (5). The results are shown in Figure 5.
It can be seen in this figure that gen erally, th e larger th e
surf parameter the deeper th e scour depth, but , th ey are not
well related. Note tha t the wave heights used in thi s paper
were obtained based on th e three wave gauges located in
front of the seawall. Therefore, th e wave heights are of shal
low water wave . And th e wave lengths are calculated accord
ing to water depth at seawall toe. Both of th e wave height
and period are not consider ed to be affected significantly by
th e local scour, because the scour appeared in a form of pits
and trenches and took place only in th e very vicinity of th e
sea wall.

Many investigators claimed th at the scour depth has a
close re la tion with th e reflection coefficient. Therefore, we
may try to examine (4) by plotting the scour depth against
the reflection coefficient. Resu lts are presented in Figure 6,
7 and 8 with water depth of 10, 16 and 24 em, respectively.
The regression curv es are also shown in th ese figur es. They
indic ated that the scour depth increases with increasing re
flection coefficient . However, the two parameters are not
closely related.

Finally, we would like to examine the expres sion of (3),
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Figure 6. Nondimen sional scour dep th ver sus th e reflection coefficient
(d = 10 em).

Figure 8. Nondimensional scour depth versus th e reflection coefficient
(d = 24 em).
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Figure 9. Nondim ensional scour depth ver sus th e Ursell par am eter for
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Figure 11. Nondimensiona l scour depth versus th e Ursell par amet er for
tan a = 1/4.
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with ~ hIH versus the Ursell parameter (Ur) for varied tan
e. The results are shown in Figures 9 to 12 with front slopes
of tan e = 1/2, 1/3, 1/4 and 1/7, respectively. It is observed
that the maximum scour depth increases with increasing Ur
sell param eter. The relationship between ~hIH and the Ur
sell parameter for varied front slopes is well related. There
fore, it is concluded that the scour depth in front of the sea
wall could be described by the Ur sell paramet er and the front
slope of the seawall. To compare the scour depth in front of
the seaw alls with different front slopes, four curves shown in
Figures 9-12 are plotted together in Figure 13. It can be
clearly seen that the scour depth in front of the seawall with
tan e = 1/4 is much smaller than that with tan e = 1/2 or 1/
3, but slightly deeper than that with tan e = 1/7. Since the
seawall with front slope of tan e = 1/7 has much larger sec
tion than that with tan e = 1/4, the seawall with tan e = 1/
4 ma y gain an advantage over the one with tan e = 1/7 if an
economic factor is considered. This trend is just the same as
that observed by Twu and CHIOU (1994) in their two-dimen
sional hydraulic tests.

CONCLUSIONS

The scour depth in front of the seawalls with varied front
slopes was studied. A three-dimensional wave basin was used

to conduct a series of moving bed hydraulic tests in an at
tempt to produce short-crested waves in front of the seawall
which is believed to be sign ificant in causing the scour. The
relation of th e scour to several parameters has been exam
ined. Exp erimental results showed that the scour increases
with increas ing either the surf param eter or reflection coef
ficient, but they are both not well rel ated. However, if we
express the scour in terms of the Ursell parameter as well as
th e front slope of the seawall , a better relation of the scour
with the two parameters are found .

Increasing either th e Ursell parameter or the wall slope
would make the scour worse. Nevertheless, it is realized th at
the scour depth in front of the seawall with tan e = 1/4 is
much less than that with tan e = 1/2 or 1/3, but is only slight
ly more than that with tan e = 1/7. This trend observed in
three-dimensional tests is just the same as that obtained in
two-dimensional te sts conducted by Twu and C HIOU (1994 ).

Sinc e the seawall with tan e = 1/7 posse sses much larger
section and occupies more base area than tan e = 1/4, the
latter may be suggested as a favorite option for the front
slope of the seawall if both the scour depth and economical
cross-section factor are taken into consideration.

KRAu s and Me D OUGAL (1996) recommended to cease con
ducting small-scale physical models due to scale effect. Nev-

Equation: Y=a"log(X)+b
,=0 .78
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Figur e 10. Nondim en sional scour depth ver su s th e Ursell par ameter for
tan a = 1/3.

Figure 12. Nondimensiona l scour depth versus th e Urse ll param eter for
tan a = 1/7.
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Figure 13. Nondimensional scour depth versus the Ursell param eter for
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ertheless, the res ult obtained in this study is believe d to be
informative, because both two dimensiona l tests conducted by
Twu and CHIOU (1994) and three dimensional tests present
ed in this paper have shown the same trend. Besides, it is
known that the small-scale model has the advantage of less
consumming in both manpower and money compa red to a
large-scale model, especia lly for a three dimensional model.
A large scale model is, of course, sugges ted to be conducted
to ver ify the information provided by this paper, if any insti
tute has the budget to carry out tests on this topic.
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