
CHAPTER 142 

WAVE   PRESSURES   ON  SLIT-TYPE  BREAKWATERS 

by 

Shoshichiro Nagai1, F.ASCE and Shohachi Kakuno2 

ABSTRACT 

For severe storm waves with periods of 7.0 sec to 14.0 sec and 
heights of 6.3 m to 9.0 m, it was proved that the resultants of the 
maximum simultaneous pressures exerted by breaking waves on the slit- 
type breakwaters with the optimum relative chamber width of 1/L = 0.05 
to 0.07 were in most cases less than 70 per cent of those exerted on 
the conventional composite-type breakwaters. 

INTRODUCTION 

The experimental results in the previous study (2) showed that 
the resultants of the maximum simultaneous pressures exerted on the 
slit-type breakwaters by breaking waves with periods of 6.0 sec and 
7.0 sec and heights of 3.3 m to 4.3 m were less than about 60 per cent 
of those exerted on the conventional composite-type breakwaters, while 
the resultants of the maximum simultaneous pressures exerted on the 
slit-type breakwaters by non-breaking or standing waves were a little 
less than or approximately equal to those on the conventional compo- 
site-type breakwaters. 

For more severe storm waves with periods of 7.0 sec to 14.0 sec 
and heights of 6.3 m to 9.0 m, the resultants of the maximum simultane- 
ous pressures exerted on the slit-type breakwaters located at a water 
depth of 16.0 m by breaking and non-breaking waves are presented 
herein, compared with those on the conventional composite-type break- 
waters.  Finally the optimum relative chamber width, 1/L, for the slit- 
type breakwater is shown. 
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The experiments were carried out at a scale of 1/25 in a 100 m- 
long wave channel of 2 m-height and 1.2 m-width with a wind blower at 
the Harbor and Coastal Engineering Laboratory of Osaka City University. 

Cross-Sections of Breakwater Model. As the basic cross- 
section of the breakwater models used in the experiments, the south 
breakwater in the Port of Kashima (1) was selected, as shown in Fig. 1. 
The breakwater, 2,900 m in overall length, was constructed in 1969 at 
water depths from about 9 m to 20 m below the Datum Line (D.L.), and 
was severely hit by storm waves in January of 1970, the characteristics 
of which were hindcast to be Hj/io = 10 m and Ti/10 = 10 sec to 12 sec. 
The vertical walls of reinforced concrete caisson were slid toward 
harbor-side by 0.24 m to 1.81 m.  The experiments (1), which were 
conducted at a scale of 1/25 at the same wave channel as used at this 
experiment, showed that the maximum resultant pressure of Pe = 193 t/m 
was exerted by a wave with H = 9.6 m and T = 8 sec, and the value was 
confirmed by the maximum resultant pressure of Pcal = 202 t/m which 
was obtained by the wave-pressure formula (1). 

DIMENSIONS IN METERS 

HARBOUR-SIDE 

FIG. 1.- Cross-Section of Kashima South Breakwater 

The five cross-sections of breakwater model were used in the 
experiments, as shown in Figs. 2 to 6 and Table 1. As known from Figs. 
2 to 6 and Table 1, the width of wave chamber, 1, was changed to be 6 m 
and 10 m.  Fig. 7 shows the profile of the model sea bed and the 
position of a wave recorder for offshore waves. 

Void Ratios of the Slit-Type Box Wave Absorber. The void 
ratios of the slotted vertical front-wall and slotted horizontal 
bottom-wall of the wave absorber were constant X  = 0.24 and A' = 0 15 
respectively (2). ' 

Conventional Composite-Type Breakwater. The cross-sections 
of conventional composite-type breakwater were made by attaching a iron 
plate to the sea-side of the vertical front-wall of the slit-type 
breakwater from the top to the bottom. 
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TABLE   1.-  Cross-Sections  of  Slit-Type  Break- 
water used in the Experiments 

Cross- 
Section 

(1) 

width of 

chamber 
1 

(2) 

Top width 
of rubble- 
mound 

(3) (4) 

of 
rubble- 
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(5) 

bottom 

in meters 
(6) 

of 
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FIG.   2.- Cross-Section I 
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FIG.   3.-  Cross-Section II 
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FIG.   6.- Cross-Section V 
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DIMENSIONS IN CENTIMETERS 

WAVE RECORDER 1/25 SCALE 

* I 30Q |   2100   I  mon 

FIG. 7.- Profile of the Model 

Figs. 8 and 9 show the positions of wave pressure gauges installed 
in the breakwater. 

DIMENSIONS IN METERS 

WIDTH OF WAVE CHAMBER 
IP    l^fiO-100     , 

O : FOR FRONT-WALL 

O:FOR BACKWALL 

FIG. 8.- Positions of 
Pressure Gauges 

FIG. 9.- Positions of 
Pressure Gauges 

Characteristics of Waves used in the Experiments.  The heights 
and periods of the waves used in the experiments were H = 6.3 m to 9.0 
m and T = 7.0 sec to 14.0 sec.  The wind velocity was constant 38 m/sec 
through the experiments.  Table 2 summarizes all the conditions tested. 

TABLE 2.- Conditions tested in the Experiments 

Tidal level 

in meters 

(1) 

Wind velocity 

in meters 
pec second 

(2) 

Incident wave Steepness 

H/L 

(5) 

Crossesection 

used in 
experiment 

(6) 

Period 
in seconds 

(3) 

Wav* height 
in meters 

(4) 

D.L.t 0.00 

(L.W.L.) 

36 

7.0 6.8 0.099 II 

8.0 

6.3 

7.0 

8.0 

0.076 

0.084 

0.096 

IV 

II 

I T, v 

10.0 
6.9 

8.7 

0.062 

0.078 

IV 

I •V V 

12.0 
7.0 

9.0 

0.050 

0.065 

IV 

III , IV 

14.0 
7.0 

8.7 

0.042 

0.053 

IV 

I ^ V 

0 

8.0 7.8 0.094 I , II 

10.0 8.6 0.077 I , II 

14.0 8.6 0.052 I , II 

D.L.+ 0.75 38 

8,0 8.0 0.094 IV 

10.0 8.7 0.077 IV 

12.0 9.0 0.064 IV 

14.0 8.7 0.051 IV 
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EXPERIMENTAL RESULTS AND ANALYSIS 

Maximum Simultaneous Wave Pressure and Maximum Wave Pressure 
Intensity for Breaking Waves.  Wave pressures exerted on five 
points of the slotted vertical front-wall (shown by Fl to F7 in Fig. 9) 
and on five points of the vertical solid back-wall (caisson) (shown by 
Bl to B7 in Fig. 9) were simultaneously measured.  The maximum simul- 
taneous wave pressures exerted on the slotted vertical front-wall and 
those on the solid back-wall do not simultaneously occur, and the 
former always occurred earlier than the latter.  However, when the 
intensity of the wave pressure was small, the change of the maximum 
simultaneous pressures in a short time was so little that both maximum 
simultaneous pressures may be approximately considered to simultaneous- 
ly occur.  Therefore, for such cases the sum of both maximum simulta- 
neous pressures was taken as the maximum simultaneous pressure exerted 
on the slit-type breakwater, as denoted by Pe niax(slit) (2). 

When wave pressures are so strong as in the cases of this experi- 
ment, however, the maximum simultaneous pressures change rapidly even 
in a short minute.  The experiment showed that the resultant of the 
maximum simultaneous pressures exerted on the slit-type breakwater, 
pe max(slit), was the sum of the resultant of the maximum simultaneous 
pressures exerted on the solid back-wall (caisson) and the resultant 
of the pressures simultaneously exerted with those of the back-wall on 
the slotted front-wall.  Figs. 10 to 14 show the vertical distributions 
of the maximum simultaneous pressures exerted by strong breaking waves 
on the slit-type breakwaters with the cross-sections of I to V and 
those on the conventional composite-type breakwaters with the same 
cross-sections as I to V for comparison, respectively. 

The resultants of the maximum simultaneous pressures, on the slit- 
type breakwaters, Pe max(slit), and those on the conventional compo- 
site-type breakwaters, Pe max(compos.) are summerized in Tables 3 to 7 
for the breakwaters with the cross-sections of I to V, respectively. 
These tables also show the resultants of the maximum simultaneous 
pressures obtained by the wave pressure formulas for conventional 
composite-type breakwaters, Pc max(compos.) ,(3).  The wave pressure 
formulas used for breaking waves were those for composite-type break- 
waters with low rubble-mounds such as 0.40 = hi/h2 < 0.75, and the 
resultants of the maximum simultaneous pressures for standing waves 
were calculated by use of PA" and PA (4). 

Figs. 15 and 16 summerize the ratios of Pe max(slit) over 
Pe maxtcompos.) and Pe max(slit) over Pc max(compos.) for breaking 
waves.  It may be stated from these figures that the ratios of 
Pe max(slit)/Pe max(compos.) for breaking waves are within 0.48 to 0.81 
in Fig. 15 and the ratios of Pe max(slit)/Pc max(compos.) are 0.44 to 
0.77 in Fig. 16, and in most of the cases of breaking waves both the 
ratios are less than 0.70. 

According to Figs. 10 to 14, the maximum wave pressure intensities 
on the slotted front-walls and the solid back-walls of the slit-type 
breakwaters reduce to less than 60 % of those on the conventional solid 
caissons of composite-type breakwaters, and the reduction of the 
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pressure-intensity becomes larger as the intensity of shock pressure 
exerted on the caisson of composite-type breakwater becomes higher. 

Effect of the Width of Wave Chamber.   Comparison among the 
values of Pe max(slit) in Tables 3 (for cross-section I with 1 = 10 m) , 
4 (for cross-section II with 1 = 6 m) and 5 (for cross-section III with 
1 = 6 m) shows that the width of the wave chamber, 1, has no definite 
and noticeable effect on the resultant of the maximum simultaneous 
pressures of the slit-type breakwater.  Figs. 10 and 12 also show that 
the width of the wave chamber has a slight effect on the vertical 
distribution of the maximum simultaneous pressures of the slit-type 
breakwater. 

Effect of the Top-Width of Base-Rubble-Mound. — Effect of the 
top-width of the base-rubble-mound of the slit-type breakwater, B, on 
the wave pressures was tested by changing B = 6.0 m (section V), B'= 
8.0 m (section III) and B = 12.0 m (section IV).  The experimental 
results are listed in Tables 7, 5 and 6, respectively.  According to 
Tables 5 to 7, it may be stated that the top-width, B, has little 
effect on wave pressure for the slit-type breakwater, while the effect 
is remarkable for the conventional composite-type breakwater. 

Maximum Simultaneous Wave Pressure for Standing Waves.   The 
maximum simultaneous wave pressures exerted on the slit-type break- 
waters by standing waves and partial standing waves were almost same 
as or a little less than those for conventional composite-type break- 
waters, when the heights of the top of vertical wall of composite-type 
breakwater from the still water level, Hc, were 2.5 m to 5.6 m which 
were comparable to the heights of incident waves, H = 3.3 m to 4.3 m 
(2).  However, in the cases where the heights of incident waves were 
so large as H = 7.0 m to 9.0 m, compared with Hc = 5.0 m (constant), 
there was caused a large quantity of wave-overtopping over the vertical 
walls of the composite-type breakwaters, which resulted in reduction of 
the resultant of the maximum simultaneous pressures, Pe max(compos.). 
Therefore the values of Pe max(compos.) measured in these cases were 
less than Pc max(compos.) calculated by the wave pressure formulas of 
PA' and PA (4).  Since the heights of composite waves generated at the 
sea-side of the slit-type breakwaters were smaller than those generated 
at the sea-side of the conventional composite-type breakwaters, the 
quantity of wave-overtopping over the slit-type breakwaters was smaller 
than that in the composite-type breakwaters.  This fact results in 
some cases where Pe max(slit) were a little larger than Pe max(compos.) 
and nearly same as or slightly smaller than Pc max(compos.) calculated 
by the formulas of Pa' and PA, as shown in Tables 3 to 7. 

Upward Pressure on the Slotted Bottom-Wall. The upward pres- 
sures exerted on the slotted horizontal bottom-wall by the waves 
transmitted underneath the wave absorber were as large as pu =4.0 t/m

2 

to 8.0 t/m which were nearly same as the intensities of the horizontal 
wave pressures exerted at the same level as the slotted bottom-wall on 
the solid back-wall.  However, when the trough of a receding wave came 
considerably down below the bottom-wall, the wave severely hit upward 
on the bottom-wall at the time of upward moving, and the intensities 
of the upward pressures reached up to pu = 9.3 t/m

2 to 13.4 t/m2 which 
were much larger than the intensities of horizontal wave pressures 
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exerted at the same level on the solid back-wall.  However, when the 
slotted bottom-wall was installed so as to be located a little lower 
than the lowest trough of the design wave, the intensities of the up- 
ward pressures reduced to pu = 8.5 t/m

2 to 7.2 t/m2, respectively.' 
These experimental results are shown in Table 8. 

OPTIMUM CHAMBER WIDTH FOR WAVE PRESSURE 

As has already been mentioned, it was proved that the change of 
the width of wave chamber from 1 = 6.0 m to 10.0 m had no definite and 
noticeable effect on the intensities and their vertical distributions 
of the maximum simultaneous wave pressures exerted on the slit-type 
breakwaters by breaking waves and non-breaking waves. 

As known in Tables 3 to 7, all of the largest breaking wave pres- 
sures for the slit-type breakwaters with cross-sections I to V were 
exerted by breaking waves with periods of 8.0 sec to 10.0 sec, which 
had wave-lengths of L = 83 m to 112 m.  Therefore, for the width of 
wave chamber 1 = 6.0 m, the ratios of 1/L, which was designated as 
relative wave chamber width, were 0.07 to 0.05.  In the previous 
experiments (2), largest breaking wave pressures were exerted by break- 
ing waves with a period of 7.0 sec, which had wave lengths of L = 61 m 
to 66 m.  Since there were no noticeable differences between the 
maximum simultaneous pressures exerted on the slit-type breakwaters 
with different widths of wave chamber, 1 = 3.75 m and 5.50 m, the wave 
chamber width was decided 1 = 3.70 m for the slit-type breakwater in 
the Port of Osaka, which has been under construction since 1977.  As 
the period of the design wave is 7.0 sec, and its wave lengths are L = 
61 m to 66 m, the ratio of 1 and L is about 0.06. 

Therefore it may be stated that the optimum relative wave chamber 
width, (l/L)opt» is 0.05"to 0.07, on an average 0.06, for slit-type 
breakwaters.  More definitely and clearly speaking for the purpose of 
practical design, the optimum wave chamber width, 1, would be 3.70 m or 
so for moderate waves with heights equal to or less than about 5.0 m 
and periods equal to or less than about 7.0 sec, and 1 = 6.0 m or so 
for larger waves with heights larger than 5.0 m till about 10.0 m and 
periods larger than 7.0 sec till about 15.0 sec. 

REFLECTION COEFFICIENT OF SLIT-TYPE BREAKWATER 

The heights, Hc, of the composite waves, generated at one to two 
wave lengths offshore of the slit-type breakwaters and composite-type 
breakwaters, were measured by visual observation through the glass wall 
of the wave channel in all the experiments.  The coefficients of 
reflection of both the breakwaters, KR, obtained from Hc, are shown in 
Tables 3 to 7. The values of KR in the slit-type breakwaters are about 
0.10 to 0.30 for breaking waves, and about 0.50 to 0.70 for non-break- 
ing waves, while KR in the composite-type breakwaters are about 0.50 to 

0.60 for breaking waves and about 0.70 to 0.80 for non-breaking waves. 
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Fig. 17 shows relationships between KR and T as well as KR and 1/L for 
the cross-section V of breakwater (1 = 6.0 m) when the incident waves 
are Hi = 8.0 m to 9.0 m.  The theoretical curve shown in Fig. 17 was 
obtained so as to KR = 0.20 at 1/L = 0.15. 

CONCLUSIONS 

It may be stated that the most outstanding characteristics of the 
slit-type breakwater, which denotes a special composite-type breakwater 
attached a slotted box-type wave absorber to the sea-side vertical wall 
of the caisson near the still water level, is to be able to reduce the 
resultants Pe max(slit) of the maximum simultaneous shock pressures 
exerted by breaking waves to less than 70 % of those exerted on the 
conventional composite-type breakwaters, Pe max(compos.), or 
Pc max(compos.) which denotes the resultant of the maximum simultaneous 
pressures calculated by the wave pressure formulas for breaking waves 
(3).  The point of action of these resultant pressures should be taken 
at the still water surface.  The effect of width, 1, of the wave 
chamber of the box-type wave absorber on the wave pressures is not so 
sensible as the effect on reflection coefficient, and the optimum 
relative chamber width, 1/L, would be 0.05 to 0.07, on an average 0.06. 
It may be stated, therefore, for practical design that the optimum 
chamber width, 1, would be 3.70 or so for moderate design waves with 
heights equal to or less than about 5.0 m and periods equal to or less 
than 7.0 sec, and 1 = 6.0 m or so for larger waves with heights larger 
than 5.0 m till about 10.0 m and periods larger than 7.0 sec till about 
15.0 sec. 

For non-breaking waves the Pe max(slit) could be obtained from 
Pc max(

comPos-)i  which denotes the resultant of the maximum simultane- 
ous pressures calculated by the wave pressure formulas for non-breaking 
or standing waves (3) (4). 

The top of the slotted vertical front-wall of the slit-type break- 
water should be taken at the same level as the crown of the solid 
caisson wall for ordinary cases, and the slotted horizontal bottom-wall 
be installed at such a level as a little lower than the lowest trough 
of the design wave at the slit-type breakwater to avoid high upward 
pressures exerted from underneath the bottom-wall. 

The void ratio of the slotted vertical front-wall should be X = 
0.24 or so and that of the slotted horizontal bottom-wall be X'   =  0.15 
or so. 

The coefficients of reflection, KR, of the slit-type breakwaters 
which have the optimum chamber width, 1, as described here, and the 
void ratios of A. = 0.24 and X'   = 0.15 are about 0.10 to 0.30 for break- 
ing waves and about 0.50 to 0.70 for non-breaking waves.  These values 
of KR are smaller than about 0.50 to 0.60 for breaking waves and about 
0.70 to 0.80 for non-breaking waves in the conventional composite-type 
breakwaters. 
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FIG.   17.-  Relationships Between KR and T   (l/L) 
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