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PREFACE

This report presents the results of research conducted to develop methods
for estimating wave transmission past submerged, subaerial, permeable, and
impermeable breakwaters. The final prediction techniques are given in the
form of computer programs, and the laboratory data used to develop and test
the methods are included in appendixes to this report. These methods supple-
ment Section 7.23 of the Shore Protection Manual (SPM). The work was carried
out under the offshore breakwaters for shore stabilization program of the U.S.
Army Coastal Engineering Research Center (CERC).

The report was prepared by William N. Seelig, Hydraulic Engineer, under
the general supervision of Dr. R.M. Sorensen, Chief, Coastal Processes and
Structures Branch. J. Ahrens and M. Titus provided a significant contribu-

tion to this report by their many useful suggestions and valuable laboratory
- assistance.

Comments on this publication are invited.

Approved for publication in accordance with Public Law 166, 79th Congress,
approved 31 July 1945, as supplemented by Public Law 172, 88th Congress,
approved 7 November 1963.
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(ONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI) UNITS OF MEASUREMENT

U.S. customary units of measurement used in this report can be converted to

metric (ST) units as follows:

Multiply

To obtain

inches

square inches
cubic inches

feect

square feet
cubic feet

yards
square yards
cubic yards

niles
square miles

knots

acres

foot-pounds

millibars

ounces .35

pounds .6
0.4536

ton, long 1.0160
ton, short 0.9072
degrees (angle) 0.01745

Fahrenheit degrees 5/9

millimeters
centimeters
square centimeters
cubic centimeters
centimeters
meters
square meters
cubic meters
meters
square meters
cubic meters

kilometers
hectares

kilometers per hour

hectares

newton meters

kilograms per square centimeter
grams

grams
kilograms

metric tons
metric tons
radians

Celsius degrees or Kelvins!

1To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,
use formula: C = (5/9) (F -32).

To obtain Kelvin (K) readings, use formula: K = (5/9) (F -32) + 273.15.




SYMBOLS AND DEFINITIONS

A material identifier

A spectral coefficients

Ay spectral coefficients
4 a empirical rough-slope runup coefficient

ar incident wave amplitude at a spectral line -
3 ap reflected wave amplitude at a spectral line

) B breakwater top width

B, spectral coefficients

B, spectral coefficients

b empirical rough-slope runup coefficient

C transmission by overtopping coefficient

C, empirical wave runup on smooth-slope coefficients 3

Co empirical wave runup on smooth-slope coefficients ?

C, empirical wave runup on smooth-slope coefficients

CF physical model correction factor = (Kpz) prototype/(KTt) model i

d water depth .
! dg water depth at toe of a structure 3
i: dgo median material diameter 1
L/ F breakwater freeboard = h - ds ;

£ wave frequency = 1/T ;

g acceleration due to gravity

H or Hy incident wave height

Lsasine.

H reflected wave height

Hpme root-mean-square (rms) wave height

Hg significant wave height

Hp transmitted wave height

H mean wave height }

ID a 10-digit identification code (year, month, day, hour, minute) 1
assigned to each data collection run

j spectral line number ]




SYMBOLS AND DEFINITIONS--Continued

Kp reflection coefficient
| Kp transmission coefficient = Jk;b + K;t
Ko wave transmission by overtopping coefficient
Kpy coefficient of wave transmission through a permeable breakwater
k wave number = 2n/L
L wavelength )
Lo deepwater wavelength
P material porosity -
P probability
Qp spectral-peakedness parameter
Qpi incident spectral-peakedness parameter
Qpr reflected spectral-peakedness parameter
th transmitted spectral-peakedness parameter
R wave runup

r(H,H + 1) autocorrelation of wave heights

r(H,T) correlation of wave heights and periods
T wave period
Tp period of peak energy density
Ws o median weight of material
f- Y specific weight
Af band width
3 AL gage spacing
| Nyms root-mean-square water level
8 angle of seaward face of a breakwater
v kinematic viscosity of water )
4 surf parameter = (tan o/ Vﬁ7ﬂ;)
P autocorrelation of zero up-crossing wave heights

® for incident waves
® for transmitted waves
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TWO-DIMENSIONAL TESTS OF WAVE TRANSMISSION AND REFLECTION
CHARACTERISTICS OF LABORATORY BREAKWATERS

by
William N. Seelig

I. INTRODUCTION

The primary function of a breakwater is to reduce wave heights in an area
being sheltered. Breakwaters are primarily used to protect harbors from
excessive wave action, to prevent beach erosion, and to trap sediment for
mechanical bypassing at an inlet or harbor entrance. A secondary use of
breakwater design is to reduce the wave reflection from the structure.
Reflected waves combined with incident waves can produce undesirable water
motions that may be a nuisance to navigation or encourage scour at the toe of
a structure.

Since the cost of building breakwaters is generally high, methods are
needed to estimate transmitted and reflected wave heights to enable comparison
of alternative structure designs. This report presents suggested methods for
predicting transmission and reflection characteristics of breakwaters based on
laboratory experiments, including the work of previous investigators. These
methods supplement Section 7.23 of the Shore Protection Manual (SPM) (U.S.
Army, Corps of Engineers, Coastal Engineering Research Center, 1977). The
basic types of breakwaters considered are permeable and impermeable structures
with crest elevations above the stillwater level (subaerial) and below the
stillwater level (submerged). The other factors investigated include wave
height, period, breakwater cross-section design, and material characteristics.
Both monochromatic and irregular waves were tested.

Section II of this report presents a brief review of research conducted
by previous investigators. Section III describes the laboratory setup and
procedures; Sections IV, V, and VI present data analysis methods and definitions.
The conditions tested are summarized in Section VII. Detailed descriptions of
the breakwaters tested and materials used are given in Appendixes A and B;
summary tables and figures of laboratory results are presented in Appendixes
C, D, and E.

Laboratory results are used in this study to develop a method for predicting
wave transmission by overtopping coefficients using the ratio of breakwater
freeboard to wave runup (suggested by Cross and Sollitt, 1971) and the break-
water crest width (suggested by Saville, 1963). The wave transmission by
overtopping prediction method is then combined with the model of wave trans-
mission through permeable structures of Madsen and White (1976) and this
combination package is verified with the laboratory results over a wide range
of conditions. Prediction methods are summarized in the computer programs
OVER and MADSEN (Apps. F and G). An example breakwater design is worked with
the aid of the two computer programs to illustrate how the prediction methods
can be used to compare alternative breakwater designs, and to illustrate the
importance of various design parameters.

IT. LITERATURE REVIEW

Some of the important sources of ideas and data used in preparing this
report are summarized below in chronological order.

"




Saville (1963) tested a large number of similar rough structures with a
1 on 2 front-face slope for a proposed breakwater at Point Loma, California.
Most of Saville's breakwater models had a crest elevation near the stillwater
level, so wave transmission in most of the tests was primarily due to overtop-
ping. Some of the breakwaters tested were first modeled in the large wave tank
at the Coastal Engineering Research Center (CERC), then re-tested at a smaller
scale to examine scale effects. Some tests were repeated with otherwise
identical permeable and impermeable breakwaters to assess the influence of
wave transmission through the permeable breakwaters and wave transmission by
overtopping. The breakwater crest width was also varied over a wide range of
values to determine the influence of width on the wave transmission coefficient.
Since wave reflection coefficients were not measured, the burst method was used
during testing to avoid laboratory effects caused by re-reflection of waves
from the generator blade.

Lamarre (1967) measured wave transmission by overtopping for a structure o
] with a comparatively narrow crest width and 1 on 1.5 structure slopes. Wave
: conditions and the height of the structure were varied.

Goda (1969) tested vertical, smooth impermeable structures for wave
transmission by overtopping. The breakwater crest width was varied and a
wide range of submerged and subaerial structure heights and a number of wave
conditions were tested. Wave reflection coefficients were measured to deter-
mine the incident wave height acting on the structure. A nonlinear empirical
equation was developed for predicting wave transmission coefficients. In this
formula the transmission coefficient is a function of the ratio of the break-
water freeboard to the incident wave height and two empirical coefficients,
where the coefficients are related to structure geometry and the relative
water depth.

i

Davidson (1969) tested a 1 on 40 scale model of a breakwater proposed for
Monterey Harbor, California. The breakwater had tribar armor units and
experienced a combination of wave transmission over and through the structure. ]

Cross and Sollitt (1971) developed a semiempirical model for wave trans-
mission by overtopping of subaerial breakwaters. The model was compared to
Lamarre's (1967) data for a smooth impermeable structure with a 1 on 1.5 front-
face slope. Cross and Sollitt's model suggests that wave transmission by !
overtopping is a nonlinear function of the ratio of breakwater freeboard to C
runup. Examination of Saville's (1963) data suggests that a linear model would 1
form an upper envelope for wave transmission over rough structures.

Keulegan (1973) measured wave transmission through a number of vertical- ;
faced permeable breakwaters using a wide variety of materials and wave
conditions. Comparison of results led to development of a method for design-
ing scale models that consider scale effects.

Sollitt and Cross (1976) tested wave transmission through a permeable
rubble-mound breakwater and used this information to develop an analytical-
empirical model.

Bottin, Chatham, and Carver (1976) tested 1 on 22 rubble-mound scale and
concrete armor unit breakwaters proposed for Waianae Harbor, Hawaii. Wave
transmission consisted of a combination of wave transmission by overtopping

ey SRl 2




and wave transmission through the structures. Wave reflection coefficients
were not measured. Wave runup on dolos was observed.

Madsen and White (1976) developed a analytical-empirical model for the
prediction of wave transmission and reflection coefficients for wave trans-
mission through subaerial rubble-mound breakwaters. The model employs the
long wave assumption, so predictions using their model are expected to be
most reliable for shallow-water waves. Comparison of the Madsen and White
model with physical model tests by Keulegan (1973) and Cross and Sollitt (1976)
shows that the wave transmission coefficient can be predicted more reliably
than the reflection coefficient.

ne.

The data from independant tests of wave transmission by overtopping con-
ducted in this study, together with the results of Saville (1963), Lamarre
(1967), Goda (1969), and Cross and Sollitt (1971), are used to develop a wave
transmission by overtopping equation similar to one proposed by Cross and
Sollitt (1971). The equation is then combined with the model of wave trans-
mission through permeable breakwaters of Madsen and White (1976) to form a
generalized model of wave transmission for breakwaters. This model is verified
by comparing numerical and physical model results for a wide range of conditions.

IITI. LABORATORY TESTING

1. Laboratory Test Setup.

Laboratory tests were performed at CERC in a wave tank 4.57 meters wide,
42.7 meters long, and 1.22 meters deep. A part of the tank was divided by
four walls to form two interior test flumes, each 61 centimeters wide; the
remaining tank width contained a 1 on 12 absorber beach made of crushed stone
with a median diameter of 2.9 centimeters (Fig. 1). This arrangement allowed
two experiments to be performed simultaneously; and energy reflecting off of
the test structures diffracts out of the test flume to minimize re-reflection
of waves off of the generator blade.

The laboratory breakwaters were located between stations 5 and 10 meters
along the flume and parallel-wire resistance gages were used to measure wave
conditions in the flume. Gages placed at stations 1.40, 2.35, and 2.70 meters
along the test flumes were used to document incident and reflected wave condi-
tions. One or two gages placed landward were used to measure transmitted waves

(Fig. 1).

A wave absorber consisting of a crushed gravel slope covered with a 0.6-
meter-thick layer of hogshair was placed at the end of the test flume to absorb
a majority of the transmitted wave energy. The test flume was terminated 3
meters before the end of the wave tank to allow water overtopping the test
structure to escape from the flume through the absorber gravel. This arrange-
ment prevented the buildup of water on the landward side of the test structure.

2. Methods of Generating Waves.

Waves in this facility were generated by a programable piston-type generator
with a mean blade position 19 meters seaward of the entrance to the test flumes.
A minicomputer was used to produce monochromatic waves of a specified wave
height and period by moving the blade with a sinusoidal motion. Irregular waves

13
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Figure 1. Plan view of wave tank setup.

were produced by using the CERC Data Acquisition System (DAS) to create a signal

to move the blade. Irregular waves were made by summing 50 components of vary-
ing amplitude, period, and random phase to produce a wide variety of spectral
shapes.

3. Data Collection.

The laboratory data collection scheme was designed after the CERC field
wave data monitoring program. Data collection was performed automatically by
the DAS in the following sequence:

(a) Wave gages were calibrated.

(b) Waves were produced for several minutes to allow tank startup
transient conditions to die out.

(c) Wave gages collected data at a sampling rate of 16 times a
second over a 256-second sampling interval.

(d) The 4,096 data points from each gage were then stored on
magnetic tape for analysis.

(e) A 10-digit identification code consisting of the year, month,
day, hour, and minute of the data run was assigned (e.g., ID 7804260916
is a run made 1978, April, 26th day at 09:16).
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4. Data Reduction Methods.

Laboratory data sorted on magnetic tape were analyzed on a CDC 6600 compute:

using a variety of data reduction schemes. The mean water level and the least
squares, best-fit linear trend in the data was first removed from each gage
record. A Fourier analysis was then performed on each gage record using a fast
Fourier transform (FFT) routine and cosine bell function that is part of the
CERC wave analysis package.

Incident and reflected waves, which are mixed together in each of the gage
records, were separated using the method of Goda and Suzuki (1976) shown in
Figure 2. This technique gives an estimate of the incident and reflected wave
amplitudes, a; and ap, at each spectral line for each gage pair. Using
three gages in front of the structure gives three estimates of the incident and
reflected wave amplitude spectra. Calculations show that in this study the
three estimates of wave amplitudes seldom differed by more than 5 percent, so
the average incident and reflected wave amplitudes at each spectral line, j,
were taken as representative; i.e., (ay);j is the average incident wave ampli-
tude at spectral line, j. The wave amplitude at each of the spectral lines
was also determined for transmitted wave conditions; i.e., (aT)j is the
average transmitted wave amplitude at spectral line, j.

Incident Waves - Reflected Waves
'1—— 82 :125¢cm -————I
AL:90¢cm —>
SWL

A2 :35cm—

Goges . Tank Bottom

1 _ : 2 5 2
e mﬁz = A, cos kal B, sin kag)* + (B, + A, sin kat - B, cos kal)

1

- —2|sin kAl.I vf(Az - A, cos katl « B, sin kA2 « (B, - A, sin kat - B, cos kal)?

2

A,B = spectral coefficients

k = wave number = i—"

AL = gage spacing

where

0.05 < %ﬁ < 0.45

and

where g equals acceleration due to gravity; d equals water depth; and
T equals wave period.

Figure 2. Determination of incident and reflected waves using the
method of Goda and Suzuki (1976).
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1)
411 )

Hp=2/]1 (ap); (2)
j=12 J

Hp = 2 4§1 (ap? (3)
¥ j=12 J

where Hy 1is the height of the wave moving landward toward the breakwater,
Hp the height of the wave reflecting from the breakwater and moving seaward,
and Hy the height of the wave transmitted past and in the lea of the
breakwater.

Wave reflection and transmission coefficients, Kp and Kp, are defined as

H
R HI
and
H
T
K, = — (5)
T HI

Wave transmission by overtopping has a transmission coefficient defined as
Kp,; wave transmission through porous structures is given by a transmission
coefficient Kpp. The coefficient for total wave transmission over and through

a structure, Kp, is
2 2
Kp = fKpe + Kpo (6)

In the case of irregular waves the significant wave height, Hg (average
of the highest one-third of the waves), is typically used to describe the wave
conditions. To include the effects of wave reflection from the structure,
significant height is defined as (Goda and Suzuki, 1976)

4 Nymg

Hy = (7N
8 Vl + Ké
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where n.,,g is the average root-mean-square (rms) water level from the three
seaward gages. The mean wave height, H, is defined as

(8)

The wave period used to describe irregular wave conditions is the period
of peak energy density, T,,. The spectral-peakedness parameter, Qp (Goda,
1970), is used to characterize the spectral width for irregular wave conditions,

where j 1is the band number (11 spectral lines are used to make each band),

f: the frequency midpoint of the band, and Af the bandwidth frequency. aj
may be the incident, reflected, or transmitted wave amplitude associated wit
band, j, so that three values of Qp (incident, reflected, and transmitted)
are determined for each irregular wave run. Q, was selected as the parameter
to describe the spectral peakedness because it is an especially stable parameter
not strongly influenced by the spectral techniques used to determine its value
(Rye, 1977). The higher the value of Qy, the more peaked a spectrum. For
example, white noise has a Q, value of 1.0, a Pierson-Moskowitz spectrum a
value of 2.0, and JONSWAP values of Q, vary between 3.0 and 9.0 with a value
of 3.15 for the mean JONSWAP spectrum (Fig. 3). Values of Q, associated with
several incident wave spectra used in this study are illustraged in Figure 4.

MEAN JONSWAP 3.15
Pierson -Moskowitz 2.0
Noise 1.0

|

I

I

|

|

| Description 0p
‘ . —_—
|

)

{

hom e ——————

Figure 3. The spectral peakedness, ,
for various spectral shapes.
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Figure 4. Sample incident laboratory wave spectra.

The zero up-crossing method was also used to analyze wave records. In this
method the height of an individual wave is defined as the difference in extreme
water elevations (maximum level minus minimum level) between two successive
points in time where the water level up-crosses the mean water level. The
period associated with that wave is the time between up-crossings. This type
of analysis is useful for examining wave characteristics such as wave height,
period, or joint wave height-period distributions. Zero up-crossing results
may also be used to describe wave grouping (Rye, 1974). A high level of wave
grouping means that there is a strong probability that a wave of approximately
the same height will follow the previous wave (i.e., large waves are followed
by large waves and small waves are followed by small waves). In this study the
autocorrelation of zero up-crossing wave heights is used to quantify the amount
of wave grouping. The wave gage records seaward of the test structure are

somewhat contaminated by reflected waves, depending on the amount of reflection,.

so the autocorrelation of incident wave heights, p7, is taken as the average
wave height autocorrelation of the three gage records seaward of the structure.

L




Autocorrelation of transmitted waves, pgp, is taken as the average autocorre-
lation of any gage measuring transmitted waves. (Note that p may vary between
1.0 and -1.0.) A large positive value of p means that waves are strongly
grouped. Values of p near zero mean that there is little relation between
successive wave heights. - A negative value of the autocorrelation implies that
small waves follow large waves and vice versa. Several wave records measured

in this study with various values of p are shown in Figure 5. Note that in
all cases the water levels have been normalized by the significant wave height.

H 7807251105 P :=0.71

Qp: 3.50
Hg:7.38¢cm

Strong I\I\AMAM!\ VJ\AM /\AMM/\AM[\AM
A

7807251055 P : 0.4
0p:3.48
Hg:17.95¢m

wadwors i i M “

U

7807251303 P : 0.13

AL
[

1807251341

Negative

Figure 5. Sample laboratory wave records showing various
levels of wave grouping.
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For monochromatic wave tests, wave period,

of wave generator blade motion.

T,

is defined as the period
For most of the monochromatic wave conditions

tested, 90 percent or more of the incident wave energy was found to be in the

spectral band containing the blade frequency (Fig. 6).

At a given value of

wave steepness the amount of wave energy at higher harmonics of the blade

frequency increases as the relative depth,

d/gT?,

decreases.

This energy

shift occurs because the waveform becomes more cnoidal and less sinusoidal
increases.

in shape as d/gT?

100

decreases and H/d

O
(¢
T

8wl

Energy pct.
©
(]
T

.\r l

05/h=l.0

T

N\

T UFN

° xl\l

X

Xy
S {

0.016

Qo
(S
T

/9722 0.0065 .

80 1 [ T | 1 [ S I |
0.000I 0.001

H/gT?2

Figure 6. Percent of incident wave energy at the period

of wave generator blade motion for sinusoidal
wave generator blade motion.

5. Breakwaters Tested.

Cross sections for 17 breakwaters were tested for wave transmission and
reflection; the cross-section geometries are illustrated in Appendix A. Each
of the structures was assigned the letters BW and a number to identify the
structure. Breakwaters BW1l to BW12 were built and tested on the flat bottom
of the flume. However, BW13 to BW17 were constructed with a 1 on 15 fronting
slope 25 centimeters high and 3.75 meters long. The fronting slope was used .
to simulate a sloping bottom and allow higher waves to break on the structure |
being tested. :

Most of the breakwaters tested were of rubble-mound construction, because ]
this is the most common type built. However, BWl and BW1l4 were smooth and
impermeable. BW2 had an impermeable core, and BW8 and BW9 had dolos armor
units and an impermeable cap. BW3, BW4, and BW15 were tested with and without
a vertical, thin impermeable plate placed in the center of the structure to
prevent transmission through the lower section of the breakwater. The symbol
W is used to indicate tests where the impermeable plate was used; e.g., BW3
tested with a plate is designated as BW3W. Materials used to construct the
breakwaters are described in Appendix B.

6. Test Conditions.

Each breakwater was built with a fixed geometry, then tested at various
water depths and wave periods. A number of wave heights were generally examined
for each wave period. Most of the experiments were run with monochromatic waves
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produced by sinusoidal motion of the piston-type generator blade.
of dimensionless water depths (water depth at the toe of the structure divided
by structure height, dg/h) tested with monochromatic waves are given in Table 1.

The ranges

Major emphasis was placed on d/gT? = 0.016 because laboratory waves at this

value of relative depth are comparatively free from secondary and Benjamin-Fier

» waves,

Table 1. Range of conditions tested with
monochromatic and irregular waves.
Monochromatic waves
; . Breakwater fg_ <4 Irregul;r Yave
’ h gT? testing
(range) (range)
. BwWl 0.6 to 1.2 | 0.0065 to 0.055 L
Bw2 0.87 0.013 to 0.079 N
BW3 0.69 to 1.4 | 0.0038 to 0.037 N
BW3W 0.69 to 1.3 | 0.0065 to 0.08 N
Bw4 0.68 to 1.3 | 0.0065 to 0.055 L
BW4W 0.76 to 1.3 | 0.0065 to 0.055 L
BWS 0.92 to 2.3 | 0.0065 to 0.055 L
BW6 0.75 to 1.3 | 0.0056 to 0.055 L
BW7 0.98 to 1.63] 0.0065 to 0.05S N
BWS8 0.64 to 0.86 0.016 N
BW9 0.64 to 1.1 | 0.0065 to 0.055 L
BW10 0.68 to 1.1 | 0.0065 to 0.055 L
BW11 0.51 to 0.75)] 0.0065 to 0.055 N
BW12 0.64 to 1.1 0.0065 to 0.0SS N
BW13 1.1 to 1.8 | 0.0038 to 0.055 L
BW14 0.91 to 2.0 | 0.0038 to 0.055 L
BW15 0.61 to 1.4 | 0.0039 to 0.055 L
BW1SW 0.91 to 1.5 | 0.0038 to 0.055 L
BW16 0.61 to 1.8 { 0.002 to 0.055 E
BW17 0.58 to 0.83] 0.001 to 0.022 E
1Testing: E = extensive; L = limited; N = none.

7. Test Results.

itk il aniinte i

irregular wave conditions.
made for several other breakwaters (Table 1).

Breakwaters BW16 and BW17 were tested extensively with a wide variety of
A limited number of irregular wave runs were also

Test results for monochromatic and irregular wave conditions are presented
in tabular form in Appendixes C and D; monochromatic results are
graphical form in Appendix E.

presented in
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} IV. ANALYSIS OF TEST RESULTS

This section provides an analysis of the wave transmission and reflection
results of the model tests. Impermeable and permeable breakwaters were
investigated, and a separate discussion is devoted to each type breakwater.

The first part of this section describes observed trends in the values of the

3 transmission and reflection coefficients as a function of the parameters var-

' ied in this study. The second part includes development, description, and ‘
_ evaluation of methods for predicting wave transmission coefficients. The third v
i part discusses the effect of a breakwater on other wave characteristics, such ,

as the wave height distribution and shape of the transmitted wave spectra.

s Since good models are not available for predicting wave reflection coefficients r
for breakwaters, it is recommended that the model tests be used directly to
estimate breakwater wave reflection coefficients.

1. Wave Transmission and Reflection for Impermeable Breakwaters.

a. Observed Trends in Transmission and Reflection Coefficients. As a wave
approaches an impermeable breakwater some of the wave energy is supplied to
wave runup, some of the energy is dissipated, and the remaining wave energy
moves seaward in the form of a reflected wave. If the runup exceeds the crest
elevation of the breakwater, waves will be regenerated on the landward side of
the structure. Figure 7 shows aspects of this process and defines some of the
terms used in wave transmission by overtopping.

1mpermegble

KT°= Hy/Hl

1 Figure 7. Definition of terms for wave transmission by overtopping.

Madsen and White (1976) found that low reflection coefficients and corre-
spondingly large amounts of wave energy are dissipated on smooth nonovertopping
structures. This observation has been verified using the data of Ahrens (1979)
for breaking and nonbreaking waves. The data show that for the case of no
overtopping the reflection coefficient decreases and a larger fraction of the
wave energy is dissipated as the wave steepness increases (Fig. 8). More than
80 percent of the wave energy is dissipated by the smooth slope of 1 on 1.5 for . 1
the steepest waves tested. Note that the magnitude of the wave reflection 1
coefficient is approximately the same for monochromatic and irregular waves, for
a given value of wave steepness.

As the height of the breakwater is reduced the magnitude of the wave reflec-
tion coefficient decreases because much of the wave energy is transmitted by
overtopping. For example, with a freeboard of zero (water level at the break-
water crest) BW1 has reflection coefficients that are less than 20 percent of
the reflection coefficient for a structure that is not overtopped for the
steeper waves tested (Fig. 9). At values of small wave steepness the size of
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X Irregulor Hs/qT:
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00 0.002 0.004 0 006 0.008 0.010 0.012 0014
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Figure 8. Wave reflection coefficients and fraction of wave
energy dissipated for a 1 on 1.5 smooth slope with
no wave transmission (data from Ahrens, 1979).

1.0 L) i 1 L 1 I 1 I 1 1 i 1
Structure Slope =lonl.5 f
O.SR .
v
0.8 ‘\o . Structure with no Overtopping -
° ‘\ ° {Ahrens, 1979)
orf \
\ !
0.6 I~ \ 1
"
\
o 0.5k \\
\: Breokwater with F=0
04l A (ag/h=10) -
. |
. ,
0.3} \\\ -
3 \\ 4
¢ \\*
0.2 \s~‘\ Bwi -
ss\§‘\ 4
0.t F volume of Overtopping Increasing b 7
0 1 1 1 1 1 1 1 1 1 i 1
(] 0.002 0.004 0.006 0.0086 0010 0.012
H ch‘lz
Figure 9. Wave reflection coefficients for a breakwater with zero free- 1
board compared to a similar structure with no overtopping.
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.

the reflection coefficients for the breakwater and smooth impermeable slope
is approximately the same because breakwater overtopping is small.

The wave reflection coefficient decreases as the wave height or steepness
increases for a subaerial breakwater, but shows the opposite trend for a sub-
merged breakwater (Fig. 10). There is a slight increase in the reflection
coefficient as the wave height increases for the conditions tested.

The variation of the wave transmission coefficient for a smooth impermeable
breakwater is the reverse of that found for the reflection coefficient. If the
wave runup is less than the breakwater freeboard there is no wave transmission.
As soon as the runup exceeds the crest of the breakwater, wave transmission by
overtopping occurs. All other factors being fixed, as the wave height increases
the size of the runup and the transmission by overtopping coefficient increase
(Fig. 10); as the ratio of the water depth to structure height, dg/h, ap-
proaches 1.0 the transmission coefficient increases. Even with zero freeboard
{(d./h = 1) there is some increase in the wave transmission coefficient as wave
steepness increases (Fig. 10). However, for a submerged breakwater of fixed
geometry the wave transmission coefficient declines as wave height or steepness
increases (Fig. 10).

b. Estimating Wave Transmission by Overtopping Coefficients. Wave trans-
mission by overtopping is closely related to wave runup and overtopping of a
breakwater. Weggel (1976) found that overtopping rates are a function of the
ratio of the structure freeboard, F, to the runup, R, on a similar structure
high enough to prevent overtopping (Fig. 7). Cross and Sollitt (1971) also
recommend the dimensionless parameter, F/R, for predicting wave transmission
by overtopping coefficients.

Several methods are available for estimating wave runup on smooth imperme-
able slopes; some of these methods are summarized in Stoa (1978). The runup
prediction equation developed by Franzius (1965) gives the best estimate of
wave runup for predicting wave transmission coefficients. The runup is given by

c, H7d+c
R = HC, (0.123 ﬁ)( : 73c, ) (10)

where L is the local wavelength determined from linear theory using

TZ
L = E— tanh <2—“d—) (11)
2% L

and C;, C,, and C; are empirical coefficients. Franzius suggests values
for the coefficients, but improved coefficients were obtained in this study
using the data of Saville (1955) and Savage (1959) with a nonlinear error
minimization computer routine. The recommended values of the empirical coeffi-
cients are given in Table 2. These values are linearly interpolated to estimate
values of the coefficients for other slopes. An advantage of using equation

(10) is that it includes effects of wave height, structure slope, wave steepness,
and the ratio of water depth to wave height on wave runup.

The runup on rough slopes is also a complex function of many factors (Stoa,
1978). Madsen and White (1976) give an analytical-empirical model for estimating
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Figure 10. Wave transmission and reflection coefficients for a smooth

impermeable breakwater (BW1, d/gT2 = 0.016, monochromatic waves).
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Table 2. Empirical wave runup prediction coef-

ficients for smooth impermeable slopes.
Front-face slope C c C
of breakwater 1 2 "3
Vertical 0.958 0.228 0.0578
1 on 0.5 1.280 0.390 -0.091
1on 1.0 1.469 0.346 -0.105
1 on 1.5 1.991 0.498 -0.185
1 on 2,25 1.811 0.469 -0.080 .
1 on 3.0 1.366 0.512 0.040 i

Tunup on an impermeable rough slope armored with one layer of stune. Ahrens i
and McCartney (1975) present an empirical method for estimating the runup on
two layers of riprap overlying a 0.2-meter thick underlayer (Fig. 11). 1In
their method the runup is predicted as a nonlinear function of the surf param-

eter, ¢&,

t. B aE . E = tan O (12) ‘f
;; H 1 + bt u_ ;
s Lo <

where a and b are empirical coefficients with values of a = 0.956 and J
b = 0.398. ;

Both the Madsen and White and Ahrens and McCartney prediction methods tend
to give high or conservative estimates of wave runup for predicting wave trans-
mission coefficients. However, Hudson (1958) made numerous observations of

£ runup over a wide range of breakwater conditions; the Ahrens and McCartney

: empirical curve (eq. 1) was fitted to the Hudson data to give the rccommended
runup coefficients of a = 0.692 and b = 0.504 (Table 3). These coefficients
gave a lower prediction of runup than that given for riprap (Fig. 12). The
equation

= 0.692 ¢ (13)
+ 0

is recommended for predicting runup on stable permeable and impermeable stone
breakwaters until a more comprehensive model becomes available. Coefficients
3 for dolos were also estimated using Bottin, Chatham, and Carper's (1976) data
E: for breaking and nonbreaking waves (Table 3). Stoa (1978) provides additional
information on runup; runup data for nonbreaking waves on breakwaters are pro-
vided in Jackson (1968)-

Runup predictions were made for the conditions tested, and observed wave
transmission by overtopping coefficients, Krp, were plotted as a function of
F/R (Fig. 13). This figure shows the case of breakwaters with a slope of 1 on
1.5. The upper part of Figure 13 shows results from BW1 for tests that had a
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lp = permeable; I = impermeable.
2R/H = ag/(1+b€); € = tan o/ /ML,
3Revised a and b.

YMeans of observations.

Table 3. Wave runup prediction coefficients using the Ahrens and McCartney (1975) method. f
4

2 2 o A f

Armor | No. of b 1 §T2 T :

uwnit | layers | PeTmeability s b Cot 8 Source |
(range) (range) (range) by
i H
3 Rubble | 2 1 0.956 | 0.398 | 0.0036 to 0.059 | 0.0004 to 0.013 2.5 to 5.0 | Ahrens gad McCartney ‘ i

(1573)

E (large-scale tests) )
Rubble | 0 P 0.692| 0.504 | 0.0088 to 0.08 | 0.0004 to 0.02 |1.25 to 5.0 | Hudson (1958)" ‘ 1
: 6 vy
d Rubble | 2 ! 0.775]0.361 | mmecmemmeeen [ cecmmeeen.s 2.8 Gunbak (1979) i
Dolos 2 1 0.988 | 0.703 1 0.009 to 0.002 | 0.0002 to 0.006 2.0 Bottin, Chatham, and i
1 ] Carver (1976) :
X on et o~ '!

SConditions unknown.
61.2 < £ < 4.8,

20 T T 7 T T 1 T 1T T 11T 7
o ] :
1.8t Riprop (Ahrens and McCartney, l975)‘,_—""-' ]
= \\ ””” -1 [
1.6} -~ "Rubble- Mound Breakwoter
5 /,/ / (('39_['!!9'(. 1979) 1
P Y APPTE L
1.4 /’ e oot T
.
- Ve -
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2f 7 -
- // -.,-
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osk (Bottin,Chatham,and Corver,1976) i
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Figure 12. Wave runup prediction for rough structures using

the Ahrens and McCartney (1975) method.
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Figure 13. Wave transmission coefficients for smooth
impermeable breakwaters with 1 on 1.5 slopes.

breakwater crest width-to-structure height ratio of B/h = 0.4. The lower part
of the figure gives test results from Lamarre (1967), who tested structures

with smaller values of B/h. Although there is some scatter in these data sets,
it appears that the wave transmission coefficient decreases approximately
linearly as F/R increases and that this linear trend is found for submerged

as well as subaerial breakwaters. Most of the scatter occurs where the crest
elevation is at the stillwater level (F/R = 0) for BWl, with small waves having
significantly lower wave transmission coefficients than are present in the

linear trend. Fortunately, small waves are generally not of interest for design
purposes. The few irregular waves tested with BWl suggest that wave transmission
coefficients for irregular waves follow the same trend as for monochromatic
waves. The mean wave height, taken as 63 percent of the significant wave height,
should be used in equation (12) to determine the effective runup for predicting
wave transmission coefficients for irregular wave conditions.
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Comparison of the upper and lower parts of Figure 13 suggests that the
structure tested by Lamarre (1967) with a smaller relative crest width has
slightly higher wave transmission coefficients than found for BWl.

Results from laboratory tests by Goda (1969) for breakwaters with vertical
faces (Fig. 14) have the same trends as observed for breakwaters with 1 on 1.5
slopes.

1.0 T 1 1 1 T ' -1 1

Goda (1969) o
0.0047<d/q72<0.027

B/h ~ 0.86 7\65

0.8

0.6

L4
[-4
=

0.4

Godo (1969)
d/gT2 : 0.016
e B/hg™ 0.0 sm—l::——‘
.0.6 } ‘
—
k4
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0.2

-
0 L i i + 1 3 1 4 1 L
-10 -08 -06 -0.4 -02 0
F/R

Figure 14. Wave transmission coefficients for vertical, smooth
impermeable breakwaters using Goda's (1969) data.

The recommended formula for predicting the wave transmission by overtopping
coefficient for the range 0.006 < d/gT2 < 0.03 is

kgo = ¢ (1 - £) (14)
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where C is an empirical coefficient and the minimum and maximum values of
Ky, are 0.0 and 1.0, respectively. The recommended value of C is given by

0.118

C=0.51 - 2o ;

0<

>l

< 3.2 (15)

for smooth impermeable structures tested over the range 0 < B/h < 0.86 and

rough impermeable breakwaters tested over the range 0.88 < B/h = 3.2 (Fig. 15).
However, for submerged breakwaters tested with 1 on 15 fronting slopes, equation
(14) underestimates the wave transmission coefficient. For example, equation
(14) underestimates the wave transmission coefficient for BW14 when submerged
and the error increases as the breakwater becomes relatively more submerged
(Fig. 16). The data from BWl4 and from Saville (1963) show that for submerged
breakwaters with 0.88 < B/h < 3.2 and with a 1 on 15 fronting slope equation
(14) should be adjusted to

_ F _ F . F .
Kp, = C (1 - ﬁ) - 2C) R * RS 0 and 1 on 15 fronting slope (16)

Figures 17 and 18 illustrate the observed and predicted wave transmission
coefficients for two of the rough impermeable breakwaters tested by Saville
(1963) for two values of crest width. Figure 17 shows the case of a structure
with a crest width-to-structure height ratio of 0.88; Figure 18 shows the same
information for a much wider structure with a width-to-height ratio of 3.2. A
scatter plot of observed and predicted transmission coefficients using Saville's
(1963) data indicates the level of ability to predict Kp, (Fig. 19).

The above discussion shows that the breakwater freeboard and wave runup
have a major influence on the magnitude of the wave transmission by overtopping
coefficient. Breakwater crest width has a much smaller effect and only large
changes in breakwater crest width could be used to reduce the size of the
transmission coefficient for a given design situation.

Wave transmission by overtopping coefficients may be predicted for imperme-
able structures using the computer program OVER (App. F) which applies methods
described in this section.

c. Influence of a Breakwater on Other Wave Characteristics. The magnitude
of the wave transmission by overtopping coefficient, Kpps 1s generally the
most important parameter to determine for the design of an impermeable break-
water used to reduce wave height. However, in addition to reducing the average
wave height, the breakwater may also alter other characteristics of the waves,
such as spectral shape or wave height distributions. Since these additional
wave characteristics may be considered in some design problems, they are briefly
discussed below.

The case of monochromatic waves incident on the structure is the condition
most often used to test wave transmission of laboratory breakwaters in previous
studies. This type of wave is similar to swell wave conditions in the prototype
where the incident wave height and period are approximately constant. Spectral
analysis of water level records for gages landward of the breakwater indicates
that a significant part of the wave energy of transmitted waves may be at
harmonic frequencies of the forcing wave (Saville, 1963; Goda, 1969). The
fraction of wave energy at the forcing period (Fig. 20) shows the same trend
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Figure 15. The effect of the relative structure width on
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Figure 16. Wave transmission coefficients for BW14.
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as was found for the transmission coefficient, Ky, (lower half of Fig. 10).

Comparison of Figures 10 and 20 suggests that the amount of wave energy found

at the forcing period will increase as the transmission by overtopping coeffi-
cient increases.

The case of irregular waves is where the incident wave energy is distributed
over a range of wave frequencies (several measured incident laboratory wave
records and computed wave spectra are shown in Figs. 4 and 5). Tests with
irregular waves indicate that the shapes of the incident and reflected wave
spectra are approximately the same (two examples are given in Fig. 21). The
approximately constant spectral shape is shown by the spectral-peakedness
parameter, Q,, where the value for the reflected waves, Qpr» is approxi-
mately equal ?o the incident spectral peakedness, Qpi (Fig. 22). The shape
of the transmitted spectrum may be approximately equal to or sharper than the
incident spectrum (Fig. 22) with the spectral-peakedness parameter of the trans-
mitted waves, Qp:, greater than or equal to Q,; (Fig. 22). Secondary waves
may appear in the transmitted wave spectrum at harmonics of the period of peak
energy density, Tp, (Fig. 21).

A zero up-crossing analysis (Fig. 23) was performed on the wave records to
allow statistical examination of individual wave heights and periods. Since
reflected waves contaminate the incident wave conditions, an analysis was
performed for the record from each gage, then results averaged to minimize the
influence of reflection. Cumulative height distributions were then prepared
for incident and transmitted waves. The cumulative curves were put into dimen-
sionless form by dividing by the observed rms wave height, Hyms, and the
dimensionless heights at various probability levels, p, determined (p = 0.01,
0.02, 0.05, . . . 0.60). A plot of these dimensionless heights for transmitted
versus incident waves indicates the shape of the transmitted wave height distri-
bution as a function of the incident wave height distribution. For the case
of a breakwater with the water depth at the crest level (ds/h = 1.0 or F = 0)
the transmitted wave height distribution is approximately the same as the
incident height distribution (Fig. 24). If the water level is below the crest
elevation (dg/h = 0.80, positive freeboard), the transmitted wave height distri-
bution is skewed toward larger waves (Fig. 25). This means that the larger
transmitted waves are bigger than predicted by the transmission coefficient,
KTo‘ For example, at the 5-percent level, transmitted waves are 30 percent
larger than expected from the overall transmission coefficient and at the
l-percent level 100 percent larger.

The above observations are consistent with the wave transmission by over-
topping model given by equation (14). At zero freeboard the transmission
coefficient is approximately constant, so all waves in a distribution will
transmit the same amount and the distribution will remain unchanged. However,
for subaerial breakwaters the larger waves will have smaller F/R ratios and
transmit more efficiently than small waves, so that the transmitted wave dis-
tribution is skewed toward large waves.

The joint distributions of wave heights and periods observed in the
laboratory illustrate the same overall trends found in the field. Larger
waves have a mean period approximately equal to the period of peak energy
density in the spectrum, T, (Goda, 1978), with the average wave period
decreasing for smaller wave heights (Fig. 26). The correlation between
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Figure Z6. Sample incident and transmitted joint distributions of wave
height and period.

heights and periods (Goda, 1978) was observed to be 0.13 £ r(H,T) < 0.26 for
the incident wave conditions tested with approximately the same values for
transmitted waves. The major difference between observed and transmitted
joint distributions of height and periods is that the mean period of smaller
waves is lower for the transmitted waves (Fig. 26) than for the incident waves.

2. Wave Transmission and Reflection for Permeable Breakwaters.

a. Observed Trends in Transmission and Reflection Coefficients. As a
wave approaches and interacts with a rough permeable breakwater the sequence
of action is similar to that for an impermeable breakwater, but with important
differences. First, some of the wave energy moves through the permeable break-
water and this flow through the porous medium may dissipate a significant
amount of wave energy. Second, because the breakwater absorbs some of the
wave energy and water, the runup and reflection coefficients on a rough
permeable breakwater are less than for the same wave condition on a similar
smooth impermeable structure. If the runup level exceeds the height of the
structure, wave transmission by both overtopping and transmission through the
structure will contribute to the overall transmission coefficient, Ky (Fig.
27).
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Figure 27. Definition of terms for wave transmission for permeable breakwaters.

The relative water depth, d/gT?, is one of the most important parameters
controlling the reflection coefficient, Kp (Fig. 28), with the reflection
coefficient increasing as d/gT? decreases. The wave steepness, H/gT?, and
the ratio of water depth to structure height, ds/h, have less influence. In
general, the reflection coefficients for rough permeable breakwaters are much
less than for similar smooth impermeable breakwaters (Fig. 10). Since no
comprehensive model is currently available for predicting reflection coeffi-
cients, laboratory model results should be used to estimate Kp. A rough
estimate of the reflection coefficient for permeable subaerial breakwaters
may be obtained using the method of Madsen and White (1976) (computer program
MADSEN in App. G). Typical comparisons between predictions and laboratory
measurements are shown in Figure 29.

The wave transmission coefficient, Kp, is primarily a function of wave
steepness for a given permeable breakwater design and hydraulic conditions
where there is no transmission by overtopping (Fig. 28). Since the wave steep-
negs increases the amount of energy dissipated on the face and inside the
breakwater increases (Madsen and White, 1976), the transmission coefficient
decreases. However, as soon as the wave runup level exceeds the breakwater
crest, wave transmission by overtopping occurs and the transmission coefficient
increases with increasing steepness. Figure 30 (lower part) shows the case
where no overtopping occurs and K; decreases (low steepness waves), then Krp
increases with increasing steepness where transmission by overtopping and
transmission through a breakwater occur simultaneously. In the case of a
submerged breakwater the wave transmission coefficient decreases as the wave
steepness increases (upper part of Fig. 30).

b. Estimation of the Coefficient of Wave Transmission Through Permeable
Breakwaters Using the Madsen and White Model. The advantages of the Madsen and
White (1976) model for predicting transmission coefficients are that the model
is completely self-contained and it can be used to predict coefficients over a
wide range of conditions. Parameters that can be varied include the breakwater
height, breakwater width, breakwater slope, the size and relative location of
various layers in the breakwater, and the size and porosity of materials used
in the breakwater. Another advantage of the model is that it can be used to
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Figure 30. Wave transmission coefficients for a
subaerial and a submerged breakwater.

predict coefficients for any size breakwater, useful when designing or assessing
scale effects in small-scale physical models (see Sec. V).

The Madsen and White model was designed for manual use, but because of the
many calculations and iterations necessary, manual calculation is tedious. The
model was automated as a part of this study in a FORTRAN computer program,
MADSEN (App. G) to simplify use of the model. Advantages of the computer pro-
gram are that only a few input cards are required to model even a breakwater
with complex geometry and the program computer cost is very low. The program
includes all the generality in the original model, and the wave transmission by
overtopping model developed in Section IV,1 is also incorporated. Since the
Madsen and White (1976) technique is complex, reference is made to their publi-
cation for details of the model. A brief summary of the major steps in the
model and computer program is given below; additional information on the com-
puter program is given in Appendix G.
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(1) Determine the breakwater cross-sectional geometry and material
characteristics of diameter and porosity.

(2) Estimate the energy dissipation on the seaward face of the breakwater
assuming it is rough and impermeable. This is done by solving Madsen and
White's equation (127) implicitly using their Figures 15, 16, and 17 and
applying a correction factor from their Table 2.

(3) Assume as a first approximation that the head across the breakwater
is equal to runup determined from step 2 above.

(4) Transform the trapezoidal breakwater into a hydraulically equivalent
rectangular breakwater (see Sec. 4.2 of Madsen and White).

(5) Estimate the coefficient of transmission through the structure, Krg,
using Madsen and White's Figures 2 and 3 and implicitly solving their equation
(57). )

(6) Obtain a revised estimate of the head across the breakwater using
Madsen and White's equation (161). (Repeat steps 4, 5, and 6 until a con-
verged solution is obtained.)

(7) Estimate wave runup on the breakwater using the method of Ahrens and
McCartney (1975) and the coefficients given in Table 3 of this study.

(8) Calculate the transmission by overtopping coefficient, Kp,, using
equation: (14) and (15) in this study.

(9} Calculate the transmission coefficient, Kp, using Kpg from step 5
and Kp, from step 8 and

Kp = /Kfe + K&y

Madsen and White compared the model predictions to physical model results
from Keulegan (1973) for rectangular breakwaters composed of one rock type, and
from Sollitt and Cross (1976) for a multilayered trapezoidal breakwater made
of riprap. There was good agreement between analytical and physical model
results for predicting the wave transmission coefficient for long nonrbreaking
waves. However, the following questions need to be answered to determine the
range of usefulness of the Madsen and White model:

(1) How useful is the model for predicting transmission coefficients
for relatively short waves?

(2) Can the model be used if waves are breaking?

(3) Can the model be used for breakwaters with concrete armor units?

(4) Can the model be used for irregular waves?

(5) How sensitive is the model to porosity of the materials?
(Porosity is an input parameter and although it probably does not vary
over a very wide range, its value will probably not be known accurately

in a design situation.)
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Each of these areas is discussed below.

(1) The case of the relative wavelength. In many of the laboratory
tests the wave period was varied to cover the range from shallow-water
long waves to deepwater short waves. Comparison of laboratory data
and MADSEN computer program predictions shows excellent correspondence
for shallow-water waves; e.g., at d/gT2 = 0.0065 (Table 4). As the
relative depth becomes larger (the wavelength becomes shorter), the
computer program slightly overpredicts the observed transmission
coefficient (Fig. 31). This means that the prediction method is
conservative. Although the absolute value of the overprediction is
small, the percent overprediction may be large (Table 4).

Table 4. Effect of relative depth on prediction of Ky,

gd? KTtl Pct. Relative
Observed Predicted error depth
E B - == == 2 Ao s : SectE o ———
0.0065 0.34 0.33 -3 Shallow
0.010 0.460 0.44 -4 Transitional
0.055 0.13 0.21 +60 Doep
Ay s 70¢m r—-*1 8:30¢m

bont.5 Stope lon 1.5 Stope

Oor

0.5 1.0m
BwWI12
18W12, dg/h = 0.64, H/gT? = 0.0015. ;

The ability of the model to predict wave transmission coefficients
for a breakwater constructed entirely of armor stone is shown in Figure
32; wave transmission coefficients for a breakwater with a front-face
slope of 1 on 2.6 are shown in Figure 33.

(2) The case of waves breaking on the breakwater. It was difficult
in the laboratory to generate long waves that would break on a rough
permeable structure without any overtopping. However, several tests
that met these conditions were run using nonsurging, breaking waves
(Galvin, 1968). These laboratory tests show that for breaking and
nonbreaking waves the coefficient of transmission decreases gradually
as the incident steepness increases (Fig. 34); no difference was
evident between Kp, for breaking and nonbreaking waves. The same
trend is observed in Bottin, Chatham, and Carver's (1976) data for a
breakwater with dolos armor units. Comparison of observed and predicted
coefficients of transmission through the structure shows good agreement
for the few breaking wave conditions tested (Fig. 34). These few tests
suggest that the Madsen and White (1976) model can be used for breaking
as well as nonbreaking waves.
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(3) The case of breakwaters with concrete armor units. The fric-
tion factor and porous media flow factors for concrete armor units are
unknown, but they are assumed to be similar to the properties of stone
with an effective median diameter, dgy, of

Y
W 3
50
d.. = == (17)

Figure 35 shows observed and predicted transmission coefficients for
a breakwater with two layers of dolos armor units. There is excellent
prediction of transmission coefficients for long shallow-water waves
with the Madsen and White (1976) model overpredicting transmission
coefficients for waves with greater relative depth. This is the same
trend found in prediction of transmission coefficients for rubble-
mound breakwaters.

8:30¢cm
hy:70cm ® 0.64 <ds/h <0.86
1o 1.5 Slope Dolos Armor units ~ 0.0065 < d/gT2 <0.055
tonl.5 Slope < 2 < {
top ® 0.000f < H/AQT2 <0.012
© 8/h =043, C-046
0=0692, b=0.504
BW9 ¢ 0.5 1.0 m
0.8 1 i | 1 R T L
d/gT? Relative Depth
071 e 00065  Shallow 7
X 0.016 Transitional
0.61 s 0.055 Deep -
< 05} ]
o
© ®
g [ J
® 0.4} X -
& . xx /s
L ad X ®
X 0.3 x ¥ -
X
ax X Y
o2¢ 8 X e -
oy
0.1 -
0 I I 1 1 1 i1
0 Ol 02 03 04 05 06 07 08
K¢ (observed)

Figure 35. Observed and predicted transmission coefficients
for a breakwater with dolos armor units (BW9).
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The model also does a good job of predicting the coefficient of
transmission through a permeable breakwater armored with tribars
tested by Davidson (1969) (Fig. 36). However, the effective trans-
mission by overtopping coefficient, C, is larger than would be
expected from Figure 15 for B/h = 0.30. Fortunately, the observed
transmission coefficient appears to be approaching a value of approxi-
mately 0.48, the limiting value of the overtopping wave transmission
coefficient for this breakwater predicted from equations (14) and (15).
The relatively high porosity of artificial armor units apparently
increases the size of the wave transmission by overtopping coefficient
over a limited range of wave heights for this case where the stillwater
level is above the core and close to the breakwater crest (D. Davidson,
Chief, Wave Research Branch, U.S. Army Waterways LExperiment Station,
personal communication, 1979).

Tribors

— 2 lon 15 Slope

ot Stope a-3 a = 0692
a-s 8- b = 0.504
; 06— T T T T T T T ]
. 5 Predicted using C=086 -
K
os} ' g .
8/h=0.30
; Y
, F ds/h=084 Observed —s—>o ? |
' / Limiting Predicted
041 Ko -
[{ » 03} .
o2} N
| &
L I
‘ F / k‘l-[ =
Ky
0.l -
d/97%=0.0063
0 L 1 i I ) B | 1 L 1
0.0004 0.0006 0.00! 0.002 0.0C4

H/gT2

Figure 36. Wave transmission past a heavily overtopped breakwater
with tribar armor units (laboratory data from Davidson, 1969).
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(4) The case of irregular waves. Laboratory tests with a wide
variety of spectral shapes suggest that there is little difference
in the transmission coefficient from one spectral type to another.
The overall transmission coefficient, Kp, is approximately the
same for a monochromatic test as for an equivalent irregular wave
test with the period of peak energy density, Tp, and mean incident
wave height, H, used to characterize the irregular wave conditions.
Figure 37 shows observed and predicted transmission coefficients for
a rubble-mound breakwater tested with monochromatic and irregular
waves. The ability of the computer program MADSEN to predict trans-
mission coefficients for irregular waves is at the same level as for
monochromatic waves for the conditions tested.

B:60cm 0.61 < dg/h < 0.9/
hg: 33¢cm f'———-{ lon2 St 2
m’z Slope on2 Slope : 0.002 = d/gT¢<0.016
® lon15 Fronting Slope - 0.00004 <H/gT2 <0.013
—— , 2\ B/h=1.82, C=03I
o 0.3 1om 0=0.692, b=0504
BwW1l6
1.0 T T T 1 T T T T T
0.9} -
Predicted = Observed
08} J ;
7 — '
0.7} o ﬂ
- 0.6 o —
° o o° |
§ 08 o ) % R
/ B o5} o ° - !
A s 88" o
| * 04} % S ° -
' /// 0 R
d pct 845 0°
, A
; 03 ma@q{3;° -
| o
¢ o Wove Type
b 0.2} Og} -
E ° © Monochromatic
[ 8 lIrregular
v 0.1} -
E 0 ] 2 | ] L 1 1 ] 1
(o} 0.1 02 03 04 05 06 0.7 08 09 1.0
] Ky (observed)

Figure 37. Observed and predicted transmission coefficients for BW16.
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(5) The case of porosity of the breakwater. Porosity of each of
the materials must be known in order to use the computer program
MADSEN. However, in many design situations the value of porosity
may be poorly known. Typical values of porosity, P, are given in
Table 5. The recommended method of determining the influence of
porosity on the predicted transmission coefficient is to run the
program MADSEN at various values of porosity keeping all other param-
eters fixed. Figure 38 shows predicted transmission coefficients over
a range of wave steepnesses for three different values of porosity.
For this example, the absolute change in Ky produced by a given
change in P is largest for waves of small steepness. The largest
percent change in Kpy for a given change in P occurs for the
steepest waves tested. In general, the same trend will be observed
for any breakwater; the value of Kpy will increase as porosity
increases for a given set of conditions. However, the magnitude of
change of Kpy is a complex function of all of the parameters in a
design (breakwater geometry, water depth, wave height and period,
etc.). A sensitivity analysis with the use of the program MADSEN,
similar to the analysis shown in Figure 38, is recommended if the
porosity of proposed materials is poorly known.

oo e PRI T R R e e

Table 5. Porosity of various armor units (from
U.S. Army, Corps of Engincers, Couastal
Enginecring Research Center, 1977).

Armor unit No. of jPlacement | Porosity
e ] D)
Quarrystonc (smooth) 2 Random 0.38
Quarrystonc (rough) 2 Random 0.37
Quarrystone (rough) >3 Random 0.40
Cube (modified) 2 Random 0.47
Tetrapod 2 Random 0.50
Quadripod 2 Random 0.49
Hexapod 2 Random 0.47
Tribar 2 Random 0.54
Dolos 2 Random 0.63
Tribar 1 Uniform 0.47
Quarrystone Graded | Random 0.37

c. Wave Transmission for Submerged Permeable Breakwaters. The coefficient
of wave transmission over a submerged permeable breakwater, Kp,, may be esti-
mated by the methods given in Section IV,2. However, no generalized model is
currently available for determining the coefficient of wave transmission through
the structure, Kpz. Saville's (1963) data for similar permeable and impermeable
structures show that the total coefficient, Ky, approaches the transmission by
overtopping coefficient, Kp,, and transmission through the breakwater becomes
less important as the structure becomes more submerged and the incident wave
height increases (Fig. 39). At d,/h 2 1.2, the data from breakwaters BW3, BW3W,
BW4, and BWAW show that the coefficients of transmission through the structure
are approximately zero, so that Kp,/Kp = 1.0. An upper estimate of the coeffi-
cient of transmission through the structure, Kpz, for a submerged breakwater
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Figure 38. Example of the influence of porosity on the predicted
coefficient of transmission for a rubble-mound breakwater.

1.0 T T T T ™ T —
0.9 = -
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=
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Figure 39. The relative importance of transmission by overtopping
as a function of the incident wave height and the water
depth-to-structure height ratio (after Saville, 1963).
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can be made using the program MADSEN with dg/h = 1.0. As a lower estimate,
Krg = 0.0 can be assumed. Laboratory results from BW13, BW15, BW1SW, and

BW16 show that even using Kr¢ = 0, methods in Section IV,1,b tend to give
conservative estimates of the transmission coefficient for submerged permeable
breakwaters (Fig. 40).

IO ~T T T T ! 1
0.8} R —
b= -~
S 06} é -
kS .
© [~ ° 8/0 o 1
s w Wis #
< 04 -
* Sine VVaves. 1
02 4 [rregular Waves -
B BWI13,15,15w 7]
O i i 1 | | L 1 | 1
(0] 0.2 04 06 08 1.0
Kylobserved) .
1.0 LB — 1 T T 9°
L]
o8 _
Predicted = Observed
o~ o o
S 06 . / -]
$ %
: | g ]
a °@
;0.4-— . S 0 ®° =
0.2l BWI16 _
0 1 1 1 | 1 1 i1 i
0 0.2 04 06 08 1.0

Ky (observed)

Figure 40. Observed and predicted transmission coefficients
for submerged permeable structures assuming Kpp = 0,
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d. Influence of a Permeable Breakwater on Other Wave Characteristics.
Wave energy shifts to higher harmonics are found in the transmitted wave
records for monochromatic wave tests, as determined for overtopped impermeable
breakwaters (Fig. 41). The energy shift is primarily a function of incident
wave steepness and the ratio of the water depth to structure height. The
largest shifts of energy to higher harmonics occur for steep waves where the
structure crest is near to the stillwater level (Fig. 41).

100 —a

X % ¥ LA™ Y

&
° L]

30
80

10

Energy (pct)

s0 d4/qT2= 0016

50 BwW4

40 — 1 i 1 L .
0.0002 0.0004 0.0006 0000 0.002 0.004 0006
H/gT?

Figure 41. Percent of wave energy at the forcing
period for waves transmitted past a
permeable breakwater (monochromatic waves).

In the case of irregular waves the higher frequency parts of the reflected
and transmitted spectra tend to be dampened out, so relatively more wave energy
is found at lower frequencies than in the incident spectrum (Fig. 42). This
means that on the average the spectral peakedness, Q,, of reflected and
transmitted spectra is greater than or equal to the spectral peakedness of
incident spectra (Fig. 43).

A zero up-crossing analysis of wave records shows that on the average the
wave height distribution shape is approximately the same for incident and trans-
mitted waves for the irregular conditions tested for a permeable breakwater
(Fig. 44).

The amount of wave grouping or the tendancy of large waves to follow large
waves and small waves to follow small waves is characterized by the autocorrela-
tion of zero up-crossing wave heights, p (see Sec. I11,4). Results from BW16
show that the autocorrelation transmitted waves is less than or equal to that
for incident waves in the case of irregular waves incident on a permeable break-
water (Fig. 45).

The joint distribution of transmitted wave heights and periods for an
irregular wave condition is similar to that found for smooth impermcable break-
waters. There is a tendancy for lower transmitted waves to have average periods
less than found in the incident joint height-period distribution (Fig. 46).

Both the incident and transmitted larger wave heights have average periods
approximately equal to the period of peak energy density.
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Figure 44, Comparison between incident and transmitted wave height
distribution for a permeable breakwater (BW16).
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distribution for a permeable breakwater (BW16).--Continued
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V. MODEL SCALE EFFECTS

1. Causes of Physical Model Scale Effects.

Wave energy dissipation and resulting reduction of wave height produced by
a breakwater are due to a combination of laminar and turbulent energy loss as
well as wave modification. Little information is available on scale effects
a of wave transmission by overtopping, but scale effects are probably small.
This is illustrated by Saville (1963) who tested wave transmission by over-
topping for similar breakwaters that differed by a scale of 10. There was
little systematic difference between the results of tests run at the two scales,
with the small-scale tests being slightly conservative.

Wave transmission through permeable breakwaters is controlled primarily by
laminar and turbulent energy loss of flow through the structure (Wilson and
Cross, 1972; Keulegan, 1973; Madsen and White, 1976). In the protoytpe the
wave height reduction is due largely to turbulent effects, but in a model
laminar and turbulent losses may be important so that a mod~l underpredicts
the coefficient of transmission through a breakwater. The size of the scale
effect is a complex function of model design, water depth, and wave height and
period.

2. Interpreting and Applying Laboratory Results to Prototype Conditions.

The recommended method of estimating scale effects of transmission through
permeable breakwaters is to use the computer program MADSEN to predict transmis-
sion coefficients for the model and prototype. The physical model correction
factor, CF, is defined as the expected coefficient of wave transmission :
through the structure in the prototype divided by the coefficient of wave trans- ]
mission through the structure at the model scale. CF is determined by first
running the program MADSEN with prototype conditions to determine Kp, (MADSEN
prototype). The program is then run at the model scale to determine Kpg
(MADSEN scale model). CF 1is defined as

Kpe (MADSEN prototype)

CF = 18
Kpe (MADSEN scale model) (18)

The coefficient for wave transmission through the structure measured in the
physical scale model should then be multiplied by CF to estimate the prototype
coefficient.

For example, assume that the laboratory breakwater tested by Sollitt and
Cross (1976) is a 1 on 10-scale Froude model of a prototype structure (Fig. 47).
There was no transmission by overtopping. The program MADSEN was run at both
model and prototype scales and the results together with the physical model
measurements are shown in Figure 48. The MADSEN program output shows that the 5
physical model was probably underpredicting the prototype coefficient because
the scale model has proportionally more laminar energy loss than the prototype. i
Even in this large 1 on 10-scale Froude physical model, the prototype Kpp is
expected to be as much as 20 percent higher than in the scale model over the
range of conditions tested. i
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Figure 47. Trapezoidal multilayered breakwater tested by Sollitt
and Cross (1976) (prototype).
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VI. EXAMPLE OF ESTIMATING WAVE TRANSMISSION COEFFICIENTS

****************EXAMPLEPROBLEB’*****'H**********

GIVEN: T = 7.9 seconds

dg = 3.56 meters
Breakwater top width, B = 1.53 meters

Breakwater seaward slope, tan 6 = 0.667 (1 on 1.5)

FIND: The influence of incident wave height and structure height on the
transmission coefficient for the permeable breakwater shown in the upper
part of Figure 49 (change the structure height by varying the thickness of
horizontal layer 1). Also, compare the predicted transmitted wave heights
to heights for a similar smooth impermeable structure (lower part of Fig. 49).

SOLUTION: The computer program MADSEN (App. G) is used to predict wave
transmission coefficients for the permeable structure and the program OVER
{(App. F) is used to predict coefficients for the smooth impermeable break-
water. The transmission coefficient for the permeable structure decreases
as wave steepness increases, until overtopping occurs when the transmission
coefficient increases with steepness (Fig. 50). The transmission coefficient
decreases as structure height increases and the initiation of overtopping
occurs at a larger value of the incident wave height as the structure height
increases. The similar shaped smooth impermeable breakwater has larger
values of the transmission coefficient for the steeper waves examined (Fig.
50) because the runup is higher on the smooth structure. However, there is
no transmission for the impermeable structure for the small waves where the
runup does not reach the breakwater crest. The predicted transmitted wave
height as a function of breakwater crest height is given in Figure 51 for
two values of the incident wave height.

Material dgg(m)  Porosity

| 0.381 0435
Permeoble Breakwater 2 0.190 0.435
3 0.095 0.435
—l 1 8
e t 2 ) 4aa '009‘067

Figure 49. Breakwater cross sections used in the example for estimating wave
transmission coefficients.
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VII. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The primary conclusions from the tests of wave transmission and reflection
of laboratory breakwaters conducted for this study are:

1. A simple formula for predicting wave transmission by overtopping
coefficients together with the model of Madsen and White (1976) for trans-
mission through permeable structures can be used to obtain estimates of wave
transmission coefficients.

2. Limited tests with breaking waves suggest that the methods can be
used for breaking or nonbreaking conditions.

3. Tests with irregular waves show that the transmission coefficient for
irregular waves is approximately the same as for a similar monochromatic wave
test. The mean wave height and period of peak energy density are the param-
eters recommended to describe irregular waves.

4. Irregular wave tests indicate that for permeable or submerged break-
waters the incident and transmitted wave height distributiors have similar
shape. However, smooth impermeable subaerial breakwatcrs have height distri-
butions biased toward the larger heights for irregular waves because large
waves transmit more efficiently than small waves.

5. Transmitted and reflected spectra for irregular waves generally have
equal or higher spectral peakedness than incident spectra.

6. Joint wave height-period distributions have similar dimensionless
shapes for incident and transmitted wave records.

7. There is a tendancy for wave heights to be less grouped after they
have transmitted past a breakwater.

8. Transmitted wave energy may appear at higher order harmonics of the
incident waves for monochromatic wave tests. However, the tendancy for energy
shifts decreases as the wave transmission coefficient increases.

9. Additional work is necessary to develop generalized models for predict-
ing wave reflection coefficients and wave transmission through the crests of
breakwaters armored with relatively porous materials, such as concrete armor
units.

The recommended steps for design of a breakwater for wave transmission are:

1. Use the computer programs MADSEN and OVER to estimate transmission
coefficients for preliminary breakwater design. Alternative designs can be
tested by varying parameters such as:

(a) structure height

(b) crest width

{c) seaward and landward breakwater slopes

(d) water depth

(e) number, thickness, location, and diameter of materials
(f) porosity

(g) permeability

(h) wave height

(i) wave period
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2. A sensitivity analysis is recommended on those input parameters that
are poorly known. For example, if there is some uncertainty in the value of
the design water level, predictions should be made over the range of expected
water levels keeping all other factors fixed. Comparison between the predic-
tions at different levels will indicate the importance of water level.

3. Estimate reflection coefficients from model results.

4. If possible, final breakwater design should be made with the use of
physical models. The program MADSEN can be used to assist in designing and
interpreting physical laboratory models and results for permeable breakwaters.

Copies of the program decks for the program MADSEN and OVER described in
Appendixes F and G may be obtained from the Automatic Data Processing Coordina-
tor, Coastal Engineering Research Center, Fort Belvoir, Virginia 22060.
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APPENDIX A
BREAKWATER GEOMETRIES

Each of the breakwaters tested is assigned an identifying code (e.g., BW1).
This appendix includes a cross-section drawing and a brief description of each
of the breakwaters. Note that breakwaters 1 to 12 (Figs. A-1 to A-14) were
tested on a flat tank bottom; breakwaters 13 to 17 (Figs. A-15 to A-19) had a
1 on 15 fronting slope 3.75 meters long. Materials used in construction of the
structures are identified by a circled letter; material characteristics are
discussed in Appendix B.
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Figure A-1. Breakwater 1 cross section.

BW1 is a smooth impermeable structure tested for wave transmission by
overtopping and reflection. Note that simultaneous measurements of wave
runup were being made on a smooth 1 on 1.5 slope in an adjacent flume by
Ahrens (1978) while the breakwater tests were underway (see Fig. 1).
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Figure A-2. Breakwater 2 cross section.

BW2 is similar to a casson breakwater that has been rehabilitated by
adding rock armor units. The major emphasis of these tests was to examine

the effects of wave period and height on transmission and reflection. Armor

material was randomly placed.
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Figure A-3. Breakwater 3 cross section.

BW3 has an armor two units thick of angular stone. A moderate amount of
fitting was used in placing the armor, especially near the crest. Core material

was placed by dumping.

B-40cm

r——j hg = 66 cm

Rl

54-cm-High Plate

0 0.5 1.0 m BW3aw

g/ Figure A-4. Breakwater 3W cross section.

BW3W is similar to BW3, except that a 5-millimeter-thick metal plate was
installed in the center of the structure. The caulked plate extended from
the bottom to within one armor unit of the crest (54 centimeters highj.
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0 0.5 1.Om BW4

Figure A-5. Breakwater 4 cross section.

BW4 is similar to BW3, except with a 1 on 2.6 front-face slope.

e

N 54-cra-High Plate

0 05 LOm BWAW

Figure A-6. Breakwater 4W cross section.

BWAW is similar to BW4, but includes a 54-centimeter-high impermeable pla?
in the center of the structure.
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Figure A-7. Breakwater 5 cross section.
BW5, geometrically similar to the upper part of BW3, is typical of a

breakwater built in relatively shallow water. The armor unit size is large
compared to the structure height and the core size relatively small.

B=30cm

I | hg = 60 cm

©

L 1
0 05 Ii)m BW6

Figure A-8. Breakwater 6 cross section.

BW6 was made of three triangular, fine wire containers filled with core
material.

7

IRt e 1% & - s S AR o At
o i soadnad allaoth y - o

R PRI 1 o (L b,
TR O PP IEOTY 5 €1 e R TP o




sy

B ——
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hg=46cm
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Figure A-9. Breakwater 7 cross section.

BW7 is geometrically similar to the core of BW3. The material was held
in a fine wire structure to prevent motion of the stone.

0 0.5 1.0m BWS

Figure A-10. Breakwater 8 cross section.

BW8 uses dolos artificial units as part of the armor material on both the
front and back of the structure near the crest. Stone was used in the lower
parts of the armor. A moderate amount of fitting was used in placing the
armor units. An impermeable cap was installed toward the seaward side of the
crest,

ol A b i i 0. 0 2 i il




B=30cm

hg= 70cm "——’1
Cap C)

3
)

| _J

0.5 1.Om BwW9

°r

Figure A-11. Breakwater 9 cross section.

BW9 is similar to BW8, except that armor units have becen arranged so that
all of the dolos units are on the seaward side of the structure.

L
0 C;S I:D m BWIO

Figure A-12. Breakwater 10 cross section.

BW10 was made with an armor one unit thick of well-fitted rectangular rock.

The matcrial was placed with one surface parallel to the structure face.

73

PSPPIV P




B=30cm

| hg=60cm

L i ) BWi I
0] 0.5 1.0 m

Figure A-13. Breakwater 11 cross section.

BW11 was made of two fine-wire rectangular baskets that enclosed core-type
stone. The primary purpose of this structure was to examine the wave trans-
mission and reflection characteristics of permeable material.

B=30cm 3

I ' hg=70cm

Figure A-14. Breakwater 12 cross section.

BW12 is a structure with no core similar in geometry to breakwaters 8 and 9.




H————" hg= 33cm

1.5 lon !5 Fronting Slope,
[ 3.75m Long ,
Flat
L j | _J :
0 0.5 1.0 m
BWI3,15

Figure A-15. Breakwaters 13 and 15 cross section.

BW13 and BW15 were tested with a 1 on 15 fronting slope 3.75 meters. Note

that these structures are the same geometry as BWS (built on a flat tank bottom).

B=40c¢m
l‘_—__" hg= 33 cm
1.5 .5
1)’ | Ion |5 Fronting Siope
Smooth, Impermeable
L | _J
0 0.5 iOm BWI14

Figure A-16. Breakwater 14 cross section.

BW14, a smooth impermeable structure, has the same outsidec dimensions as
permeable breakwaters BWS, BW13, and BW15.
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8=40c¢cm

hg=33cem

lon 5 Fronting Stope,

3.75m Long ,

N~ 22-cm-High Plate o
J

0 OTS 1Om BWISW

Flot

Figure A-17. Breakwater 15W cross section.
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BW15W has the same dimensions and materials as BW13 and BW1S, except that
a 22-centimeter-high metal plate 5 millimeters thick has been installed in the

center of the structure. This plate prevents transmission through the lower
part of the structure.

I hg=33cem

© 2 ©
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Figure A-18. Breakwater 16 cross section.

BW16 is a one-ninth scale Froude model of a proposed submerged breakwater
for Imperial Beach, California.

8:=6Qcm

hg=60 cm

1 0n 15 Fronting Slope

—

-

ol

Figure A-19. Breakwater 17 cross section.

BW17 is a vertical permeable structure, similar to BWI1l, with the rock
retained by a thin wire mesh.
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APPENDIX B

MATERIAL CHARACTERISTICS

Materials used to construct permcable breakwaters are discussed in this
appendix. Each material is identified by a circled letter and shown on the
breakwaters where it was used in Appendix A. Figure B-1 includes photos of
samples of the various materials (material F, not shown, is similar to A and
B). Some basic parameters, such as weights, diameters, and porosities, are
shown in Table B-1. The weight distribution of each of the materials is
given in Figure B-2.
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Table B-1.

Material characteristics.

n 3T e e i
gy

Material | Description Wt W2 W3 dgg :
(g) (g) (®) (cm) :
A Angular stonc { 2,520} 1,530 990 8.3
B Angular stonc | 4,680} 3,090 2,900] 11.1 !
C Angular stonec 180 68 31 2.9
D Dolos 405 390 3901} ----
E Flat stone 13,2001 11,200 | 8,100 { 16.1
F Angular stonc 7,600 { 4,900 2,500 12.2
Ijeight at which 85 percent by weight of the
material is heavier than. ;
2ycight at which 50 percent by weight of the
material is heavier than. ;
3Weight at which 15 percent by weight of the
material is heavier than.
YRepresentative diameter corresponding to Wgg.
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Figure B-2.

Pct of the Material Heavier than a Given Weight
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APPENDIX C
TEST RESULTS (SINUSOIDAL BLADE MOTION)
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TRO32R 1522, 804 1499 23,8 G017 J41Y 40316 L0063 7801281314, 60, 1,05 5,9 ,003 005 ,056 ,005%
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Teu
1:6
843

8,0
13e9

‘.l,
S.8

o?
2..
13.8
2,3
9,9
1.7
L
8,0
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e,s
1.9
1Ve9
20
12,7
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119
327
2221
o181
v1a9
o051
s0ey

8%
'a a
9%
L1321
9%
117
00
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O'OQ
LI
MY
1968
.’90
901
+R29
920
«530
s 400
9311

o702
1689
808
718
L3
LT
' 737
LA
AL
08214
2 711

o308
o34
27BN
v20Y
ALY
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0234
IXry}
029
W16
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09
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1I1]
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PLE},
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W1e

327~

224
3L
KL
o085}
065

0056
058
016
010
s0te
016
2018
e}

«0050
20108
20005
0010
20023
« 005
0027
0038

BREAKWATER §

079
«818
974
L 222}
»970
o855
2808
(222
o900
o811
L[ 22 2]
0959
2790
%01
b 839
%20
eS80
009
378

2007
2007
0180
«0106
0595
«006
« 016
010
0013
011
2L
016
+016
0033
»033
0059
010
«01b
« 016

0003
0012
0011t
+0042
oV068
20006
00002
0009
«0010
+003Y
«001%
20023
«00Sn
«0030
20002
+0068
«000Y
«0020
«004S
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808
eT10
1851
W 194
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B2y
o711
0525
1403
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309
039}
o280
297
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0378
0008
«830
236
28206
237
el8?

007
o007
0013
081
10106
2016
019
016
1039
$ 058
« 055
0007
03t
$0lb
016
+039
039
0950
+ 0S5
0086
2500
0007
007
«007
0y?
1018
0095
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00005
0003
0014
«0003
0008
+0018
«0030
0087
00016
0104
20064
0010
20010
2+ 0040
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« 0043
00019
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00002
«0C08
« 0001
0008
20020
#0013
0053
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Y LY
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3L
293
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094
oTe?
1803
2R}
48!
o108
o807
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0007
0007
016
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00595
0055
007
010
o010
0050
0058
W007
0007

$0001
+s0004
0020
0008
0038
0021
0110
« 0009
«0003
0028
0018
G101
20002
« 0011
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7801371203,
7801171151,
7801170929,
7801170941,
7801170953,
7801170844,
7801170858,

7802013208,
7802011120,
7802011138,

7802013236,

7801311328,
7801314344,
7801311242,
7801311302,
7802021219,
1802021106,
7802021324,
7802021148,
7802021025,
7802021064
7862020914,
7802021018,
7802021344,
78020213804,
7802021425,

78(2071n5a,
7802071(00,
7802071227,
7802071309,
7802¢70952,
78020716104
7802071027,
7822071148,
1852071208,
7802071123,
78,2061432,
7802061158,
V802060204,
7802061021,
7802061040,
7802061229,
7862081323,
TRC2061459,
18¢2,61119,
1862081213,
7802081228,
7802081039,
7802071435,
7802081024
TRA020731504
1802081052,
7802081107,

1802123028,
1802121440,
1802121100,
TRG2121451a
18021210t0,
7862121501
718021218120
7802121625,
7802121551,
780>12160%,
7802121639,
780213100%,
7802131021,
7802130914,
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0,
56,
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50,
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7S,
75,
75,
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60,
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o0,
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uS,
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as,
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s,
4SS,
aS,
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3,
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75.
7S,
7S,
75,
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7S,
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oh,
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.
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1,08
1405
1.68
188
1.88
1.78
1,78

o042
2418
2,18
1418
3,09
3409
1,97
1.97
20018
1e89
1009
14069
118
1,18

2!

o9
1e39
1039
139

3ou2
o2
2060
2400
2.18
2418
2418
140
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1s18
3.00
.00
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1495
1495
1,29
125
1409
1405
2.88
2480
2465
2465
1eb4
1409

9

o

2.08
2405
1e09
1009
1409
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3.00
3400
1,99
1498
1409
362
Vo4
2.8

14,)

1.3

o125
o124
2067
o177
119
022
058

o846
+979
[ 1 2]
972
879
+873
1132
2991
o949
2088
,989
2928
951
o807
900
W Tub
o438
372
«389

. 782
087
« 760
. 798
815
o768
717
788
o747
712
o735
487
«400
L
439
389
o301
2068
+ 366
T
2328
334
271
499
330
259
o137

<499
150
sus?
217
o320
Nes
008
« 700
791
08
o758
LT
' 799
<927

o125
o124
AT
«177
o119
0022
s058

oBue
«979
sses
972
2879
«873
(XX 14
099}
+ 949
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9R9
928
W91
2867
L
oTuu
438
372
359

732
«087
o760
W 798
815
s Tud
T
oTRE
07867
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RAL
'L}
s 800
2474
0439
« 389
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o328
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o137
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«3%4
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X4
o370
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704
Y L)}
788
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W 799
W 927
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oNie
016
« 056
W0l0

«No7
oNie
«0in
+ 0SS
008
008
018
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D10

2033
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$007
.007
o011
011
o018
o018
J016
,039
o039
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L007
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W0le
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2058
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008
W006
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J007
W07
«0186
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007
007
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w0119
0008
o 0010
20030
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0032
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0019
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«0034
0021
0048
20020
0118
«00}S
« 0031
00082
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20032
20007
0027
20005
0011
000212
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0077
«0047
20001
00011
0022
«0020
$ 008§
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V0076
«003S
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00011
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20019
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0020
20020
0102
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0009
0000
00te
00050
«00Se
0002
00317
00032
+00%)
, 083
»0001
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«0003
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Y02 10022,
7832132043,
7832131041,
18023131050,

1802101030,
Teo21u1a80,
Y4.2161895,
1002181063,
7802151881,

780218131%,
14021411329,
¥802141%46,
7802189906,
7h02281a17,
7802180922,
180228 44h,
1852281543,
18r3101150,
YR, 2211014,
782211029,
837211444,
7812216024,
Y5-2218939,
V830211798,
78.22¢44r59,
8. 0211014,
1802220954,
78,22211199,
78:2220916,
TA~2220031,
YA 2221017,
872221034,
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YA, 3081126,
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70:8,31122,
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780308112,
7863031225,
Y8,3031248,
YPo30p1156,
7803023210,
Y805021224,
003021124,
1803921140,

8- 3181108,
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78 5331334,
T8 5181183,
79 331831247,
78 31%1tu2,
7731315560,
PR 31%1440,
7853191459,
793131510,
70 3131%20,
78.%10128,
78316148,
T8.,4101100,
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15,
1%,
15,

s,
S,
aS.
00
80,

8,
4%,
4y,
4S.
4S,
“S,
S,
@S,
S,
004
e,
[ 1Y
€0,
o,
°n'
©G,
6N,
75,
75,
7%,
75,
75,
A TS

7%,
7S,
75,
75+
75,
75
7o,
8h,
| LY
60,
€0,
00,
8N
45,
S,
(LYY
s,
49,

| F31.)
210
1e18
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1:09
109
1409
1495
1.9

2,05
2465
2.068
1469
1469
1409
1409
1469

)
Jouo
Yet0
.08
195
‘.qs
195
a0
1408
Job2
3,02
.18
2,18
1418
11t

3,62
i YY1
3ou2
218
.14
2,18
1018
3.08
Y 1)
1498
148§
1408
1408
2,08
R4065
205
1009
1409

2,08
.68
2.08
{.09
1,00

N

o
1.%¢
1e%4
1o9%Y
1,98
1404
1.89
lelé

246
10.§
2.0
14,9

1.8
6,7
13.8
1 1Y)
13,8
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11.8
1ed

6,0

0o

1240
2446
2.0

1.8

7.9

15.2
3.7

Te?

15,8
LY ]

12.¢
2.9

13.7
206

10.7
3o

14,0

1.3
LYY ]
2004
2.7
118
22.8
7.9
3.8
19.%
L XY J
160
241
..l

3.2
1840
4,3
13.8

Ky

918
NLIL}
+A5S
.1 L]

270
ot P!
ol
o251
ge

dbh
L)
.11
1.1
o196
0122
one

08

Y1
L)
+ 254
26

xd}

«1P3
e190
oD%y
N30
b8

k8

o To1
»50%
(13}
L33 )

ohoy
a1r]
YRAl
o I8%
eh]S
1535
ohyd
[R1}]
eu}8
o302
s 304
0184
o198
« 103
253
0106
o168
070

o:"
(AT 1.3
0297
029
0324
0?86
o183
o707
«a®y
0872
» 38

o108

s 330
o378
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BREAKWATER 7

914
Y ']
+8SS
o894

010
2018
2055
0055

00006
«0023
0010
0109

BREAKWATER 8

270
o121
2073
o251
o189

W 016
016
2016
010
0016

«0008
«0024
0049
«00}0
0042

BRFAKWATER ¢

LU80
28S
117
0284
2490
o122
0090
«0S7
070
LY
+2S0
W261
w247
o1R2
0154
e 0S4
«030
2030
YLk,
VUi
% 1.})
033
613

«007
2007
007
010
0106
+016
016
«016
0058
0007
007
007
1016
0016
+016
W OSG
2050
0007
2007
00106
0016
¢ 055
055

0001
«000S
00017
«000%
«0014
0024
<0048
0088
00039
0002
«0009
00017
0010
0002}
0042
o 0043
0112
+0003
00012
«0006
00023
«0023
#0103

BREAKWATER {0

wbd}
'SAa
2478
W TAS
678
535
LIT
3 L3}
1.3}
2302
+ 304
L
o119
0393
02353
0100
X AL

e 007
0007
Wn0?
o018
003 0&
016
¢«059S
007
0007
00406
W18
0050
0056
0007
007
0007
0036
W010

0001
«0009
00108
« 0006
00025
« 0049
«00%8
« 0004
0021
0041
004l
00019
0075
20001
00005
«0021
003183
+ 0049

BREAKWATER 1}

070
L)
297
0029
)28
e2h0
0183
WIn?
Y1})
872
0349
o JIAT
330
37

007
0007
007
o010
0016
0059
0055
008
0008
013
o013
s016
016
0023

00001
00008
0019
00018
«0N%0
Q021
« 0096
0002
00010
20009
0023
«0004
0010
«0008
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78021309352,
7802130954,
78021330un,

7802141429,
7802141447,
7802151020,
7802151033,
7802151058,

780216132,
7802161337,
78023281407,
7802180914,
7802281427,
7802281438,
1802281 4Sa,
7802161353,
TRp2161134,
TR02211021,
7802211038
18022109164
7802210931,
7802210944,
7802211051,
7832211107,
78022209464
7802221004
7802220909,
7802220024,
7802220938,
1802221024,

7803n61149,
7803061208,
7803061047,
TADY06110%,
TAP306111A,
780%041227.
7803031308,
78030%1330,
7803031348,
7803031028,
T803031208,
7803031241,
7803051258,
780302120%.
7803025217,
78030210%9,
7803021133,
7803023147,

T80313i%1y,
7803131327,
78031811466,
7803131239,
7803131254,
780311313409,
7803131600,
780v133aun,
7803131503,
TA031%1%17,
180316302,
780%141038,
1803141082,
7803141107,

’5.
75
%5,

45,
s,
69,
60,
60,

45,
4S.
4S,
4Se
S,
4S,
45,
a5,
S,
60,
60,
60,
60,
60,
60,
60,
’5'
75,
YS.
7S,

7S,

75,
75,
75,
7S,
7S.
7S.
60,
oh,
60,
60,
60,
60,
60,
43,
S,
48,
S,
69,

s,
aS,
s,
S,
S
4S,
@S,
31,
3.
31,
3.
31,
31,
3t

Z.l’
2.18
1418

1269
1069
195
1,98
1498

2065
2489
1e069
1469
1469
1.69
1469

9

91
3,00
3406
1495
198
1.95
1405
1405
3,42
3,42
2418
2418
2,18
1,18

3,062
3,02
2."
2.8
2018
1e18
3,06
3,006
3406
1,98
1499
105
1405
2405
2068
1409
1,09
1409

2408
2.69%
1069
1409
1,69

)
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1.%
1094
1.93
1453
fe41
(Y2}
1el0

-
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-

-
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10.%
L]
134

%.0
1.8

KR D/GT2 m/GT2

2Ae?
«A70
.1 3!

o193
0%
334
«188
205

399
2109
322
o197
159
125
075
N L1
0007
0345
216
o349
P14
o157
o113
«N32
624
528
o778
06060
555
5286

030
498
«830
«73)
632
1286
Ll
2340
W51
249
WU00
o148
o181
+343
o187
337
0100
+ 000

607
308
e 499
0356
0309
182
o148
+60S
o318
0600
228
307
278
o317

867
870
L1}

«193
2094
3%
188
«208

391
169
o322
107
159
125
o075
e0UG
007
0 348
alit
o349
214
« 387
o143
0032
824
o775
X1 1]
¢55%
1520

3 1]
2UQE
o830
A
032
' T20
0B
0340
X211
0249
eng
o14S
RLE
o343
o157
»337

eon?
0308
0409
38
0309
iR2
014S
0009
31
L L0
220
o+ 307
273
317

010
«0l6
+ 0998

W007
o007
W0186
W06
W0te
«05%

2007
2007
o0le
W00
W0la
W 088
J0n7?
2007
$ 007
010
o0l
« 0%
oNSe
007
007
W0l8

N 21
010

4007
2007
o018
NS
N
V058
o N9S
2008
Wove
013
2013
W0le
W81l
W03

00011
« 0031
0042

«0011
«0035
¢ 0009
00021
«00586

0002
«0010
00005
#0011
0020
0030
«00064
0009
0117
2 00CH
0012
20005
0014
«0050
001U
s 0070
20001
» 0008
0003
20011
«0C 34
20053

«0003
0012
«0008
20012
20037
0028
« 0001
0012
0027
00022
#0049
«003 %
0t
20002
20004
0030
0001

«0002
«0010
20009
0039
0050
0062
«0100
20009
20028
0010
+0097
0008
«00%0
W00t
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T8.8141114,
853141180,
8,3 4104,

785311001,
T8.,3170910,
"”3170°270
Y8.317cR52,
LLIATRILTR
7873190937,
78.31¥495y,
183171245,
873171911,
78,3171135,
Y803173049,
LLIATRIRRT S
7803370913,
7803340928,
Y803160948,
9803100842,
7803160858,
7803160913,
7803161010,

804211154,
7808211138,
7804211129,
78Gu213032,
Y8cd211190,
7808211203,
7804211219,
7808201436,
Y8ca2at3y7,
7804210043,
7804210900,
7824281129,
Y8yu2aysus,
7804204504,
7804201929,
V808201538,
7804210927,
7854210009,
Y5342410%7,
TE3u28t 030,
TRLu245958,
T856208015,
7354201034,
7804201157,
1806201149,
7808291224,

8002309807,
Y8:4240828,
7804243007,
TRo0u2ay024,
VRou210%999,
Y4)42u0928,
1804260042,
tasee neee,

1633261 1uS,
780424252,
1854280802,
785428488,
Y8gpu2sseny,
V83425908,
TRIEE8 22,
Ti54s7 061,
véraleingt,
73042%9.0%0,
T8 u2%y048,

3t
31,
3.

75,
7S,
75,
75
7%,
A TS
75,
6Ny,
6N,
O,
60
o0,
60,4
4S,
4%,
S,
4S,
4S5,
S,

00,
60,
60,
60,
60,
60,
60,
4S,
45,
45,
48,
usS,
45,
WS,
“S,
s,
s,
as,
1S,
35,
3Se
554
35,
35,
38,
35,

0%,
65,
(1
89,
o0,
80,
of,
[ 3
0l
59,
5%,
58
84,
S0,
SCo
4“5,
o5,
“Se
“S,
S,

talb
1,00
1.00

3,42
Jou2
Jau2
2,18
2418
1.18
1618
3. 00
3 06
1,95
1,98
1405
1408
2448
2408
1,69
1:69
1009

1

3,08
3. 06
3.00
1499
1,98
1408
llos
Jel1
3.0
2406%
2408
2411
2411
§a08
1469
tetu
o9
o9
3,008
.08
1495
1495
1498
1.39
1.2%
1408

2,08
2,03
3,00
3ot
1.6%
1,85
155
1495
‘.05
1.87
1,87
1.87
1278
1.78
1.78
2etS
2,08
1409
1e09
1.00

3.0
[
S.6

106
L PX1

13,0
13.8

19,8

S-:

.0
8.3

278
284
o209

o781
321
AT}
LYY
AL ]
o733
25090
sd30
ey
c‘O’
}!ﬂi
22646
o1 %s
o753y
Wl33
+ 727
WlSS
02080
0079

$ 932
870
WA8S
«9aY
.830
884
04
0866
o704
AL
+ 769
<829
83
Bay
0705
«808%
OLL]
+b0Y
737
569
79y
685
Xryl
69y
o300
388

0 %04
0989
Y]
%00
096t
99,
099y
Yl F}
0939
1589
a1
LYY
1Ty
2959
oPon
0922
o713
934
+ 98
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BREAKWATER 11

«278 ,023 ,0023

284

0031

20006

205 2033 ,0037

BREAKNATER {2

2« 7514
o718
5069
864
712
o132
309
0430
0493
2307
o 34)
260
170
783
0833
o727
045%
280
7Y

W 007
007
0007
2016
016
0SS
»059
w007
v007
20406
0106
+ 056
2056
2007
v007
W06
0106
2016
«0%9

20001
0002
0012
+ 0006
0024
«0028
00106
20011
0027
«0010
00048
0008
«00068
« 0001
00009
«0003
00013
G038
«0032

BREAKWATER 13

0932
870
«8A%
o 96Y
«859
884
0898
«806
e 704
915
o769
N.rL)
8%
o844
o708
809
o884
2607
737
0569
791
2655
slud
9?7
« 300
0358

007
'007
«007?
00306
w016
0056
e 0506
o004
e 004
007
0007
2010
2010
0016
20106
4035
0598
0055
2004
004
0009
0009
1009
o023
2023
o032

20008
«CC0S
«001458
00009
20030
«001S
«0059
o002
«0010
+ 0007
«0027
«0010
«0027
0010
¢ 0048
0012
20026
«0098
«0002
20909
«000%
«00143
0053
«0030
J007S
«004Y

BREAKWATER 14

o960
.’B’
« Q40
«900
L
974
991
892
939
N.LL
21
o860
113}
0950
+B20
W 92¢
V713
934
98]
..h'

0186
o016
«007
0007
0016
«016
e016
010
1056
030
o040
010
010
010
o010
oC?
007
1010
«05&
010

0007
0021

0001
+ 0010
«000%
0012
0025
200SY
TLA Y
o000Q4
«J010
+00Wu
adT
LLER!
0337
807
suf20
LT
20010
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7809221203, 35+ 1408 ta,u 8ju 18 4013 ,00%84 TAGSIT1e3u, 35, 1469 §,1 470V ,703 ,01e L0005 N
Y808371043, 3%¢ 1,09 2,3 o624 020 L0156 L0418 7868171052, 35 1449 8,9 098 L4098 016 LCNES H
7805171150, 35¢ 1409 11,8 ,038 4039 010 L0083 TRCSIT120%: 5S¢ 1409 16,5 (360 o3ap L0186 L0078
0051712160 390 1440 23,2 .30 4308 4010 0107 7046171287, 30, 3,89 §,0 ,553 4553 ,002 ,000)
70091Y124%,. 300 3,09 3.0 .ue8 0868 ,002 ,0002 7005171253, 304 3,89 0.5 401 Cuny 002 ,0006
708171305, 300 3.99 10,3 <417 oa1Y 4002 ,0007 7805171%11, 30, 3489 14,8 ,373 ,373 002 0010
Y008120437, 30, 2,87 1,8 o031 onle L0064 0002 7805180064, 30, 2487 3,5 ,531 oS53 ,008 ,0008
7008180099, 300 2,87 7.2 cu%u 2488 L0048 L0000 780818100ue 30, 2,87 10,2 (405 o405 ,008 ,0013
90081n32a1, 30 B,8Y 14,7 Jaqy 483 L0008 ,0018 780851812520 30 287 2143 ,40Y 4403 004 ,0020

8 7 L"‘A~ ) [T )
ERox coy o - . e




SINE BLADE MOTTION
10 D{CM) T(S) wtem) xt kR D/GT2 n/GT2 b D(CHM) T(8) W(CM) KT MR D/GT2 m/GT2

AREAKWATER 14

7809171321, 300 Rel? 240 o060 0000 o007 ,0000 78051713304 304 2417 841 4536.,5%6 007 40099
’.05‘71,‘!. 30, 2.17 Os] olUBU o8US 007 L0018 7080853 71%u7e 30, 2417 14,9 L4349 Lu%4 L,0UT L0032
3 809171559, 300 B,17 10,1 Lut1 o811 4007 L0041 7805180832, 30, 1,53 o7 4636 46306 013 (0003
78:51%9002, 30, 1.5 4,5 ,%02 .32 ,013 ,0020 7805180016, 304 31453 12,4 ,330 o3%0 ,013 L0084
TR:8,8:920, 37, 1,93 18,2 +264 2254 4013 L0079 7805180028, 30, 1,53 24,1 213 ,213 ,013 ,0105
PEIEANTIIY, iy 13N 13 oU08 GO0 (036 L0007 780518061,y 30¢ 1438 247 (377 (377 016 (0014
PR Stanv . 30, 1,34 5,0 20 (292 ,016 ,0032 7806380759, 30, 1,38 8,3 ,298 (298 ,016 ,004&
PR5180837, 30 1438 1047 o208 288 ,0106 ,0057 7805180815, 304 1438 15,0 ,26) 4261 ,0l6 ,0080
958180023, 3. 143A 18,6 <228 0228 L0106 L0100 7805190950, 25¢ 3070 1,1 LUBT ,4A7 ,002 ,0001
V2,8105056, 2S¢ 3470 244 ¢4BA @30 002 40002 71805190946, 25, 3,70 3.1 (387 (387 ,002 ,0002
TRI519:A11, 25 3070 12,7 4248 4245 4,002 0009 78651910210 25s 3,70 18,6 (267 4267 ,002 ,0014
TEISIAIRIS, 250 2402 {42 +58S o585 4004 L0002 78051883230 250 2¢62 2,7 LUBT JuRY ,N04 ,0704
PR SR8, 2% 2,02 Seb o391 4371 ,004 L0008 780518130, 25 2462 8,0 V24 4324 ,N04 ,0n12
TASEIMIN40, 294 2402 1146 4282 o202 L0064 L0017 7805181157, 25 2,62 16,7 ,283 4283 ,004 ,00n2S
T8 819 747, 2S. 1,40 2,6 o288 4288 013 L0014 7805190801, 256 1440 5,3 4211 2211 (013 L0028
i VE3510°800, 250 1400 948 o171 «171 4013 40051 7805190818, 2% 1,40 18,1 (140 41060 4013 (Qu9d .
6810826, 250 1438 o200 4016 ,0028 7806390834s 250 1426 9.9 150 4150 (N16 0004
7828107048, 25, 1,26 0387 L0106 ,008¢ TAOGIGOASY, 25s 1426 17,5 L1040 (140 L0l L0112

7835197950, 2% 1,20 0118 ,016 L0131 7809191226, 20, 3,51 ol G717 G717 ,002 L0000 ﬂ
¥235101234, 20, 3,51 s0%8 002 ,0001 7805191251, 20, 3,51 1.0 4612 4612 ,002 ,000!
ya:5101351, 20, 3,981 +SE® 002 ,0001 7805191311, 20, 3,51 3,0 L6444 Leuu ,002 ,0002 *

o320 4002 L0005 7805393331, 20 3451 1345 4225 4225 ,002 L0011
2187 4002 L0017 7805220820, 20, 2,34 49 JRUS ,BuS ,004 ,0002
0662 4004 L0003 7805220R03, 204 2434 3,0 L0472 ,4T72 ,00¢ ,0007
7825191405, 200 2434 317 4004 L0043 78052207560 200 2436  Tol o316 ,3te 008 L0013
| Y83822:Ta6, 20s 2,34 0257 2004 L0018 78051913500 20, 2034 1345 o209 ,209 006 ,002%
3 7808220736, 200 2,34 18,3 4240 0210 4004 L0027 7805191300, 20, 2,34 2047 4109 (169 ,004 ,0039

PR0822172Y, 200 2430 19,9 (188 o1R0 004 L0037 780522029, 20, 1,77 1.2 (605 ,005 ,007 ,0006

7205220838, 209 1477 2.8 s6a¥ suuY 007 40008 7805220R4be 20s 1477 Se.u 4293 ,293 ,007 ,0018
: V805270885, 200 1477 8,1 229 0229 4007 L0026 78052209000 200 1477 1246 o175 41795 007 L0040
] Y805225912, 200 1477 18,1 4138 4138 (007 ,00%9

RREAKWATER 17

74085391322, 204 3,91
7835191340, 20y 3.5
74.822°812, 20¢ 2434

i TBOYOYCAZU, SO0 0,99 2,4 L7B0 oV80 ,001 ,0000 7807070844, 504 6,99 8,3 ,692 ,092 ,001 ,000!
3 7807070A54, S0e ©.99 B,8 884 «580 o001 L0002 7807070004, 506 6499 B8,% (559 (559 ,001 L0002
7607676937, 50s 6,99 1046 oS8T 4487 4001 0003 7808010935, S50, 6,34 sl (934 4934 ,00) L0000
7808151017, 500 6430 145 4783 »702 4001 40000 7608151028, S0, 634 2.8 ,67! L0671 001 L0001
78083151083, 50¢ 0,34 3.9 ,089 049 ,001 000} 7808010206 $0s 6434 1 L0682 ,082 ,001 ,0001
Y3.8181149, 5% 6,34 8,9 4529 529 4001 ,0002 7808010155, 50, 8.34 9,1 561 561 ,001 (0002
78 81%1A57, S0, 6,34 1U0¢B o438 40835 ,001 L0004 750.0|°’“5! SOy 6434 14,9 ,USB ,458 003 ,0004
TEIT0Y 923, 509 Se17T 140 #7090 o709 ,002 L0000 7807070814, 504 S37 2.0 ,670 L0670 ,N02 ,000!
752707 :304, 500 Se}T7 840 +508 0390 ,002 ,0002 7807070755, S50, So17 5.9 ,56¢Y 4503 ,002 ,0002
739707 Tue, 506 S,17 8,8 JU0{ 4871 ,002 ,0003 78G6A1S51138: S0s 4eSU 243 4540 o566 002 ,0001
PA0BIR1127, 500 4250 Tef #42Y 5a27 4002 0004 TAOA1SE119s 50, GeSU 10,5 ¢377 4377 002 L0005
7408181112, 50 4454 15,7 o330 o330 ,002 ,0008 T80R1ISI108s 50, 4,54 23,3 296 206 ,002 ,0012
TA5707:954, 500 3470 248 4568 #5065 40006 L0002 TBOT0TIN0Se SNg 3470 So7 ,S01 o501 ,004 L0004
7317071950, 906 3,70 1140 2419 019 ,004 ,0008 7807070047, 50, 3,70 14,8 387 SRy 004 011
74027071740, 500 2,50 146 o786% o785 4,007 L0002 7807071031, S0, 2,R0 3,4 (689 689 ,007 0004
- TRI807-709, S0e 1,87 2,3 ¢508 +518 4015 ,0007 TAOR020719, %0¢ 1487 4,7 (40T (ua? ,01% 0034
73989727727, 504 1,27 6,7 4433 4438 ,015 L0020 TO0R020735, SNy 1,87 9,7 L6409 ,ung ,01S L0028
740818451, 504 1,87 14,0 o339 o339 ,015 ,0041 TBORISIIUS, S0, 1,87 18,8 ,311 o311 ,01% L0098
TA0ALIS1139, 50, 1,BY 20,0 <268 «259 ,015 L0077 TOOTOTE129, S0 1478 8,0 LU72 472 ,018 L0319
TAIT0T1122, 500 1478 12,7 o370 o370 J0)6 0008 TROTQTIOGT, 50, J478 23,2 4294 (294 L0186 L0N7S
7227071144, 500 1490 €48 +437 0317 ,028 ,003) T80T0T11380 S04 1450 1147 352 (352 ,N2% L008)
T30T0s180M, 4%, 0,90 208 oV60 o760 o001 L0001 TROTOSIuSR, 4WSe 6,90 5,8 0880 J6h0 (001 L0001
7907055409, wSs 6,90 8.5 586 ¢3%0 ,001 L0002 7807050661 4Se 6490 13,7 4475 4u?% 0091 40003
VA2T0S130R, 45, 4,91 2,1 579 o879 ,002 L0001 TRCTOSIRIA, 4S50 G491 341 4553 4553 ,002 ,0001

YA T0R1320, 4Ss 49 4,7 519 519 ,002 ,0002 TROT0S1334s 4Se Ga®) 6,9 LuT1 L47) 002 ,0003
7307051342, 4S¢ 4o91 10,3 4026 s826 4002 0004 7807051350, 45, Ge%1 1541 438U ,3RG L0072 LG006 .
7207021358, 45, 3,51 1.0 o589 40”9 ,00¢ L0001 7807051408 454 3451 2.9 024 4,024 ,004 40702
700701810, 450 3,51 6.0 «834 #3134 40004 ,0005 7806705 u2us USe 3451 1244 L4d3 Luu3 4000 40010
9407021832, 930 3,51 18,2 o384 ¢358 4004 L0015 7807051618, 450 2465 142 4734 4734 4007 L0007
V907051821, 69 2,05 247 o080 o064 4007 L0004 TBOT0S152R 4S5, 2465 6,2 (553 (583 007 L0009
79070¢:836, 4Se 2,65 13,4 2020 0028 L007 L0020 780705154%, 45, 2,65 38,5 381 (3R1 007 0027 *
7807051008, USe 1488 2,8 4S50y oSud 4013 L0008 TB0T0518010 48, 148R 5,4 492 492 ,013 ,0018
1807651855, uS, {,%8 1000 lﬂo’ w407 4013 003t T8OT0R15u9, 6S, 1.8A 21,0 317 317 (013 LGNel
TROTG1614e 450 1409 48 +552 0552 4016 L0002 78070516200 454 1469 1.3 4551 (58] ,01e ,0N0%

Th07c51626, 523 2573 L0168 L0040 78070516320 454 1469 0,2 4453 Lu83 010 L0027
7807571430, 830 o816 4001 L0000 7807071u37e 35, 6,09 3,3 ,728 728 ,001 L0001
1807071804, oSAY 43R 008 L0002 78070714936 356 6009 1041 523 523 001 40008
7807671218, W8T1 o873 4002 ,0002 78070712264 35s o33 8,7 4370 4370 ,002 40005
Y80%071244, #3488 (348 002 ,0008 TEOTOTISIS, 35s 3010 1e2 707 ,707 008 L0001
78070%1328, e706 0700 000 (0006 7807071300+ 35¢ 3410 5.0 o596 89 ,004 40006
7'07071252- 501 501 4004 L0009 7807071322, 35e 2434 1.% 4837 L0837 ,007 L0003
7807C71330, +557 #557 4,007 ,0008 7807071338, 35, 2034 9,5 ,a80 ,u60 ,007 (0018 )

7807071347, 0300 #3890 4007 L0027 7007071019, 35 1489 §44 o003 ,003 ,016 L0000 :
780% 71841, 523 829 (016 L0013 78070754080 350 1009 0, 425 428 ,016 L0029 3
7007071355, 350 1449 10,4 o384 o304 4036 (0087 1

88




T T T —y Ty

b )

10

70032811388,
9803281013,
LI TLITEL
803281881,
78032%09%4,
2803270952,
78012%1013,
r803271032,

801101338,
7809191154,
7801191410,
1801240817,
7801240R34,
¥801211%42,
7801211327,
9801211339,
7601211749,
7801211820,

8011810604,
7801191019,
801191041,
7861180945,

Yho2010849,
¥802030912,
7802010935,
402010957,
7802011421,
YAG2011857,
YAG13ycoST,
7801311023,
1%01311046,
y801311109,
780131113%,
78013911846,
Y802020832,
7802020847,
YA020209¢04,

Yr020%1316,
¥802071332,
YA02071%a8,
802040225,
7802080239,
7802081115,
Y&y2281134,
Y8023%1158,

v802221044,
7802221381,
98022243587,
1802231326,
Y8022310%9,
YAu2261A08,
1802271196,
7002271216,
Y8022M81%01,
9802281322,
7802201%42,

7803000930,
78030m0%00,
7855081000,
7A030A102S,

AEEM) T(8) migH) Kt

60,
o0,
00,
50,
78,
78,
75,
7%,

74,
Ta,
T4,
00
60,
60,
69
€0,
4s,
[1 N

80,
8s,
89,
Te.

7%,
75,
7S,
7%,
15,
AT
&n,
&0,
o0,
60,
60,
oh,
4%,
49,
s,

75,
75,
7%.
00
60,
4S,
s,
S,

7’.
7%,
75,
15,
75.
7%,
00,
[ 1
S,
S,
“S,

79¢
7%,
78,
75,

ln.ﬂ
1.02
3.52
’.’a
130
1.96
":‘
2,00

.12
2,01
1.40
2,23
1,93
2,12
2,03
1o80
2,38
130

1.30
1,82
1.80
1002

1,89
119
2004
1,895
1.3¢

telb
L.08

2.3%
1.30

o0
1.82
1e44
1e30
1.53
2.12
1.37
t.30

1.33
3.03
Py 1]
1YL L]
J.20
2,00
.75
1e03
1006
332
3,50

fedo
1,72
2.0t
200

15.8
16.9
"l‘
12.0
15.0
16.9

T8
118

13,3
‘..1
14,0
18,0
18,0
14,8
17,0
18,6
14,0
124

17,4
‘730
15,2
160440

19.1
16,7

9.8

9.5
17.8
15,3
12,5
15.2
1340
12,6
15,3
13,4
12.2
15.8
12.2

13,3
10,2
18,4
18,1
19,3
12.3%
1546
12.6

15,2
16,3
18,3
1640

11,0
15,9
17.2
3.7
18,3
10,3

16,0
17.0
[ 134
11.0

014%
14
Y0
2088
319
32y
0283
0184

51} ]
2008
50
2%
193
0229
233
o18A
o113
o071t

0088
',bz
«786
551

789
Rak
LL)
80
L L]

o777
MS
Y})
804
LIk
0682
' 708
0688
T4

o677
LY}
LIY]
803
¢ 364
¢ 28R
1264
234

2PN
13 1]
«302
1]
388
111
o188
28 1)
g
s1b
14}

Y
8yn
0828
L]

APPENDIX D
TEST RESULTS (IRREGULAR WAVES)

JRREGULAR WAVES
KR D/GT2 M/GT2 @F

BREAKNATER |

o103
oi70
o019
043
319
o347
«253
«356

024
0023
oNOO
00006
$ 048
+031
007
«01®

0063
0006
20010
00011
00089
0068
«0007
0029

BREAKWATER @

2943
0 s
o304
o231
0193
0229
o233
P3Y.1]
o113
W07

017
018
0030
012
026
0034
20195
0029
«008
027

+0030
+ 0040
0072
0031
0065
20033
00062
0072
«0030
«007S

BREAKWATER uw

658
sT60
° 780
3 31

0043
026
LIT4
074

+0093
20052
20075
0164

BREAKKATER §

« 769
oBUS
80}
807
+ 898
.azl
777
819
088}
LI
813
«0%2
o798
088
ho

o022
+ 0S4
o013
036
o043
.oez
2009
029
0045
0009
025
W 04s
2010
0008
0027

0040
0120
0017
<004y
L0101
o004
0018
«006%
$0102
0018
<0088
40102
20028
+ 0029
L0074

BREJKWATER o

77
0043
840
olnl3
+ 364
208
02h8
o2%0

092

0023

'o!'
«030
o026
0010
024
027

0164
«0080
00072
20091
«008?
0028
I11]
«0076

BREAKWATER ¢

00208
o431
396
393
359
o823
o191
3R 1)
0081
alh?
o107

0051
03¢
037
00306
0007
o019
008
023
o017
2008
+004

«00%0
0040
«00%0
0078
0007
0020
«0021
0006
0080
0013
«0013

AREANKRATER 10

800
010
928
2878

0083
020
«0})
201¢

N LAJ]
«0089
0040
0020

3,82
a,01
3,18
2.84
2.78
a.37
3,2¢
2,88

S.i1
4,56
7.5¢
4,98
‘lez
5,15
4,37
7,642
3,62
6.53

Q4,49
8,64
9,85
5,35

?.l!
2.2
2454
2,73
8,70
2,23
2415
.07
1,59
2,19
3,75
1463
4,77
3.53
6,51

S.he
8,69
6.31
5.38
bl 02
4,54
6,8%
6,61

.40
8e40
Y%
0,02
4,93
1.50
2.09
3.7
8,00
2.9¢
3,03

2418
4,15
3,47
1,79

89

10 D(Cm) T(8) m(Cw)

Y8032m1403,
7803281422,
78032m144uY,
7803221500,
7803270943,
7803271004,
7803271022,
780327104818,

7801101346,
7801101404,
78012u0h08,
7801240825,
7801240843,
7803211320,
78012111224
7801241735,
Y80921175S,
7801211830,

78011931000,
7801191026,
7801180938,

Y802010901,
7802010924,
7802010947,
7802011010,
78020110634,
7802011107,
7801311011,
7801311034,
78041311054,
801311119,
801311142,
7802020832,
7802020840,
7802020857,
78020209%2,

7802071324,
7802071339,
802000216,
7802060232,
1802060200,
7802081125,
1802081144,

7802221333,
7802221349,
7802231016,
7802233039,
Y80224a098%,
7802241013,
7802271205,
780p2m0174%,
v802281%10,
78022m3332,

7803060939,
YR030609%7,
y80s0a1n16,
LALALTILE L T

00,
60,
60,
60,
5,
75,
5.
7S,

T4,
T4,
60,
60,
60,
60,
60,
S,
S,
us,

es,
85,
76,

75,
s,
75,
15
75,
7S¢
60,
60,
80,
60,
60,
s,
S,
s,
S,

1%,
s,
60,
60,
60,
s,
us,

15,
s,
s,
vs,
e,
15,
60,
“Se
S,
s,

13,
5,
5,
78,

[¥11)
3,08
2405
z.oz
1405
3032
1433
1430

.07
183
2.12
1.38
Jobid
2.23
138
2.12
153
1,70

1.53
1094
1.30

"l’
2460
1448
158
1426
188
1.28
1.97
2.80
126
1.97
2412
2.3
1.53

91

.30
133
1,062
2,03
1.30
223
‘.“

1030
193
138
1e03
133
led8
1elb
1e00
312
2408

1008
2400
1e3%
134

17.2

8.2
12,8
15.9%
16,7
111
12,9
13.3

16,8
9,¢
9,6

17,7

173

15,3

15,8

1740

13,1

16,0

1741

1243

14,4

14,8
8,0

1641
17,8
10,0
18,3
15,0
16,2
14,8

15,9
‘6.‘
15,8
17,3
1203
13,3
16,0
19,0

10,2
10,3
12.%
15.0

av

0151
0038
«008
0160
2358
303
2%
o30S

o488
.088
o226
237
2187
s 22A
209
i3
088
ol0®

4]
o768
'sl.

NI
803
» 825
» 885
922
A28
o792
814
o713
Al
810
o842
o738
1682
708

sbUd
0 934
«380
o808
342
278
o223

2008
«801
o364
o372
o301
1184
o120
2100
217
098

8y
»5%2
«80%
058

xR D/GT2 n/GT2 QF

o191
0039
008
o160
«39%
2303
291
+«30%

uf8
ube
1220
237
o187
»228
209
o113
0084
109

« 755
708
«518

YT
o843
oh23
+ 885
922
820
792
«814
o713
791
o810
842
o735
002
708

of 8

4
- lao
0409S
«302
270
223

« 0048
2804
« 304
2372
o301
ut?
oi20
«1068
217
+098

N1
«592
cutsS
st

029
2000
2019
« 015
LR
o007
004l
el

. 1
2032
014
082
0030
0012
o032
0010
0020
010

0037
023
L

054
« 013
030
04}l
00ub
022
039
010
«008
«039
00106
«010
0009
020
+055

o0uS
0033
023
019
2036
«009
020

o003

1008
o011

«030
« 011
04
Y.}

g s

00082
00009
00031
NLELS
o008
20010
0?2
«0nTO

01069
' 0008
I LEL]
0093
«0072
s0Nn30
00083
0027
«006S
00044

0073
0041
20098

00121
«0017
0047
0101
0111
100404
00102
«00aS
0017
s010%
2 004S
00028
«001Y0
s 004S
« 0089

0097
0070
00054
40045
0009}
«0013
20063

« 0090
122
20090
20000
20071
«0070
00079
+0076
00009
00039

079
«001S
+0072
W 0070

5.5
3,97
’C,'
3,458
5,82
’l'a
2409
1e70

8,39
6,08
Set4
'P%-1
T.20
0,82
.22
.00
8,30
9,99

6,30
6,02
Se24

2.18
z.so
2,03
6,31
8.9
2.24
2.70
2.78
1.91
2469
2478
4,90
4,59
S.71
2.58

§.23
5,29
5,62
6,87
8,03
K00
%5405

8,9
S.%
!.“
3.52
280
148%
."’
2410
2.%
ILE

625
a,0¢
237
1400




IRREGULAR WAVES
10 0(CM) T(B) WICM) k¥ KR B/GT2 H/GT2 QP 10 D(CM) T(9) m(CM) KT KR L.GT2 W/GY2 QP

AREARWATER 10

7803031003, 604 1,95 2.1 o381 o381 (016 ,0006 9,99  TYB0YON10S1, 60, 150 14s0 0229 4,229 026 ,0063 2,56
TRGIO31108, 000 1451 1642 o101 191 4027 L0072 4,44 VBOIOTI11N, 60, 1460 16,9 4215 4215 4023 ,006¢ 3,64
7803031120, 60, 3,12 7.4 o308 o30S 2000 L0000 3,2¢ V803031129, 60, 3,32 11,2 <268 ,268 L0086 ,0010 3,50
9803031139, 00¢ 1a14 1242 o190 o190 (047 L0096 2,35 "Y8J30%11d8, 60, 3e66 1143 ¢232 ,232 4009 40009 2,12
7803031158, b0¢ 3424 10,0 +R86 o280 L0006 L0018 2,69 7803020021, 45, 2421 1544 <090 ,090 ,009 ,0032 2,38
7003021088, 4Se 1036 19,8 4062 062 ,025 L0087 4,61  YB03021422, 4S, 1467 1641 2082 ,082 (016 40059 4,17
7203021431« 450 De12 0.7 ¢21% 0213 <005 40007 2,61 78030210404 45, 3428 109 o155 4155 004 40010 4,03
7803021850, 450 321 12.9 <008 o098 L0097 L0028 2,50 V803021459, US. 3446 1243 4126 (126 008 (0010 2,64

BREAMWATER 313

7008211247, 00, 1,98 17,8 (Ypa 4728 016 ,0048 2,50 7804211256, 60, 1.52 1942 «77% 773 ,026 ,0085 3,98
TR0821130% 60¢ $48% 2040 o758 #7595 4018 L0001 3,46 7806211315, 60, 2,86 T.8 ,Te7 ,Te7 008 ,0010 3,23
7808211338, 600 3,82 10,0 o743 o719 4018 L0043 2,70 Y80a25i383s 60, G020 16,2 1008 008 (003 ,0009 1,7
3 7008211353, 604 4,38 20.0 o606 o406 003 L0011 1,83

BREANWATER 14

Thos260816, 3S, 3,50 13,0 301 4301 ,008 ,0036 2,49 7806260829, 35, 155 16,0 2061 ,261 .01! 0071 ‘.”'
TROU2A0852, 350 2484 6.8 o387 4387 ,004 L0009 S,6Y  TB0u260904, 35, 2,78 9,9 352 ,352 009 0013 4,66
78082609164 350 Ru10 12,5 2246 «260 4008 ,0029 2,33 78042609286 35, 0420 14,0 (330 (330 (002 0008 {,8
7804260040, 35, 4,00 18,0 207 297 ,002 ,0012 2,03

BREAKWATER 318

7805010509, S0s 1,23 10,3 4590 990 4034 L0110 2,00 TAOK010A3N, S0, 1048 17,2 4652 652 024 L0083 3,03
7805010M4le 50s 1437 17,8 (65T 0653 ,021 (0074 3,24 78050812284 35, §45S 1743 2370 2370 4019 40078 3,72
7805031337, 35. 1,63 18,2 340 4340 4083 ,0070 3,25 8050317870 35, 2481 0.4 o530 o510 (005 L0008 3,0p
78050312%6¢ 350 2,61 9.Y (474 «876 005 0015 4,19  7A0SO31V06, 35, 2,08 12.3 o383 ,383 ,008 ,0029 2,10
7805031318, 3% 8,49 12,5 (303 ¢362 002 (0008 1,37 TRORO31326, 35, 4o78 17,3 o361 ,361 002 0008 1,99
7805081334s 35¢ 3410 16,3 <358 359 ,008 ,0038 2,29 V805081115, 20, 2+29 14,8 160 169 ,000 ,0028 2,28
78050A11260 200 1440 16063 2184 o356 2010 40085 4,17  Y80S0A;13d, 20, 1485 16,3 o157 157 007 0081 3,89
YN0S0A1 143, 20s 3412 647 4280 +2%0 4002 L0007 2,86  YAOSOA1153, 20, 3426 10,4 42Uh o240 ,002 L0010 2,9
YB0SOR1200, 200 2429.12,3 4182 «182 4008 40024 2,32  TB0SORI215, 204 3456 1147 4196 4196 002 40009 1,09

BREAKWATER 1%w

7800200947, 35, 2,10 15,2 ,370 4374 ,008 ,0035 2,42 T80u2m1003, 35, 1,88 ¢

0 [ o347 347 017 L0078 3,74
1800281010, 3S¢ 1498 1742 ¢329 o323 40140 L0070 3,13 7804281024, 35, 2,84 &
1
[

o1

3 4088 ,a88 ,004 ,0008 S,29
o7 o356 L350 L0008 ,0027 2.2%
% o323 4323 002 L0011 2,08

7804281053, 3%¢ 2e78 9,5 ,280 o44¢ 4005 L0013 4,29  TA002R}083. 35, 2410 t
780U281053, 3%, 8,20 1341 o383 33 ,002 (0008 1,92 78002811044 38, Ga00 1

BREAKWATER {6

TR06300R28, 45, 2,03 16,2 501 «501 ,011 ,0060 2,64  7806300M38, 45, 2,03 16,5 ,500 o500 011 004l 2,40

7806300847, 450 1.5% 1743 o517 o517 4019 L0073 Gelo  TBUA300857, 45, 1455 1747 o515 4515 019 (0075 3,93

7R06300906, 4Se 1455 1743 o851 o511 4019 L0073 4,05 7806300917, 43, 158 18,4 449 ,a% 018 L0075 3,20

7804300927, 4Ss 1,58 18,4 4096 098 (038 L0075 3,26  T8063009364 S, 140U 18,0 o505 505 (017 L0071 3,29

7806300048, 48 3,05 6e3 o866 655 4005 40007 3,62 V806301001. 45, 3408 6,3 4651 651 4005 40007 3,71

7806501010, 4Se 3409 6.3 068a +058 ,00% 0007 3,72 78003010200 45, 2,72 9,0 ,58¢ ,589 000 ,0016 3,54

7806301029% 45. 2,75 9,8 (509 o399 ,006 ,0013 3,5 7806301038, 4S5, 2,75 9,8 618 L0614 006 40013 3,73

7806351088, USe 1483 1249 o504 o304 o022 40068 2,34  TB0630105%, 45, 183 13,2 1686 386 (022 0006 2,20
. 7806301120, 4S¢ 4427 12,8 +69% L4097 ,005 ,0007 1,36  YB0A301130, 45, 1,72 17.9 Uss ,466 D16 L0062 4,7}
: TA0K3n1140, 4%, 4,27 13.0 4824 «524 4003 L0007 §,33  TAUA3IOLII52s 45, Ge20 1342 o476 (uTe (003 (0008 {35
TRGASN1IIN2, 45, 3,8A 18,1 ,%00 o300 4003 ,0032 2,63  TAGASN1I211, 4S, 3.88 18,0 (u91 ,091 003 L0012 2,83
V800301221, 4Se 6,00 18,7 008 498 003 ,0012 2,49  TBUA26124M, 80, 275 15,4 4019 ,019 005 (0021 2,90
7806261300, 40s 2075 1543 ¢606 eU00 4005 20021 2,35  TB0s261310, 40, 2,75 15,0 4U1a L0614 005 (0N2Y 2,28
78062613210 600 J,40 1603 o309 o399 019 L0076 6,12  T00A261330, 40, {,80 16,5 (193 ,393 ,021 L0086 3,93
7806241339, 40, 1,40 10.4 «303 4393 021 L0088 3,99 PBOAPAT1349, M0, 1458 17,0 (16 (uld 0186 40072 3,18
T28062%0809, 40s 1490 17,9 (00Y 1807 016 L0073 3,20 T806270R27, 40, 2,88 6,2 (578 578 ,005 0008 1,98
7806270845, 40, 2,88 6e2 +88%¢ o383 ,005 ,0008 3,92 806270854, 40, 2.88 6,3 +S8Y ,587 ,005 ,00n8 3,9¢
7806270904, 400 3418 9,8 519 o319 o000 ,0010 S,53  TBOK2Y001Y, G0, 2,75 9,5 (512 512 (005 (0013 4,10
78062%0022, 40, 2,78 9,5 (K14 510 4005 ,0083 6,10 TR0e2Tn931, 80, 1414 12,9 (38R ,388 031 ,0101 2,38
7806295900, 404 1,34 12,8 4301 o391 4031 0101 2,36  Y80427n989, 80, 1,14 12,8 38R ,388 081 (0101 2,37
7206270059, 40 8,20 1Ue) o439 o439 ,002 ,0008 1,78  TAUA2YI007s 40, 4a20 10,3 ,U28 428 ,002 (0008 1,79
TEOM27|AL6, 400 4,13 18,2 L88% 4403 ,002 ,0008 |,97  T80p271026, 40, G400 17,9 4400 (400 003 40011 2,13
780027183%, 40, ‘000‘|7|° o38A 388 ,003 L0011 2,12 V806271083, U0, G400 17,9 4390 ,390 ,003 (0011 2,14
7800271144, 40, 2,79 «020 L0055 L0019 2,13 78052711590, w0, 2,79 18,9 ,812 ,012 ,00% 0020 2,09
780m27) 188, 80, 2,18 s81d 4005 ,0020 2,09 7806271208, A0, 1448 15,6 4408 Lu05 021 (0081 3,60
78052712564 640, J,40 @00 4021 L0061 3,60  TR0A271725, @0, 1440 15,5 ¢401 o401 021 ,0081 3,73
TROP 271288, 40, §.98 s812 L0186 ,0007 2,97 TO0A271205, 00, 1458 16,5 400t L4001 4016 400067 2,9}
780e2713%0, 40, 1,58 sli] 4016 ,0009 3,2y 7806271304, 40, 2469 10,3 (500 ,500 L0006 ,0nr20 4,39
80n2%1113, 4o, 2,84 0807 4005 L0011 K,11  TAOA271322, 60, 2.75 8.3 4587 .54 005 0011 a,14
780627332, 40, 2,32 0607 4006 ,0000 4,39 TRue271381, G0, 2472 5.0 4608 ,008 000 ,0n08 4,30
7800271449, 40, 2,12 0003 4008 ,0008 8,31  Y80627135% G0, 1463 §3,8 o010 610 020 0057 2,23
7006280037, 40o 3o20- o387 L0208 L0082 2,31  Y8002800uB8, 0, 1418 11,7 L3687 387 031 40092 2,22
9806280418, a0, 3,99 o831 4003 40010 1,27  TAUA28012%, @0, 3,451 1149 o831 L8310 L0038 L0010 1,27
7800200132, 80, 3.9 0d30 4003 L0010 §,27  TBOA2A0162s G0, @27 15,7 L4870 LaTd 002 (0009 §,680
TR062R020S, 800 8,20 o830 4002 ,0009 (,%  V80s2R0213, 60, #4277 15,9 (830 430 002 (0009 1,82
7800240805 3%¢ 4,20 12.8 o3 3 o372 4,002 L0007 1,92 TAON260M15s 38, 0420 12,4 371 L371 002 40007 1,%
7806200029, 38, 4,20 1243 149 o349 (002 L0007 1,97 806260833, 39, 4400 6.l 308 ,308 ,002 ,0010 2,04
780A260842, 3%. 8,00 1040 o306 0300 4002 40010 2,00 T8Un200A%T s 35, .00 16,2 4318 (318 ,002 L0010 2,00

TS G L bao i 1CABLE 90

PRI
S ioleas TU LG

ol Coo b Lo

irl




IRREGULAR waVES
10 DICM) T(S8) wegH) xY KB D/GT2 W/GTR2 QP 10 DCC™) T(8) m(C™) wY KR D/GtR M/GT2 OGP

BREAKwWATER 1o

7800240900, 35 2400 1741 o313 o313 4008 0040 2,31 7806200910, 35, 150 17,3 o302 4302 4019 40074 2,20
PR00200018, 35. 2,10 17,3 ¢392 312 5000 L0060 2,32 V806260928, 38, 1,55 17,9 ,298 ,29% ,019 0076 4,08
7000260937, 350 1455 1749 203 2% 015 40076 4,02 78082609406, 35, 153 17,9 (297 297 (015 L00Te 3.9
T8:0201004, 3% 1,908 19,2 4202 292 ,01¢ L0078 Y.206 Y800261013, 35, 1498 19,2 ,288 288 ,014 0078 3,19
PRC0241023, 35. 2,88 Y, (u¥9 4aYY L0004 L0009 4,95  T805261032, 3S. 2484 T,1 oG8 478 (004 L0009 4,8
7806201940, 38, 3,84 V.2 (u¥y Ju¥0 4004 L0009 4,79 7806261050, 35, 2,04 10,2 40T 40T 004 ,001) 2,97
T00A209959, 35, 2,84 10,2 L0067 4407 ,008 ,0033 2,98 T80n261108, 35, 2,84 10,2 409 (409 (000 L0013 3,03
7826201118, 35, 1,39 1346 o319 o319 4023 0089 2,30  Y8Ge2A1126, 35, 1.25 13,5 o333 ,333 ,02) ,0088 2,20
72002011350 3%s 1473 13,5 o328 «320 (012 40040 2,50 V806261187, 38, 4420 13,9 (386 (384 002 0008 1,68
78362011564 350 8,00 tUe o368 o360 (002 0008 1,69  Y806261206, 35, 420 13,8 4380 384 ,002 ,0008 1,48
TR00150912, 35, 2410 1541 o261 o261 <008 ,003% 2,41  TB061S0924, 35, 2410 15,1 4276 4270 ,008 ,0035 2,02 i
18,2
1646
17.4
' l“
o2
ol
'l

A e i Bien ke ok

805181010, 3% 2,10 19,3 <260 o243 ,008 ,0035 2,37  TB061%1024, 35, 2.10 026t 261 L008 L0035 2,60
78061511320 350 1435 10,5 o238 ¢2%% 4015 L0070 3,78  TRUe1S1155, 35, 1455 2235 4235 4015 40071 3,78
78061%12164 350 1499 18.5 4229 229 ,015 ,0070 3,83 V806181227, 35, .58 242 4242 016 4007y 3,10
Y80631%) 238, 35, 1,59 17,3 ,280 <208 L0010 L0071 3,12 TAOM1851324, 35, 1,58 e242 4202 4,014 L0071 3,10 ;
7026151385, 35 2,80 6,2 +18S <3RS L0006 L0008 4,d? 7806151355, 35, 2.8¢ 2380 380 004 (0008 6,63 . 1
7206161437, 35¢ Bo78 9,u o367 o367 4005 40012 4,08  T806230718, 35, 2,78 474 uT4 L00S (0011 Gel?
7806230728, 35, 2,78 8.¢ 4404 874 (005 L0011 4,18 7856230737, 35, 2.7A slT0 L8746 L,00S L0811 4,28 3
900210%a7, 35¢ 2,18 Sou o511 o311 4005 (0007 U,h3  TACH2YOTSS, 35, 2478 5,5 o510 (510 ,005 (0007 4,51
TAGH2TOANU, 5S¢ RoTA  S,u o510 o318 4009 40007 4,01 7806230816, 35, 1433 10,0 ¢336 ,3%6 ,020 ,0081 2,15
V836230822, 3% 1433 1000 o326 +320 4020 000§ 2,15  Y806230851, 35, 1425 10,6 ¢331 4331 4023 40069 2,15
7890230903, 35¢ 4,57 108 (384 o386 2002 40005 1,32  TH0a230932, 35, Ge27 14,6 (358 358 ,002 (0n08 1,5¢ 3
7800230041, 3%, 4,27 18,6 #3836 <356 (002 L0008 (,52 7806230949, 35, 4e27 14,6 o300 2360 002 40008 1,51
TRu6230989, 39s 2410 1541 4380 +326 2008 40035 2,26 780231008, 35, 2410 15,1 ¢335 4335 ,008 L0035 2,38
78306231417, 350 2410 1S4y +334 4330 4008 ,008% 2,38 T8UL231N26, 35, 1455 16,1 4292 4292 ,015 10068 3,87
V936231835, 35¢ 1495 1645 o201 o298 «015 LGOI 3,77 V806231083, 35, 1,55 16,4 0289 ,289 ,015 ,0070 3,80 1
TR 6231056, 35e 1458 174 20 4291 4018 L0070 3,07 7806231110, 35, 158 17,2 4293 2953 ,014 ,0070 3,09 .
V820231119 3% 1458 17,2 4208 4,295 4014 L0070 3,08 780n2%31132, 35, 2,80 0,1 4470 (uT0 004 L0008 u,60
7036211141, 35 2,80 04y 44N 2868 L0060 L0008 4,81 T80o231190, 35, 2,88 6,1 469 4467 008 0008 4,72
1805831199 350 247TR 0,3 488 055 4005 40012 @18  TB0s231208, 35, 2,78 9,3 LU59 (459 ,003 40012 4,37
700025217, 35, 2,78 9,3 ,Ugp 886 ,005 0012 4,56 V606231226, 35, 2478 9,3 .4SY (433 ,005 (0012 &ste
780023124%¢ 35s 2,78 9,3 438G «4%4 005 ,0012 4,17 7806231255, 35, 1458 17,2 4298 298 ,01¢ ,0070 3,08
; 9850231303, 350 1490 1Te0 o327 327 4014 (0069 3,10 V806231314, 38, 1458 17,3 4296 296 (014 L0071 3,00 1
4 800231357, 350 1425 1109 o308 0303 0023 <0078 2,19  P8ya231347, 35S, 2,10 11,8 o319 319 ,008 ,0027 2.20 ]
1 V806231356, 3%¢ 2410 1149 o311 o311 <008 L0028 2,17  Y8Us231408, 35, 4420 12,0 (370 ,370 ,002 ,0007 1,98 .
7806160808, 350 278 9.5 4367 o367 0005 40013 de16  TBORI60815. 35, 2081 9,5 435S o355 005 40012 4,17
7806160038, 35¢ 2,10 12,0 4289 (2%¢ ,008 ,0028 2.20 Y806100Rul, 35, 2,10 12,1 +2%2 ,252 ,008 ,0028 2,18
7806160898, 35¢ 2,10 1249 4200 4249 ,008 ,002R 2,20 7806180909, 85, 4e20 13,0 4297 (297 ,002 ,0008 2,0}
7806180919, 3%, 8,20 12,9 298 298 ,002 0007 2,00 Y80R160928, 35, 4o20 13,0 +29n 290 ,002 ,0008 2,02
TRI6160939, 38, 4,00 1049 +24Y o207 4,002 0011 2,084 TAOAIACOU9, 35, Ge00 18,9 (267 (247 ,002 ,0011 2,06
7805161000, 35, 0,00 1649 4206 o204 2002 4001t 2,00  YAOAI61332, 30, 2015 16,1 4199 197 007 ,00306 2,52
TECM1E1%020 500 $450 1761 o198 o190 40313 u0T4d 2,40 T&06161357: 30, 1e%¢ 17,2 o108 190 ,013 (00708 2,587
TAOA161U02s 300 §.9% 1840 0106 ¢166 0013 (0076 4,25  TBUsIr}UI2, 30, 155 18,0 o106 4160 ,013 40079 u,lt
7R0+1A1u21, 300 195 18,45 eton o3bn (013 (0079 4,17 TOOAIALUN0, 30, 1498 18,8 (178 178 ,012 ,0ATT 3,28
7RG61A1a39, $0s 1.04 1800 o187 o1A3 4011 (0074 3,27  YB0sl1a14a8, 30, 1,58 18,7 (180 180 ,012 (0076 3,22
FRI01909ST, 30, 3,08 V.5 ,397 392 ,003 0008 .60 T80410100A, 30, 3,08 7.1 +393 (393 ,003 ,0008 5,83
IA00)01A17, 300 3,08 Yoy o300 0396 ,003 L0008 8,72 7806191028, 30, 2.80 9,9 337 337 004 (0013 2,%8
7800193037, 30: 3.854 9,9 (334 o330 4004 L0013 2,97 T806191088, 30, 2,84 10,0 +329 4329 ,006 L0013 2,080
7830191056, 800 2,13 12,7 o262 262 2007 ,0029 2,20 7806191108, 30, 2413 13,0 4258 256 ,007 0029 2,30
78061911134 300 Tatl3 1349 ¢260 0260 007 (0029 2,29 7806101123, 30, 4,20 12,8 4300 (300 ,002 (0007 1,37
L 7806101132, 300 4,20 12,8 4297 4297 ,002 ,0007 1,3 7806101181, 30, G420 12,9 o297 297 ,002 (0007 t,4d0
VRAIA19:1212, 290 1469 15440 o1F8 4179 4011 L007t 2,32  YR0A191221, 25. 1449 18,3 4176 4iT0 011 (0070 2430
YRG191230, 290 1,89 15,3 o178 o175 o011 L0070 2,30  TAUALIO1239, 25, 1455 10,4 o182 4162 ,0{1 (0070 d,10
780610126A, 25¢ 1.59 1045 41859 o159 ,011 ,0070 6,18 78001912%0¢ 25¢ 1455 1648 2156 4150 ,011 (0070 4,20
7890191305 2% 242% 1741 o178 2178 L005 L0035 2,98  YB06191%1U, 25, 2423 17,1 170 479 005 L0035 2,9
-7A00191326, 2% 2423 1740 o170 o179 4005 ,003% 2,90  YB08101385, 2%, 3.0% 6.7 (328 ,326 ,003 ,0007 8,77
98061913un, 2% 3,05 €47 s326 o326 4003 L0007 5,77 7806191353, 25, 3,05 6,7 .32 326 ,003 (0007 5,70 <
7606191802, 25¢ 3.20 9.8 (288 2RO 4,002 ,0009 2,71 7806200731, 25, Je20 9,3 (274 (274 002 (0009 2,78
7808200%62, 25¢ 3430 9.0 4273 o273 4002 L0009 2,83 V806200752, 25, 3e20 9.3 4273 ,273 ,002 0009 2,80
TR06200802, 25+ 2421 1148 ¢20% «230% 0005 ,002% 2,23 7800200811, 25, 2421 11.9 4196 190 005 <0025 2,24
. T8002nGA21, 250 2421 1240 5108 o196 5005 40025 2,27 78062007316 25, 3476 12,1 +219 219 ,002 ,0009 1,39
7800200839, 254 3.76 1241 4210 «218 4002 ,000° 1,89

ARFAKWATER 17 j

. 1808010865, 57 1,85 1040 o278 4278 4021 L0078 a,63  Y80A010855, 50, 1455 18,9 4202 282 4021 40079 4,4) i ?
7808010013, 50¢ 3487 19,5 o343 «303 4015 L0057 3,72  Y808010922, S0, 1487 19,6 «296 296 ,01% ,0057 3,50 :
78080350030, 50¢ 1.7 19,7 2200 299 015 ,005Y 3,686 Y80R010940, 50, 332 7.0 498 (490 003 .00006 2,80 :

780%010948, 50¢ 3o32 Y.0 502 ¢302 s005 L0008 2,90 YB0A010958, SO0, 3,32 7V.0 502 ,502 005 0006 2,69 : 4

INIBO1LEIALE, 500 3.2 10,9 (084G 2046 (005 L0010 2,00 TA0B011220. S0, 3e28 10,9 44US ,aa5 ,00% 40010 2,59 : 1

9855018236, S0¢ 2466 1640 ¢330 ¢330 4008 L0024 3,00 YBOROI1300, S0, 1450 §4,0 329 (329 ,022 ,0060 3,03
7807000019, 50, 2,39 14,3 L334 <338 009 0029 2,23y TROY000928, S0, 1.55 10,7 +30A ,308 ,021 0071 &,20
! 7807080937, S0y 1458 10,0 o300 +30® 021 L0071 4,Vy YEOYOAIMT, 850, 1499 1048 4300 o300 (021 L0071 ¥, 1@
- 7807001821, 500 1435 12,7 V80 o380 4029 0073 2,76  TROTO6I331, S0, 1436 15,6 4393 303 ,G28 0089 {87
1007001380, 900 1430 15,8 4308 2399 4028 ,0088 1,95 V807041349, 30, 138 15,7 <393 ,3%d 020 40049 {,9) :
7807081859, 594 3476 2140 o362 «3h2 4006 L0018 2,21  YB0Y081407, SA, 3,76 20,9 <308 308 ,000 40015 2,18 1
Y80R210057, woo 3456 17,2 4329 4329 006 ,0027 2,48 TRURL11N06, 60, 2436 17,1 «329 329 000 L0027 3,02
1404211109, 4he 3490 10,3 137 o337 (006 L0026 2,85  YAOR211201e 60, 3436 17,9 o318 315 022 NAO9 G,y
2 YRR 1212, €00 140N 19,0 V14 s3I0 o015 ,008) 0,75  FADA21 1230, 00, 1,00 17,7 o317 317 L0318 L0071 43S
T80R251239%, 40y 1,97 18,4 327 o327 (017 (0070 3,37 YBOAPY11289, w0, 1457 19,5 o312 o312 017 L0081 V.4
7009211398, 4he 1,57 18,3 o327 o327 017 ,00%e 3,31  TAURZI1V0T, w0, 2,88 0,4 4501 ,501 (005 0008 3,04
7808211510, 04 2,83 0,5 «UAN (QR8 006 L0010 S,1{ TOURS[ {325, 90, 2483 046 1483 (GA3 000 (0011 Yolw
TBAIRZL1S38, €0 Bo%0 O.b oupy o081 000 L0015 3,1%. TBOA21136Y, a0, 2481 9,3 (65% L4855 ,00% (0012 3,10
TACE211392, 40y 2,81 9,3 (088 088 4,005 0012 3,20 TROA221202, GO0, 1407 15,2 o320 324 011 (0040 P Re
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808221211,
188221229,
Y8:R22) 240,
YANBIAGARN,
189810537,
L ABLIET LI T
7808180918,
98081A093%,
7808180951,
LILILITIE
7808181032,
TRO%181009,
780%210R%e,
780821091S,
Y808210932,
857131265,
807131347,
807131338,
97131433,
7807240749,
1809%2a0020,
783%2ar039,
7857267357,
I V280914,
7337240932,
7837240081,
89Y2nt010,
1807201028,
7807241047,
1807241105,
Ya72a1127,
R:Temt14%,
Y8272, 304,
T8.7281%21,
807201342,
7807241359,
78,7281n820,
TP FITEEIL
Y8,7261085,
yA 7281214,
7807261232,
657281258,
807241312,
T807¢%1331¢,
7807251350,
1807281409,
7807281027,
180728 a4u,
7859270718,
YAQT2Y0728,
7807290746,
78072%084u,
A 1270832,
7507281302,
7857241403,
78072769148,
24c72%¢c438,
Y857210991,
78572%12009,
YE22%r 28,
7807291408,
YA 121144,
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SYMBAGL 0/GT2

o  0.0046
a 0.006S
+ 0.0161
1.0 —
L
0.8 [:
0.6
KR
0.4 | _ .
‘MA
0.2 |—
= | | 14— |
0.001 0.01
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.
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WAVE TRANSMISSION ANO REFLECTION COEFFICIENTS
BREAKWATER 15 DS/HS= 1.06
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SYMBOL D/GT?2

o  0.0039
s  0.0065
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O o O
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WAVE TRANSMISSION ANOD REFLECTIGN COEFFICIENTS
BREARKWATER 15 DS/HS= 0.91
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WAVE TRANSMISSION AND REFLECTION COEFFICIENTS
BREAKWHTER  15W 0/(GT2)=0.016
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SYMBOL DB/GT2
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SYNBOL D/0T2
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o  0.0026
a 0.006S
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KR |
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WAVE TRANSMISSION AND REFLECTION COEFFICIENTS

BRERKWATER 16 DS/HS=
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WAVE TRANSMISSION AND REFLECTION COEFFICIENTS
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SYNBOL 0/GT2
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BREAKWATER 16 DS/HS= 1.36
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SYNBOL D/GT2

o  0.0020
a 0.0037
+  0.0065S
x  0.0131
e  0.0161

1.0
1 0.8
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KR
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WAVE TRANSMISSION ANO REFLECTIOGN COEFFICIENTS
BREARKWATER 16 0S/HS= 0.91
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WAVE TRANSMISSION AND REFLECTION COEFFICIENTS
BREAKWATER 16 DS/HS:  0.76
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APPENDIX F
DOCUMENTATION OF THE PROGRAM OVER (752X6R1CY0)

1. Purpose. This FORTRAN program estimates wave transmission by over-
topping coefficients and transmitted wave heights for smooth impermeable
breakwaters. The method can be used for subaerial and submerged breakwaters
with structure seaward-face slopes from vertical to 1 on 3. It is recommended
for values of ds/(gTZ) < 0.03.

2. Mathematical Method and Procedure. The program uses the methods
developed in this report. The procedure is to estimate wave runup on smooth
impermeable slopes, R, using the equation

(0.123 L)(C-"— M7d+Cy )
H

R = HC,

where C;, C2, and C3 are empirical coefficients related to the structure
slope, H is incident wave height, d is water depth, and L is the local
wavelength. Runup on rough slopes is estimated using

- _ Hag
R=TT+0D

where a and b are empirical coefficients and & is the surf parameter
given by
tan ©

€=
L

0
where O is the angle of the front face of the breakwater and L, is the
deepwater wavelength.

A wave transmission by overtopping coefficient, C, is estimated from

0.11 B
h

where B is the breakwater crest width and h the structure height. The
transmission by overtopping coefficient, Kp,, is determined from

F
K0=C(1-§-)

where F is the breakwater freeboard. For submerged breakwaters with a
1 on 15 fronting slope the equation

Kpp = C(l - %) - (1 -20) (%)
is used.

The transmitted wave height, Hp, is given by

C =0.51 -

HT = KTO H

169




o TR R

T R T

Lo

3.
in Table F-1.

4,

Program Variables. A description of all program variables is presented

Input. A description and an example of the imput parameters are given

in Table F-2. Note that all measurements are in metric units.

5.

Output. Program output includes a summary table of input information

together with the predicted ratio of the breakwater freeboard to wave runup,
the wave transmission by overtopping coefficient, and the predicted transmitted
wave height. An example output corresponding to the input is shown in Table F-3.

6.

Program Listing. A listing of the program is shown in Table F-4. The

subroutine LENGTH finds the value of d/L given d/L, by using linear wave
theory.

Table F-1. Variables used in the program OVER.

Variable Description

AC a; rough-slope runup coefficient

BC b; rough-slope rumup coefficient

B breakwater crest width (meter)

BH B/h

C transmission by overtopping coefficient = 0.51 - 0.11 B/h

CA, CB, CC runup coefficient lookup tables
Cl, €2, C3 smooth-slope runup coefficients (a function of slope)

R = € (0.123 L7y (G2 HVd+C,

DGT2 dg/(gr?)

DL dg/L

bLO dg/L,

DS structure water depth, d,

F breakwater freeboard = h - d,

FR F/R

H incident wave height, H

HGT2: H/(gT?)

HMAX depth-limited maximum wave height = 0.78 d,
HS structure height, h,

HT transmitted wave height

1 counter index

IFRONT flag to indicate the presence of a fronting slope (IFRONT = 1

for fronting slope of 1 on 15)

wave transmission by overiopping coefficient
wavelength

number of wave conditions of interest

linear interpolation factor to find C1, C2, C3
predicted smooth-slope runup

R/H

the surf parameter = tan s/m;

wave period (second)

lookup table of structure slopes corresponding to CA, CB, CC
tangent of the seaward face of the breakwater = tan @

kR ki

ARt o

O

PO




Table F-2. Input to the program OVER.

Card Format Description ,
1 12 number of breakwaters
2 12 number of wave conditions of interest

eequals 1 if breakwater has a 1 on 15
fronting slope seaward of the structure

4X

F10.5 tangent of breakwater seaward slope
o breakwater crest width (m)
e breakwater structure height (m) _
ewater depth at toe of the structure (m) ]
e rough-slope runup parameter, a (a = 0 for
smooth slopes)
e rough-slope runup parameter, b

-

3
(one card per F10.5 wave period (s)
wave condition) e incident wave height (in) o

(repeat card types 2 and 3 for each breakwater) F

Sample input ]
14.0 0.667 1.53 4.6 3.56 0. 0.
7.9 0.2 "
7.9 0.4
7.9 0.6
7.9 0.8

tan 6 = 0.667
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Table F-3.

Sample output from the program OVER.

PREODICTIUN OF wave TRANSMISSION COEFFICIENTS FOR
AN THRERMEABLE ANEAKWATER

NUMKER OF wAVE CONDITIONS B (4
JIFRONT &8
TAN(SLOPE)®
BNEAKWATER TOP wIDTH(M)B 1,530
STRUCTURE HEIGHT(M)® 4,000
WATEN DEPTH(M)E 1,560

FRELBOAND(MY® {4 nup

CUEFFICIENT UF UVERTOPPING Co

Cisg.9910
C2s L4980
Cl'-.lﬂso
1¢(SEC) DrLY2
7,900 <0058
Ted0 0088
TeQ00 L0058
7900 20056
Te900 40058
74900 00058
Te900 0058
7.900 «00QA
74900 4(05R
7900 #0098
74900 «eN0%8
Te900 L0088
7900 40058
Te900 <0058

0667

H(MY

«200

ed(0

2600

ALY
te000
1200
1¢400
1en00
1RG0
24000
20200
2400
2600
ded00

H/GT2

000033
e0N06S
s 00098
e00131
0001064
«00190
suneeo
oON262
00294
000327
000360
000392
000425
000456

0473

H/H F /R
1,594 3,261
1,690 1,349
2,079 8%4
2,197 ,592
2e278 L4506
o334 L3
2e371 4313
24394 4272
2eld00 o240
2,410 o210
24407 4190
2399 L1861
2,386 ,16H
24370 1957

K1u

0.000
0000
0TV
193
0257
298
e 525
0 560
o374
.560
« 3848
0 39U
0 399

RT1(M)

0,000
0.000
o047
0155
0257
357
s 455
0552
obll
2743
2837
0951
1,025
1.1106




10
13

; 3
3%
6o
(1]
$0

$S

Table F-4. Listing of the program OVER.

PRUGHAM OVER(INPUTIOUTPUTTAPESHINPUT«TAPEGROUTRUT)
REAL LoKTO
DITENSION TaNA(A)sCalb)eCB(H)eCCLS)
DATA TANA/Z10,02,01400007 00486004333/
DATA Ca/0,950809,200000Ub%01,99103,061101,300/
OATA CB/o2200,3900 ¢3460,u%8000Y9,512/
VATA CC/,057840,09102,50%00,185¢0,080¢,040/
NEAD(Se1) NBa
DO 100 18wsiyNRW
READ(Se1) NoIFRONToTANY o BoMSeD8eACBC
1 PURMAT(2]2:0Xe7F10,8)
C N S® NUMRER U wAVE CONUITIONS
C IFRUNT & t FOR 1/1%g PRUNTING SLOPE
C TANT 8 TANGENT OF FRONT HHpaAR®ATER SLOPE ANGLE
C 8 8 JTNUCTURE wIDTH AT Tre CREST (M)
C W8 8 STRUCTURE WEIGWMT (M)
C DS B wATER DEPTN AT TUE OF BTRUCTURE (M)
C AC & ANRLNS ROUGM SLUPE RUNUP COEFFICIENT (20 POR SMQUTH SLOPES)
C 8C ® ANRENS NOUGH SLUPE RUNUP COEFPICIENT
FenSeDy
BrERA/HY
C80,5100,11%0M
WRITE(002) NWelFRONToTANToBonSeDSeFoC
H FORMAT (1N 2K, (PREDICTION UF WAVE TRANSMISSION COEFFICIENTS FOR(e/
$92X%, LAN JMPERMEABLE BREAKWATER [o//¢1K¢ (NUMBRER OF waVE CONDIT
CIUNS S ([90]30 Ze'Xo (TPRUNT Be12¢/01Xe [TAN(SLOPE)S (sFae3e/elXq [BREAK
SKWATER TUP wINTH(M)B (4Fog3e/01Xe {STRUCTURE MEIGHT(M)&(oFpo3e/oiX
o [wATER DEPTHMIM)IS (97 0,30/ 0i Xy (FREEHOARD(M)® (1FOe30/0 1Ny
® [(COLFFICIENT OF OVERTUPPING Cu(Fe,30¢//)
TF(AC,LT,0,001) GO Ty 2}
wl Tt (0e22) AC,RC
22 FORMAT( Ny (RUNYP COEFFICIENTS FOR ROUGH SLUPE RUNUP ACE [eF6.d¢
¢ [ BCu(eF6,2)
GV TU 25§
28 0D Y laleS
TFCTANT L TANACL) JOR TANT LT TANA(TOL)Y) GV 10 3
PR(TANA(L)=TANTY/Z(TANA(T)eTANA(JO))
CIBCA(I)e(CA(]YulA(Te1)) 8P
C2aCti(T)e(LH(I)alH(Tv]))oP
C38CC(I)e(CLC(T)mCC(T0y)) 0P
3 CONT Iy
IF(TanT 6T,10,) CisCA(y)
IFCTART,6T,10,) CP=CH()1)
IF(TanNT,67,10,) C33CC(y)
IFCTANTGLT40,4333) C13Ca(o)
IP(TANT LT ,0,333) C25CB(0)
IPCYANTLT,0,333) C3alc(e)
wRITE(6e7) CileC2eC3
7 FORMAT(1Xo [C1m [oF O, U020 iXo [CRN(0PO,Ue/e 1Ko (CIn(aFbLUy//)
2% mHITE (el l)
14 PORMAT(/91Xe [ TCBEC) D/GT2 nM(M) wW/GT2 R/W F/R KTQ HT(M) (o
/)
00 4 Ist¢n
READ(S595) Tek
5 FORMAT(2F104%)
OLUSUS/tL ,%0eTsT)
CALL LENGTM(DLOCDL)
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Table F-4. Listing of the program OVER.--Continued

LeDS/0L
rGeY2amMs(9,88T0T)
0GT2808/ (9, 88TaT)
RHECI8(0,1230L /H)ee(CABSQRT(H/DS)0CY)
SUNFBTANT/SGRT(M/(S,568T8T))
IP(AL,GT 0,001) WeRACOBURF /() ,0BCOSURF)
REKpe
PHEF /R
AT0a(e (] ,eFR)
1FOTPRONT 60,1 ,4N0 P oLT,0s) KTOECH (1 ,mFRI®(],02,9C)0FR
IF(FR,GT,1,) KTN8O,
nTanexKTQ
*RITE(6012) ToDGT20MoMGT20RHIFRIKTOOHT
13 runuAf(nl.Fo.;.r1.a.Fb.)oF7.SanG.s)
) ConTINUE
100 COnTINUE
STuP
END

SUGRUUTINE LENGTHIDLUWOL) 3
REAL LUSLONEwy 0D 1
L0BY qo/DL0
LODaj ,n/DLL
NB}§
Play, 14159
1 ARLagd,0%P1/LD 4
LONE®SLUDSTANN(AKG) :
N3Vl
DIFF3anS(LONEwWalD)
IF(N=200) 3edeq
LF(DIFFe0,0008) 212+%
LOSCLONFWelD) /2,0
GO0 19 %
4 DLey 0/LDONEW
ANITE(0el00) DLNWDL
100 PURMAT(4y” SUBROVTINE LENGTH DID noT CONVEWGE, O/L0 s P10,5,
1 8Dy, » 0F10,5)
Q OLEy,0/LDNEW
RETURN
END
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APPENDIX G
DOCUMENTATION OF THE COMPUTER PROGRAM MADSEN

The computer program MADSEN (CERC program number 752X1R1CPO) is used to
predict wave transmission through rubble-mound breakwaters using methods
developed by Madsen and White (1976). (Note: Equations and figures refer-
enced from that publication are identified by the symbol MW.) A wave
transmission by overtopping model is also included as discussed in the text
of this report. The program is organized as shown in Figure G-1. Whenever
possible the variable names used are a close approximation to the symbols
used by Madsen and White (1976). Table G-1 lists important variable names,
corresponding symbols used in Madsen and White, and gives a-description
including references to defining equations in Madsen and White (1976). A
description of each of the program subroutines is given below:

SUBROUTINE READI - This routine reads standard lookup tables corresponding
to MW Figures 2, 3, 15, 16, and 17 from Madsen and White (1976). Lookup tables
with a combination linear and logarithmic interpolation were selected to avoid
having to use Bessel functions with complex arguments. The 53 standard lookup
table cards are given in Table G-2.

SUBROUTINE REFL - This routine determines reflection coefficients from
rough impermeable slopes to account for energy dissipation on the breakwater
face (see-Ch. III of Madsen and White, 1976). MW equation (127) is solved
iteratively and the final result corrected by the corresponding correction
factor from MW Table 2 (a linear fit to these points is used). Lookup tables
from MW Figures 15, 16, and 17 are employed in this routine.

Read standard lookup tables {53 cards), CALL READI
Read number of breakwaters to analyze, NCOMP
Loops
For each NCOMP read breakwater geometry -1

For each period, NT, read wave hcights, Hll

For each wave height loop to 100
Determine dissipation on BW face, CALL REFL

Iterate of 4H, and AHp to find £, using MY equations (172) and (161)
Find equivalent breakwater (Sec. IV,2, eq. 158), CALL EQBW

Find internal transmission and reflection coefficients, (Sec. Il), CALL INTER
Reestimate AH, from MW equation (161)

Determine transmission and reflection coefficients, Kpg and Kg, from Mw
equations (175) and (176)

Find wave transmission by overtopping coefficient, Kg,
Print results
100 CONTINUE
199 CONTINUE
200 CONTINUE
STOP

END
SUBROUTINES
53 standard lookup cards
Input cards (sce Table G-4)

Figure G-1. General program organization.
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Table G-1. Program variables.

Symbo1l Variables Description
(Madsen and
White, 1976)
a; A incident wave amplitude
RII RI1I reflection coefficient (Sec. III)
AHp DHT head (MW eq. 160)
AHg DHE equivalent head (MW eq. 159)
d, DR reference diameter
By BETAR reference beta
v NU kinematic viscosity
d D diameter (cm)
ar Al equals RIT a; (MW eq. 146)
]
RI RI internal reflection coefficient (Sec. II)
TI TI internal transmission coefficient (Sec. II)
T KTT coefficient of wave transmission for trans-
mission through the structure (MW eq. 175)
KTO transmission by overtopping coefficient
KT total wave transmission coefficient equals
YKTT? + KTO2
R KR reflection coefficient (eq. 176)
n N porosity
S, SS (n/0.45)2
nk,£ NKL equivalent
Lo LE equivalent BW width (eq. 158)
h, HO water depth
T T wave period
£/S. FS
A LAMBDA
ko KO 2n/L
TS loockup tables

—————
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Table G-1.

Program variables.--Continued

Symbol Variables Description
(Madsen and
White, 1976)
RS lookup tables
FST lookup tables
RUT lookup tables
? RT lookup tables
: GSS lookup tables
: FUS lookup tables
‘ TX lookup tables
] RX lookup tables
s FS (Fig. 17)
: £y LS slope length
L L wavelength
NM number of materials
(maximum of 10)
NL number of layers
(maximum of 10)
Ahj TH level thickness
hj
— DH relative thickness
o
NR reference porosity = 0.45
Ah
o 1 SUM2
0o ( Ez,_ )/2
Pp *
]2 g, SUM1
8, U
TOPW width of top of structure
L, LL length of materials in
horizontal layers
F breakwater freeboard
R wave runup

1?77
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Table G-2. Standard iookup tables to be read by READI.

s 65 B3 .‘701,502.192.333.833,06_\.‘)0

285 L8B3 ,901,0692,192.503,198,423,90

085 (83 4901,492,1624293,1038,283,70

W85 483 ,901,472,102.222,943,073,40

oBS (B3 4701 ,462,0%24042,702,803,00

e85 403 V01,851 ,9R2,032,502,502,40

285 (83 ,90],0LU1,891,922,282,222.20

£SO LE3 0901.“2‘05010798.0?‘.9‘1.83

65 B3 ,901,401,701,081 701, 6%1,60

oRS LBI ,901,361,611,521,571,3R¢,24

e6S (R3 ,901,801,501,40),3571,171,00
10001.282,032,892,693,283,3535,744,00
16001.231.942,322,502,682,973,203,34
10001,221e892,162:4312:562,0632,7%2,80
10001,2014762,032.142e282,3224342436
1000141914701,901,9R2,0482,082,021.97
160036191:611,781,828.821,791,731406%
1.001,181,501,6R1,671,651,5R1,491,38
100010181-“81.5711501c“7l.57l.27131°
10001,171,431,4R1,4214521,211,08 ,97
I.001-161-371.39!-311.251.05 .‘73 .80
1e001.101,321,291,1S .06 ,93 ,80 ,67
1,0014001,003,00140034001,00%,001,00),008,001,001,001,003,001,001,00
1,008,060 ,98 96 ,92 87 87 B8R _ 87 81 76 78 719 .77 .72 .09 .10
1,001,00 ,98 ,93 ,B3 75 ,76 78 ,75 ,06 .60 ,61 ,06 (60 54 48 .48
16003,00 «97 ,90 75 o465 ,06 69 4,65 ,58 ,u6 ,u8 50 ,47 ,38 .32 ,34
16003500 o997 BT 46R 155 98 462 ,56 .42 (34 438 40 ,37 .27 ,2) ,24
1500100 o495 B3 402 86 (52 ,55 ,4” 33 ,2% ,30 ,33 ,29 ,18 ,12 ,18
1400 o99 94 79 ,57 40 ,E5 (50 .48 ,20 18 .29 ,28 .24 .13 ,050 ,14
1000 099 493 78 51 o34 ,40 L85 L3R ,21 (12 .20 ,24 .20 ,08 02 ,13%
$e00 499 92 ,72 ol 028 ,36 242 433 16 407 417 ,22 «18 ,07 02 .13
1000 499 491 70 ot 423 .33 (3R 430 ,12 .05 17 ,2C 418 .67 ,02 .13
1400 o8 L90 ,57 ¢35 o318 31 435 427 19 405 17 ,29 .18 .07 ,02 i3
eBO o606 (ST ,50 ,ub ,42 ,38 ,36 ,3a

«6T 450 41 34 30 426 22 ,18 ,1b6

258 U1 32 26 o21 17 ,13 411 ,0A

050 L33 426 19 .16 ,12 ,99 ,07 ,05

S 30 ,22 16 12 408 ,07 ,04 ,03

el 226 418 13 ,09 407 ,08 ,03 ,02

+37 423 o116 1Y LO0R 05 ,0% L02 .02

833 421 13 L09 L0686 404 03 ,02 J01

¢31 18 412 ,08 4«05 03 ,03 402 401

29 017 o1l L07 G0 03 ,C? +01 01

225 2UD 449 56 4HR N9 58 .58 ,5%

23S 52 400 85 b6 65 63 62 ,60

Wi L60 4B 7Y LT 09 BT 467 b6

250 L,67 73 T4 473 472 71 47D .10

857 W71 o795 JT7 o766 o749 ,73 4,73 .73

W60 473 478 78 L7177 ,7¢ 76 o786 76

«63 W76 L8O 19 .78 78 "7 17 ,17

e6b JTB JHYL LBO 4,79 o79 ,79 ,79 ,79

.68 ,80 82 .81 ,80 ,80 80 ,80 .80

»T1 JH1 .83 (B2 .8t ,81 81 81 A1
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SUBROUTINE INTER - Internal wave transmission and reflection coefficients
for the equivalent breakwater found in EQBW are solved in this routine. MW
equations (57) and (37) are solved implicitly using R, = 170 and interpolation
of MW Figures 2 and 3, when nkl 1is greater than 0.1. If nkl is greater
than 0.9 the coefficients cannot be solved, so another equivalent breakwater
with smaller reference diameter stone is determined.

SUBROUTINE EQBW - This routine determines the rectangular breakwa:ier
corresponding to the multilayered trapezoidal breakwater using the methods
described in MW Section IV,2. The initial reference diameter is taken as one-
half the armor diameter and reference porosity is defined as 0.435.

SUBROUTINE LENGTH - Finds the relative depth given the ratio of water depth
to deepwater wavelength.

1. Program Use. The following steps are required to use the program MADSEN:

(a) Assign each of the materials used in the various layers of the
breakwater a consecutive number making the armor ''material number 1."
Determine the diameter of each material from

y
_(w50)3
dso =\ ¥
[}

where Wsp is the median weight and y the specific weight. Also
estimate the material porosity.

(b) Divide the breakwater into horizontal layers. A new layer
occurs any time there is a change vertically in any material type of
slope (see Fig. G-2 for an example problem). Make the layer next to
the seabed '"layer number 1." Find the thickness of each layer and
determine the average horizontal length of each material in each layer.
Remove the outer layer of armor from the seaward face of the breakwater
before making length calculations, because energy dissipation on the
front face is determined separately in the program.

{c) Estimate the kinematic viscosity of water as a function of
water temperature (Table G-3).

(d) Estimate breakwater water runup parameters, a and b. At
the present time the values of a = 0.692 and b = 0.504 are recommended
based on the laboratory data of Hudson (1958).

(e) Put the information into the required input format (Table G-4).
Input cards for the example breakwater (Fig. G-2) are shown in Table G-S5.

(f) Sample output for the example problem is shown in Table G-6.

2. Computer Program. A listing of the computer program MADSEN is given in
Table G-7.
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Tabie G-3. Kinematic viscosity of water.

Water temperature Kinematic viscosity
of water
(>3] (»?/3)
0 0.0000018
10 0.0000013
20 0.0000010
30 0.0000008

W P AR i e @

(wave condition card;
one card per wave

condition)

wave heights (m)

Table G-4. Format of input information.
Card type Format Description
. standard $3 standard input cards (see Table G-3)
1 12 number of breakwater configurations or
water depths to test
2 20A4 title card
3 312, 4X, 7F10.5 number of wave conditions to test
number of materials
number of horizontal layers
structure height (m)
water depth (m)
kinematic viscosity (u?/s)
width of top of breakwater (m)
front slope of breakwater = tan (6)
wave runup parameter a = 0.692
wave runup parameter b = 0,504
4 10X, 2F10.5 material diameter (m) (armor 1st)
(one card per material)
material porosity
) S 10X, 7F10.5 layer thickness (m)
(one card per
horizontal layer)
mean length of each material type in the
layer (put in consecutive order, material
1 (armor 1st), etc.)
6 2F10.S wave period (s)

NOTE.--Repeat card types 2 to 6 for each water depth or breakwater

configuration to be tested.
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XYt
KTn
Xr
KR
L) g

o e PO M e g
Table G-6. Sample output.
EXAMPLE PRIBLEM
COMPUTATIONS OF mAVy TRANSMISSINN THHNUGH A PURDUS RREANWATER
MM OF WAVE CUNDITIUNS 18
NyM NF MATFRIALSS 3
NUM OF HORIINNTIAL LAYERga 3
STRUCTURE MEIGHT (M)s . a noo
WATER DEPIH (myam apn
KINEMATIC VISCOSITY (M2/8EC)2 .onoooo930
Qw TNP WIDTH (M)s= 2,520
TANK OF FRONT S{OPFS® . W6hT0
RUVUFT COEFFICIENTS A3 692 83 S04
MATERIAL CRARACTERISTICS rMang aRMNR MaTeRIAL NUMBER ()
MATERTALE | ODTAMETER (Mys 729 POrRNSITYS L3570
MATEQIAL: 2 DTAMETER (My3  ,33a PORNSITYs L3790
MATERTAL® 3 DIAMETER (My= 002 PORNSITYS ,L370
HORIZONTIAL LAYER ChARMCTRRISTICS
(*AKE LAYER NEXT TO SEABFU LAYER NUMRER ()
MATFR{alLa \ 2 i)
RORIZUNTIAL LAYERa | THICHNESS (Mya 5,959 LENGTHS (tH)a 4,9 2.8 5,4
MORIZDNTTIAL LAYERS 2 THILHNESS (M)s 780 LENGTHS (M) 4,8 248 h,0
HGRTI20%TIAL LAYER: 3 THILMNESS (Mis 4470 LENGTHS ()= 5.% f40 n,0
H(M) T(3EC) Hy(GxTRT) WAL D/7(GATET)) KTT KTn  KY an HT (M)
100 5,00 LYY ) 60338 o019 892 0,000 392 +26 N.EX)
. 0500 Sef0 00020} 01074 e 0186 L2113 J,000 .cla /8 106
1000 500 W0U0AZ 205349 201%0  LiD1 0400y L5 o7 i3
1,500 5.0¢0 LI P Y 115023 0196 131 Letn G130 2?7 205
1,750 SeN0 007143 105860 0190 122 G0AL 14V P4 4262
24000 C.00 ")oﬂl(_\s W0H697 AR 115 125 .“Jq Wh .331
o109 10,00 $00N1n2 200151 0049 L6401 N,000 L6401 30 of0uld
0509 1000 «0005yy n753 MUY 202 0,000 L2202 W59 101
1,000 10490 WNG103D 001507 0047 L1135 ye00nd L1435 Y4 o35
1,500 ta.ne $NO1SYY NYILYS G019 L1800 G115 L1852 o N4 8229
1,780 10,00 2001 7m0 YR +N049 L08R L1527 182 Wha 318
20000 10,00 NP0 3013 +R0UY 80 o108 209 o bl «813
o100 20,00 0000206 0N073 00012 L3Rt 0,000 sa; o8 WN3R
2500 20,00 4000124 LELY 0012 L18A 0,000 ,100 W65 ,09)
14000 PheN0 LLELLE 0n73y 00012 127 010 L2127 o 70 o127 i
14500 20400 0003a8 0LEN2 NO12  L098 L1854 182 o7 210 ;
1,750 20,00 W00 Gg0 «0128p 0012 0B L10n ,elu o2 W 878 i
2,000 20400 W 000519 14?9 0012 G081 G207 L24) vid 2482
» WAVE TRAMAMISSINN Thialina T STRUCTURE
= wAVE TRANETZAION Y AESTOOPING ¢REFFICLENT
a TOTAL ~AVE rRANSYISSIo CORPEICIENT
o wAVE HEFLECTION COeSF L IENT
» TRAMSMITIED wAVE HeTGRT

1
i
i

i
4
1
H
]
¢
1
i
4

nla
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dame em e ami b
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Table G-7. Listing of the computer program MADSEN.

$90

PROGRAM MADSEN(INPUTOUTPUT ¢ TARESS INPUT TAPEGSOUTPYT«TAPES)
COMMONMADS Y NN NLDETEIoN( 1) oL e 10830 THEIY)
COMMON/SERL/NKL S

REAL NkL

LDIMENSION JBUFC1)oTITLEC20) eNUM(30)

REAL LoNUIKToXRoNoLEINReLLeXTO,KTY

DATA NUM/14243444S500607484910/

PIsy 14159

CALyL READT

REAN(S¢590) NCOMP

FORUAT(SI2,4XsYF10,9)

DO 200 1Jsy.NCOMP

C READ INPUT INFORMATION

171
172

971

98
99

28%

7

17
L

284

178
33

W

REAN(So1T1) CTITLECIIM) 9 JeMale20)

FORMAT(2084)

WRITR(O¢172) CTTITLECIIN)IcIINNTL,20)

FORMAT(IM1,10%,20A4)

REANCSeS590) NToNMeNLIMSoHOINUy TOPW, TANB,RAIRS

Fle.NO

1F(Ra,LE,0,) RARO.592

I‘(DU.LE.O.) RB9,.50Q4

WRITELO197]1) NToNMyNLINSeHOINU TOPw, TANBIRALRD

FORMAT(/ L10X, (COMPUTATIONS OF wave TRANSMISSION THROUGH A POROUS
® BREAXKWATER(977)95%s INUM OF WAVE CANDITIONS [o$2Xo23¢/e5XKe

S [NUM QF MATERTALSsletTNol3e/705X,y

. INUM OF HORJZONTIAL LAYERSS (eb6X015,/7¢5%e (STRUCTYRE HEIGHY (M)
CB [oaXoF 10307080 {NATER DEPTH (M)m (o 11N F10,34/0¢5X,

SININEMATIC VISCASITY (M2/SECIB(eF11,9¢ 7eSXy [BN T0? WIDTHM (M)m (e
S1O0KF10,30/705N, ITANB OF FRONT SLOPESLeOxoFI Ue/e5X, IRUNUP COEFFIC!
SENTS AB(sF0,3¢( B8 (4Fb,.3)

D0 09 1sg411

D0 08 Jetogt

Wited)so,

CONYINUE

wRItE(0s283)

FORMAT (Sxo (MATERIAL CHARACTERISTICS (MAKE ARMOR MATERIAL NUMBER 1)
*{v/y

DO A JageNm

REAN(SeT) DPCIY4NCD)

FORMAT(10X,7F10,5)

WRITE(6+177) Ten(f)eNCI?

FORMAT(Sxo (MATERTAL® [o]3el NIAMETER (M)a(eF 6,301 POROSITYE(4F6,3)
CONYINUE

wRItECoe2A4) (NUM(JM) o JMaL ¢ NM)

FORMAY( /705Xy (MORIZONTJAL LAYER CHARACTERIBTICS Co/48XKs

S {(MaAXF LAYER NgXT TO SEABED LAYER NUMBER f)[e/¢
* 52y (MATERIALS [e702399%X)0/7003X06(2244X)4/)

DO %3 JeieNL

REAN(SeT) THCIYoC(LLCIod) o ImtoNM)

WRITE(Ov178) JetTCJ)otLL(L0d)0]m])oNm)

FORMAT(SXy [MORTZONTYIAL LAYERB [933¢( THICHNESS (M)B [y Foo30( LENGTH
85 (M)u(s7Fbelo/se00KeTF0,1)

CONTINUE

NMENMe |

DiNu)2D(Y)

N(Nu)30,01

NLBNLe L -

TH(NL)=10NONO00G,

LL(NMeNL)ES,¥D(1)

ARITE (00942)

FONMAT(// nXy (W(M) \18114) H/(GeT18T) H/L DsLGotTeT/) KTT
LI T 1] (3 KR HT(M) L)

DO 190 TrmqoNT

KEANCSyA) ToM

PORMAT(PF10,95)

Az=He 0,8

DREN(1)%0,%

e




Table G-7. Listing of the computer program MADSEN.--Continued

IF(a,L7,0,00001) GO YO 1060
IF(TANB.LE,0,) rO YO 37
70 CalLy REFL(AMS NI1) o0 TANS, ToRITRY(L)
Alzp]lea
22 DRTz2,sRye,
, IFLYGs0o
E C ASSUME nnEsDHT anD TTERATE ON THE EQUILTVANT Bw
7% IC0UNnTEO
OHESDHT .
i 10 JCOUNTESICOUNT ey
t Coli EWRA(DME DT ILE 1RO HS g TANBONR ¢ DRy TAPN) §
: CALL INTER(NRGT LEs=0saATeNUsDRyTIoRTsLoIFLAG)

80 IF{tFLAG,EQ,1) PRIDR®0,95 ﬁ
1F(TFPLAG,EG,1) GO TO 22 |
DHES(1 ,¢RT)SAITeA
IF(TCOUNT, L T,4) GO TO 19
KRapleRll

- 8s KTTstIsRIY
37 IF(TANS,LF,0,) CALL INTERCN(I)oToTOPWoHOIAINUGD(1) oKTToKReLo1IPLAG)
IFUPFLAG,EQ,]) DHSDRS0,S i
CJFCIFLAG,EG,1) 6O YO 37
SUNRATANB/SART (m/ (] ,506810T))

90 HMZQASSIRF /(§ e RBSIUNE)
HaMgRM
¢$R3F /R :
C20.9) wQ,118TQRN/NS !
KT03(*L),oFR)

9 IFCCTOPW/HSY GTT0,BALAND,F,LT,0,) KTOSCo(l eFR)u(l ,w2,0C)?FR ;
IF(eT0,GT,1,) xTUSY, !
1F(Fu GT,1,0) xTUBQ, :
hGT>8A82,/7(9,8008T0T) : 3
ni33,04/) ;. 4

100 DG123HN/(9,8001eT) A ]
fFLARZ YN
KTEEART(KTTSS29T0002)
JF(uT.GT,1,0) xSl n
(A% 111 34
108 WRITE(BIOR]) MoToMGT2oHLIDGT2oRTTIKTOIKTIKR Y
981 FORMAT( SX ,Fo,3,F10,20F10000F10,50F1000e3F0,34F8,2:F7,3)
100 CONTINUE
199 CUNTINUE
wRItEC6e201)
110 201 FORWAT(//92XsfxT! @ nAVE TRANSMISSINN THROUGH THE STRUCTURE (/¢ E
$2%Xe (kY0 @ WAVE TRANSMISIION BY OVERTYOPPING COEFFICIENT (e/e
* 2X, [T ® TOTaAL WAVE TRANSMISSION cOEFFICIENTLe/02Xe
* (AR » WAVE REFLECTION COEFPICIENT Iy
87024 (NT o TRANSMITTED WAVE MEIGMT ()

149 200 CONTINUE ]
$T0e
END i

1 SUBQUUTTINE REFL(AeRSoDyHOoTANByTyRIToRU,LLY
. COMMON/MANS/FST(O01 1) sRUTEII1)eRT(17038)9TN(G030),RX(9030)
OIMENSION FSS5C11)0RUS(11)9RSLLL)
HEAL | 4LSL LS :
3 C CF & MAUEL CORRLETTION FACTOR YO ACCUUNY FOR MONEL SLOPE EFFECTS
. CPzy,28w0,5780TaNE 4
JF(Fane, LT, n,4) CFB1,02
1F(TaNB,6Y,0,58) CF30,89 ;
€ FIND WaVE LENGTH { ,

10 HOLNSHO/ (1 0078 T) . :
CALL LENGT(MOLOWHOL) ;
Lemn/waL :
LSEWU/TANR :
IF (WS, LT, H0) LSanS/TAND i

15 L3Lal.S/L i
IF(LSL,LT,0,8) GO TQ 105
THINSSURT (5, 2830(L8,0,8) /(9 BOTANKL,,2038H0/(1L8/0,8)))) ;
WRITEL69101) TMIN 3

101 FORMAT(///¢1Xe (WARNINGRTHE MINIMUM WAVE PERTOD TO BE ANALVIED BY ¢
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20

2%

30

38

40

45

{¢

15

29

Table G-7. Listing of the computer program MADSEN.--Continued

108

$HIS PROGKAM [8(,F6,2¢1 SEC FOR THIS CONNITIONE?
LSL20,799
12(1.SL*10,0,)

C INTERPOLATE INPUT TABLE FOR TWIS LSL VALUE

3

1128 85L820.¢10

00 3 J=ie1
FSSCJISFST(10J)e(PST(I¢10J)aFST(10J)) 0 (LSLo(]1=1)%0,1)/048
RUSCJISRUT(ToJ)e(RUTCTIO Ly J)eRUTITJ))IS(LSL (lel)?0,1)/0,8
RSCIISRY(ITeJI¢(RT(ITO 31 IIoRT(IT(I)yO(LOLu(T]w])®0,05)/0,0%

C GUESS Pl AND ITERATE

2

PR SPRINPIIRAIIT W0 T YW 1) NSO

PHlx5,0

Mz 0

JSsPu]

FACa(ALDGEPHI®| )@ALUG(J*,))/(ALOG(J*2,)®AL0G(J¢1,))
FSEFSS(Jet)e FACs(FSB(Je2y0FS8(Je1))
RUZAUS(Jo )¢ EACS(RUS(Je2)mRUS(JI?Y))

KIleRS(Je1)e(RE(J*2)wRS(Je1))OFAL
ARGzQ,208(0/HNYE%0 P¥ (RUSD SA/(HOSTANB) 1880, 30FS
Prinzn SSATAN(ARG)®ST, 29578
MMyt
DELgARS(PHINePKT)
IF(MGT,20) GO T0 9
PH]gPHIN
TF(PRT LT,0,01) PHIx0,01
IF(PHI6Y,9,99) PHIZ9,99
1P (nkL ,67,0,05) GO Y0 o
KIlgRIIsCE
RETiIRN
EMD
SUBROUTINE READY _
COPMUNZMANSZFSTE0 L1 eRUTITo T eRT(1Tal1)oTXN(9410),RX(9410)
FORMAT(IXey7FE,2)
POt M3Y41)
NHEAR(Ge1T77) (FST(NoM)eN3{99)
D0 2 M3ty
REANCSOITT; (RUT(NeM)eN31e9)
DO 3 Mz}
HEADC(Se377) (RT(NIMIINET,1T)
PO g M=ieip
REANCSe177) (TXINIM)IINZE,9)
DD & Msyelp
REANCS177) (RX(NeM)INE],9)
RET(IRN
END
SUBRUUTINE EURW(DHZ¢OHT ) LEyHOIMS s TANBINR DRy TOPH)
COMMUN/ZMADST /WMo NLoDUI1)oNET3dy LEStat)oTH(LE)
DIMENSTON GETACEE) eORNLLY)
HEAL MNolLol EoNR
NHSn.MLS
BETak32,7% (1 ,oNR)/(NROS3SDR)
00 291 TmyeNM
BEYACT)E2,7% (1, wNUI))/Z{NC(Y)O8308D(]))
THiz0,
1H230,
LO g JsteNL
THI=THIOTH(J)
NYLgdJ
DH(J)ETH{J) /1D
JFOTM1,GT 10) DH(J)B(HOwTHR)/HO
1F(Yn1,GT,H0) GN 70 S
TrigTH2eTHEJ)
Sym2=o,
G0 16 JspenYL
SuMysn,
DO (7 Is1oNM
SUMIZSUMIeBETA(T) /BETARYLLTJ)
SUMPRSUMRe DML ) Z(SQRTITISURY))
LEZq4/7(SUM2882)8DRE/DNTY

- ks ot et e b



25

10

18

o

25

35

18

40

1]

10

sad

18

2n

3e7

Table G-7. Listing of the computer program MADSEN.--Continued

RETUKRN

END

SUBRUITING INTER(MeToL sHUOASNUOD s TToRIsWLeiFLAG)
COPMLN/SER| /NKL o FS .
COPMUN/MADS/ZEST(9011) sRUTCOWIL)oRT(17e51)eTX(Q010)4RX(9¢30)
DIMENSION T5(10)eRS5(10)

RFE A MKLgl ¢ MUokNgL AMBDAGN

S8 PN/ 0,u9)8¢2

KIS0, 83,1415970L

NALsl-$K(18L

BETAZI T8 (] aN) s (NSO3D)

LAMRiJAxt,

b2y,

Fc=|7h.

ifsn

Frzg

1310y
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