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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. 3. 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,
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approved 7 November 1963.
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CONVERSION 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 (SI) units as follows:

Multiply by To obtain

inches 25.4 millimeters
2.54 centimeters

square inches 6.452 square centimeters
cubic inches 16.39 cubic centimeters

feet 30.48 centimeters
0.3048 meters

square feet 0.0929 square meters
cubic feet 0.0283 cubic meters

yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic meters

miles 1.6093 kilometers
square miles 259.0 hectares

knots 1.852 kilometers per hour

acres 0.4047 hectares

foot-pounds 1.3558 newton meters

millibars 1.0197 x 10-3  kilograms per square centimeter

ounces 28.35 grams

pounds 453.6 grams
0.4536 kilograms

ton, long 1.0160 metric tons

ton, short 0.9072 metric tons

degrees (angle) 0.01745 radians

Fahrenheit degrees 5/9 Celsius degrees or Kelvins1

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.
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SYMBOLS AND DEFINITIONS

A material identifier

A1  spectral coefficients

A2  spectral coefficients

a empirical rough-slope runup coefficient

a, incident wave amplitude at a spectral line

aR reflected wave amplitude at a spectral line

B breakwater top width

B1  spectral coefficients

B2  spectral coefficients

b empirical rough-slope runup coefficient

C transmission by overtopping coefficient

C1  empirical wave runup on smooth-slope coefficients

C2  empirical wave runup on smooth-slope coefficients

C3  empirical wave runup on smooth-slope coefficients

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

d water depth

ds  water depth at toe of a structure

d5 0  median material diameter

F breakwater freeboard = h - ds

f wave frequency = I/T

g acceleration due to gravity

H or H, incident wave height

H R  reflected wave height

Hrmns root-mean-square (rms) wave height

He significant wave height

HT  transmitted wave height

imean wave height

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

spectral line number
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SYMBOLS AND DEFINITIONS--Continued

KR reflection coefficient

KT transmission coefficient = KTo + KTt

KTo wave transmission by overtopping coefficient

KTt coefficient of wave transmission through a permeable breakwater

k wave number = 2w/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

Qpt 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

W50 median weight of material

y specific weight

Af band width

At gage spacing

'Irms root-mean-square water level

e angle of seaward face of a breakwater

v kinematic viscosity of water

surf parameter = (tan 0/ ffl-i)

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

Willia= 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.

TI. LITERATURE REVIEW

Some of the important sources of ideas and data used in preparing this
report are summarized below in chronological order.
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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
with a comparatively narrow crest width and 1 on 1.5 structure slopes. Wave
conditions and the height of the structure were varied.

Coda (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.

Davidson (1969) tested a I 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
runup. Examination of Saville's (1963) data suggests that a linear model would
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

12



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.

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.

III. 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 I 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
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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 rqndom 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, aI  and aR, 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., (ai)l 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 Woves Reflected Woves

At :125cm

at :90 Cm
SWL 

At : 35cm a

Goges- Tonk Bottom

a -2 "A- coskhL-g sin k) 2

1 • 2sin kAA 1 +Lt (B + A1 sin kAL - B1 cos kAL) 2

1 v(A2 - A1 cos kAL B SI sin kA) 2 + (B2 - A1 sin kAL - B, cos kAL) 2

21sin katl

A,B a spectral coefficients

k - wave number L IL

At gage spacing
where0.5 O4I

O.OSs OA•0.S

and andr2 I2wd\

2- tanh(- -d
2w

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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Incident, reflected, and transmitted wave heights (HI, HR, HT) are defined
as

411 2

HR .2 E (aR) j (2)

12
HRI Ji1 (a),. (2)

411 2
HT j=I2 (aT). (3)

where HI is the height of the wave moving landward toward the breakwater,
HR the height of the wave reflecting from the breakwater and moving seaward,
and HT the height of the wave transmitted past and in the lea of the
breakwater.

Wave reflection and transmission coefficients, KR and KT, are defined as

HR (4)
R H

and

I1i
KT (5)
T H,

Wave transmission by overtopping has a transmission coefficient defined as
KTO; wave transmission through porous structures is given by a transmission
coefficient KTt. The coefficient for total wave transmission over and through
a structure, KT, is

KT= Tt + KTO (6)

In the case of irregular waves the significant wave height, He  (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)

n = Me 
(7)
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where n.. is the average root-mean-square (rms) water level from the three
seaward gages. The mean wave height, H, is defined as

0.625 H (8)

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

36
E fj aj

1 j=l (9)

,j 1

where j is the band number (11 spectral lines are used to make each band),
fj the frequency midpoint of the band, and Af the bandwidth frequency a
may be the incident, reflected, or transmitted wave amplitude associated with
band, j, so that three values of Qp (incident, reflected, and transmitted)
are determined for each irregular wave run. Qp 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 9' the more peaked a spectrum. For
example, white noise has a 9P 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 illustrated in Figure 4.

II .
II
II
II

I Description OP

MEAN JONSWAP 3.15
PeI Pson-Moskowitl 2.0
Noise 1.0

! ,

i/,".
fp f

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, pl, is taken as the average
wave height autocorrelation of the three gage records seaward of the structure.
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Autocorrelation of transmitted waves, pT,  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 S. Note that in
all cases the water levels have been normalized by the significant wave height.

7807251105 P :0.7100: 3.58lAAA IA AA IIn A I " "
Strong , Vv q v VVVVUU H T VV

7607251055 P: 0.41
OP : 3.48

Moderate .1 s;1 7I95c

T 7607251303 P :0.13HS Op -: 2.17

HS~: 12 1 cm

7807251341 P :-0.13Op" 2.38

hg: 13.5 cm

Negative A

I ~30 sI

Figure S. Sample laboratory wave records showing various
levels of wave grouping.
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For monochromatic wave tests, wave period, T, is defined as the period
of wave generator blade motion. 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 2 , decreases. This energy
shift occurs because the waveform becomes more cnoidal and less sinusoidal
in shape as d/gT 2 decreases and H/d increases.

100 5 I

X 0
95 0* ~x. 0.0559 5 -x

10.016

I:90 

4C 8WI ds /h 1.0
LU.

85 d/9T2: 0.0065

80 , i i i I , , I
0.0001 0.001 0.01

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 BWl to BWl2 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 BW14 were smooth and
impermeable. BW2 had an impermeable core, and BW8 and BW9 had dolos armor
units and an impermeable cap. BW3, BW4, and BWlS 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. The ranges
of dimensionless water depths (water depth at the toe of the structure divided
by structure height, d./h) tested with monochromatic waves are given in Table 1.

Major emphasis was placed on d/gT 2 % 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 da d Irregular wave

h gT2  testing1

(range) (range) _

BW1 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

BW3N 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 0.055 N

BW8 0.64 to 0.86 0.016 N

BW9 0.64 to 1.1 0.0065 to 0.055 L

BW1O 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 0.055 N

BW13 1.1 to 1.8 0.0038 to 0.05S L

BW14 0.91 to 2.0 0.0038 to 0.055 L

BWI5 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

8W17 0.58 to 0.83 0.001 to 0.022 E

ITesting: E u extensive; L a limited; N = none.

Breakwaters BW16 and BW17 were tested extensively with a wide variety of
irregular wave conditions. A limited number of irregular wave runs were also
made for several other breakwaters (Table 1).

7. Test Results.

Test results for monochromatic and irregular wave conditions are presented
in tabular fDrm in Appendixes C and D; monochromatic results are presented in
graphical form in Appendix E.
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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
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
part discusses the effect of a breakwater on other wave characteristics, such
as the wave height distribution and shape of the transmitted wave spectra.
Since good models are not available for predicting wave reflection coefficients
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.

K R

Ko HT /HI

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
the steepest waves tested. Note that the magnitude of the wave reflection
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) BWl 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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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, d./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

R = 11C ( H)

, where L is the local wavelength determined from linear theory using

gT2 ta 2 (ird\L = - tanh i- (11)
27r

and C1, C2 , and C3 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 (BWl, 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

of breakwater 1 2 3

Vertical 0.958 0.228 0.0578

1 on 0.5 1.280 0.390 -0.091

1 on 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

runup on an impermeable rough slope armored with one layer of stone. Ahrens
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). In
their method the runup is predicted as a nonlinear function of the surf param-
eter, E,

R a& tan 0I + b (12)

where a and b are empirical coefficients with values of a = 0.956 and
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 recommended
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

R 0.692 (13)
= 1 + 0.504 E

is recommended for predicting runup on stable permeable and impermeable stone
breakwaters until a more comprehensive model becomes available. Coefficients
for dolos were also estimated using Bottin, Chatham, and Carper's (1976) data
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, KTo, 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 BWl for tests that had a
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Table 3. Wave runup prediction coefficients using the Ahrens and McCartney (197s) method.

2 f d H
Armor No. of PereabiltyT

2  
gT

2

unit la era b cot Source

(range) (range) (range)

Rubble 2 1 0.956 0.398 0.0036 to 0.059 0.0004 to 0.013 2.5 to S.0 Ahrens and ,McCartney
(1975) 3
(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)'

S 6
Rubble 2 1 0.775 0.361 ------------ ------------ 2.5 Gunbak (1979)

Dolos 2 1 0.968 0.703 0.009 to 0.002 0.0002 to 0.006 2.0 Bottin, Chatham, and
Carver (1976)

"P= permeable; I = impermeable. "Means of observations.
2
R/H - aC/(1.bC); E - tan s/Ai. sConditions unknown.

3Revised a and b. 61.2 c < 4.8.

2.0 1 1 I 1 1 I

1.8 Riprop (Ahrens and McCartney, 1975) ....-- "

1.6 -. .~Rubble-Mound Breakwater
1.4," (Gunb9k, 1979)

1.4 ,01 0 1"

1.2

X; / .-
• -1.0 / ."

Dolos Armored Breakwater
S"' "(Bottin,Chatham,and Carver, 1976)

0.8
°

/ .*I/Rubble - Mound Breakwaters

0.6 - / (Hudson, 1958)

0.2

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0
tan 0

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.S 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 approximatelylinearly 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 * I v I ' I ' I v I

Godo(1969) -0'1 B *- -

0.8 W%0.0047c d/gT20.027 - WB/* t-- 0.86 d

0.6 * •

0.4

FIR

0.4 -6 0.40B0.0

0.2

0 * * I t * I * I I

-1.0 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1.0
FIR

1.0 1 -rI I I

Godo (1969) ,^.,
0.8 .dlT 0.016-

0.60
tcC:O0.51

0.4

0.2

-1.0 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1.0
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/gT 2 <- 0.03 is

KTO ; ( I-) (14)
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where C is an empirical coefficient and the minimum and maximum values of
are 0.0 and 1.0, respectively. The recommended value of C is given by

.s1- 0=-E < 3.2 (15)
h -h

for smooth impermeable structures tested over the range 0 . B/h :S 0.86 and
rough impermeable breakwaters tested over the range 0.88 _< B/h 1 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 BW14 and from Saville (1963) show that for submerged
breakwaters with 0.88 5. B/h .3.2 and with a 1 on 15 fronting slope equation
(14) should be adjusted to

KFC= - - 2C)- 0 and 1 on 15 fronting slope (16)R R

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 KTo (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, KTo, is 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
wave transmission of impermeable breakwaters.
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Figure 16. Wave transmission coefficients for BW14.
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Figure 17. Wave transmission coefficients for a breakwater
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Figure 18. Wave transmission coefficients for a breakwater
tested by Saville (1963) with B/h = 3.2.
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as was found for the transmission coefficient, KTO (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 to 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, Qpt, 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, Hrms, 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 (da/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
1-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, Tp (Goda, 1978), with the average wave period
decreasing for smaller wave heights (Fig. 26). The correlation between
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Figure 21. Sample incident, reflected, and
transmitted wave spectra.
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Figure 26. Sample incident and transmitted joint distributions of wave
height and period.

heights and periods (Goda, 1978) was observed to be 0.13 5 r(H,T) 5 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, KT (Fig.
27).
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Figure 27. Definition of terms for wave transmission for permeable breakwaters.

The relative water depth, d/gT 2 , is one of the most important parameters
controlling the reflection coefficient, KR (Fig. 28), with the reflection
coefficient increasing as d/gT 2 decreases. The wave steepness, H/gT 2 , 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 KR. 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, KT, 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-
ness 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 KT decreases (low steepness waves), then KT
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,l 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).

(S) Estimate the coefficient of transmission through the structure, KTt,
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, KTO, using
equation::. (14) and (15) in this study.

(9) Calculate the transmission coefficient, KT, using KTt from step 5
and KTO from step 8 and

2 2KT = K, +KT_

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 nonbreaking
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/gT 2 = 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 KTt.

gT2  KTt Pet. Relative
Observed Predicted error depth

0.0065 0.34 0.33 -3 Shallow

0.016 0.46 0.44 -4 Transitional

0.055 0.13 0.21 +60 I Doep

h$:?Ocm 8:30cm

I on 1, Slope Ion 1.5 Slope

I . A I

0 0.5 .Oin

8W12

IBW12, do/h = 0.64, iI/gT 2 _ 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 KTt 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, d5 0, of

0 = ( )5 1( 
7)

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.

S: 30CM- -hs:70 m  0 0 0.64!5 ds/h _0.86

to ., Slope . olos Armor Units 0.0065 < d/gT < 0.055Ion t 5 Sl.--Ion 1.5 Slope 2  <0.012

8/h=0.43, C:0.46
O 0.692, b 0.504

8W9 0 0.5 1.0 M

0.8 1 1 1 I 1 1 l

d/gT Relative Depth
0.7 * 0.0065 Shallow

x 0.016 Transitional
0.6 a 0.055 Deep

~0.5- X

xo/ 0

0.3 - Of

0.2 - A X~

0.1 a a X

0o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
KT (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 Experiment Station,
personal communication, 1979).

Tribors
IO,, S I L - on 

1
.
5 Slope

~Ion 1.5 Slope
i oA-3 = 0.692

c- ,one b= 0.504

Predicted using C= 0 86

0.5 KT

8/h : 0.30
ds/h 04 Observed-"- "

,3O/ I Limiting Predicted

0.4

0.2

KTI

0.1
dlgT2 0.0063

0.0004 0.0006 0.001 0.002 0.004H/gT2

Figure 36. WCave 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, KT, 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:6OcM S 0.61 _ ds/h <0.91hI:33cm a 102 Slope 0.002 S d/gT 2 _ 0.016
@o) Ilp ion i5 Frontinq Slope 0.00004 S H/gT 2 '_0.013

I I B/h= 1.82, C=0.31
0 0.5 ,.o a 0.692, b 0.504

BW 16

0.9-

Predicted Observed

0.8

0.7-

0

0.6 -/ o

S... 0
0.5 - 0

0.3 -

0.4- Monochromic

0. M Irregular

0 1 0 1 0. 0. 0. 0. 0. I. 0.8 0.9 1.0

0300 0

( observed)

Figure 37. Observed and predicted transmission coefficients for BW6.
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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 KTt produced by a given
change in P is largest for waves of small steepness. The largest
percent change in KTt 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 KTt will increase as porosity
increases for a given set of conditions. However, the magnitude of
change of KTt 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.

Table S. Porosity of various armor units (from
U.S. Army, Corps of Engincers. Coastal
Engineering Research Center, 1977).

Armor unit No. of Placement Porosity
layers (P)

Quarrystone (smooth) 2 Random 0.38

Quarrystone (rough) 2 Random 0.37

Quarrystone (rough) >3 Random 0.40

Cube (modified) 2 Random 0.47

Tetrapod 2 Random O.SO

Quadripod 2 Random 0.49

Ilexapod 2 Random 0.47

Tribar 2 Random 0.54

Dolos 2 Random 0.63

Tribar I 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, KTo, 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, KTt. Saville's (1963) data for similar permeable and impermeable
structures show that the total coefficient, KT, approaches the transmission by
overtopping coefficient, KTo, and transmission through the breakwater becomes
less important as the structure becomes more submerged and the incident wave
height increases (Fig. 39). At dQ/h 1 1.2, the data from breakwaters BW3, BW3W,
BW4, and BW4W show that the coefficients of transmission through the structure
are approximately zero, so that KTO/KT = 1.0. An upper estimate of the coeffi-
cient of transmission through the structure, KTt, 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.
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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 da/h = 1.0. As a lower estimate,
KTt = 0.0 can be assumed. Laboratory results from BWl3, BWl5, BWlSW, andBWI6 show that even using Kq't_ 0, methods in Section IV,l,b tend to giveconservative estimates of the transmission coefficient for submerged permeable
breakwaters (Fig. 40).
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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 IOA" a

0 A. A*

90 x 
0

ds/h 00 A
A 1.29A
X 1.2170 - hu
0 1.13 0 0 0

ILI, 0 1.04
60 A 0.98 d/gT 2 =0 0 16

0 0.89

5 0.83 BW4

40' I I I

0.0002 0.0004 0.0006 0.001 0.002 0.004 0006
H/qT1

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 tLe 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, Qp, 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. 111,4). 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 impermeable 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
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Figure 45. Autocorrelation of zero up-crossing wave heights for trans-
mitted and incident wave records for a permeable breakwater.
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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
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 transL
mission through the structure at the model scale. CF is determined by first
running the program MADSEN with prototype conditions to determine KTt (MADSEN
prototype). The program is then run at the model scale to determine KTt
(MADSEN scale model). CF is defined as

KTt (MADSEN prototype)
CF = (18)

KTt (MADSEN scale model)

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 I 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
physical model was probably underpredicting the prototype coefficient because
the scale model has proportionally more laminar energy loss than the prototype.
Even in this large I on 10-scale Froude physical model, the prototype KTt is
expected to be as much as 20 percent higher than in the scale model over the
range of conditions tested.
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Figure 47. Trapezoidal multilayered breakwater tested by Sollitt
and Cross (1976) (prototype).
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Figure 48. Physical model results and correction factors determined
from the analytical model of Madsen and White (1976).
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VI. EXAMPLE OF ESTIMATING WAVE TRANSMISSION COEFFICIENTS

* * * * * * * * * * * * * * * * EXAMPLE PROBLEM * * * * * * * * * * * * * * * *

GIVEN: T 7.9 seconds

d= 3.56 meters

Breakwater top width, B = 1.53 meters

Breakwater seaward slope, tan 0 = 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 smali 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 do (m) Porosity

I 0.381 0435
Permeable Breakwater 2 0.190 0.435

3 0.095 0.435

o ' s * a - tan 0:067

SWI

Smooth Impermeable Breakwater t 0 B06

T SWI

d'9

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 breakwaters 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., BWI).
This appendix includes a cross-section drawing and a brief description of each
of the breakwaters. Note that breakwaters I to 12 (Figs. A-i 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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B = 30cm

Smooth Impermeoble

h.5 75.5

0 0.5 1.0 m BWI

Figure A-1. Breakwater 1 cross section.

BWl 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).

B 30 cm
~~h s = 70c m

' 1.5 1.5

0'*'nImpermeoble

o 0.5 1,0 m BW2

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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~I

B:40cm

hS: 66Cm

BW3
0 0.5 1.0 m

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

hs 66 cm

1.51.

I 54-cm-High Plote

0 0.5 1.o m BW3W

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 high).
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8:40cm

hs: 66cm

1.5 2.6 *

I I I

0 0.5 li. MW4

Figure A-S. Breakwater 4 cross section.

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

8=40cm

hs:66cm

B. 2.6 1

54-c -High Plate
I I I

0 0.5 .o m BW4W

Figure A-6. Breakwater 4W cross section.

BW4W is similar to BW4, but includes a 54-centimeter-high impermeable plal
in the center of the structure.
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B = 40cm

hs CM

1.5 1.5

I I I

0 0.5 1.o m BW5

Figure A-7. Breakwater S cross section.

BWS, 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 : 30 cm

Khs 60 cm

I I BW6
0 0.5 lOi M

Figure A-8. Breakwater 6 cross section.

BW6 was made of three triangular, fine wire containers filled with core
material.
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B: 30 cm
hs 46 cm

0 0.5 1.0 M

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.

B :30cmh S  70 cm !

I I

1.5 1.5

0 0.5 I.Om BW8

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.
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B: 30cm
hs = 70 cm

1.5 1.5

I I I

0 0.5 1.0 M 8W9

Figure A-11. Breakwater 9 cross section.

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

8: 30cm

hS 66cm

m 1.5 1.5

SI IBWO
0 0.5 1.0 M

Figure A-12. Breakwater 10 cross section.

BWlO was made with an armor one unit thick of well-fitted rectangular rock.
The material was placed with one surface parallel to the structure face.
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830cm

K-I h s 60 cm

©

I BWII
0 0.5 1.0 m

Figure A-13. Breakwater 11 cross section.

BWll 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
hs 70 cm

1.5i

t I .

0 0.5 i.0 M BWI2

Figure A-14. Breakwater 12 cross section.

BW12 is a structure with no core similar in geometry to breakwaters 8 and 9.
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B:40cm
hs- 33cm

1.5 1.5 Ion 15 Fronting Slope,
1i 3.75 m Long

Flat

0 0.5 ~In BW1 3,15

Figure A-IS. 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 BW5 (built on a flat tank bottom).

B : 40 cm
= 

33hs  cm

1.51.
iF _ I on 15 Fronting Slope

Smooth, Impermeable

II I

0 0.5 I.o m BWI4

Figure A-16. Breakwater 14 cross section.

BW14, a smooth impermeable structure, has the same outside dimensions as

permeable breakwaters BW5, BW13, and BW15.
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6:40cm

h s 33 cm

1i 3.75 mn Long
I15 I on 1S Fronting Slope,

Flat 22-cm-High Plate

I BW1W
0 0.5 .i0 M

Figure A-17. Breakwater 15W cross section.

BWI5W has the same dimensions and materials as BWI3 and BWIS, 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.

6 :60cm

hs : 33 cm

2 .

8W16
0 0.5 1.Om

Figure A-18. Breakwater 16 cross section.

BW16 is a one-ninth scale Froude model of a proposed submerged breakwater

for Imperial Beach, California.

B 60cm

hs: 60 cm

I on 15 Fronting Slope

0 0.5 l.OM BWl7

Figure A-19. Breakwater 17 cross section.

BWI7 is a vertical permeable structure, similar to BW1l, with the rock
retained by a thin wire mesh.
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APPENDIX B

MATERIAL CHARACTERISTICS

Materials used to construct permeable 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.

Material 1  Description j 81 W50
2  

15
3  

50
1

(g) (g) (g) (cm)

A Angular stone 2,520 1,530 990 8.3

B Angular stone 4,680 3,690 2,900 11.1

C Angular stone 180 68 31 2.9

D LDolos 405 390 390 --

E Flat stone 13,200 11,200 8,100 16.1

FLnulrstn 7,600 4,9001 2,500 12.2

1weight at which 85 percent by weight of the
material is heavier than.

2Weight 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.

4Reprosentative diameter corresponding to W50 '

20,000

10,000
8.000 -(

6,000

4.000

?,000

1,000
800
600

400 - 0___________________

?200

100

60

40

20

10

4

0.1 1l 2510 20 40 60 80 90 95 9099 999
Pct of the Material Heavier than a Given Weigh?

Figure 11-2. Weight distribution of the construction materials.
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APPENDIX C

TEST RESULTS (SINUSOIDAL BLADE MOTION)

SINE BLADE 001104
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VA03272,50h. tn. k .21 23.p .857 .*4S . 0210 .0053 78
01272cs36. 0S. 2.03 6.0 .073 .073 olb0 .0021

7$134012Q. 6%. 2.01 11. 1 .?2A .2?0 .010 .0028 7801271 U2 1. 6S. 2.3 AS01.0 .328 . 3PP .026 .0016
78Oj3211011. 6S. 2.03 26.5 .8085 .40S .010 .0046 700272u0. b%. 2.03 ?2.0 .452 .452 .010 .0054
714021312. 60. 3.00 S.1 .016 .020 .007 .0004 7801622o2. 60. 3.00 23.7 .067 On?7 .007 .0012
VA01280 50. 00. 3.00 13.0 Pn .101 .007 *OOIS 780129123A$ 600 3.00 20.0 .32 .312 *007 .0018
70032p2200. b0. 3.00 P2.0 .398 .396 .007 .002a 7boxiS2,22. 00. 1.94; 0.5 .001 .0m2 n02b .0017
78032411114. 00 1.9s 9.0 .001 .001 .020 .00161 78002%1207. 60. 2.95 22.8 .088 .048 .010 .0033
78012806S9. 60. .95 IS.$ .193 .293 .016 *00ul 780WAIIII2o. 60. 1.95 22.7 uoQi uum0 .020 .0001
7001202522. 00. 1.951 23.5 .411 .827 .010 .00b], 7801i81318, 60. 1.05 5.9 .603 .003 .05b .OOSS
76032A1107. 0o. 1.0% 8.2 .098 .088 .05b .0070 76o1281300. t0. 2.05 22.8 2' .14S 0QS .022oil
783282753. 00. 2.05 28A.0 .1127 .272 .056 .0110 790128lb04. S5. 2.87 22.1 .051 .0S1 .010 .0012
78032PI600. 55. 1.17 20.2 .?14 .234 .016 .000i 7901281552. SS. 1.67 20.7 .304 .301A .016 .000
78022'l995. 50. 11.11 212.8.00 0002 .0160.0038 7803290980. 50. 2.76 23.3 .011 .012 .016 .0003
7803d90950. 50. I.?6 15.0 .014 .86 .01b .0046 7801191331. 41S. 2.05 23.3 .009 Omf9 .007 .0019
7803291239. 85. a.05 20.01 gal) .022 007 .0022 76oli91io5. (is. 209 28.8 021l .003 .016 c00st
7803291242. 411. 1.49 23.1 .064 .00A .016 O0OSI 7803291230. 41S. 2.09 1.7 .089 .069 .010 .0056

BQEA~*&1IR

Ty21072130 02. 1.28 4.8 .191 .397 .013 .0009 771102115%. 02. 2.28 9.1 .270 .27b .013 .0020
77110I147. 02. 12 9 .2 P1 .276 .011 .0020 7?11021?00. 61. 2.28 16.9 .139 .239 .013 .0036

172o01.0. 2.28 17.1 .241 .2110 .015 .07 772,08200,. 01. 1.07 .9.089 .6049 .010 .0002
7711041009, 02. 2...? 2.3 .60 bpi2 .010 .80o3 7711001021. 02. 1.97 1.6 .567 sb07 .010 .0005
7722072026. 02. 2.97 3.5 . .480 .010 .0007 7721080857. 02. 1.97 2.b .889q 8019 .020 .0007
Y7200o2o.. 02. 2.97 3.7 .820l .020 901b .0020 7711021026. b2. 1.97 S.2 .350 .3S0 .01b .0018
YVI2041192a. 02. 2.9! $.1 .333 .313 .020 .0020 7?z:080921. 0. 2.97 7.5 .30 .310 .010 .0C20
717l0ai2),1. 02. 1.97 20.3 .M .as$ .010 .0027 7I1202210.u 02. 1.97 10.0 .25s .2535 .010 l002?
T7722080329. 62. 1.9? 20.S .Pss rsb .020 .002A 771104043Q. 02. 1.97 13.9 0360 .236 .016 .0037
17110P10940. 02. 1.97 18.6 .?61 .Ph0 .020 .0040 771121203. 02. 1.9 16.0 .233 .21,1 .01 .0010
7722022.50. 02. 2.97 16.0 .2ah .2ab .020 .0049 77bl72.0. 2.00 2.3 .46o9 U89 .023 00009
7110?2.'10. 62. 1.08 2.3 .87?4 .476 .023 .0o 77220PI27.7. 02. 1.611 4.0 .349 .349 nl?21 .0017
7723358. 02. 2.00 4.7 .319 .349 s043 .0017 77110.112U8. 02. 2.00 9.0 .241 Z411 US2 Uo01b
771120PIM, 02. 2.00 9.8 .?64 .280 .025 .003b 7711081019. 02. 1.31 2.2 .33b .53b .03b .0013
772210 I2837?. 02. 12.32 3.2 .01I .145 .030 .0018 77 106104,. 02 . It.3 2 0 56 .70.2s0 .016 60025
77220820584. 02. 1.31 S.3 .229 .228 .036 .0031 7711061103. 60. 2.32 5S7 .220 .220 o0lb .0030
77110821122 82. 1.02 60 .W .2p7 .018 .0030 77110921119. 02. 2.32 8.3 .191 .191 .036 .0009
1772082227. 01 . I2.%1 14.6 .185 .2A5 .01b .*ante 72 10612. 02S1 1. 2 .3 26 1.2 .104 .208 90)b .0106
772202231.02. 2.00s 7.6 .19g. .196 .056 .0064 7721022120. 02. 2.00 9.0 .2940 .98 .06o .0082
771108233. 02. 1.ub 20.0 .08w .082 .0560.0251 771102206e. 02. 1.00 17.3 .200 .20'. .0%0 .0257
171108220.021. .09 2.3 .220j a16 0 79 .0030 771108,03. 02. .89 8.2 .200 .006 *079 .00$1
1711CR01 . 02. 069 S.1 .250 .1560.079 .0008 7711041209. 01. .89 6.1 .148 .288 .079 .0079
77220MI117. 01. .019 6.8 .1)$ .234 9079 .0206

89086,0084 3

771)2312100. 95. 1.40 8.&1 AP6 .870 .020 .0o20 7'2p232 307, 93. 2.00 22.0 .609 .8M9 .020 .0010
7727232159. VS@ 2.40 10.9 48o1 .641 .016 0?A 772120S. 9S. 2.80b 21.7 PSU8 .8Sm .010 .0040
Y7207i2112, 910 3.77 2.0 At?7 .627 .007 .0002 77272322. 92. 3.77 4.2 .6014 elm. *00 .0n03
?'I?21225.- 92. 3.77 8.3 .781 .785 .007 .000b 772721138.1 91. 2.07 8.0 Aso0 .830 .023 .0000
7712232,o7. 91. 2.8722.81 .421 .6?7 .0il .0026 77272120. 91. 2.40 3.0 08%2 O6j .016 .000S
77 1221jlp . 91. R.,10 0.3 @.443 .85 .ol20 .0021 '722230253. 92. 2.00 23.7 .636 .538 .016 .0024
7712232239. 92. 2.8f0 29,7 *&IllsI .30 6 .00001% 071?1322I'5. 91. 2.02 0.6638 .6l 6 Ol 023 .0025
772223126. 92. 8.02 22.6 .8391 .030 .023 .0024 772?23I23 91. 2.02 10.4 906 .646 e021 90041
772223123. 91. 1.02 21.0 .767 .767 .0a3 .0051 77:2231300. 92. 2.00 24.0 .725 .715 00 .0090
7722230720. 35, 3.0s 2. .Ali .I3i .007 .00 7722230733. 8s. 305 3. lo 793 .793 to0? .040
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771301110. Ole 3.69 1..s.13 1t725 .00 00011 77i;pis0Aio. as. Peso 1.6 .804 .80K .013 .0002
?7123210408. SS. 2.$8 4.1 .6.2 .602 .013 .0007 7712230759. 65. 2.56 12.9 .791 .791 .013 .0010
7P13221082. as. R.12 2.0 gase .906 006 .0002 771?230832. 85. 2.32 3.1 .8u0 .1800 .016 .D006
1713230839. 65. 3.3?2 9 .71 .181 .006 .0018 771WOF08". 85. 2.32 13.5 .766 .76b .01b .C0e6
771223045,5. 85. 3.32 IV'? .?Is .735 .016 .0016 77171230915. 95. 1.06 2.9 Pbu0 @hU .023 .0008

852146.a. 1.96 6.7 .414 .18 .023 .0C?3 771ip23090t. eS. i.9b 11.6 .798 .790 ni23 oo0'l
181191,a. 1.14 too 091: .91, .037 .0009 771220099. A5. 2.54 5.8 .059 P',9 .637 .0025

Y71pevi9u1. as. 3.54.? .71% .715 .01l .0074 771p1283r. 75. 3.42 1.3 .039 .919 .007 .0001
77122?iA56. 71s. ).a '1.2 .?s .75 .007 .0ooU 771?22104%. 7%. 3.6.? 12.7 .b00 b00o *007 .0011
171222;1903. 75. 2.62 1.1 -Y46 .196 .013 .0004 7722221857?. 1S. 2.42 6.0 .7o? .702 .013 .0010
7122??14so, 75. 2.a 1.5 .e : .622 .01) .0030 7722926. 15. k.19 1.2 .872 .871 .016 oD001

7112221909. 75. 3.206 3. .o. M 6 .67 4016 .0007 771?22:212. 75. 2.18 10.0 .66S *bps .016 .0021
771?221'69. 75. I.8i. 68.65.3 03 771?22194A. 7S. 2.P" 2.8 .12 .6?9 C021 OCS
Y7122?1462, 75. 1.U 8.0 .b62 .661 .023 .00ju 7'1'-2?19Sb. 15. 1.80 14.7 .627 .6?? .,.?S .00"(6
MU71229501. 71. 2.65 3.0 *AP9 .8?9 .036 .M08 771?2.2'0. 15. 2...5 10.3 hy .697 .036 .0o)SO
77
1
20?10o7. 75, 3.05 11.3 096 Q49b .036 .008K 771.221'l?. 61. -.06 5.'J .446 uab .0 .0006

77M1108,. 61. 3.01. 7.7 .19A .3qs .007 .000A 77pe2vQS4. 62. 3.06 10.5 .1t69 Sh69 .007 .0011
77122?U9S. 62. 3.06 13.7 .1114 .411A .00? .0015 77122123uu. 61. 2.07 2.4 ctaq .5,'9 'r1 .0003
771222263. 613.6.? *.6 .391 .191 001 .0020 771.'222oJ11. 61. 2.17 1 .3411 .3411 .013 .001S
17022Z22. 62. 1.1 10.7 0~91 .#97 .011 .0021 77322?3019. 61. 2.17 15.5 .337 .317 o01S .OnK
771.22all51. 63. 1.185 a.6 #4160 .4160 .016%.0007 771P22301?. 61. 1.9% 1..0 .3S9 .339 .01b .00210
12221104. tit. 2.9511.3ie .?1 .161 .016 .0030 7712221110. 61. 1.95 05.9 .297 -?Q7 Olt, .004.3

y7f1?22111. 01. 2.05 Z2.3 .3o? .322 .016 *00S7 71'2'1? 62. 2.60 1.3 .51A .5713 n'1 .o D5
7712212KK4. 61. 1.0K 3.S .o 031 .02O3 .0013 771?2213K. 61. t.hK S.4 .33b .316 *023 .3023e
V71?22229. i1. 1.6K 10.15 Ps .219 .023 .0040 7112121221. 61. l.6K 2S.9 .2076 .276 .023 .00t)0

71?25.62. lo3e 2.7 .021 .823 .017 .001b 712170',. 61. 1.30 5.1 .295 .29S .037 .0034
1712222,30o. it. 26f,86.1 ism0 .150 .037 .0049 77I1e2?16i. *2. 2.3") 13.0 .22a .2.'j. 017 .0072
7732.0P1P22. 62. 2.3o0. .343 .818 .037 .010K 7722193336. AS. 3.52 S.0 .114 Sim0 OOQ .00041

; 1211281 US. 3ell 6.7 91 .17K .004 .0006 7717191114. 45. 3.51 9.2 . 240 .2uo0 *OOK .0008
71213130. Us. 5.5, 12.3 . 1 3 .00K .0010 77i2292s. Ks. 2.65 3.a .309 .319 0 7 .0O0S
M27191401,. se.45 0.7 .?56 .156 000? .000? 171?191914. AS. ?.65 6.9 .2?09 .2')9 .007 .0020

1712139111K0. i5. lo.s120.1 .365 .3bS .007 .0021 77121913KK KS. 2.65 IS.$ .159 .139 0707 .00,>2
1712213030. US. 1.6 3.6 .p3a .a8 .013 .00l0 7722211000. 4S. 1.8A u.9 .193 .293 .003 .0010
711?191063. Ks. 1,08 9.3 9130 e134 .013 .0027 77 1 .P91413s. Ks. 1.88 10.3 .007 .17 .013 .0041
772211352S. Us. 1.69 6.1 .356 .l3 .016 .0022 771222 000. 45. 3.69 9.2 .1201 .124 .016 .0033
773?2110360 us. 1.09 33.7 .3884 .100 .026 .0049 772211n2Qo. 45. 1.69 19.2 .096 .096 0336 0ob9
711U11112. 05. 3.03 8.0 .089 .069 .021 .00460 77122101106. US. 1.."? 12.1 .072 .07? OaS .ontl
7723211059. 0S. 1,43 16.1 .141 .141 .023 .0071 772220322,. US* 1.12 100~ .oo .000 037 . o t5
7712113119. US. 1.11 13.0 6111% .036 .037 .0107

02EAK7!'. So

1111240406. 8s. 6.91 2.0 opal .84j 0004 .0301 771i29027. 85. U.83 0.6t .779 .779 .001A .0002
1101290937. as. &.M3 20.7 .8i3 .813 t .00 006 77129004qK. 85. 3.65 .8 Abu0 .864 .007 .0001
Tyl3aqoQ4$. 85. 6.S 2.b :01 ,826 .007 .0OC2 7711291oo9. 8%. 3.61, 8.. .?76 *77b .007 .0b
Y71129102t. al. . 1 2. 1~i .017 .013 .0003 7712101n29. 65. 2.59 . 88.28.1 0u
7711210937. as. 4.50 ti.3 .872 .678 0013 .0022 77112'16F. 6S. 2.32 y9 A90 .890 .016 .0002
77111293357. 85. 3.32 2.7 841l .846 .01b .0005 771211l06. AS. 2.32 8.2 .7@w ,7A4 .01b .C316
7121291220. 65. 3.96 1.0 .914 .918 .023 .0003 77112q113;. 6S.1.9h 2.9 Abl2 .el .r2l .CCOM
V0 71229148. 65. 1.96 8.6 MIA8 .816 .0W .0021 7711291!5P. 8S. I.qh 10.6 Aus t,45 025 .0-44
11291208. 85. 1. 5a 2.1 .Pi1 .091 . 037 On'oq 771 22lph. 8' . 1 . ', 6.5 A u ' .6u2 . 137 0 n ,
I7I212P839 3 6. 76. 3.02 2.1 014~ .778 .007 G0CO2 77 1 1 A q , 1. Th. 3.4? 6.0 ho P? ,6o ".007 .0 r o

771 1'Aros5, 76. Sea? 05.8 .S?4 2 .52 007 .0020 771 1281 ^27. 76. 2.Q? 1.8 .739 .709 .0 11 .0003
17121026ol. 76. 2.4? 5.0 .6I3 .671 .013 .0004 771!281q~l. 76. 2.02 26.6 .60S .0M3 .013 .0029
71 2AIC37. 76. 3.18 1.0 .11* .772 .01b 603~o 7732283308u. 76. 2.28 U0.0 .706 .7m .016 .0009

77131 2A1 59. 16. 3.10 12.6 .$?a .TU50 .0b .0021 77 112831 1?P. 76, 2 .1I8 18.5 0o92 . QQ? .016 .O0QO
V7131441156. 76. 1.04 3.o ?Soa .1S0 .02S .0o9 Th'~2~ . 12.8K 8.5 heq~ bpq9 mes .0026
77121 P I1??. 76. 1 .9K 15.? .1160 .Rhl 013 .0oul 771 1 I?0 3. 76. 1.as 2.0 *A?" .*0,? .03S?. On1I"
771 m?10. 76. 3.0541 8.1 .7J9 .712 .037 .0139 771 12 A P16 . 76 . I .OS 15.2 1.9oS .5 JS .1) 7 .007"
77128122.. 76. 2 .28 2.3 . A I1 .611 .0S6 .0011 7721 ml9S. 76. 1 .1 I 1 .6 .656..6-'b .015h .00510
771 2,Q06. 1b. 2 .28 15.9 . 46. .061 .056 .0117 7712101,ul. 76. .14A 2.5 .932 .91? .061 .00217
71 122101,1 7b. .90 5.7 .76? .76i .081 .0061 7722121127. U . *9, 8.8.6 bo 6mb .061 .004S
711230A3no 63. J.09 3.., 111 .176 .007 .00' 7?7112l3aA. 62. 3.09 6.9 .104 .31m *)Ob .0007
71??2'dl29. 03 . 3.09 3A.4 .191 .99 .006 .0013 771 1,22008R. 61 . 3.09 20.0 .4113 . 4 u3 .0.6 . 0 WI
77Y32?1C69. 61. 1.18 l.a .401 .605 .023 .0003 7711,234AUS. 61. 2.28 2.1 T .371 . .11 CUS0
771i32oksK. 02. 3.30 11.4 .?6h $06 tots .009 77110 . 611. 2.1A 9.2 0277 .277 .300 .G0P0
71IiaS0110. 62. 3.20 17.7 .823 .011 .n23 ons3m 7711235920. 62, 1.97 2.2 .157 SS?7 .01.) o.00:
771 220421. 61 . 3.97 3.0 .338 .120 .010 .0008 772 i210935. 602. 13.97 U. . 2081 .c A0 .316 .0 'I1
771 12309412. 61, 1.07 5.9 .253 .3I'S0 .016 .0026 771 12%0949. 02 . 1.97 6.1 .Pem .228 ,016 .002?
V7132ioos. 01. 1.91 19.0 *112 .178 .036 .0010 ?7113231010, 61*1.~9? ?6.0 .356 .116 .010 .0069
711251086. *1* 3.06 3.0 .SfK .1124 .023 .0011 7731253836. 01. 2.66 6.6 .4139 .219 .023 .0024

02210s.6. 1.06 1les t296 8196 s0d3 eg0s? 771l83055. 63. 133 2.0 .36383 3 366 .0006
3I1106. 61. 3.3l1*33 $146 .396 .036 .001K1 771,0131 2 ft. 61 . 1.31 1.#04 .38K .318, .036 .000K

11llus, 63, lost 17.3 .?36 .236 .036 .03op 7711231339. 61. 1.00, 1.8 .?33 .a33 ossj .06
7713211136*6. o3 3.06 3.5 .17% o.173 .055 .003512 7 131 1 53. 61 . 1 .26 7.5 $127 .1?7 O05S .0000
7112 23200, 63,1.0 35.1 I .? 5 *II 3I7 .05IS5 .1103 77122113 19. 4S. 3.51 7.0 $tali CAm .0041 .0000
V71393104. is. 3l.11 33.2 .071 .o1 .000 .0010 77119111. (is. ?.6% V.1 .0%8 .09,4 .007 .00
1711231.7 0. 3.bs IS'S 'AS# v012 $007 .0021 771?20l3.3, 415. 2.88 9.1 0 14.03 .011 .000
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78011A4230. 61. 3.65 .6 .913 .91$ *o7 On00 71iIA1¢l2. 85. 3,05 1.0 . 7 .e7 ..A7 .e'-
760111821A. IS* 1.6s 3.0 *A'.AOa .60 007 .0002 PS~b.2. 3.8% 6.. AQI2 *8,1 *07
7601181355. 65. 3.65 9.4 .783 .785 .007 .oo0l 7531181350. 8%. 3.85 13.o .782 .7A2 .007 .0010
74011014o3. 6S. a.32 1.4 o90 .904 .016 .0001 78011o581 . 85. 2.32 2.9 .882 .bo1 .016 .fr%

7801281.50. S5. 1.32 b.1 .600 .810 .016 .OA12 7 . 18 11 L. (I . .3 ].5 .1 7 .7'? *, .e 70
1801161037. 65. 2.3?t9.2 .604 .6899 601 .0173 71 1 A 1 . - . 1 I .ti0 .4. . , ,

78011A0SI5. a5. 1.08 5.3 .92 .920 .05S t,33U 78cn1.03,1o AS. I.?-. $1og, .Ab8 .P .F- ;
180132!o. 60. 1.2r) 2. *41 .PQ0 olib .0003 

7 
)01j0qjj. ej. S. D.2 .g0S .n. 07. 00

7P1191 2 0.So. 1.25 8.3 076 .776 .010 .06 1 7CAIA3. tn. 5.069 13.5 ."S .9$ 07 .0.07
78o0:91145. 60. 1 .5 . .b0n .610 .016 .000 74.IO !$'n. 7 . 2. 2.b 1 *85 .$- A55 3 10'0
7802202209. 75. 1.18 2.7 .79? .792 .016 .Onoe 78AO01u*. 75. ?. F 5. .58 758 . 7 0 ; 00 62
7
8
01113123. 7S. 1.18 1.3 .3 bl e8J .0l5 .0024 78oid01i,7. 75. 2.10 25.6 .0 n.68 .016 .3"0

7R019124t. 70. 3.42 .99 .*00 .* .006 .000 70U1191?09. 7U. 3.u2 u.5 .752 .7'2 .006 .0004
7aG0191*55. 7u. 3.&2 12.3 %.58 s5a6 . 0o .0012 78 11SI74. 2* .8q I.S .77 7 .71 06 .00

4o1 191321. 70. P.18 2.6 .7IS .738 .01 .000b 7801 111117. 74. 2. 1 .0 .7 . 7 11 S ,01?
7601191310. 74. 2.18 1 1. .I.4 .602 .017 .0020 78^1 11o. t 7. 2.1' A5. Ib 9 .59 1h C07 0S 3
7001 10139. 7P. 1.1A 2.3 *.Tb .I70 .053 .0027 7 9 1 4.3 3. 72. 1.19 5.0 .b31 *!31 0.I .017
?801 191427. 72. 1.18 V.1 .582 .562.053 .0'. 7101 1 I I.. 72. 1.,18 2 3.2 1.0 b. . i,,e n 10% *0 Y7
780ol7o9s. 70. 2.11 2.7 .721 .728 . .0000 781411' 0. 70 2.11 g.9 .b0.t!? .05b .07:O
78011m1123. 70. 1 .21 8.8 .5PQ .RI1 .016 .0' 7!0112. 7 A. 1. 1%~ 1.%otc .016 .0022
7A01201030. 70. 1.211 13.0 .52".5S? .018 .003 7S 8,lil3. 70. 2.11 190 .8Q 7 07 .110 .000
7at201215,. 05. 2.03 1.9 .SS% .55 .018 .000% 780 2 021q. 05. ?.03 3.9 .08 .U68 .Oh .0010
76012M2027. 85. R.03 7.9 U0T .as? .018 .0020 7802202233. 6S. 2.0 21.3 uuS uu08 o01b ooR
?801201239. 85. 8.03 15.9 .955 .51 .01 .0039 7801201?o%. 65. 2.43 22. .l .2 Q2 0i .bCn55
78711111. 00. 3.0b 8. .0144 .400 .007 .0007 7

8
oi2o137 . bO. 3.06 6.5 .mu .ua 'n0o?.0009

?50202!23. 60 . .08 I1. *0 .8m, .007 .0nis 7181iz1o30. 60. 3.0b 3.1 .USS .01) 007 .0016
7801201140. 60. .*$ 3. .S 0 .437 .016 .0004 7811aOI3Sr. on. I.QS 0.8 .358 .378 .018 .0012
76012013$7. 80. 1005 8.s5 I . 15 S2 .018 .00,1 IS)l1olou. 80. 1 .9s 9.8 . 04 .2pa .016 .0028
78021A012. 80. 1.05 12.0 .?82 .?1 .016 .0038 78"11O!"S. 80. 2.05 1.0 .0093 423 .05S .0019
78012(100u. 70. 1-05 4.2 .20u .2V" .055 .0039 78'1101458. 80. 1.05 7.3 .268 .26a .055 .0088
7801201i3l. 60. 1.v1 22.5 .25 .1,3 .05S .023e 7O2I2201o.0. 60. 2.A5 13.5 IS3 .1r3 * 0I .02S
110121 135?. S5 . 1 .8 2 I.7I .46- UbSl .08 .0 051' 78,121219,0 3. 55. 1 047 2.5 .402 .*402 .()It .0007
760! eo5J. 5S. 0.81 2.6 at,5 .40S .016 .0008 78021 29. 5 2. 0 3. 1 .33S .33S .0 .0011
7AC121 215. 55. 1.87 5.6 . 71 .ITS .018 ,0011 7 8 l22%? I. S5, 1 .7 5. .278 .??b .016 .0017
78C121 1421 . 55. 2.of 9.3 W12 .2213 .018 .0010 78, 1 a22.8 . 5S. 1 .87 22.5 .190 .190 .018 .00 J
7 011 W 2. 55. I.tl$ 1.5 .94 .190 .01b .UO1b 780122as3. S5. 2.87 .8.9 .20M .PnA Ob .000
?A612 1512. 41). 1.5S 1.9 S1 .371 .015 .000b 781121 I'4. . 2.8S 3.8 .P57 .,S7 O0I .0011
8 0 oII1.551A . Mg. 1.S 5.8 .?19 . 0 .01 .( 117 7mI21 1103. 9 9.1. . 8.2 .168 .205 * .001
780121160b. 09, .P5 12.3 S,% .15b .0I .01.37 78U12VInI. 9, 1.89 27.5 .12n .220 .015 .0052
7 0 12 !16312. 45. 2.bq 1.6 .0 .143 .03? C A 02 71(12116~3A. 1-5. 2.86) 4.8 .227 .2?7 .007 .0007
780 12 18044.45 . 2.0% 20.7 .*I S .I , . ' 7 .0018b 78c. 1 2 1 (s I. 4S%. 2.85 1 S.9 .130 .130 nG07 .0023
78022165g. 465. 1 .00 1.0 .?7R .27c) .018 .01-1 7A, ,. I',73%. '.5. 1.69 8.3 .1109 .*1a9 .018 .0023
780 12 11711. 4S. 1.09 123.5 ICS% .105 .A8 .004-8 780121 1717. 065. 2 .69 19.1 .09b .096 .016 .008
760121171. us5. .91 4.8 .317 .037 OSS 00S7 7601211729. '.5. .92 9.7 .()%1 .033 .05S .0120

M14EAKwAT80 u q

78ol2I28I2I5s. as. 3.85 .6 pe06 .68 a *ob.07 . 3A 1 e~ 18 112,f. 85. 3.0 1 2.3 685 77 . ,00 7 .0002
7,11100. 65. 3.6S 1.9 .A14 .614 v.007 .0002 7 i 3: 9 11i2p. e5 13.% 89 .1 Ro0 I.b lv a.107 . 0 0%)
76, II A : 2 L;. 6%. 3 .8 6 .1 .78A .79d .007 .0I*',7 7' 1OfK 181 1 0). 1.bS S3. S*77b .77b . 107 .0010
7j I1IAI'.. 86%). 2.3? 2 .3 . A96 .8, .6 ~ 00 b 0 2 Y A 16I'~ 2%5. 2.3S? 2.8 .8e 6o 6hh .616 .00OS
70I A 1 10. 6% . 2.3? 5.9 A02 1 .827 .,,18b .01 7

8
0i

8
1' I85 I S. 2.32 22.8 .79D .790 .016 .0 0 1

M81 I l1?. 68. 2.32 28.2 .14,4 .7414 .0A2I6 '301S 7801268:233. AS. 2.ab 1,9 sees $60s MSS5 .0012
780222141 . 85. !1.26 3.9 .444 .9448 .055 .0011 7801 1 a1 ;5 . 89. 2 .28 8.0 .92S O.) .055 .00039
78012822?58. as, 2.26 22,.9 . A S; .81a .055 .0C78 74f, 1 811 . n. ?. 2.2 2s1.3 .9cQ .909 .020 .0001
78011A!M3o. 80. 2.28; 2.8 A834 -Sib .018 .006 0280 6M. 2.2S 8.0 .751 *783 .016 .0012
7A02I A Z7. ski. 2.15 13S.0 .1q, .661 .016 .0028 ac 78

021
8

.1.* 2.2 28t.5 .%91 .1291 .018 C0017
7801I1q.)14. 78. 3.0.? .9 . 97 0. I.I7A .007 .0001 78:! 8 A 9 . 78, 1."2 4.0 .727 .727 .00 .0001
76021:4815. L.412 13.4 .l%h .558 .007 C'012 78l 183051. To. 2.28 1.3 .946 .8'.e .018 .0003
760:1J!080U?. 2. 18 2.b .774 .Y79 .016 .010b 7AC. I110AI6. 7'.. 2.10 A5. 61 .736 .736 .01a .0012
78511A2283. 74. 1.28 28.0 .017 .577 .020e .0130 7ACI A, ' " h. 76). 1,2 . 2 .2 .*908 .846 .05% .0016
76$10 18392 7b, 12 - ..' .76h -l' .07 bbA S '?1 7P8 014 0 . I76. 1.18 23D.2 h.u1.' I2 f.Ass .0 7
7'721IAJQ14. 76. 1 .1I8 1. 09ag .4,12 .05) .3I210r 7002 1 021'k. 73.1.2 2.11 *. 8 fist% 02AI8 .0006
7S8 2171124. 701. 2 11 18 .571 S .016 .3nI2 7802217130. 71. 2.11 T.1 .%?8 .528 .016 .0011
7401 011360. 70. 2121 9.7 U094 .8q0 .018 o0n2? 7802 1711.?. 71. 2.211 23. 3 .07 7 .97? 11 28 .0010
7861 IT'. IQ. T". 2.12 19.2 . usl . ) 1 .0 0044 A 1'0271 73S. es. Z.03 ?2.1 .387 .387 .016 .0008

681772 5. 2.0 0.8 ..1 .I II3 . 0 1 01 1 Vt: ' II713'.9. t-%. 2.13 P8.1 .1b 9 .*118 .0022t
pA, '1 bs . k . 1 2.8 .1o PO3 .n28 .2? 7q,1 '73 121. 85. 2 .J3 1 S.8 10"; .3ASI *01,019

7:'1,'. 65o ? . 3 20.8 uoo 0 I3 .016h .1 Is )I1 712A . 8o, 1 .08 .2I *18S 1145 *0 0 .0002
9 8' 6. 3 .0 r.h4.? 2 p 9 .1108 .0 

7  
1 r. S 78 F ? 3 b IN. 3 .c b 8.1 ?'0 ,2hA 0 0 120 7

: 'ST. h -- 3.00. 8 . r. P , .2'-2 OS I*I : 713 27'4 81. 3.08 1 2,0 P I7A .2 ?1 .007 .01
I~ 1I IV)I. .4 3.08 26.3 .Sab .SI. .317.)3o0I 7322712ISO.80. 1 .95 1.8 .168 . 34A *028 .0000

94 19 1 85 ,. 1 .981 3.1 . 1 A .270 .018 .0,00 7pl7 1 1 1. 60. 1.9s 0. s.Psi .?IS .11 .0011
I IT7. 80. 1,.9% b*5 .10%3 .I0A1 .016 .AI001 11 701122. 111. 1.95 9.b .29, .143 .018 .00A28

V~ .* a',. I.WS 1 1.8 .2mb Ink~ .018 *33) 783 1 7121 0'. an. 2,5 29.2 ?144 .208 '016 .0052
t C 1.0 a.' .Oa' U,~ I .()b .7I2 7802 272218P 8. 1 .05 M. .282 b .162 .05 ns 0flOn
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SINE BLADI MOION
10 0(C) 1085 "(Ce') KI KR D/Gy? A1672 70 00CM) Y(8) M(CM) K? KR 0/G?2 Hl/Oh

RREAKwAffR aw

786tlytvo0. 60. 2.o05 e .old?, .207 .056 .00s0 7801171?03# 60. 1.05 6.9 .12S I?5 .056 .00661
70-olii57?. 6f). 1.0l Io.V site site .056 s010$ 7801171j'51. 60. 1.0S 12.9 still .I~a .156 .0119
Y801110022. See 1.64 1.0 .321 .327-4016 00005 7601170929. 56. 1.66 2.6 .?67 e~AT .116 .0008
76010?0955. Seel. s 1.6 * .22 22 006 .0010 7801170941. S6. ).as 5.'. *g77 .177 4ni6 .0016
1600120907. S6. 2.86 8.0 *jai *jai m016 0023 71101170953. 56. lose 12.40.119 6119 onto .0036
T601172800. 56. 1.e6 11.6 .109 sl1.016 .0ast 7801170901. SO. 1.78 5.b .022 .0?2 .016 soots
71Rj1170848 , o. 8.e ass ast eat.016 '002? 7601170a55. so. 1.76 12.8 oS0058oo .01. .00411
78 100901. 50. top$ to.1 se0ls 406$ .016 s(0056

BREAKWATER S

fou0'150s. 75. 3.62 3.1 toy* $419 .007 .O003 76o?011,V05. 75. 3.42 6.5*e .646 .A6007 .0006
760?011222. 7So 3.82 23.0 .61 A .816 .007 .0012 760?011i20. vs. ?616 2.7 .079 .979 nib .0A06
Vvi2011126'. 7S. l.16 5.3 qi7a .974 .016 .0011 760202 2136. IS. ?.If 10.6 vows *so$ '01% .0021
786.?10*z25o. ?5. 2.28 29.S ss* vs$*016 .0002 7602011236.~ lots.1 3,9 .97?1 .972 .15S o0f!Q
7"~011243. 75. 1.1S 063 .470 o$70 .055 .0066 7801111126. 60. 3.09 2.12 .879 .879 fl0b .000
781,111330. 60. 3.09 5.6 .655 .655 .006 .0006 7801311304. 60. 3.09 11.5 o873 .673 .00#4 .001,?

78013u1220. 60. 1.97 .8 4041' 0*884 .016 .0002 780231120?. b0, 1.97 1.7 *** $*8. .016 .000"
?8f)1311252. 60. 1.6? 3.6 $s9* 8*8* .016 .0000 760131130?. 60. 1.97 ?.a .991 gq .016 .0o19q
76020?12u3. Use 1.01 3.6 .ote .960 fall .0010 7602021219. 45. 2.01 5.5 stag gag9 .011 .0010
?8o20ptplt, '.5. t.0l 10.6 %Ili .el1 .011 .003? T60?021106. a5. 2.69 2.0 so** *liso .016 .0004
1 80202117. a5. 1.49 3.0 089. 08* *ojb .0011 780?021310. as. 1.aq 8.3 .969 .919 .016 .0015
74020?1137. 4.5. 1.69 6.0 .96% sobs .016 .0023 780202114S. as. 1.60 9.6 .428 .928 .016 .0034
7602021t%S. 4.5. 1.69 13.9 o79(4 .790 .016 .005n 780P021r25. 46. 1.16 ?.6 .911 .911 .033 .0021
Y602021633. 495. 1.18 0.1 eqa1 .901 .033 .0030 78OZ021o0so. us. 1.26 6.5 .667 .807 .03S .0006
78020?lo$0. 4S5. 1.26 8.4 A539 .839 .033 .0062 780202091.. 4S. .91 2.1 .466 .966 .05S .0026
780202100b. US. .91 S.5 .

9
o 920 .0 055 .0066 7802021016. a5. .41 9.3 .74404o OSS .0119

780021337. 31. 1.39 1.0 .55o .550 .016 .0007 7802021306. 31. 1.39 9.& .438 .438 .016 so0ts
18020223s5. 31. 1.39 3.8 .ooe. .seat .026 .0020 760202140. 31. 1.30 S.9 .37? .172 .016 .0031
7602021010. 31. 1.39 6.5 .3?5 .375 .016 .00105 780?021025. 31. t.39 9.6 .359 .359 .016 @00S2

8REA~mAT[R 6

7807071m45. 75. 3.'A2 .9 TqR3 .792 .007 .0001 7
8
L?0?OOS4. I5. 3.42 2.9 .7S2 .73? 007 .0003

Y6o20111o2. 75. 3.02 6.2 @boo s689 s007 .0005 780?0?1109o ?So 3.42 13.2 .667 .687 .007 .0012
7832071222. 15. E.60 2.2 'A09 .805 .oil '0003 76o?071?27. IS. 2.60 as5 .760 .7b0 sell .0007
7802071p35. 75. 2.60 9.2 .716 .716 .011 .0010 7807071309. 7%1. 2.60 17.6 .798 .746 .ell .0027
I60200906. 75. 2.18 .1.3 .8SI east m016 .0003 760p070952. 75. ?.to 2.5 .835 .m5S .016 .0005
78020fl000. 75. R.14 3.5 0790 .794 .016 .0008 798072to0 IS# i.28 5.1 .700 slue .016 .0011
7802072019. 75. 9.18 7.1 .73? .7317 .016 .0015 760p071027. 715. 2.16 10.0 .717 .717 .01b .0021
76C07103S. 75. 2.18 20.? .1%63 .iks .016 .0010 78C0711as. 75. 1.40 5.7 .766 .7p6 .039 .0030

?6S715. 5 1.40 10.9 .7sA q FK .039 .03S? 7802071par%. 75. 1.00 1U.8 04i7 00a 0539 .0077
78327111%. 75. 1.18 2.2 .1622 .A21 .055 .0016 7607071123. 75. 1.18 6."1 .712 Tie~ .05S .000
7FC2071229. 75. 1.18 10.? .7ll .711 .055 .0100, 78a,7obl13?. 60. 1.06 .9 .735 *71%s .007 .0001
7802061107. 60. 3.06 3.3 os~o; .52 fool o04 78C?0611l3(. 60. 3.06 10.3 .(487 .4017 .007 .0012
78U201 0155. 60. 2.12 5.5 .461 .003 .011 .0010 780706020a, 60. 2.32 11.0 .000 .am0 .011 .0022
7400614. b0, 1.95 3.8 .*0 .4q8 .016 .0010 78020610at. 61. 1.95 7.5 .47a sale .016 .0020
1802061032. 60. 1.95 t4*9 .0j67 .067 .016 .004o 7607)6100 60. 1.95 19.8 .439 .439 .016 .0053
7M020.1316 60. 1.25 2.5 .3bS .361 s019 .0016 760?061PR41. 60, 1.21 5.2 .369 .369 s039 .001a
18020o:05o. 60. 1.2% 6.h .31 .301 .039 .0043 78rP062321. 60. 1.2S 11.5 Sbt1 .361 .039 .0074

b7.315.)6. 1.05 2.1 :PAM .980 s056 W0i1 700610593. 60. 1.05 3.6 .?bb .?o6 .056 .0035
7S?'1q0 oz. 12.' 71. . 201.707 .056 .0m66 7&c?jbl 19. 60. 1.05 10.3 .566 .366 D0S6 .0142
7A02?!, 'J. 4.5. ?.-It l.b .05o .550 .006 .0002 760OW6223. as. 2.66 3.1 .069 .069 .006 .0000

'Z'.! t27 '5 2. ob 6.3 I A .378 .006 D.08~ 7602D81226. 05. 2.66 6.9 .326 .328 '006 .0011
7802v12o32. 4.5w.154 1.0 6004 .604 o007 .0001 7602061039. 4S. 2.65 3.0 .510 .S34 .007 .0003
7602.08104S . 3. 16S 6.0 *40 .430 .00? .0006 780?0710135. 415. 2.65 10.0 .27* .271 .00? .00ts
7602071ast. 05. J.6s 13.9 .?34 .36 .007 .0026 7602081A20. (15. 1.60 Is$.0 199 .499 .627 .0007
780P06065,. 'is. ,.60 3.5 .021o .&676 @017 .0013 760P071S01. 65. 1,69 7 0.3334 .334 .016 .0026
702071022. 05. 1.6 9 18.7 .2,!.3 01 0 760208in5?. 'IS. .91 1.6 .259 .259 .055i .0020
760!382659. US. .91 5.6 .16 .167 .05S .0071 760?061107. 05. .91 6.3 .13? .137 O0S5 .0192

SIIEAKOATII. 7

780712102p. as, 1,6q .1 SAO6 Sig .00, .0001 ?602121916. a5. 2?.85 2.0 .60 .899 .00? .0002
?8u2triald. 85. 8.64 2.9 '1049 *8o8 .007 .0000 7602121000. 415. 2.65 6.4 .130 .3150 .007 .0009
760?1218.7. -05s 9.69 13.6 .116 .378 .001' .0020 71'r?221169.f 4%. 1.691 1.1 US?7 .407 $016 .0004
7&J?121155. U5. 1.09 2.3 .36? .530 .016 .0008 74 ?lplo. aEs. t.ot 4.6 .Ply v?7 .016 .0016

US2100.8. 1.69 9.q .pq1 .203 .016 .003S ?S?1,21411o. (AS. 2.69 14.1 .326 IP,6 .016 .ooSO
7I2p2o55. I.S. .91 1.7 .131! .132 .055 .01,21 7602121501. '5.S .91 sell 065% .045 sells $case

Use1206 .. .01 9@4 .041 .091 .055 .0116 780PI2161p. 60. 3.0* 1.6 $660 .8.. '007 .0002
7Aopliol6i~. 60. 3.06 6.0 0617 061 .00T .0004 7602191.25. 80. 3.08 25.8 .760 .76o .007 .001?
t6021?25o. h0. 2ots 1.2 .4645 ,86s .016 .0003 760?221551. 68. 1.95 6.1 .791 .701 .016 .0012
76021p1957. 60. 2.99 oss *All .611 .016 4002s 760121601. 60. 1.99% 19.6 .641 .641 .016 .0655
7602121.52. t0. 1.05 1.9 jq11 .921 .056 .0018 7601021213, 80. 2.0s 5,? .?is I79% .0%6 , R3
763a222605. 00. .0 l~o .9 .78 .708 In.056 .0101 7802232003. I5# 3.82 .3 .Poo *&Flo '007 .040
7802131012. IS. ).02 ?.8 .409 .oc? .007 .0002 760e2131021, 75. 3.62 %.% .790 .709 .00? .0ats
700213!0%n. 75. 3.82 tr.7 .OAS .00S .007 0011 7oo2130918 V5. act$ It3 Oil7 top? $16 .0003
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SINE BLADE 0010M
L t 00C1') 716) 0MOCu) KT KH DIS2 MI078 10 D0cCm Its) MCC") ot KR O/GTR mlGT

BREAKWATERi 7

7?"P11042A. 7S. lots 2.6 .914 .614 .016 o0006 8op1309320 75. 2.11o 5.2 .*07 .867 .016 .0011
?80?P13. IS. t.18 to.s .4a IO6s .016 .002 78021309sue 75. 2.18 16.3 0170 .870 .016 .0031
T160iifa. 75. 1.1@ E.P *ASS loss .055 tools 7SOS0IOU~68 Is. 1.18 5.7 Abi1 .861 .055 .0042
7892131856. IS. 1.10 loss .890 eggs .055 .0109

BREAKWATER 8

7802l1146. as. 1.6, t PTO .802.70 0016 .00013 7802141429. as. 1.69 3.1 .193 .193 *016 .0011
78011"1434. ur. 1.69 6.7 SIPI .121 .016 .00ZU 780?141467. 65. 1.69 9.7 .094 .094 *nth .0055
74,;2L4145S. 45. 1*69 03.0 *071 .071 .016 .0049 7602151oaae 610 1.95 1.9 0346 .3 *lb @0005
7801IS1641. 60. l.0s 3.8 .251 .35 .016 .0010 76021s1o3;. 60. 1.95 8.0 .188 .168 .116 .00i21
76011516111. fog 1.19 25.8 .ISO .119 .016 00062 7802151058. 60. 1.95 20.9 .20% .205 .016 .0056

BREAKWATER 9

1802161313. o5. 8.65 .1 .460 .460 .007 .0001 780?1613&1. 65. 2.65 1.5 .391 .301 .007 .0002
71021A.1129. 65t. Z.65 13:1 .285 eggs .007 .0005 760216357. 05. ?.65 7.2 10~ .Ib9 *007 .0010
16021eI306. 613. e.65 11.8 *l11 .117 .007 .0017 780?aa160. 65. 1.69 1.3 .32? .322 .016 .0005
1402141906. 6s. 1.64 04 @Poo ..20 * 0 016 40005 7802160914. a5. 1.69 3.1 .197 .107 .016 .0011
7002d01.417. 6%. 1.60 4.0 .196 *196 .016 .0014 7802281047. US. 1.69 So? .154 .159 4016 .00W
78021609229 Use 1.t9 6.6 oli? e122 &016 .0020 78022814389 45. 1.69 6.6 .125 .12S .016 .0030
780p2R1..8. 65. 2.69 12:.i S4 aOQ 09016 .0045 70O1281650. 45. 1.69 17.8 .075 SOTS O01h .00661
78Z?2A1511. 65. 1.6 *06 07 SOS 057 016 .0088 700?161353. 45. .91 .7 .046 .SO0 *0%% .0009
71611%nS. 615. .01 2.0 .818 .011 .0ss 0005 ?A0216113A. a5. .91 9.5 .00? 0067 Ass .0117
78)221016. 60. 3446 tog944 .60 40 .007 .0002 740111021. 6n. 3.0b 3.5 .345 .145 .007 .0OC4
78A?1Ie,?q, 66. 3.06 7.9 .?SA ISO0 SOOT .0004 78122110s6. b0. 3.ob 11.a .?16 .2110 nr' .0012

78?,~ 6 6. 3.06 1IN :?61 .261 .OOT .0017 7802810916. 60. 1.95 1.8 .3419 .349 .01h. .0005
78.IP10904... Of. l.qS 3. 1 pa .114? .016 .00010 780221093,. 60. l.gs 5.3 .Pig .2tu .16 *0014
74-P210419. 6'. 1.95 7.7 .IMP .A2 .016 .0021 780?210946. 60. logs 11.1 IS?7 .1%7 *016 .0030
W8'?211^ b. 66. 1.05 15.0 ISO .156 .016 .0042 7800211A52. 60. 1.05 1.5 .113 .113 *0%6 .001U
1G,;211r%Q. 60. 1*4 6.6 .056 @0%4 O056 .0043 78102411,07. 60. 1.05 7.6 .032 .032? SOS* v070
V7.,'eIjqjU. 6n. 1.05 3*g, .030 .030 .0S6 .0112 780?22946. 75. 3.62 1.64 *626 .6?. *007 .0001
741 ?2709sm. 7So 3.6 2.9 610 SOO coos00 00 7802221001. 75. 3.62 6.3 SZ16 .570k *007 .000'"
78UP1n9. 75. 3.62 13:7 .487 .0se? .007 .0012 7802220909. 75. 2.18 1.3 .7?% .77S .016 .0001
78'ue2001.. 71). 81 2.6 alai .761 *016 .0006 780P220926. Y5. 2.16 S.3 .660 .660 .01A .0011
yA')2?oq31. ?S. 1.18 10.7 .563 SIBS .016 .0023 780222938. 75. 2.18 15.7 .555 .55%s .016 .003"

IS-2~l. 5 1.18 3.1 963S a633 .055 9003 7802221026. 75. 1.18 71.3 .526 .526 OSS5 .0053
78.21el.7 .3.5 16.fj allS .613 .05 .0103

7411061q1. 75. 3.02 1.3 sh41 .*61 .007 .0001 7803061169. ?So 3042 ?.9 .630 .630 0007 .0003
761,106ly57. 7S. ).OF 6.2 9%04 .580 .007 .000 7801061205. 75. 3.62 13.6 'ag ag .6 OT 007.012
78t.G61.213. 75. 3.0? P0.6 .67% .67S .00 .0016 7803061047. is, 2.16 0.3 .830 .830 .016 .0003
lksob061r,6. 75. 2.110 2.7 .703% 47AS .036 .0006 7A03061103. 7S. 2.18 5.5 .71S .713 nlb6 .001,?
78e 301110. 75. 2.1A 11.s .675 .675 .016 .0025 7803061,11. I5. 2.18 17.1 .632 .632 .010- .0007
7A,.3061,06. 75. 2.14 P2.8 .%35 s535 .016 .0069 700061222. 75. 1.18 3.1 .726 .7?6 MSS% .00e],

Is oA'1.7. 1.14 7.9 4014P .6U2 t0ss *0056 7803031306. 60. 3.06 1.1 .490 .698 qn?7 .0001
One~35~2 0 3.06 3.8 .361 .361 .0oo .0004 7M0b01133o. 60. 3.06 11.1 .340 .340 .00? o001?

?"'1031160. OAS 3.06 19.5 .411 .63S .OO7 .0021 7801031368. 60. 3.06 26.9 .051 east SOOT .0007
7801031416. 60. logs 6.2 slo036 . 0016 .0011 78010310i5. 60. 1.95 8.3 .?69 .269 .016 .00ia
78(1hso1js 60. log% 16.O .14 .306 .016 .4043 7A01031?os. 60. 1.95 l1.& .606 .606 Solt6 .00%9
70(.t331225 60. 1.05 2.1 .184 .200 .056 .0019 7601031261. 60. 1.05 3.6 .165 .265 *056 .0034
?8'.1011244. 60. 1.05 S.1 @It% *1ts .0ss .0075 78010.01255 60. 1.05 16.1 alai .181 OS%6 .0ti1
T
8
01OP1,5e. as. 1.65, .7 .103 @393 .007 .0001 7803021201. 45. 2.65 1.5 9143 .363 .007 .0002

78001210.I 65. 3.65 3.a 25 PSI of% a07 .OO0S 7803021217a A5. t.ss ?.I .1ST .157 SO0T .0010
160i02122. 6%. l.ts 18.6 .106 .t06 gOO7 .0021 76030210549. 65. 1.69 1.0 .337 .337 .016 .0006
700301124. as. 1.69 0.3 .215 .sibs016 .0015 78103011131. 65. 1.41 9.6 .100 .100 .016 t00l0
76430211400 45. logo 13.6 .o016 4 . 6.016 .0069 7803031167. 65. 1.69 17.0 .060 .060 .016 .0061

BREAKWATER It

TV31313o)3. 45. lass SO 0679 0076 .007 .0002 7803131311. IS. 2.65 2.5 .607 .607 .007 .0001
70*1l31110. 65. 2.65 S.t .5 06 .586 .007 .0005 78032 32107. 40. 2.65 6.8 .398 .398 t00? .0010
78 1111116. 45% 2.61 13.3 @291 .a'7 .007 .0019 780313116o. 445 1.69 1.0 *999 *009 .016 .00Q9
79 11113e 65. 1.69 S.1 .629 .029 .016 .0010 780312I39. 4S. 2.69 10.9 .336 .316 ,016 .0A39
74 131p2.. 45. 1.64 0.2t .120 .3?0 .016 .0050 7801151?Sa. 45. 1.69 ISO? .109 .3n9 *016 .0056,
78 11111a?. Us. 19 1.7 .266 .246 Os55 .00at 7803111369. 65. 0411 %S.0.18P .102 ,0%5 O00b2
70.,14 5I6. Us. .91 ?OR fill .153 l0ss .00096 76031310080 05. .91 6.6 .14% .14% ASS5 .0206
?1,111460. 31. 1.94 .6 .70? .In, .006 .0005 7804113106o. It3 41.7 2.0 I 60S .605 1008 .0D0S
768,5131%sse 31. 109 3.8 .09ll .043 .008 0010 7603131503o 31. 1.90 10.S .31% $i1s ova6 .0026
70' 113151. 31. 1.%l 1.1 .97P .471 .013 .00011 7401131517. 32. 1.53 1.6 .000 .000 sell .0010
76 1111920.8SI 31. 1 11 5.2 .3 %01 1 1 00a 7803100 31. 1.53 )S.l SEES .260 1 05

$if11'6 32. 1 1.0 .6 614 6 0 016 .0004 7801101036. 3it1.0.1 1.6 .3b7 .36? 9016 .0008
161o~5 3.20 . :3;4 *154 .016 .0016 780114to52. %is l.s1 Too p271 6273 V016 00016

111.418110. 3t. 1.1 . yq .3710 .023 .QOQS 7801141107p 32. 1.16 194 .327 .327 q*023 .01111
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ID bCM) ~s) ~c~d itj SINE BLADE MOTION
ID 3CM 7() 43C) 37 MR D/Gya "/672 10 DCCM) T(111 P.CM) X? MR DOWE "W2?

7lO.I1114. St. 1.16 3.0 0174 .278 .023 00023 7803141121. 31. 1.16 7,11 ?25 .RPS 021 .00S9
76"S14I,10. 31. 1.0o .6 .2814 .14" .031 .0006 79031U13S7. 31. 1.00 1.61 PIS .2t3 .031 .0016
7&.A1411.a. 31. 1.00 5.6 .201 .305 .031 90037 78031520 33. 1.001 Sea .195 gigs '031 .0055

7603:71no1. 713. 3.4? 1.3 .751 .751 .007 .0001 7803170902, 75. SOUP 1*3 0762 *762 .00, .0001
76A370I0CI. 7So 3.,P 2.6 .73 9.736 SOOT .0002 7603170939. V5. 3.02 6.2 #6S9 .6S9 *007 .000S1A'. 170Q7. IS* 3.4? 13.5 S~69 e569 .007 .0012 7801170829. vs. 2.16 1.4 .690 .800 0016 .0003
76.117CAS2. 7S. l.i$ 2.7 .8064 8664 9016 .0006 7603170839. 75, 2.36 5.6 .791 .793 .016 .0012
YF8Z5170R,?. 75. E.16 Ilea o70) .712 .016 90024 TO0317065a. 7S, 2.18 16.3 .684 .6AQ .016 .0035
761701-31. 7'). 1.16 3.5 .734 .732 .055 .0026 7803170944. 7S. 1.16 7.5 .6S6 .614 sobs .Doss
76. 1Iy(u5i. 75. 3.34 14.4 .5o9 Soow .0S .0106 760112400 600 3.06 .6 .779 .779 .007 *000l
14f,5111255. an. 3.06 go? .410 o430 goo7 .0011 750117113. 60. 3.06 19.2 .968 .46,.007 *o 000to78'.1l7l0,3. 61). 3.06 23J.2 -441 .49S .007 .0027 7603171026. 60. 1.g5 1.3 ob43 .bu1 .016 .0043
M6'1171135. 60. 1.gs 3.9 SOV so0? .016 .0010 76011710t42. 60, 1.9% 6.2 .396 *30* oi16 9004e2
116o317lm~q. 60, 1.9% 16.6 .34, .34316 .0045OO 7801171057. 60. 1.95 22.4 .13% .3S5 .016 O00e074"1171116. an. 0.05 .9 .266 .266 .056 .0006 78011700%. 60. 1.05 4.1 *192 .142 MS6 .0016
7403170111. 60. 1.05 7&.74 io.170 .056 00066 7601171153. 60. 1.05 14.6 .164 .164 .056 .0IS7
Y4031604is. Us*. l.t5 96 Y .7153 .007 .0001 7603160930. 45. 2.65 1.3 .697 .697 .007 .0002
Y6031'.o94s. As. 3.065 6.0 .433 .433 S0O7 .0009 7603160954. 45. 2,65 It.? .360 $Sao '007 '0017
1803160842, 45. 1,69 .9 .717 .727 .016 .0003 7601160649. 45. 3.69 1.6 .608 .609 .016 .0006
7603160656. 45. 1,69 3.7 su55 .455 .016 .0013 7603160906. 65. 1.69 6.2 .306 .306 .016 .0029
7603160913, a5. 1.69 30.6 .26o *RAO v016 .0036 78C31b1003. U5. .91 1.1 t3a .134 O0S5 .0014
1S03161510. 45. .91 51 @079 Solt .055 .0036 7603161017. 45, .91 6.0 .057 .0%7 .0535 .0099

BRIA~.PATER 13

Y804211154, 60, 3.06 .9 .930 .93a .007 .0001 78041211146. b0. 3.06 2.0 8693 .603 .007 900027800421113A. 60. 3.06 4.2 .P~m .670 .007 .00-05 78C'.211129. 60. 3.06 9.1 flbO .eb0 .007 .00107604213,20. 60. 3.06 13.6 *qr, .8AS .00? oot15 780u11roa. 60, 1.45 1.5 .951 .951 '016 .0004760.211032. 60. 3.95 3.2 .940 .941.? 016 .0009 760421104?, 60, togs 6.4 .t2 .912 .016 ,0017
1800.211100. 60. 1.911 13.6 .654 .#if .016 00316 7604211309, 60. 3.95 26,5 .?I? .71Z .036 .0071
7804211203. 60. 1.05 1.1 .884 .884 .056 .0015 7604211211, 60. 3.05 3.0 .89S .695 .056 .0026
7604211219. 60, 1.1)5 6.4 .658 .890 .0S6 .06S9 7804211227, 6A, 14015 11.9 q03 *903 .056 90110
7004201436, 45. 3,3 1. Re.666 .606 .004 .0002 780aj~014'. 45, 3.31 5.3 .756 .7S6 OOU4 .000578042nI3157, 45, 3.33 11.3 .704 .704 .004 .0010 760a2103. 45. 2.65 2.0 .979 .979 .007 10001
7eO0l1,Ai.. 45. 2.65 4.15 .91% .915 .007 .0007 7e0a?3005l.# 45. 2.65 9.6 .903 .9m3 .007 .001478O'.210900. U. 2.aS 18.8 .769 .70. .0007 .0027 76CU21113 , 45. 2.31 212 M6 SRI1 .010 OOQS5
780'42MI3?., IS- 2.11 4.5 .649 ea .010on001 780u201129, US. 2.11 6,3 M856 .8%6 .010 .0019
180421341. 45. d.11 1,8.6 036. 83b .010 .0027 713C,'s0145U. A5. 3.69 3.4 'AS0 .650 1016 .0005
180420%504. 45- 3.64 2.9 .844 .844 .016 .0010 7604203512, 45. 3.69 6,o0 .93 .793 .016 @00217604203523. 4.5. 3869 12.6 .7o5 970s .016 .0046 7604201526. 45. 3,69 16.3 S57P .572 .016 .00b5
7804201%36, list I.34 1.11 .8% .11011 .035 Dot2 7800C1544. 45. t14 4.3 .773 .773 .035 .0034
711042tcoal. 65. .91 2.1 0041 .661 .0ss .0026 7904230937, 45. .91 3.5 .844 .844 l0ss .0043
lgoL21oQ09. 45, .91 7.6 .601 .607 .055 .0096 76C'.i01o47. 35. 3.06 .7 .828 .88 .004 .00011'.4~5~7 5. 3.0h. 1.5 .737 0737 .004 .0002 7804201139, 3S. 3.06 3.6 .635 .63S .004 .00061'DqAo:!30. 3s. 3.0h. 6.0 S64 0.569 .004 .0009 780'.20114. 3S, 3.06 17.3 O . S07 .50 04 .00191C2q5.3S. logs 1.3 .791 .791 .004 .0001 78OU0,2co. 35. tgs 2.3 .734 .7346 .009 .0006

7Jil.3S. 1.115 4.8 @65S .65S .009 .0013 78CU203.25. 35. 1.95 30,3 .600 .600 009 .0028M
0

A2nia3'.. 15. l.g5 39.8 .444 .444 ,0o9 .0053 7804203210. 3s. 3.25 2.5 Saq9 .5a .021 .0016
7804203157. 35. lots 4,6 .497 s491 .023 O0o30 7604203203. 35. 1.25 6.7 .497 .497 .023 .0031
1S04201149. 33. 1.15 11.s .390 .390 .023 ,OOS 7604201217, 3S, 3.05 3.1 380 .304 .032 .0029
7804211224. 35. 1.05 S,3 .358t 9156 .032 .0047 760420l33. 3S. 1.05 30.1 .311 .311 .032 .0103

BREAXP.ATER la

1@04240907. 65,05 oos .9 66 .660 0016 .0007 76040816, 65, 2.03 S.11 .479 .979 .016 .001616'42.i082S. 65. 3o0l 6.3 .996 e987 .016 .0021 78062608SS. 65, 2.03 31.6l .997 .907 .016 .0029
7604241007. 60. 3.06 .9 0946 ,900 .007 .0001 780424301S, b0, 3.06 2.0 ,900 .900 .001 .00037804241024, 60. 3.oE. 6.9 .900 .10007 .0o? 030 7604616,ia 60, 1.06 13,6 .419 .934 '007 .001117A0 '.eOiogo ac. 3,08 3, 1.95 1 fatso[036 .0004 780p.24'.93. An, 3,95 2.3 .96a .9t.6 .036 .0006740042 6,b 60, Se05 4.6 .97'. .9741 .036 .0012 7814.2U0034. al. t.45 6.5 .964 Q964 .016 C001?
Ta6Q4o400 br. &.45 9.4 .991 .993 .036 .0025 760o!4~j95,, 61, 149S 13.7 sobs lo66 '036 0007to.oy,610 1.9% 16,9 .092 .692 .034 .oGsl 7Pom2ul3Q4. 6m. 1.C5 IS.5 .421 .9?1 CS56 .00160"e. 1.0s 4.C .930 Salo .056 ,UMS7 7SCu2'.3o%9. 63. 1.05 9.7 *60 sees DS56 .0090

1 5 .07 1.3 .989 .640 .016 .000'. 7604241pu, 1. 5. 37 1.? se27 .917 .036 .00067804203252. SS. 1.6? 11,6 @934 .930 *016 .3016 7604.241104# %So 3,6? 10.6 .961 .961 .016 .00321804250402. 5%.o 1 315,0 .966 o860 .016 .0046 704 25383JA2, S'S. 13,7 20,51 .732 .71 .016 0036078C425.I6,6, SO 1.18 .7 .6p 661 01b tcca2 7ACUMA8SS, 51%.6 e .6 .*is .933 .016 co00sY6ou2S3on,. 50. 1.76 3,5.S Q~ .9S0 .016 00013 78'.2s~93, 50, 3,76 7.6 A684 .689 .016 .0124
5(f~:9A SC, p 11 3.6 .82.,B& .03sO6 .0 3 78ruis%93, so. 3.,78 15.2 .693 .693 '016 #0049

'1'.4i:'?? . I .'. Go.4 .42 ?d o CC7 .0107 78:4isi53 1?, 5 2,65 30.0 .006 *606 04i7 .0035
404'3gJ%. 2.0% *..I @Ill Ills 4007 ..026 76 QZS135O. 4S. 2.63 19.1 .605 .66S5 .007 .00i9?0Z'.2S:011. .5. 1,649 e .0 .36 .916 .016 000 asu5l? . 5 0369 a.3 4952 0941 .036 .000617%J21S:IO, 45. 3.69 S.ou .961 *963 .036 .0016 7604251039. all. 3,69 $to 671S .?Is '016 $c0ll76029108. Q5. 1.69 12.9 .609 .We .036 .0l.6 76c'.253o58, as. 3,69 T6,l Ste8 .%IQ .016 .006s
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10 n(m C)M0 y K /GT2 mlGla ID 0(CCP) T(S) II(Cm) NT 94 D.'6T2 b.IGY8

BREAKWATER 10

780Q?0[?36. use set1 .9 .879 .870 sobs .0023 7804251I?0A. 05. .91 0.3 .821 .620 *Oss 00sI
76vud,3250. US. .91 S.6 .7?9 .7?9 .055 .0069 7ROuI530se as* 091 7.6 .064 .0a D!)S G0CQ6
76000-5131. us. .91 6.9 Ssn1 SID0 loss Ot1O 780ai2%130p. 00. 1.59 2.1 AS5? .8S2 .016 .0008
74L --'C3S%0. 40. l.st Goo .674 .670 @nib .0016 710OU251359. 400 1.59 7.1 Sblj She~i *onib *O0e
7804islaol. an. 1.st 9.6 .509 Sno9 .016 .0039 780425,1165 00. last 13.1 all3 .4673 .016 .0051
78C0-"I1505. 35. 1.0o 11.7 SUI. .410 .016 .0050 78002514?6* 00. I.S 17.6 .036 .418 .016 .0071
78C4.,'qI057. 35. 1.09 17.? .363 .3h3 .016 .0079 780oZSla'S6. 35. 1.49 23.9 .280 .?80 ."16o .01n
7804?s1os1. 35. 3.06 t2.2 :191 #190 .004 .0013 7804261MO* 35. 3.06 17.0 .052 uS5? .034 .0019

70e10.35. 3.06 21.2 4031 .41 0004 .0023 780o2b 90S. 3S. 1.95 9.9 *#483 G6k3 .009 .00o27
7o.3o.3S. 1.95 14:1 :477 .077 @009 .0038 7804261103. 3S. 1."A9 1.6 at? *all .016 DOORf

1804?bl1it. 3S. logo 1. .391 .397 .016 .0020 78002631ft3. 35. 1.30 11.5 0862 .3A2 .001 .0069
7830eh610?. 35. 1.301 18.8 also o3';0 .021 .0069 780261236. 30. 2.17 7.7 .?46 .246 .007 .0017
7804LI.h229. 30. 2,1? 13.7 .039t .439 .007 .0050 780O261221. 30. 2.17 17.% UG00 .440 *007 .0038

780'Ae#%121S. 30. PI.17 20.1 suit .029 .00? .0040 760426115o. 30. 1.36 6.3 .229 .R29 .016 .0014
I8Duojh1I18. 300 1.36 11.2 .330 .330 .016 .0060 760016120. 30. 1.36 10.8 .326 S3?6 .016 .0079

BREAKWATER 15

7605011015.05 l.o 9* 0 .7 .903 Po03 .006 .0006 7605021026. 45. 2.80 7.1 .863 B6A3 D006 O0OCQ
1fo3o3b. as. 2.00 10.3 88311 031 0006 .0013 7805021!145. 45. 2.8Pl 14.8.0'0 .8^1 .001.o, :
7805081056. a5. 1,80 18., .730 .730 ,006 .0024 760,102110F. 05. I.6Q 1.0 .90 010 .,Ile,.0
7605021116. 05. 1.09 2.1 *408 .908 .016 .0008 7 3502112A. 49 3.60 0.2 eQ1o .AO . jb .c~ls
1805021136, as* 1.09 6.0 FS54 .856 .016 .0021 78nSG21!ast US. 1.69 6.7Fa .821 61 01 .0031
7605021155. u5e Sea9 12.9 .795s #79S .016 .0046 7805021204. 05- 1.*9 18.3 .627 .621 Ole6 .006S
76g50113llo use qt1 I@6 .66S .661 .055 .0022 1805021321. use .91 2.u .950 865G *055 .0030
7605021330. a5. .91 3.1 fast .651 .055 .0038 7805021?30. 05. .91 3.9 .866 .866 O05% .0048
7605021207. 05. .91 6.2 .590 .590 .055 .0101 7809021129. 00. 2.80 5.9 ,788 .7R8 COS OOOM8
V8030p1337. 00. 2.60 6.6 .78S .765 .005 .0011 780902:34A. 41. 2.80 12.1 .729 .729 O0CS .0016
7810om58. 400 Pawn 16.6 gas .685 .005 .0022 78,1503U732. 00. 2.87 20.8 .588 R88 0'05 .CCV
780503045a. 40. 2.50 .7 .931 .931 .007 .0001 78600eQG. 40. 2.50 1.5 .0164 ObQ .007 .01C9
7805030930. 0. 2.50 3.1 .8?h .826 .007 .00oO 7805030939. 00. 2.5n 6.3 AIO0 .810 OUT~ .0010
760503o9o7* 40. al5o 9.0 T7IP .772 .007 .0015 7805030956. 00. 265m 33.0 9700 .700 .30 .0021
7805031007. 460. R.50 19.1 .641 .641 .007 .0031 709o5030pus. 400 lose 3.3 e861 .1 .016 .0005
7805030827. 0. 1.%9 286 .611 .013 .016 .0011 7805030916. a0. 1.59 S.6 .7l6 .78 ,016 .0023
7605030156. 400ls 1.59 206 4 627 .016 .0040 760503070%. 00 1.59 15.0 .561 .561 1016 40061
l8oSO3o7oo. 00. 1.5t 20.0 .06a 0840.016 .0081 7805,031J43. 40. .86 Z.2 .772 .772 l0s5 .0030

78600165Z. 40. .86 3.2 PIS% PISS .055 .0000 7605031000. 00. .86 4.2 .726 .726 .055 .0058
7805031037. 0. -" 5.6 .73M .730 .055 .0077 7805031026. 00. 486 6.0 .521 .521 lobs5 .0381
7805031ft18. 00. .86 7.0 .St6 Si1b .055 O03r2 78050403% 35. 2.80 1.5 .789 o709 .00% .CO02
18SOO9oS. 35. 2.80 3.0 .711 .713 .005 OO00a 78CS0009SI. 35. 2.80 6.1 .679 .679 .005 .0008
1800OU1002. 55 . 80 S2.6 96l4 .614 6005 .001b 75050al012. 35. 2.00 17.7 SST7 .557 .009 .0023
7601061027. 35. 2*U0 20.6 @Set .101 .0005 .0027 7805001157. 3S. 2.30 .5 .889 '889 '007 .0001
1605001206. 35. 2.30 lot .914 .619 .oo7 .0002 780S001215. 35. 2.34 2.2 .739 .719 .007 .0000
7809041226. is. 8.30 3.3 .7ta .714 .007 .0006 7805000,35. 35. 2.30 0.6 .665 .685 .007 .0009
760S040109. 35. 233 6.6 .66R .66S .007 .0012 780500120. 35. 2.36 9.6 .630 .630 .007 .0018
7805040129. 35. 2.34 103 .567 .5bl *OCT .0027 7805000131. 3S. 2.30 20.3 .506 .Sb .007 .0036
7605041149. 31, 1.:9 1.1 .796 .746 0016 .000S 7605001138. 35. 1.09 2.3 .696 .696 9016 .0011
lo0s0o11id. 35. 1.0 0. .564 .560 .016 .0022 7MO001102. 35. 1.49 lis1 .1516 .5!6 .016 .0051
760504051 35. 1.49 16.7 .060 .440 .016 .0077 780,5040b6. 35. 1.09 22.3 .159 .359 .016 .0102
Too0o 1 04. 15 1.4* al.0 .37d *3741 .016 *0106 78O00003. 30. 2.80 2.6 .%38 .538 .000 .0003
7805040211. 300 .8 Sol *GO1 .08860 000 .0007 76o0O019. 30. 2.60 10.6 *537 .537 .000 90016
YSOIlos12zs. 30. Sao7 1.6 .6?! by)- .Do? .0003 7806051282. 30. 2.17 1.7 .074 .670 '007 .0004
780503121S. 30. 3.17 3.3 oboe 460a .007 .0007 7805051155. 30. 2.11 6.3 .503 .543 .007 .0014
7805051603. 30. f.1l 1i.1 .551 .151 .007 .0026 78O005090. 30. 2.17 15.9 .10 .S10 .007 .0034
78oSO4309us. 30. te1? Rico .436 .436 .007 .00016 7805050990. 30. 1.38 1.1 .S66 .566 .016 .0006
f6os0506o6. 30. 1.38 8.2 @Sot .581 .016 012a 7805050057 30. 1.38 set .u2S ups5 cib6 o02s
7605090906. 30. 1.36 t.e .00$ ago& .016 .0051 7A05050916. 30. 1.3' 12.0 .3b2 5362 nib 'C-00
780'50SC924. 30. 1.38 16.9 .301 .3f13 .016 .0091 78o04;I6114. 25. 2.08 .7 .767 .?%%? .031 .1
78oSQo4x0oc. is. 1.98 1.0 .99 698 .00 .0000 740506105?. 26. 1.9f 3.1 .5?3 .573 C007 CC008
7801041624. 85. 1.981 be.5 .037 ,US? .007 .0M17 7A0810l?.I 25. 3.98 9.5 .017 w'1 .007 .D0es
7805081o0. 85. 1.98 33.6 .366 a346 .007 .003S 7400508388. 26. 1.26 10 .609 061,9 .016 .0009
7809080907. as. 3.16 3.0 .0*0 .460 .016 .001' 7805060919. 25. 1.26 6.3 .346 .346 .016 00000
711050110926. 85. 1.26 9.3 9111 .311 .016 .00 76o06009als a5. 1.26 13.7 0297 .297 .nib .008
l6odi0A09S6. as. 0.86 10.9 .356 .1q6 .016 .0096 780b09302A. PO. 2.77 S.O .40S sums .007 .0010
VG0509153. 20. 1.77 6.0 Sai .3ol .007 .0026 760509I1 44. 20. 1.77 11.9 .304 *3AQ MOT7 .003
T605o9o04S. 20. 1.13 .7 .371 .371 .016 .000b 71 509:437. 20. 1.13 1.2 .1155 .315 *010 .0W1
780690ISS. 20. 1.13 1.? M37 f3l .016 .0022 7m050939:%. te. 1.13 3.6 .?33 .013 .016 0&50
16C00013. 20. 1.13 1.6 .196 site .016-..00.15 7605090923. l0. t.ll ?.a .176 .11' .01 .0062

BREAKWATER IS.

7580,11o. S0, 3.16 so * ees sell .011 P .0802 780.70,1. So. 8.19 1.6 .955 *955 0011 90006
1~8427941 S0. N.: 3.6 ::;A .916 soil .00o6 76042,09550 50. 2.181 7.5 .1197 .697 .013 .0036
Y6008YI661. So. 3.1 1 61 .6?? .011 .00ll 7609171ni5. 57. 2.281.7 ISO 6 aps eo .031 .0039
760.2T1855. 50. 1el16 o 0..8066 $e016 .0000 78Co271o,8. St. 1.78 2.3 .'6o .*@to .016 .0007
7004 9gOo. S0. 1.16 5.6 .424 .626 .036 .0016 780,2717r32. 50. 3q04 l1.t .85 .063 .Ole .0038
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SIISE 6%.413l 'M0lo%
10 OCCMI TM6 Mt(0M3 x? NO 0/G72 M/GO? 10 DCCM) 7(3) N.(CM) K7 KW DIG~d t6/GT2

1804271023. 50. 1.18 14.7 .763 .763 .016 .0047 76O'u271po?. a%. 2.bs .9 .4175 1975 .007 .0001
160021ti2Ot a5. 11,63 4*5 *660 .660 .007 .0007 7806271214. 45. ?.65 9.7 .All .e7l .07 .001a!
7804271227. 65. labs 13.6 01 .jij 614.o .0020 78OU271111, 40S. 1.e9 3.6 .080 .650 .16 Ones5
T606373339. 611. 1*09 3.0 .619 .659O .016 .0011 760U271127. 83S. 1.69 6.2 .AID .810 .016 .0022

YaY~5 65 V0.8s4 9 6.9 *lee 9108 sets .003? 7804271141. as. foe, te.9 .732 .732 .016 .0066

s6o:21:asts 4S. 1469 las .6111~ .613 gets 80066 76027125q. "5. .91 1.9 .917 .637 O055 .0023
a 12152.85S. .11 3.3 .639 *95f) .055 .0043 750's271?aa. 45. .91 a.3 .600 .00o oSS Scion

780921251. 40. 1.59 1.9 .6g .ass .016 .0009 780028129. !40. 1.59 3.6 .754 .754 .01e 0~015
780428t3?. 60. 1.59 7.2 *664 .66 .0016 .0q2Q 780428131w. 90, 1.59 13.7 Sbt2 .561 .016 .00,5
76042011324. 110. 1.59 16.7 .491 .491 .016 .0OTS 7R0'!262351. 35. 3.06 12.5 .002 .SA2 .00a! .0014
18042812569 35. 3406 17.e 9476 .676 .006 .0019 780az61305. 35. 3.06 te.5 .666 .6!!'! Seca .0025
1604211162. 35. 1.93 14.9 a.s .355 .009 .Ooao 7804281P22. 35. I.M9 1.6 L175 b~l5 Olt. .Iy'
700251230. 35. 1*49 3.4 959'! @S94 .016 .0016 780oo2i30. 35. 1,uq 7.u u~5q .4.' .01. '
7606251267. 3s. 1.89 36.7 .436 630 026 .0077 ?5~A,140111. IS. 1.3(, 11.3 .,07b o' 0. l
7804291125. 3S@ 1.30 15.0 .424 .48 .021 .0191 76o:2T147Q. 3'1. 2.1.7 2.? .955~ .b.'' (&
7606271a27. 30. 1.17 6.4 9464 .464 .007 .0020 780j271425, 30. 2.17 e6 .a03 .4 DOT7 C(W19
?60U211'!3Z. 30. 3.17 16.2 .417A Sa7e .007 .0035 1804271oA4. 30. 2.17 20.7 u438 .63e .007 .OCQ5
7601329. 30. 1.36 1.4 Sass s451 .016 .01106 7606271112. so. loss 3.1 .355 .355 ni *1.*0017
760W29131. 30. 1.36 7.2 9332 @33a .016 *0038 760'!271340. 30. 1.36 9.6 .3Q2 .3U2 .016 .0051
V80aohaliST, 30. 1.36 13.0 .31a .$1@ .016 .0070

ORFAKWATER 16

7405110706. b0. l.5s .6 Ott2 Seat .003 .0000 763'5110715. 60. 41.63 2.6 .794 .704 .001 .0001
7605110723. 60. 4.53 bo.0667e *766 .003 .0003 70051o735. 60. 6.63132.6 .758 .796 *03 .3006
7605110766. 60. 4.83 17.6 S.761 yq3 .003 .000@ 78091l3084n. 60. 3.06 .9 .456 .qsb .007 .0001
7BU5110631. 60. 3.06 2.6 Oil~ s937 .007 .0003 7609110mic. 66. 3.06 6.1 .902 .902 '007 .0107
74OoSliosit. 60. 3.06 6.9 990 .968 .007 .0010 780511050?. 60. 3.06 13.5 099 .939 .007 .001s
Toosilossb. 60. 1.95 2.7 .994 .9,59 .016 .0005S 7805110913. 60. 1.95 3.0 .947 .9'j7 .016 .0009
7805110926. 60. 1.95 6.7 .911 .91S .016 .0018 7605220937. 60. 1.95 13.7 .871 .871 .11600.031
780511,os0. 60. 1.9s 36.6 .o .70 .016t ol .0071 780S111205. on, 2.05 2.8 .967 Qu? .056 .0126
76052nlaot. 60. lace 4.1 O953 .953 .056 .0038 7605111046. 60. 1.05 'J.5 *952 19,; .ant Coto

7653o3.6. :.,93 #969 .969 .056 .0co6 750O,11I02?. 60. 2.05 11.8 178M .7o .0sb .0109
740512232. 55. 8.69 12 .Yo& .756 .003 .0001 760511222 sr. 4.69 U.0 .760 .760oOI10 .0002
186 51112S2. 55. 8.00 6.3 .7ea .764 003 Co00a 750513133'. 55. 0.69 1*.1 .13Z? .62 .o0l .ooo?
7805111313. SS. 8.69 21.S .624 .626 .003 .0010 78051l20532. 55. P.93 1 .979 *9?9 .007 .0001
Y8o512082a. 55. 3.93 3.s .972 .97a .007 cocau 7805120810. 55s. 2.93 7.7 .949 .949 .007 .0009
YOg11jae. 55. 3.91 31.989 9gq *ga 7 go?.0013 7605111139. 55. 2.91 15.9 .981 s9P1 *007 .0019
1605111326. SS. 2.91 te.2 *909 Slot tool .0nes 7505120863. 55. 3017 1.6 .561 .60 .016 .0005
16o51poes7. S5s1.6 3.3 .Pbo .660 .016 .0010 7605120913. 55. 1.67 6.5 .552 .892 .016 .0m19
Ytosollugs. Ss. 'I"5 i5.e .921 fall .016 .00090 760S120966. S92. 1.A7 19.2 .?Su .?%aj .020 .0Oo
76051209S5. Se. I.57 25.7 .643 .643 .016 .0075 7805121031. S5. 1.0t 1.3 .027 .9?7 .055 .0013
7605121023. SS. 2.01 3.6 . 96 a.900 GOSS .0036 7801;1210059 55. 1.01 6.3 .593 .895 nSS5 .0063
761?1 16. 556 1.01 0.6 .697 .897 .Oss .0OUR 75040?1 2. s0, 4.5! 2.0 .716 .714 .002 .0001
7805121205. So. 4.54 d.m .711 .735 .002 .0002 7805121215. S0. '!.54 1.9 .734 .73, .002 .0004
l60st2122. S0. 4.S6 11*2 01.P .762 .002 .0006 7605121235. 50. 6.56 16.4 .731 .?It .002 .0008
760312127. 30. 8.36 13.7 .501 0191 .002 .0012 76 05180536. 50. 2.60 81.2 .954 .9SO .007 .0005
700511IjS9. S0. gave 9.1 .6ea .906 .007 .0012 7605121300. S0. 1.0 13.6 .916 .916 .007 .0018
76105133259. S0. l.s0 16.1 $983 .923 .007 .0021 7605160921. S0S t.76 lot 620 .620 G01b c000a
780911aO9s3. s0. 2.le lea 986 .660 .016 .0008 7605100959. 50, 1.78 S.0 Rs5p .8%;2 .036 '0016
7905141615. 50. 1.76 6.5 .589 *Sao .016 .0027 7605161029. So. p.74 12.6 .820A .see '016 .0060
160,51u10u2. s0. 10A Oatj .64 .~6 .016 .0055 76051'ol 6'. S1. 1.71t 23.3 .576 .575 Clb6 .007S
16051'alfa3. 45. 4o38 1.3..604 .694 .002 .0001 760516Q1253. 05. 6.55 2.6 .b88 .6A8 .002 .0101
7605161306. 85. 4.38 &.3 .611 .671 .0002 .0003 78C511613l5. 85, 14.38 9.9 .69S O6QS 002 .CO0S
19015141S24. ass 4.36 1a.7 .766 @The6 .002 .000? 76DS161360. 'l. u.39 17.7 b~7a .676 .002 .0009
Y60o11011aass Roo. 3. 2.9 .6lo .@to .007 .001s 7po51'!1a00. 65. 2.65 16.3 .702 .One .007 .00V7
11031013SO. 45, 2.65 IS.? .51a .574 .007 .0037 760527025. 35. 6.06 2.6 .56? .562 .002 SOWC
111011109511s 3. 8.06 Sea .533 .355 .002 .0003 7605170587. 3S. 8.,06 li.t .552 .552 S002 .0007
760SY061. Sea 4.06 13.4 .&0~ .899 .002 .0020 760527091t. 33. 8.06 Z0.9 0437 617 Gone .0013
7505210957. 3H. 3.10 .9 .@?1 .671 .004 .0001 7805,2204SIS. 35. 3.10 2.2 .739 0739 .0041 .000?
1605281003. 35. 3.18t 5ol .bet 001 0006 .0005 780';221013. 35. 3.20 7.6 SS41 54 nOQu .0008
To052?,ea2. 35. 3.le l1.1 .516 0516 .006, .001? 78CS22i1p. 35. 3.20 16.1 0078 .,76 .0044 .0017

* 760170921. 39s 2.36 3.0 o799 .769 .007 .0n0e T750570*3c. 33. 2.36 2.0 .725 On .n0? .0n06
7809170439. 35. 2.34 8.0 .6601 .656 .007 .0007 7R051700"5. 35. ?.36 S.O .625 .615 .007 .0011
7605009111' 31s 1@14 6.3 .101 e557 .007 S00t5 78os171c05. 3S. 2.3a 11.6 0542 .Sui S007 .00di
?601191822. 31. 8.38 16.9 .4ba .466 .007 .0031 7505221082. IS. 1.6 1 .7 .050 0?%0 .013 .0003
76415210a9. 35. less 104 .671 .73 .01 .000s 780522213. IS. 1.65 2.6 .563 003 *013 .0010
180521114S. 35. 1.65 S.6 .934 a538 .013 .0021 780S221154. Is. 1.651 6.8 ,8611 .061 .013 00033
78092PIRO3. 35. 1.b5 t8.s said .814 .015 .00S4 7A00t134. 5. 3.us 1.1 .701 .73 .oib .0o0s
141011171083. 39# ISO9 3.3 Goo6 .6104 .016 .u01t 780517205?. 35. 3469 6,9 '098 .898 .036 .O0is
1601173158. 35. l.se 13.5 .8511 $ass .020 .00ss 780G5272?1. Ss. 3.69 36.5 .366 .3%6 .eth .0076
Y*0111a. 3s. 1.as sloe *so% .35 Sets .0lo7 ?:^%1712539 30. 3064 1.6 ass& .5%3 .00? .0001
7 0902iie. 3go 3os9 3.0 .866 .486 .002 .0002 7 05171?s3.s 30. 3089 6.5 .602 a,01 .002 .0008
T~1i1ti1135 30. 3.39t 30.3 .817 .a17 .002 .000? 75oS27211.3 30. 3.59 16.6 '173 6373 '00? .0010
14051094110 S0. 3.67 1.6 .636 .616 .008 .0002 7505160086. 30. 2.67 S.S S)I31 20008 .0008
YGO516,935. 30. it6? Tat also .88 .006 .0nce 760%282004. 3o#5. 2.67 30. O . 65.65 0008 .001
VIO5SI .10 3.fe128. Sall .843 .000 00036 76011181,.5p. S0. 2.67 P1.3 '401 .803 .008 .00ts6
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SINE 61.40k MOTION

10) CCC") T(8) .CC'.) XT KA OWG2 MI.GTa to D(C) T(8) 14(M) 97 MR O/G?. MI'0?2

760911131. 30. lot? 1.0 @468 .$60 SOOT .0004 7805171330. 30. 2.17 6.1 .536. .SSe .00? .09
78a117133s. 30. lot? Got .88 44 * 007 .0018 7805171147. 30. 2.37 14.9 .Ulu .91'. .007 .011?
70,09711596 Jo. fell lost $all .041 .007 .0043 7805180832. 30. 1.53 .7 .636 .636 .013 .0003
74@751SO602. 30. 1.1"! a.s .102 .302 .0il O002o 78051809to. 30. 1.51 12.41 .150 .340 .013 .0054

7P:8,St 920. 3~.1.5 les8.2 *264 vif64 .013 .0079 78S1809290 30. le53 24.1 .213 .213 .013 O0105
?IiW7s, 'it 1.4 t.% $age .440 .01b4.0007 780%18074i 0. O*8 ose as 377 .377 6016 Ionia

Soo~.30 1034 5ee spop .292 .014 *0032 78OsSGO759o Joe 1.38 8.3 029b .298 .016 .0014
74;s1at137. 10. Isla to.? .w8 game .014 .O05? 7405180815. 30. 1.38 35.00 .261 .261 .016 .0080
76;53'0'23. 33o 1.3' 18.6 .2?4 9220 .016 .0100 78OS1909100 ass 1.70 1.3 Q487 QP87 .002 90001
70,S530665. 25. SOOled2. .436 .045 .002 40001 7805190945. 25. 3.06 3.1 *3037 .3P7 @002 .0002
7FA519qllt. 25. 3.7n 32.7 .?oE .245 .002 .0009 780S102it 25. 3.70 18.4 .267 .267 .002 .0034
7fC53A1%ls. IS. 2.62 1.2 .%8s p54,5 .004 .000? 7805181s33 25. 2.42 2.7 .447 QP87 .004 .0n04
1P.538il32. it5. 2.42 5.b .171 .071 .004 .0008 740s181140. 25. 2.42 8.0 .124 .3?4 .004 .0012

ISO8l0. 5 2.0Z 31.4 028? .2pa .004 .0017 7805381157. 25. 2.62 34.7 .081 .2131 .004 .0025
70's5aOo7. 25. 1.46 2.4 .08A .288 .oi3 .0014 IgoQ5190P03* a5. 3.40 S.3 .?It .211 .013 .o002
76.;539,009* 25. 1.40 9. .$111 .371 .013 O00S1 7805390835.e 25. 3.40 18.3 3QU .3aa .013 O0U94

1859'4 2.2 3 . :P11 :30 .116 .0028 7805190934. as. 3.24 9.9 .IS0 .10o .016 .0044
TpRslq".8' 25. 3.24 13. 13* .7 .014 .0089 7805190852. 25. 3.26 37.5 .140 .140 P01b .0112
i'DS10930~. 25. 1.26 10.4 @111 sit$ .014 .0031 7805193?22. 20. 3.s3 .4 .?1? .717 0002 00000
1135101234. 20. 3.s3 .7 .6466 8000? 00003 78053191251. 20. 3.53 1.0 o412 .612 .002 .0001

7'~310.20. 3os3 3.5 59 Srg9 .002 .0003 780%191311. 20. 3.53 3.0 .444 Qua .00P .0o02
760S1'3122. 20. 3.53 4.3 .32A .32R .002 .00O5 7805191331. R0. 3.53 13,5 225 i?5 .002 Vil3
743S5130 20. 3.51 20.0 9181 *1$? .002 .0017 780522082A. 20. 2.34 .9 *8uS .845 .00a On"02
7Aj52?,AI2. 10. 2.34 1. .442 :662 :004 .0003 7805,220803. 20. 2.34 3.0 .472 Q~72 OOU4 .007
7835191405. 20.o 2.1a 7.0 :It .317 .004 .0013 7809U20758. 20. 2.34 T.l .316 .316 SOON O001s
75052?t76. a0. 2.34 9. .is .2S 257 .004 0038 780591354. 20. 2.341 13.S .209 .2119 .000 .0nes
7#052?C?36. 20. 2.34 38.#3 .230 .210 .004 .002?P 7805191349. 20. 2.3u 20.1 .169 .169 O00A V5(9
780527,727. 20. Z.3a 39.9 .184 .380 .004 .0037 78015220A29. Roo 1.77 1.2 .40S SODS .007 .0004
79O52?CA38. 20. 1.77 2.ll .449 .447 .007 .0008 780%220046. 20. 3.77 5." .?93 .?93 *007 .0018
79o52?c8SS. 20. 1.77 8.1 .229 .2;19 .007 .0026 7805220900. 20. 3.77 12.4 .17S SI7S .007 .o0'.0
1P05220912. 20o 1.77 18.3 .13 .I38 .007 00%59

FIREAKNATER 17

78070,0434. SO, 4.99 2.3 .180 .740 0001 .0000 7807070844. 50. 4.99 8.1 .692 .692 .001 .0001
740707r0854. 50. 6.99 8.5 .%A6 SS8e .001 .0602 7807070904. SO* 6.90 8.5 v%59 .559 .001 *0001
760106c937. '50. 6.99 34.a east .4S7 .001 .0003 780801013S. SO. 6.34 ou .9316 0936 .001 WOO0
?4081910170 50. bola 3.5 0184 .7412 .001 .0000 7G0e151n2S. 5O, 4.34 2.8 .471 0473 .003 .0001
7808153033. 50. 6.34 3.9 .644 .&a* .001 .0001 7808010206. 50 .434 8.1 .682 .b62 .001 .0001
VA *815'laq. 5.). 4.34 8.9 .S29 SY~ .001 .000? 7808030,55. So. 4.34 9.1 91;61 .5b3 .001 .0002
74-8l 1.S7. 500 4.34 14-6 .43% -43S .001 .00041 78040101,15. 50, 4.3" 1409 0450;45 .0 03 Pot00004
7'.7O7 023. 50. 5.17 2.0 .709 .7m9 .002 .00%,0 7807A70A14. SO* S.37 2.0 .0?0 .010 A002 .0001
7i0.'77 04. 50. 5.37 6.0 .598 546 .002 .0002 7807070155. So. 5.37 5.9 S54l .503 .002 .0002
7illoy lob. Soo 5.17 8. .4 .91 o002 .0003 78041%113S. 50. 4.54 2.1 ."af Sao .00? .0003
74,1811CI157. 50. 4.54 7:.i .427 .427 .002 .0004 760A1119. Soo 4.5" 30.53 .37? .37? .OO? .000%3
7' )g1k.112. 50. Q.54 35.7 .33o .330 .002 .0008 7808151V, 50, 4.54 23.3 .?96 .246 .002 .0012

SO*70*14 0 3.70 2.8 05%1 .5,5 0004 .0002 780,071005. 50. 3.70 5.l .'l03 50I n00u .0004
7 )701)Q56. SO. 3.70 31.0 Said .810 .004 90008 7807070847. 50o 3.70 34.6 .3b7 .3A7 .004 .0,^23
7A3701io4m. SOO 2.80 3ob .7451 .1hs .oo? .0002 7807071033. So. 2.80o 3." b6kq .49 Do07 .0104
7AI8PlP'09. S0. 1.87 2.3 .508 .50 .015 .000? 7808020739. 50. 1.87 4. .467 Q6T7 01% 0014u
7"MOV0727. 50. 3.27 4.7 .433 .413 .0t5 .0020 70020735i. Soo 1,87 9.7 aD.9 QA~9 01S .0028
7AZ8I%'i53 50. 1.81 34.0 *139 .359 .015 .0041 7808151145. 50. 1.87 18.8 .311 .331 .011, .0O5i
7o04lc1i39, 50o 1,8? 14.4 .Pbq .S .015 .0077 7807073329. 50. 1.78 4.0 s4y? .472 .016 SO0039
4J771322. 50# 3.78 1270 .37n .VO .014 .0043 7807073047. 50. 1.78 23.2 .294 .?'4 .016 .071

7t707 1
i4 50. 1.50 4.8 .437 017 .021 .0031 780707t34. S0. 1.5S' 11.7 SS52 .3%2 .021 .005S3

7Aijo~5ope 45. 6.qa 2.8 .74n .760o .00, .0003 78,07053458'. US. 6.9m 5.4, *oo .e'0 4001 .000
7wo070o0. us, b.o 6.4 .A6 ollab .001 .0002 780705243. 45. 6.90 13.7 says5 w7S .001 .0003
7 107o' II0. 'AS. 4.91 R.t .579 .579 .002 .0001 790705I14. or). 4.43 3.1 SSI1 05%3 .002 .0001
740G&!126. us. 4.91 4.7 0514 OS19 .002 .0002 7807051134. u5. 4.92 6.9 0471 .473 .062 .0003
740705is4p, s 45.9 0: 03 :426 e84 .002 .0n04 7807051350.as 45.q *9 .1 .184 .3*44 .00.) .0004
7m0700,1358. '.5. 3.5i 1.4 jag ;OAQ .004 .0001 780705140t. 45. 3.51 2.9 sh2v .02?4 .004 .0102
71001c4. US. lost 4.0 *,Ila .500 .004 .000S 7807051:74. as. 3.st 12.4 .043 .443 .00. .0010
94-)7Ot!a3p. .s. 3.51 36.2 034h *46 .004 .0o15 7807051525.e 45. 2.45 1.e *71" 0134 .607 '000A
7407(,r1521. 45. 2.05 as? 066a .640.007 .0004 780705I15.65 2.45 4.2s b 051 *Sr53 .007 #00
79070t!136o a5. Robs 33.d, saido.474 .007 .0020 7807051545. 4S5. 2.45 38.5 Ohl3 .59t .007 .0027
?A070&1601G. 45. 3.56a 2.8 .544 .5. 013 .0008 7807051.03. 85, 3.88 5.4 *492 .492 *013 o.0014
147807cifs55 age ISI8 10.4.o .40l .013 .0033 7807052549. a5. 3.881 23.0 .317 .317 .013 .0043
1407OC1614. us. 1.69 .4 .552 .552 .034 .000? 7807051420. 41s 3.49 1.3 .553 ssl o01b Onos,
'07' 326. M5. 3.69 1.8 .523 .573 .014 .0010 7807051432., 85. Io69 4.2 .453 .4;3 .014 .0024'
740701030 SS. 4.09 Ise4 .836 .814 .003 .0000 7807071437. 35. 6.00 3.3 .728 .728 .001 60002
780707100,. 35. 4.09 6.9 .589 .589 .003 .0002 7807072,5j3. 15. 6.09 30.1 .%23 o%;03 .001 .O00
780707118. 35. 4.33 ISO .811 9673 .002 .0002 7807071224. 3se 8.33 8.7 .370 .370 .002 .0005
V607011244. 35. 0.33 36.8 .141 .303 .002 .0008 780O7071315. IS. 3.30 1.2 .707 .787 .006 $008l
770113o8. 35. 3.30 3.9 .0 .040 .00a .0004 7807071300. Ise 3.30 S.4 596 .1196 .008 .0004

:87?22 5.33 . So; #S0l 000 00009 7807071322. 35. 2.34 1.5 .437 .437 007.03
Too?0'11330. 35. 1.34 4. SS~ SS57 .007 .0008 780707133g. IS* 2.39 V.5 .460 .460 :007 cola8

7::1Y;13&1 Ise 2.34 14.? .390 #&40 .007 60017 7807071419o 5 IS9 3o49 1 4 03 003 s616 :000
0 01SS35. 1.69 30. 4 3 04 0 014 .0047

88



APPENDIX D

TEST RESULTS (IRREGULAR WAVES)

1D nCc
Tm
)I ($) wee"~) 91 KB G'02 2./l go 10 0Ccm) IM6 MCC") K7 eCU P/672 '4IM7 op

160321613. *0. loi op 1 * 3 044tv .023 .0000 0.01 7603281IO24 00. 3.06 6.2 .031 .035 *O0 00009 3.9v
701012416316 00. 3.32 11.1 .of,% .019 snob .0010 3.1e 7601201441. 60. 1.05 12.6 .008 .06 sets .0011t 3.77
7001,2601S. b0. 3.32 12.0 .0411.0OS *00b .0011 2.80 76012#1100. 00. 2.02 iS.1 4106 .160 .ets seat* Sods
760310934. 7s. 1.34; 61. :3:4 .3j9 .043 .0089 2.08 7803070941. VS. 1.0S162.1 .15S .010 .016 .0081 S.61
?801210952. 71. 2.16 1:S .I6V .ldal .031 .0069 0.37 78oll7Iooo. 11. 3.32 11.1 .303 .503 .00 .0010 3.9..
7P801113. 7S. 3.96 1.5 .2% RS3 .007 .0007 3.20 76032710220 Is. 1.33 less .201 .291 Oallom?00? P.69
7403a72o32. 71. 2.00 11.9 .356 .is# .010 .0029 2.81 7803J104oo.1. 2 .30 13.3 .300; .305 .4ol3 .0476 1.70

?401191336. 74* a.1? 13.3 SAS3 Sol .017 OOSO0 So11 7801191,46. ?a. .6? 21.1 .005 .86 .880 0109 %.3o
78011911s0. 74. 2.o0.1 t eS.o*95 .016 .0000 6.50 7801141404. 70. tell 11.0 *694 .604 .032 .008 6.03
?801 191010. 7a. 1.00, 10.0 Sol2 .nt .030 .007a ?.%'A 760120U106. 61. 2.1? 14.7 .2Z6 .226 .014 egOh Soto
?401240807. 00. 2.23 IS.m .231 .231 .012 .0031 4.98 760t24082. 00. 1.%& 17.0 .237 .237 .032 .0091 0.1
78012400134. 60. 1.%S IS.0 .191 .193 .026 .006S '1.62 76012400.3. 00. 1.06 10.0 .157 .16? .030 .0072 7.26
7801211312. 00. 2.1p 10.0 *?29 .22w .010 .003S 5.15 780121)120. 00. 8.23 16.6 .220, .226 .012 .0A30 0.82
760121t327. 61)o 2.03 11.0 .231 .213S .01S .0002 0.17 7601211122. 00. 1.36 11.0 .20o .209 sale .0083 6.2z
16012l1339. 00. 1.0 146 .184 .166 .089 .0072 1.02 7001211731. 0S. 2.1? 12.1 .113 .115 .010 .0027 46
7601211709. 03. 2.31 10.40.113 fi13 .006 .0010 3.02 7601211711. 01. 1.13 lo.9 .060 .060 .020 .006S 8.30
?60121120. 01. 1.la 22.. salt .071 .027 .007S 6.13 7601211630. 0s. 1.v0 12.0 9109 .109 .010 .0066 9.99

OR1AXWATER 4W

76o11410. 60. 1.38 17.40.610 .06 .043 .0093 4.019 ?60,91004. 61. 1.33 16.7 .7S1 .75S .031 .0073 0.30
7401191010. 8S. 1.12 11.0 .149 .760 .026 .00S? 60 780119162b. 8S. 1.90 11.3 .768 .768 .03 .0001 0.62
7801191041. 6S. 1.40 Il.2 .Y66 .786 .0412 .007S 9.61 760,160036. 16. 1.36 11.7 .lt .S16 0006 .0091 1.24
)801180941. 70. 1.02 10.0 .131 .Si1 .014 .0161 1.3S

ONFAKWATFR s

18020IO869. 73. 1.6 l1 .769 .769 OZ2 .0000 a.13 780?0t0901. 11. 1.19 160 .80, .800 .016 e0121 2.16
7802010412. 75. 1.19 10.7: .44 .86 .010120 Ol .12ol 7602010924. I1. 2.00 9.0 .843 .603 .013 .0017 2.10

10003.75 .0 9* .40 .80) .013 .0017 2.10 76O010947. 71. 1.01 9.0 .82S .0121 .030 .0007 2.03
7AOaoi091?. 71. 10 5 .80 .607 .036 .0n0b 2.3 780P01010. 71. 1.S0 i1.7 .68% .065 90913 .0101 6.31
7806OIIA21. 7S. 1.30 17.8 .094 .606 .O1j .0101 6.20 7802011034. 75. 1.20 17.3 .922b .92Z .006 .011t 8.90
IR00ilAS7. 71. 1:. 15.3 :81P. .8623 .022 .0000 P.23 78020I1107. 75. 1.86 11.3 .826 .8?b .022 .0041a 2.24
VAGe31C9157. 00. 2.6. 12. SV1 .7 .009 .0019 2.1 7601311011l. 00. 1.26 15.6 .792 0792 .039 .0102 ?.70
7601s,1023. 00. 1.15 11.2 *8tq sets .021 .006% 1.81 7801311030. 600 1.97 17.0 .814 .614 .010 .00s .12.7
7801311000. 00. 1.10 13.0 .663 .663 .001 .0102 1.59 780131105A. 60. 2.0 13.1 .713 .713 .006 .0017,1.91
7801311109. 60. l.ffa 12.6 .604 .044 .009 .001A 2.19 7801311119. 60, 1.26 10.0 .79t .791 .039 .0103 2.01
7601311131. 010. 1.15 13.3 .415 .$IS .025 .006% 1.71 18013,11142. 60. 1.97 17.1 .810 .610 .016 .0605 2.78
7801311110. 00. 1.10 13.0 .012 sail .OGS .0102 1.0-3 7602020812. as. 2.1a 12.3 so?7 .842 .010 0026s 4.90
V802020852. 01. a.12 12.2 s790 .795 .010 00026 0.77 780PQP08040. 05. 2.23 t4.4 .73% .73S .009 .0010 0.10
7402O00. US. 2.311 1.6 .684 .041 .008 .0029 1.53 78020,10857. 45, 1.l3 10.8 .66a .662 .020 .00a1 S.71
74020209cu. as. 1.30 12.2 .11 .710 .027 .0074 0.S1 7802020912. 01. .91 6.0 .70R .706 .011 .0499 2.16

TA020fil10. 71s.2 13.3 .677 .677 .092 O01b4 S.80 7602071320. 7S. ..30 10.1 .68 .0 .6 .041 .0097 1.?3
760,1011132. IS. .62 lo.2 .643 .045 .023-.0010 4*69 7602011339. V5. 1.13 17.11 .930 .34 .033 .0016 1.29
78O?071344. 71. 1.04 i4.6 .066 .640 .037 *0072 6.31 760202OWl6. 00. 1.0? 10.0 .380 ..860 .023 .0056 1.402
7A020022. 00. 1.3A 13.2 .003 .403 .036 .0091 5.36 160206023?. 60. 2.03 16.3 .005 .40S .0ts .004S 0.67
78O2060230. b0. 1.13 11.3 .164 .300 .026 .0067 6.02 7602060200. 60. l.30 11.0 .34a .342 .010 .0091 8.01
7602001115. Os. 2.12 12.3 .280t .248 .010 .0026 0.S4 7602041125. 01. 2.23 10.2 .276 .270 .009 .0013 .0
ISU2.)41150. a11. 1.37 11.6 .26A .2h6 .024 .008S 0.61 769p061144. 45. 1.33 i4.6 .223 .Z23 .0aO .0003 1.01
TA023.:115. 01. 1.30 t2.0 .238 .230 .027 .0076 0.01

0910A1'10I 9

7602221806. 71. 1.33 13.6 .ago .06 .01I .0090 9.00 ?6022213339 7S. 1.30 11.9 .006 .404 .041 .00 6.91
7802221341. 75. a.03 16.3 .All .431 .030 .0000 6.00 7602221349. ?So 1.33 16.19.601 .401 .033 .4072 S.to
96021P,337. 71. 3.40 16.3 .300 .306 .037 .00,0 0.74 7802231036. 71. 1.34 1S.l .364 3064 .0.3 .60060 2.11
780221o20. 7S. 1.ss 1o.0 63113 .343 .030 .0016 002 1602231031. VS. 1.03 17.1 .372 .372 9089 o0006 3.se
7602231811. IS@1. 320 7.1 .130 .33 goo? .0007 S.i3 160200911. 71,. 1.33 12.3 .361 .361 .063 .0071 l.60
74UP22100. 7s. 8.00 11.0 .421 .621 on1o .0028 t.So 76022u101i. 71o I.ta 13.3 .627 s419 .0.3 .0010 teas
780221130S. 600 8.71 13.9 .2 .111 .006 .000&1 2.09 780?271P01. 60. 1.66 foo.s sign .120 .029 .0079 0.11
780271116. 0n. 1.01 I7.p f1le .1le .023 .0006 1.37 ?60?281'01. 0s. 1.00 19.0 .106 .104 .016 4061 fo.1,
780?211o1. 81. 1.0 22.t7 A8 001 .01, .0060 6.006 1602281A10. 61. 3.18 9.0 .217 .117 sees .0009 2.0b
700226132. MS. 3.:3? 16.3 .107 .167 .006 .0013 2.90 78022013520 AS$ 2.01 16 .09 .096 .0 el .639 2.61
7802282362p. di1. 3.1. 10.3 .1af .167 .0004 .0013 3.03

11910NN0TF4 20

7601060938. 7Ss 1.301 16.0 .0 .608 .0.3 .0092 2.11 7003060939. 71o loll$ 160.14 667.s .06 .0079 0.21
7803050068. 71. 1.7p 21.0 .ato .626 .020 .00%9 6.1% 18O009117. ?SO 2.00 10.3 .SS? .5%8 .ell s00ts $.So
79010401P. 71. 2.62 0.7 .6ps .&;Is .011 .0020 3.67 78010s.1016. 15. 1.31 22.s .600% .0.03 .0072 2.37
740303A02S. 7S. 2.10 11.0 067 .47% .019 .002A 1.79 7801061015s. 71. 1.30 11.0 .018A $as& .8..00 6 ontolog
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IRREGULAR W4VU5
30 DIM" IM6 HM) my MR6 0'GTJ "/6712 OP 30 o(Cm) I($) mNCm R? MR I,.572 46?2 OP

?801031803. an. 1.95 2.1 .381 .36l .016 .00 9.99 780031AiSt. 60. lose 1a.0 .229 .229 .026 .0003 2.S6
74013110. 00. 1.51 10.? *i01 0191, Sol? .*0072 4.44 7601032220. 60. 1.06 10.9 .?15 .21S .023 .00064 3.600
7401031120. 0. 1.12 7.4 .38% .10% .006 .0008 3.26 7803031129o 60. 3.02 32.2 .260 .068 .006 .0010 3So~
7801031139. 60. 1.14 11.2 .196 .190 .04? .0096 2.35 '780305114. 60. 3.06 11.3 .232 o232 .005 .0009 Zola
7603032156. 60. 1.86 lo.e .886 .260 .0o6 .0014 2.69 1800~o200 6 21. 15.0 t .4 Dti090 .009 .0452 2.36
70030?1611. 65. t.56 1S.6 .002 .06a .0Z5 .008? 61 7603021022. 65, 1.07 lost .08? o082 .016 .0059 4.1?
V60301143to 65. 1.12 0.1 .213 o213 .005 .0001 2.a1 7:03021040# 45. 3.26 10.0 .155 aI55 .006 .0010 4.03
74030PIG50. 65. 2.11 115 .oon .098 .009 .0026 2,50 7 0302105'. 05. 3.46 Z.3 .126 .126 .006 .0000 2064

7606211241: 60. t19 11.:81 .7214 .016 .0048 2es0 ?40621t?56. 00. 1.52 t9.2 .773 .773 .020 .0065 3.96
74002,i305. 0 i6 20.0 . s 755 o014 .0061 3.00 7806121111S. 00. 0.60 7.0 .06 .07 .006 .0610 3.23

76:134 0 .22. 111 .713 *018 .0043 2.7 7800121363a 60. 0.20 teal .60 6 08 .003 .0009 1.ys
710211353. 00. 4,34 20. gob 006 .003 .0011 1.53

BRLAXNATIO 36

?90460416, 31. 31 15.0 o302 .301 .008 .0036 2.49 ?#04abOW2. 3S. 1.s5 10.6 .202 o261 .011 .0071 3.73
7P00240652. 35. 2.80 6.8 ssY .357 .004 .0009 5.01 760426090. 59. R.16 9.9 .352 .352 .00'f .0015 4.660
7404669t6. 35. 0.10 12.S .16f, .266 .008 .0029 P.33 7846260926o 3S. 4.20 16.0 .330 .310 .002 .0006 t.81
760460940. 35. 6.00 26.0 Eel1 .297 .002 .0012 2.03

OOEAKoATER IS

7
6
0501010

9
. so. 1.23 10.3 .990 S590 .034 .0110 P.00 780%010814. so. 1.05 17.2 .052 .6%2 *024 .0093 1.03

78C0O0666. s0. 1.57 17. 6SI .6S3 .021 .0076 3.24 78095031228. 35. 1.55 17.1 .370 .370 .0IS .0073 1.7?

78eu1j7 :5 .30. 34A :!40 .013 .0070 3.25 1050S12470 35. 2.61 06 .51 .51 Oslo .DS 0006 lots
76090312sb. 39. 0.61 a. .76 .10 .005 .0029 0.29 ?P6001106e 3S. 2.04 t2.3 .363 o383 .006 .0n29 2.10
7605031315. 35. 4.49 12.S .3*0 .36a .002 .0006 1.3T78001326. 35. 0.70 17.3 .161 .361 .002 .OO0A 1.99
7605031336. 3S. 2.j0 t0.3 .359 .3S% .008 .003A ?.29 7COo6ti2 2. 20. 2.29 16.5 .0 .169 .006 .0026 ?.?6
7905061120. 20. 1.00 10.3 .1so .154 .010 .00B5 6.1? 7609061234. 20. 1.05 10.3 .1S7 .151 .00? .flol 3069
10506116t3. 20. 3.12 6.1 .?@A .240 .002 .0007 Pane 7605061153j. 20. 3.26 10.6 .260 .200 .002 onto0 2.94
75O50attoa. 20. 2.29.12.3 .1ap .162 .000 .0n24 2.32 160906P215. 20. 3.50 11.7 .t90 .19o %002 .0009 1.69

7604240947. 3S. 2.10 15.2 .370 .374 .006 .003S 2.42 76100261003. 35. 1.4s ib.1 .047 .347 .017 .0076 3.74
7800241014 35. 1.S6 17.2 .311 .32S .014 .0070 3.13 7804241,0249 35. 2.614 6.3 .666 .68 @004 .0004 S.21
74042415S3. 35J. 2.78 9.S .006 .446 .0@5 .0013 6.29 760026343. 35. 2.10 11.7 .3S6 .3S: .006 .0027 2.21
760426103. 35. 6.10 13.1 .361 .343 .002 .0008 1.92 7601j262106o 35. 0.00 10.9 .323 .321 -.002 .0011 2.05

7606300.26. '65w 2.03 t0. Sol .So2 .011 .0040 2.04 7600300636. 45. 2.03 lo.5 .S00 SO0 .011 .0001 2.00
7?6340647. as. 1.ss 11.3 :41 7 .527 .019 .0013 sale 786300857. 65. les5 27.7 .515 .51S .019 .0075 3.93
7A03O6JfOq0. 65. l.ss 1.3 .011 .S12 .019 .0a73 0.05 786400917. 65. 1.56 t8.4 .09b a09 .016 .007S 3.26
740030092?.65 s.5 o.s .0sOsl .490 .010 .007S 3.20 7600300930.6. 1s.0 16.0 .50, SOS 0SO .017 .0071 3.29
?A063AO9o4. Ol. 3.05 6.3 .bSP .05 .00S .0007 3.02 76063o1001. a5. 3.05 6.3 .6SI .6S1 .005 .0007 3.71
780630ot1. 65. 3.05J 0.3 @64 .654 g00% &0007 5.7p 786361020. 05. 2.72 9.6 Sa6o *56 .006 .0016 l.s6
786301029. 65. #.IS. 9.6 S594 S599 .000 .00013 3.56 ?66301036o &So W.1 9.6 .614 9614 .006 .0013 3.73
786300 )oas@ 65. l 3. 2.9 *~goo .S04 .022 .00s# 2.36 ?8601051. 0S. 1.43 23.2 .6 .46 .021 .0066 2.29
746311120# 65. 6.2? 12.6 .o9Y .497 .001 .0007 t.30 Y60alo213o. a5. 1.72 17.9 .000 .660 ants .0062 6.7t
7
4
061,114. 05. A.27 13.0 .S24 .S24 .003 .0007 2.12 7R6303152. 65. 6.20 13.2 .076 .476 .003 .0006 1.35

76C.f,nipoi. 65. 3.66 26.1 .904 .500 .003 .001Z P.63 7460111. MS. 3.66 20.0 .691 .492 .003 .0OW a.03
7640A1221. 45. 6.001 8.7 .694 .498 .003 .0012 2.69 186261268. 00. 2.15 25.6 .419 *419 .005 .0021 1.0
7606262100. ac. 2.15 15.3 .606 000 .005 .0021 2.35 76062613to. 60. p.15 25.0 .6l2 44 2 .003 .0621 2.26
780h26121. 60, lo66 16.3 .509 .399 .01 .0076 0.12 7006261m. 60. 1.40 l0.s .093 .395 .021 .0066 3.93

:464~9.6.3642. 1 1 *3 .022 .0069 1.90 786424209. A0. 2.56 17'.6 .416 .620 .010 .0072 3.15
786oo60. s0. 1.56 17.9 ao .47 .036, .0073 3.20 ?606270421. 40. pe.s6602 .576 #Sys .00 .0006 1.96
7600270669s. 40. 2.0860.2 116A .SRI .005 .0006 3,9? ?6062VOR54. 60. 0.66 0.3 .561 .567 .00 .eons 3.40
7406P7n004. 60. 3.24 9.4 .91, 529 .000 .0010 5.53 78004270014. 60. 2.75 9.5 .922 .S2e .00% .0613 6.10
760421o2. G0. 2.79 9.al 9IR SIO0 .005 .0013 6.30 7P0627n1931. 00. 2.26 12.9 .38P .1148 .03t .0101 2.16
74062t,9an. 60. 2.16 12.6 .102 .391 .031 .0102 P.36 V8627mq4. 00. 2.16 12.6 .386 osse .o03.010t 2.17
786210959. 60. 6.it0 20.1 .039 .439 .002 .0006 1.76 7606271001. 40. 6.20 16.3 .026 .626 .002 .0006 1.79
7.06272020. 60, 4.13 14.2 .6651 .003 .002 .0006 2.O? 760o27I26,0 40. 0.00 17.9 .o00 *a00 .003 .0"21 2.23
186273435. 60. 4.0n 17.9 .566 .386 .003 .0022 2.12 7606271001. 60. 0.00 17.9 .390 .190 .003 .ft22 R.2a
760E.2?111. 60. 0.TS1.3 .800 .420 .005 .0019 N.13 186271150. 60. 2.15 l0.5 .41? *012 .005 .0020 2.09
74041fl156. 00. R.OM 1o.5 .all .632 .005 .0020 2.69 786272206. 80. 1.46 25.0.60 ee .05 .022 .0063 3.09
760**.?10~j. op. 2.6 25.0 go .606 .021 .0001 1.09 7600.272225. g0. 1.60 15.5 .401 .602 .022 .0063 3.71
740'272234. 60. 2.56 10.6 .6*4hsl .6 tt .0 006 pOool. 786271169,. 60. 1.56 10.s .001 .601 .010 .0467 2.91
760ety:,6. 60. 1.5e 26.6 .412f .613 .026 .0069 S.2o 7600272304. 60. 209 10.3 .500 .500 .000 .0020 4.39
1160627202I.I6o. 2.na 6.7 .%a7 .51 .005 .0n12 %.11 746271322. 00. 2.15 6.3 .S6? o.6 .R0S .001t 0.141
760273112a. 60. 8.77 5.6 .009 son7 .006 o0006 4,39 7R6272361. 00. 2.72 5.0 .606 .606 s000 .CR0P 0.39
7006211440. 60. 8.12 S.0 .603 :603 .006 .0006 s.31 760421159 60. 2.03 11.6 .83n .610 .02 .0057 2.23
7606140017. 60. 1.20t11. .3s .397 .028 .0062 2.33 7860P0006. 00. 1.14 11.7 .367 .367 .011 .009t 2.222
1862015. 60. 3.52 22.0 041 .432 .003 00210 1.21 7604260121. 00. 3.5t 1 .9 .93t *431 .003 .0020 2.27
7606R2o3P. 60. 3.51 12.0 .0lo .410 .003 .0010 2.2? 760.62O2. 0. 0.27 15.1 .070 .047 .002 .0009 log0
70060p05. 40. 0.20 10.0 .636 .4360.002 00609 1.S0 106021. 0ft. 0.21 25.9 .630 *430 .602 .000s 1.61
740626054. 35. 4.20 22.12 .318 .002 .0007 1.92 T60'200625. I5. 4.20 12.0 .371 9371 .602 .0007 1.00
78062F60626. 3S. 4.20 22.3 .09 .34,9 o02 .0001 1.97 7600200933. is. 4.00 10.1 m0 l306 .002 .Oal0 2.0l
7401-2604462. 35. 4.00 16.0 .lao .300 .602 00310 2.00 Is6oiftsl5. 35. 6.00 10.2 .316 .326 .602 .0020 2.00
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10 MeC") T(5) 14"cC) NJ7 48 DW12IG, W2 OP ID CM) T(S) P22CM) K? on 0 jrI *4#G73 Go

030840.ATj4 16

160616.0900. 3%4 2.00 1741 .31 .312 .006 .0060 2.1 ?6o*2e6o910. IS. 2.18 27.3 .302 .302 .025007 eo ?.29
74062e,0416. 31. 8.0 27.3 .SIR #)]a .006 09040 2.3a 76062609allo 3% os 1. 7.9 Pass .9S .0i5 .00764 u.06
71101120*91.1. SSG s I tY., 1709 .24898 Sots .0076 8.02 YeOo26oqoo 3S. l.ss IT1. sit? *297 sots 900764 3*9~
76'44201,06. 31. 2.0 19.1! .?Op Rea2 .014 .0076 1.244 VG61613o2. 35. loss 29.2 .266 aAS6 .014 .0076 3.16
1006241023. 1'1. 2.80 , 7.t. *44 OV .004 .0009 God 760626012. 3S. 2.64 7.1 .478 .478 .004 .0009 486
7600102181. 35. 2:.5* To .471 .4.10 .004 *oooq 4.79 1806261050. 15. a.6o 20.2 .007 .440? .008 .0023 2.9?
780t.26219>. 3%. 2.68 20.? .0? .407 .004 .0013 ?.96 7862611i0A. 3S. 2.68 10.2 U8OQ .4109 .000 .000 3,03
7604421442 . Is. 2.25 23.44 .126 .319 .023 .0069 2.10 7606241W26. 35. t.25 13.1 .*333.*31 *01 o0nfS 2.29
V70102.2 35. Is. 1.11 23.S .326 .3?8 .012 .0044 a.s0 7668261147. 35. 8.20 13.9 .384 .368 .002 .0008 2.85
78382442256. Is. 4.20 28.0 *1o. .30 *0o2 *0008 1.69 YSO.Z~tO12o. 3S. a.20 13.0 .388 .368 .002 .0006 2.81
74062snotp. SS. 1.10 2S1 026t .181 .006 00035 2.81 78061S0924. 15. 2.20 2S1 .270 .270 .006 .00SS 2.82
?8042152020. 54. 2.20 25.3 .26% .21,11 .06 .0OSS 2.37 786.251024. 3.. 2.20 21.2 .244, .261 .006 .003% 2.60
70044152282. S5. 2.1% 20.S .?341 .21% .015 .0070 3.76 780e1S2 1. 35. I.SS 26.0 .23S .135 .02w .0072 3.78
?806t1' 128. 35. loss 28.5 Pp29 .??v *025 .0070 1.03 760625222'. 3%. 2.16 27.8 .20?2 .282 .014 .0672 3.10
Y8641RIP54. 35. I.14 17.3 .244 .Zj' .0180 1 3Ot .22 7862128. 35. I.5 17.8 .242 .?82 .01 .0071 3.20
76abi52125. 35. 2.0. 44.? .165 .345 .008 O000' Go8l 76061SISSS. SS. 2.68 44.2 .3810 -$S0 .004 .0006 803
7006.1%143T. 35. 1.76 God .36T .367 .00S .001? u..05 7TSV62310. Is. 2.78 6.1 .8178 .874 .005 .0022 8.27

IS42174.1. 2.70 a., *oJja .4741 .42s .0022 8.28 7AQL%2AO73?. 35. 2.74 6.1 .670 U87v COS OAII2 8.21
100021078?. 3s. 2.00 1.4 *sit 11 .OOS .0007 8.443 700O630755. 15. 2.76 5.5 .StO .SI0 .00 .0n07 0.52
70?4(00008o. 35. 3.74 Soda .;to .1 .005 c0oal #.61 760.210018. 35. 1.13 10.0 .1344 .316 .020 .0061 2.25
7030422, 31. 1.33 20.44 .3p4 .3?8 .020 .00440 p.1s 7864210031. 35. 1.2S 10.6 .131 .312 .023 .0069 2.25
760'8aI0903. SS. 4.161 10.1k .300 .366 .002 .0405 1.32 ?062'40932. 35. 41.2? 20.0 .I5A .36 .002 O00o@ lost
78oepi27oas. 35. 8.21 .314. .350IS .002 .0nOS 1.52 76044230449. 55. Go.l142.6 .SOO .3640 .002 .00001 1.51
7

8
'j4.2044959. 3S. 2.20 I5.1 .128 .324 .006 .00I5 2.244 7864232006. SS. 2.10 25.1 S33S .3S .004 .0ISS 2.16

78062SIA17. 35. 2.10 25.j .110 .310 .006 .00SS 2.38 76062310M2. 35 ,. 2.%5 28.3 .292 .2Q2 .OIS 100 3.67
t
4
36?31035. 3%. l.ss 14.5 .2ot .291 .015 .0070 1.77 7806.211091. 35. loss 244.408 .269 cis9 .05.170 S.s0

YP0442120%0. S5. 1os6 17.2 .201 .291 .018 .0070 1.0? 78642S1110. 35. l.s6 17.2 .293 .293 .014 .0070 3,09
)8642311109. SS. I.SA 17.? .24% .24S .028 .0070 3.C6 76044231223. 35..2.64 44.1 U8ft .070 .00a .0006 M.06
?634.2lit81. 35. 2.68 8.2 .0444 .0469 .008 .0000 8.1 78642310. 35. 2.68 6.1 .410 .4609 .008 .0006 8.72
?BOOV..' %

9
. 15. 2.7A09.3 .8S4 .851 .005 .001? 6.25 7606232206. 35. 2.76 9.3 .0.9 .4159 .001 .00212 8.5?

?6062'1117. 55. 2.74 9.3 .8144 .856 .005 .0012 4.544 7606R2120. 35. 2.76 9.3 .4153 .03 .O 001 02 4828
71623124S. 35. a.76 9.3 98%4 .4154 .005 .0012 8.21 760.231255. 35. 2.56 27.2 .29 .296 .014 .0070 3.01
18044211S03. IS. 1.50 17.0 .Spy .127 .014 .004 3.10 ?60442313118. 35. 1.16 17.3 .2964 ZQ64 .08 .0071 3.09
?8641335. 35- l.2s 22.9 .Sol .303 .021 .0078 2.29 1860127. 35. 2.10 22.6 .319 .319 .008 .0027 2.20
14o6212110. 35. 2.20 109.21.2 .0 00622 78062328106. 35. 8,20 22.6 .370 .370 .002 00007 1.00
7616001 3S. 2.1'o 0.9 37 .167 .DOS .0003 412 T86010. 35. 2.61 9.1 5 355 005 sas00212 40.7
1806160438. 3%0 2.20 22.0 .?so .11s9 .006 .0026 2.20 160621601081. 31. 2.20 22.2 .252 .252 .006 .0026 2.26
186e.2Ao010 35. 2.20 12.1 .280 .2119 .006 .O0i0 2.20 7606420090. Is. 8.10 13.0 .?97 .297 .002 .0008 ?.03
780616V919, 3S. 8.20 22.9 .298 R295 .002 .0007 2.00 7oohlbo926. 3%. 8.20 3.0 .a9A .?90 .002 .0006 2.02
7'04.160930. 3%. 8.0n 244.9 .7 .?a? .002 .0021 P.06 70A0442cQ8. 3%. 8.00 16.4 .POT .28? .002 .0611 P.06
780t,461601%. 3%. 8.00 144.9 .084 .204 .002 .0022 P.04 YP0442.132. 30. 2.25 10.1 .190 .14'~ .007 .0016 ?.S2
7eCft1*21v2. 30. 2.58 17.1 .19A .100 .013 .0o78 2.88 7#0616135A. 30. 2.18 t?.,? .19m .190 .013 .0078 P.37
?A0,14-1202. 30. 1.55 t6.e .266 .1644 .013 .0006 8.25 760.2e.2022". 30. 2.s5 20.44 .16 .2448 .013 .0079 alit
70424424*. S0. 2.5% I8.% .1444. .16. .013 .0079 8.2?78?0hI42448. 30. 2.S6 ISO6 .170 .176 .012 .OA7 1.06
7''442&a34. So. 2.88 28.4 .163 .203 .012 .0071 3.27 760.2*i806. 30. l.s6 26.7 to6o .160 .022 .0076 1.22
1A6b4095. 34. 3.0'. To% .39a .342 .003 .0006 S.60 78060.2920. 30. 3.05 7.1 .193 .395 .003 .0006 S.81
7406191A27, So. 3.05S 7.1 .10a .308 .003 .000Do 41:7a 786.2,200 s0. R.ad 9.9 .37 .337 .008 .0a23 ?.S6
76046191437. 30. 1.58 9.9 9116 .338 .000 .0013 PO.57864492084t. 30. 2.68 20.0 .324 .329 .008 .0023 2.80
?604492056. So. 2.13 22.7 0.1 a602 .007 .0029 2.264 7806.191104. 30. 2.13 13.0 .250 .25w .007 .0n29 P.10
711,16191115, 30. l.ts 1a.9 .P06 .,?60 .007 .0o20 P.29 780019122. 10. G.20 22.6 .300 .300 .002 .0000 2.37
760629t132. 30. 8.20 12.6 .20? .247 .002 .0007 1.18 76061921181 30. 4.Z6 22.9 .29? .2'? .002 .0007 2.80
743619.222. !S. I.69 Is.0o .27 .27% .022 .0072 2.32 7060121. 25. 1.49 2I.3 .276 .278 .012 .0070 2.3.
1A0b19223O. a5. 1.0 I1.3 its5 .17S .011 .0070 2.1. 7604.19239. 2S. 2.55 16.14 .244? .202 .01t .0070 8.20
76044192280. 25. loss1% 4.5 .259 .259 $0lt .M7O 402 7604429124. 25. l.ss 16.4 .110 .154 .011 .00701 8.20
7864192305. is. 2.231 7.1 0170 .17605 .003Gos 2.96 78619211. 2S. R.l3 27.1 .11 9 9179 .005 .0035 2.91
100.2921244. is. 2.23 27.0 .049 .2?4 .00 .0035 2.90 18619234s. 25. 3.05 0.7 .320 '124 .003 .0007 %.??
V606192340. as. 3.0s 0? .5324 .120 .003 0000? S.71 7800121$30 2?. 3.05 0.7 .120 .326 .003 G0O07 %.79
?604419280P. as. 3.20 9.5 .208 @MAO .002 .0009 2.72 7606100731. 25. 3.2O0 .3 .274, .278 .002 .O00 2.78
76ofj2io01ti2. as. l.o 9.8 .173 R.j .002 .0604 2.43 76044200712. 25. 1.20 9.3 .273 .273 .002 .0004 2.60
71642t0l80. 2se1.8 .2 .0 .05041 .00%DO .0025s 2.23 76062oo621. 25. 2.22 22.9 .294 .290 .005 .0025 2.28
?O400821oz. 25. 2.22 12.0 .198 .196 .005 .0025 2.27 7864200032. 25. 3.70 12.l .229 .219 .601 .0w09 2.39
7116240139. 25. 3.7816 . .228 Galaoa .002,.0009 1.59

t006010685. Sit .5 S26.8 *all sel6 .022 . 08.63 Y8000I0015. S0. l.1s 26.1 .202 .281 .021 .0079 8463
600020901. S0O 1.5 loss .66 .303 ci .025 .513.72 76106010922.6 S0. 2.67 19.0 .294 .294 Oaks 00OS7 3.9O

76000109130. e 10.8 .5 I9s? .90 .299 s0ts .0OSV 3.660 700010940, S0. 3.32 7.0 .8194 *890 sacs .0000 2.69
76O0009116. So. 3.32 50 a#SlSc .0005 P.90 T&6000q96. SO. 3.32 7.0 .502 .102 *00S .0006 a.6o
74310101%1. s0. 3.20 20.9 .044 .868 .005 .0010 P.440 78000 2. S0. 3.26 10.9 Gas5 .88% *5 .0010 2.59
t40602126. 50. a.46 14.0 .136 .330 .006 .0014 3.00 7604022 00. 50, 185 28.0 .129 .329 .022 .00440 3.03
?90?2.o0ole. Sn. 2.39 20.3 .130 .316 .009 .0029 2.22 1 1070oQ'24. So. 1.55 26.7 .100 .306 .022 .0m71 8.20
76070.ooll. 1S2. 1.115 244.6 Sio .3A9 .021 .00I 8.12 1 90100-941. SO. 2.55 244.6 .106 .300 .021 .0071 64.29
Tool'0h2ia1. s0. I.30 22.7 .110 .00 .nto .0071 2.18 1 8070442512. s0. 2.381 25.8 o§93 .393 &?S6 00a9 2.0?
76070.2340. o 10130 15.* 41411 .341 .026 00686 1.s 760706.1849. 50. 1.54 25.7 o394 .54a .026 .00*9 1.91
?6070*1319. %1. 3.76 21.0 .36,V .3tZ* 008 .001% 2.22 790yabla07. St's 3.74 20.9 .1.0 .16 .008 .oats 2.16
TAIIA24095?. 80. 18 272.2 9 0006 Onfly ?.As 7002III200. 80. 2.10 27.2 .3a9 .19 .00b .0027 3.02
1406222289q. 80. 3.50 ;,24. :131 :,$,1 0004 .00244 2.85 700622PO~ 22260. 2.344 17.9 .115 *31% .022 .61499 8.88
741alR22221. 80. 1.S4 3.9 :1&8.2 #)1 .Gel 3 of*)Bos 700022223.0. 80o 1.00 27.7 .317 .317 .016 .0071 44.31
M-41821PI1. on, .5 28.2 37 .017 .0074 3.37 1 110401009. 80. 2.1? 29.5 .31? .312 .617 .0062 3.82
108PP2 S 80. 2.5?1 26.41 .1iY .02 .017 *o)0704 3.32 7080222107.l 80. Ro.60 4.4 6502 1 0ol .o00011 3.08
1804i22l20. d40. e.13 44.1 GP .$A@ .006 .0010 3.11 7000125. 80. R.l3 8.0 .81 oGA .000 002 .8180821-1136. 80. #.1%b 9.6 .961 0442 v006 00IS 3.23 7600222381. 80, t.st 9.31 *as'; O81 .005 .00,02 3.29q
I'mcfalis. a0, a.62 9.3 G.S4 GS1 .00% .0022 3.28 7000?2202. go. too? 25.2 .128 .528 .O22 .000o P.pe
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1W410uLAR WAVES

768V2?II. 41, 1.97 35.9 .317 .311 .011 tonal ?.AS 7606AP2220. U0. 1.97 ts*9 .322 .3?? .011 .06aft 2.6
74 Ad1,29. 90. 4.4m0 37.7 .336 *330 .002 *Outo 2.73 7SOA2PIP38. 40. 9.80 17.9 .3'.0 .190 .002 .0010 2.76

al~2p'9.5. 4.1t IT.? .343 .34) .002 .0010 2.40 76SoSA75.' 35* 2.56 14.3 .356 *106 .0 % .002,2 2.06
7Anx10GA?0. 1. 2.00t 14.1 .3%1 .3S3 .009 .0OIE. P.89 ?S1 A,2$62. 35. 2.00 19.1 .152 .352 .00w, .0636 2.96
74jP~a.R37* % 10 3.0 .O 1 22 .322 .036 .0074 3.95 780~A 00. IS. 1.62 14. .310 .319 .039 .011"s Soso
7A:ja0IA 5 9*6 Is. I .* 62S I lI .317 . 03 .0059 3*65 780PI6C

9
oh. 35. 1.93 tS.9 .305 .305 .013 .00.1 1.49

740P160935. 3%. I.OS 35.e .161 .307 .013 .0090 3.%) 790MA2'2. 3S. 3.601S.65.931? .312 .013 .0060 3.96
18003140931. 35. 2.06 1.6 .011 .933 DOS .0010 4.16 16OPoIo0o2. 3S. 2.16 7.6 .432 .432 .005 .0010 9.00
74041609SI. 3S. 2.16 1.6 all .9113 .005 .0010 0.12 16061I6P100 1. 3S, 2.16 5.0 .067 .46? .00S .0001 %.09
V604141011. 35. 1.91 0.9 .USA .4056 .005 . 000? 9.19 70o~004f202. 3S. 1.61 4.9 .9S6 QSOS0 .0007 6.28
7606101032. 35. 31 .9o6 0*1 *3411 .00 .0()28 2.39 760AIR1090. 35. 1.97 10.9 .14S .345 .009 .0026 ?110
7404309A9. 3S. 3.q7 10.6 .344 .3"S .009 .01)2A 2.43 TOU62t0447. 15. 2.00 12.7 .367 .~1 .009 OMS?1 2.02
700lio*56. 35. 1.00 11.5 .16A .360 .oo9 .003? ?.00 760620o05. 35. 2.00 fi.s .30A .368*Q .003M1 P.03
7600210915. IS, 4.3y163.6 .319 .30* .002 .0009 2.19 7804,110929. 35. 9.27 16.7 .320 .320 .002 .0009 2.09
7808210932. 35. 9.31 16.9 .32P .313 .002 .0009 2.07 76071300122. 3S. 2.59 IS.& .32A .320 .D0S .0025 3.01
76o?1131puS. 35. 2.S9 15.7 .310.39 00 *O 0024 P.01 160713I1. 3S. 1.59 35.9 .321 .321 .005 .00?0 P.92
7407111311. 35. 1.63 11.5 .30? o302 .013 .0061 3.S9 7607131328o 3S. 1.61 1.4 .296 .296 .013 .0061 3.57
76011338. 3S. 1.63 11.69 366 .300 .013 .00o6 1.59 78071s31. 35. 3.80 5.6 .006 .006 .004 .00017 3.13
?407111433. 31, 8.11A 6.9 .1'Joe .340 .005 .0012 4.26 TRO73113oo3. 3S. 2.16 6.9 .368 .362 .00% OA12? Poly
78071,637%9. 10. 11.06 17.6 .160 .280 .007 .0093 P.96 YGO71#,032. 10. ?.06 17.9 .270 .279 .007 .00.3 p?.96
7601ohom10. 30. 2.09 17.7 PI76 .270 .007 .0043 2.97 7807,'6A.0. 30. 1.97 16.9 .274 .274 .030 .0069 9.99

70112A(439. 30. 1.91 6.te .?I% .75 .M1Q .0069 9.41 7607,4P'S7. 30. 1.47 1369 .26P .268 .014 .0066 4.65
,67 ,a 5 7. 3l. 1.69#. 97 .?@A .240 .011 .0171 3.62 7R072oos. 3o. 1.99 39.9 .763 .261 .011 .0073 3.03
76s,7O4.914. sq. 1.6t9 19.8 .?166 .019 .01, .0)7, 3.91 74O6.J0.9?. 30. 2.69 7.1 .07A .378 .0001 .0636 9.10
7AII26093?. 30. 2.84 1.0 :37; :379 .004 .0009 0.39 T807060441. s0. 2.69 7.0 .376 .376 .00a .0030 0.23
78,17290953. 30. 2.9a 9. a.34 .3/0 .004 .011? 3.46 76072,310. 30. 86 9.6 .199 .349 .0049.0032 3.96
7W12A101A. 30. 2.81, 9.6 .3%A .350 .00S .0-112 3.99 V607t2,bolO. 10. R.0s 19.1 .330 .339 .007OA063 2.59
76072010201. SO. 2.05 9* 1 . 9 PO.292 .007 .0035 P.Si 18072.,IMSI. 30. 2.0% 9.S .291 .29J .007 .0015 2.96
?8072A1097. 31. 9.30 35.5 $pet .293 .002 .$OO' 1.91 7P971,1050. 30. 9.20 35J.9 .?@1 .263 OCR1 .0009 2.09
740"?A11l05. 3')# 4.10 15.4 .2866 .266 .002 . )0w t.49 16072,3 336. S0. a.09 10.0 .100 .300 .007 .005K P.O7

73237.301. 2.09 39.1 Aom0 .300 .07 .0039 ?.60 1607213 23. 30. 2.06 14.2 .296 .296 .007 .0634 01
74:7eh1191. 3C. 1.97 35.O .263 .243 .03u .0071 3.73 786lj 1SA5'. 30. 3.07 15.0 .287 .2A? .0111 .0071 3.7a
T4112t.230U. 30. 1.047 191.6 .78% .245 .011" .0070 3.3o 78v726.1130. 30. 2.09 19.1 .297 .2? .0O7 .0039 1.35
7

4
c

7 
1tW. 30.s 2.0o ts 19.3 .; .24% .007 .0M39 SOO9 Yft00@Pb3t. 30. 2.09 19.2 .29b .2'9 .007 .0059 3.31

74072011 Aol* 30. 1.91 7.6 *344 .3441 .009 .0009 $.A2 76,721o3153. 10. 2.1 7.6 .351 *3st .004 .0013 0.90
?8012.2159. 30. a.00 7.6 *15P .352 .009 .00lt 096 1A610oo. 30. 2.09 5.2 S197 .397 .000 .000? 6.42
7S.17253620. 30. 1.97153.7 29 .19l .010 .0074 01.29 16072%0024. 30. 3.917 15.9 .?91 .?93 .014 .0075 0.20
16.'724I34. 30. 1.99 31.0 .100 .30A .011 .0063 3.66 7607Z250001. 10. 3.99 17.1 .30? .302 a* 3 .0665 3.93
YWPK.0 15. $0. 1.09 0.4 .3on .300 .011 .0n60 4.19 78072;,1104. 30. 2.9? 5.6 .42? .927 .109 O00 9.05
76372g1630. 31. 2.14 5.7 .4' .9?0 .000 .000? 41.19 V6o7i'o 62S. 30. 2.69, 5.9 .424 IA24 .00" .0007 9.32
74072t1131. 3M. 2.?p 86 .359 .]SO OOU' .0012 0.62 76751dP.*0. 2.72 8.6 .35P .3S6 .004 .010 0.66
7eW72625I. 3M. 9.7? 86 .31 .1%T .000 .0032 /jobs 76072r3003. 30. 2.05 12.2 .315 .31S .007 .OA30 2.22
7P0'21i233. 30. 3.35 32.5 .109 *3AO .007 .6030 ?.?U 76072%3320. 30. 2.05 02."1 .313 .313 .007 .0030 2.19
76U705331. * 0. 37 19.1 .10% .3-1S .000 .0037 P.94 76072530. 30. 0.9? 10.1 .?99 .?99 .008 .0037 2.99
760725I150. 30. 4.21, l"0 .S0p .103 .002 .0008 ?.71 1600253000. 30. 6.30 17.5 .?96 .?96 .002 .0009 2.9..
1601253.09. 30. 4.3d 31.5 .300 .W0 .002 .0009 2oos 76072F.1011. 30. a.340 1.6 .P9 .zQ6 .0o .0030 2.93
7607253427. 30. 1.4? 16.1 pop1 .292 o00 .o016 1.90 7607253935. 30. 199 16.3 .?93 .29) .0141 .00177 9.13
180721190. 30. 3.49 39.3 .291 .29J .030 .0017 U.12 7607270700. 30. ?.60 0.9 .900 .006 .00a .0001 9.73
7501711071A. 30. 11.09 5.0 .ol .410 .000 .000? 6.72 7607270719. 30. 2.05 10.3 .304 SUB6 007 .0025 2.30
7607210726. 30). 2.05) 10.2 .352 .353 .007 .002S 2.40 160727073?. 30. 2.05 30.9 .SSO .350 .007 .002S 2.37
76072170749. 30. 9A.51 11.6 .124 .326 .003 .0009 1.06 76072707515. 30. 4#3A 10.6 .321 .121 .002 .0006 3.50
76,372104301. 30). 4.a? 15.3 .301 .303 .002 .omOQ 2.05 160727042t. 30. 0.27 141.9 .304 .304 .002 .0006 2.12
VI-I'?70032. 30. a.27 05.2 .300 .300 .002 .0009 1.96 7607A26053. 25. 3.05 1.0 .266 .ibb .011 .0071 9.10
7417,26330?. 25. 2.23 37.9 .?64 .264 .00S .0636 2.94 7607.61311. 21. P.23 17.S .27S .171) .005 .0039 3.01
7417d,1o03. 2S. 4.04 13.P .?*1 .191 .001 .000? 3.h1 7F07?AI911. Pi. 0.41 13.3 .291 .291 .001 .0007 3.00
760T210QS4. ?%. ?.1S 13.0 .294 aq9t .003 tools 2.35 76072,0919d. Vs. to?% is.1 .291 .21' .o01 .0016 2.20
740121C4S3. 25. 2.15 t3.1 .00S .203 .003 .0016 2.13 1607270902. 25. 3.45 13.5 0?79 .21 9 .012 .0(169 3.90

7o2cs.25. lots 13.41 .;,sq *244 .002 *Q0b7 3.73 7807271f00. 2S. 1.4S 13.7 .200 .2060 .li .0100 3.6s
IP6)72time.. 25. 1.215 Ia.2 .100 .300 .612 .00969 2.A9 70072,3010. ?S. 1.b5 14. .098 .296 .01? .0V70 2.P0

70'/2?.et. 2.21 19.3 .;90 .244 .60S .0024 P.92 78V7271130. 2S. 2.70 7.9 .331 .355 .003 .0000 9.79
7S0o3'!:4. as. i .7 7 .S .131 .333 .003 .01oli .Ai ?9 702 731 10. ?5. 2 .1 I 0 .9 .100l .3p0 .003 .000O7 S.12

70321 4 S£. 2.?S 5.0 .374 .370 .003 .Q00? r,.16 76U727o017. 25. 2.7% 5.0 .S6A .300 .001 .007 5S.10
1!137213636. Z5. 2.75 7.5 .13q .33S .003 .0nt0 a.1b 160727t?16. 25. 1.50 9.9 .30 S30P .030 .0641S 2.S1
76072132847. 25. 3.S' 10.1 .30A .316 .011 .0046 2.50 76072171PS4. 2S. 1.50 10.1 .311 .311 .011 .0066 ?.$4
147727i505. 10. 4.57 10.3 .304 .309 .003 .000s 3.91 760727133. 15o . T 170.3 .30,5 .30S 003 .0005 1.43
100273 02. 25. G.51 10.3 It$6 .332 Po01 .000r. 1.44 7607P73139. 2S. 4,41 14.1 .?93 .?93 .001 .0007 1.72
7

6
C'?733"3. 2S. 4.41 16.3 019% .29S .001 .000? 1.74 707271351 25. 0.27 141.3 .09? a27 .003 .006 l.Ta

740021109). 20. 3.59 13.5 .177 .270 . 0 0 9 .05 1.47 7@060I430 20. 3.590 3.6 7 .17%*75 .009 .0059 0.03
70'Pe?)311 20. 3.05 30.0 .27% .175 .008 .0059 9.00 76062?I;3$. 20t. 3.51 39.9 .260 .2mu .009 .01494 3.091

102 7 2 2. 3.53 30.0 'P69 .067 Duow .0063 P.4s 78002113. 2M. I.Sl143.5 .?9M .290 .00 0 3 P6 P97

i-72~1q.2. 3.05s 5.9 .43a .414 .002 .0009 S.67 1656210S, 20. 3.05 5.9 .49a04 .002 .o006 S.2.
7AIA?30751. 20. 3.05 5.5 .901 .5m3 .002 .0009 5,93 ?40621CP11. 10. 3.201 6.3 .96 00 .00 .0 006oo 3.49

?'0010P. 23. ).If- 6.1 .383 JAI .001 .0008 5.74 706o~jc2A 20. l.ts 0.0 .G2t .4131 .001 .0006 3,19
1004240006. act 1.93 10.9 .114 .110 .006 .0029 3.52d TAM6/OS75. 20. 3*9330. I . 9 .20 *160 .002$oz I.%%
t*0020340(1. 20. 1.97 30.% .?Ph .296 .005 .0MRA 3.59 160620)639. 20. e.23 14.1 .104 .274 .0049.0019 1.99

76004m21. 20. 8.21 19.3 .71 .171 .000 .0029 1.0l 760624DA31. P0. 2.23 10.6 .??a .274 .009 .0f30 1.00
1C06201155. 21. 2.29 11. al 5 I .q51~ .00b .0022 2.29 700fteg1604. P0. 2.29 13.0 .3S2 .352 .000 .0022 ?.?1
I6AQOIlI. a0. 3.29 II.ft .147 .397 .004 0061 1.2 d 60629x'e . 20. ).5o 12.* SIP? .312 .009 .SOM' %.%a

700)24l11l. 20. 1.50 12.3 .3tfs .3O0.009 .0051 1.70 7400%IPl30. 20. 1.501 12.6 .306 .3ft# .009 .0053 We?
7669?..20. 2.23 t2.9 .32A .3?9 .004 .0026 P.40 7B062912%1. 20. 2.23 13.0 .32S .32S .008 .002?7 P.00

t6v42QI3Oo 20. 3.23 ti.s .327 *gpl .806 .(,029 P.95 78C6293135. 30. 3.20 7.1 .361 0301 .002 .000? 3.515
9606261321. to. 3.am 71 'Sal *$A) .002 .0007 j.S4 76000421.0 180l 7.a .31 : 77 ,002OOR.0007 I.7$

14061#3564. 10. 3.16 4. .9831.6441 @602 .0005 9*90 160629:352. 20. 3.39 4.6 .637 .31 .002 .00 .86
70082*14010 30. 3.10 6.6 0441 .993 .002 D000S 4.116 710):2:1410 20. R.l9 9.2 .35? .lse .00 .0613 2.36
7604203029. 20. 6.1 10 .31A .110 scot Woo0 1.40 D 7 a last. 20. *.S7 6.1 .529 .319 .40t 64600 1.19
16069369?. 20. 2.27 32.1 spot .eel .0009 0020 1.7 16062439. 20. 1.2711521 .199 *396 .004 6400 3.10
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APPENDIX E

TEST RESULTS (GRAPHICAL FORM)

SYMBOL DSfHS

Smoolh Impermable 0 1.-20
A 1.13
+ 1.07

1.5 c. x 1.00
I * 0.93

S0.87
+ 0.80

_________ ~0.73
0 0.5 1.0 m y 0.67

ewi x 0.60

0.4

0.2

0.001 0.01

1.0 H/ T 2

0.8

0.6
KT+

0.4

0.2

0.0001 0.001 0.01

H/gT 2

WAVE TRRNSMISSION RNO REFLECTION COEFFICIENTS

BRERKWRTER 1 0/CGr23=0.016
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SYMBOL 0/GT2
a - 30cm o 0.0131

6,27c. 0.0161
+ 0.0227

'.51.5x 0.0364
lT *o 0.0556

38cm 0.0788

p I lnmperm~oble

0 0.5 1.0. 8W2

1 .0

0.8

0.6
KR

0.4

0.012.0

1.0 H/g T'

0.5

0.6
KT

0.4

0.0001 0 .001 0.01

H/g T'

WAVE TRANSMISSION AND REFLECTION COEFFICIENTS

BRERKWRTER 2 OS/HS= 0.87
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SYMBOL DS/HS

-4 0 6 n (D 1 .4 4
A 1.38
+ 1.29

x 1.14-o ~ 0.92

I 8W3
0 0!5 C--IOm

1.0

0.8

0.6
KR

.0.4

0.2

0.0 0.01I
H/( GwTwT I 00

1 .0

0.8

0.6
KT

0.4

0.2

0.0001 0.001 0.01

H/( G*T*T I

WARVE TRANSMISSION AND REFLECTION COEFFICIENTS

BRERKWRTER 3 0/(GT21=0.016
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T8WO-01ENSIONAL TESTS OF hAVE TRANSMISSION AND REFLECTION CHARA-ETC(U)
L AS 80 N SEELIBUNLASSIFIED CERC-TR-80-1 N
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111112-

1111.25 1. 11111.6

MICROCOPY RESOLUTION TEST CHART



SYMBOOL O/GT2

0 0.0065
A. 0.0131
+ 0.0131
x 0.0226
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hs= 33cn 1 1.917

1..5 5 ~ .82
+ 1.61iF ii IIon 15 Fronting Slope ~ 15

1 1.36

Smooth, Impermeable 1 .~2t
1 1.06

1.00. ~ c~~ 614z 0.91

0.8

0.6
KR

0.2 A

0. 001 0.01
H/[ GwTwT)

1.0

0.6
KT

0.2

0.0001 0.001 0.01

H/f GwT*T)

WAVE TRANSMIISSION AiND REFLECTION COEFFICIENTS

BRERKWF1TER 14 O/(GT2)=0.016
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SYMBOL 0f0T2

o 0.0065
£ 0.0161j

+ 0.0555

1 .0

0.5

0.6
KR

0.4

0.2 A

0.001 0.01
H/( GuTwT I

1 .0

0.5

0.6

KT0.4

0.2

0.010.001 0.01

H/(C G*TmT

WAVE TRANSMIISSION AND REFLECTION COEFFICIENTS

BREAKWATER 14 OS/HS= 1.82
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SYMBOL D/GT2

D 0.0065
A 0.0161
+ 0.0555

1.0

0.8

0.6
KR 0.4 _

0.001 0.01
H/( LTwT I

1.0 A

0.8F

KT 0.6 +
0.4

0.2

-I I I I 1 I I I I I
0.0001 0.001 0.01

H/(GOT*T)

WAVE TRRNSMISSION RND REFLECTION COEFFICIENTS

BRERKWRTER 14 OS/HS- 1.36
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SYMBOL D/GT2

ID 0.0038
, 0.0094

+ 0.0161
x 0.0211

1.0

0.8

0.6 .
KR __

0 .4 + ....

0.2 X -X
- I I i I I I II

0.001 0.01
H/ G*T*T I

1 .0

0.8

0.6 _
KT 0.4 +-, .----

0.2
- I I I I I I I I i

0.0001 0.001 0.01

H/I G iKTuT I

WRVE TRRNSMISSION RNO REFLECTION COEFFICIENTS

BRERKWRTER 14 DS/HS= 1.06

147



B 40cm SYMBOL DSIHS
h.:: 33cm

t t.2 1
I on 15 Fronting Slope,+
3.75m Long + .0

F lot +. 0.61

0 0.5 t1r0 mW31

1 .0

0.8

0.6
KR

0.4+

0.2

Hf( G*TwT) 00

1.0

0.8

0.6
KT

0.4

0.2

0.0010.001 0.01

H/r GxiT*T)

WRVE TRRNSNISSION RNO REFLECTION COEFFICIENTS

BREH.KWRTER is D/(0T2)=0.016
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SYM1BOL OfOT2
S0.0053
£ 0.0161

+ 0.0555

1 .0

0.8

0.6
KR

0.4

0.2

0.0010.01
1.0 H/(G GT)

0.8

0.6
KT

0.4

0.2

0.0001 0 0 01 001

H/C G*TWT)

WRVE TRRNSVqSSJQN FiND REFLECTION COEFFICIENTS

BRERKkRTER 15 OS/HS= 1.36
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SYMIBOL 0/GT2

0 0.0052
0.0065

+ 0.0161
0.0552

1 .0

0.8

0.6
KR

0.4

0.2

1 .0

0.8

0.6,
KT

0.4

0.2

0.010.001 0.01

H/( GwTwT)

WRVE TRFNSMISSION RNO REFLECTION COEFFICIENTS

BRERKHRTER 15 OS/HS= 1.21
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SYMBOL OfGT2

0.0046
0.0065

1 .0

0.8

0.6
KR

0.4 ~

0.2

1 .0

0.6
KT

0.4

0.2

0.0001 0.001 0.01

H/( GwTwT)

WRVE TRRNStIISSION RNO REFLECTION COEFFICIENTS

BRERiKWRTER 15 DS/HS= 1.06

151

CANA



SYMBOL 0/GT2

S0.0039
A 0.0065

+ 0.0161

1.0

0.8*

0.6
KR

0.4

0.2

0.001 0.01

1.0

0.8

0.6
KT

0.4+

0.2

0.0001 0.001 0.01 I
H/( O*TwTl

WFIVE TRRNSMISSION RNO REFLECTION COEFFICIENTS

BRERKWRTER 15 0S/H-S= 0.91 /'
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SYMBOL OS/HS
0:40cm

Ih: 33cm 1 .32

Ion 15 Frui.ing 'lope. + 1 .21
3.75 m Long 

+ 1 . 06

____ ____ ___ ____ ___ ____ ___ ____ _ * 0.9!
Fiol 22-cm-togh Plole

II W15W
0 0.5 I0 m

1 .0

0.8

0.6
KR

0.4

0.2 K ~ ,,, .

- " IIII I
0.001 0.01

H/f GwT*T)
1.0

0.8 p

K0.6 X7KT+
IJ.4 x

0-OO0,1 0.001 0.01

H/fG*T*T]

WRVE TRRNSMISSION RNO REFLECTION COEFFICIENTS

BRERKWHTER 15W O/(GT2J)0.016

153



SYMIBOL D/GT2

S0.0065
£ 0.0161
.. 0.0555

0.8

0.6
KR

0.4

0.2 A A

0.001 0.01

1.0 
H(G~T

0.8

0.6

KT0.

0.41010

WFIVE TRANSMISSION RNO REFLECTION COEFFICIENTS

BRERKWRTER 15W OS/HS:: 1.36
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SYMIBOL DfGT2

o 0.00318
AL 0.0094
+ 0.0161
x 0-0211

1 .0

0.8

0.6
KR

0.4

0.2

0.8

0.6
KT

0.2

0.0001 0.001 0.01

H/f Q*TwuT

WFIVE TRRNSMISSION RNO REFLECTION COEFFICIENTS

BRERKWRTER 15W OSIHS= 1.06
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8 :60c; SYMBOL OS/tIS
hs 3 rG 1.-82

Qc 1 .67
I oa 5 FoningSlpe + 1.-52

ID orx5Fotn lp 1 .36
* 1.06

+ 0.91
S0.76

~i T~rnB W16 Z 0.61

1 .0

0.8

0.6
KR

0.4

0.2

1.H/ (GxTmTI

0.8 +

0.6 A

K T +

0.4

0.2

0.0001 0.001 0.01

H,/ Gw rT~

WRVE TRRNSMIIS51ON RNO REFLECTION COEFFICIENTS

BRE.RKWRTER 10 D.( G?2L.- 016
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SYMIBOL D/GT2

0.0026
£ 0.0065

+. 0.0161
x 0.0555

1 .0

0.8

0.6
KR

0.4

0.2

0.001 0.01
H/( O*T*T)

1 .0

0.6
KT

0.4

0.2

I II A- I I I
0. 10.001 0.01

I/(G*T*T)

WAVE TRANSMISSION RNO REFLECTION COEFFICIENTS

BRERKWRTER 16 DS/H-S= 1.82
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SYMBOL DIGT2

o 0.0026
£ 0.0065

+. 0.0160
x 0.0550

1.0

0.8

0.6
KR

0.4

0.2A A

0.001 0.01
H/( QmT*T)

0.8+

0.6+
KT

0.4

0.2

0.010.001 0.01

H/(G*~T*T)

WAVE TRANSMISSION AND REFLECTION COEFFICIENTS

BREAKWATER 16 0S/HS= 1 .67
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SYMIBOL O/GT2
S0.002S

A 0.0065

+ 0.0161

1.0

0.8

0.6
KR

0.4

0.2

0.001 0.01
H-/C GuTuiT I

1.0

0.8

0.6
KT

0.4

0.2

0.010.001 0.01

H/C QiT*T)

HRVE TRRN3S11S9I0N RNO REFLECTION COEFFICIENTS

BfRERKWRTER 16 OS/HS= I .S2



SYMBOL 010T2

S0.0024
A 0.0022

+ 0.0024

x 0.0065

1.0

0.8

0.6
KR

0.4

0.2 *

0.001 0.01
H/C QNTwT)

0.8

0.6
KT

0.4

0.2

o-oo 0.001 0.01

H/(Gwr*r)

r HRVE TRFINSM'ISSION fiND REFLECTION COEFFICIENTS

BRERKWRTER 16 DS/HS= 1 .36
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SIIIBOL D/GT2

c~0.0022
A 0.0037
+ 0.0065
x 0.01310.0161

1 .0

0.8

0.6
KR

0.4

0.2 _ _ _ _ _ _ _ _ _ _ _ _ _ _

H/( GwT*T)
1.0

0.4

0.2

0ac 0. 001 0. 01

HPC G*T*F)

HRVE TRRNSIIISSION RNO REFLECTION COEFFICIENTS

PRR~wnrE 10 OSk 1:2.06
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SYMBOL O/GT2

o 0.0020
* 0.0037

+i 0.0065
x 0.013L

1.0

0.8E

0.6
KR

0.4

0.2 x

1 .0

0.8

0.6
KT

0.4

0.2

0.0001 0.001 0.01

H/( G*TwT

WAVE TRANSM1ISSION RNO REFLECTION COEFFICIENTS

BREF1KWRTER 16 DS/HS= 0.91

162



SYMBOL D/GT2
S0.0019

A 0.0031
+ 0.0130
x 0.0161

1.0j

0.8

0.61
KR0 

4

0.4 2

0.001 0.01
H/( *TwT)

0.8

0.6
KT

0.4

0.2

0.000 000 0.01

H/( GCTT

WRVr- TRRNSNrIIS5JN RND REFLECTION COEFFICIENTS

8RERKWRTE9 16 0S/HS-: 0.76
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SYfIBOL 0/0T2

+ 0.0066

0.6
KR

0.4

0.2

0.0010.01
H-/f G*T#IT)

1 .0

0.8

0.6
KT

0.4

0.2

0 .0 02 0.001 0.01

WRVE TRRNSMISSION ANO REFLECTION COEFFICIENTS

BRERKWRTER 16 DS/HS= 0.61



U:60cm

hsz60Ocm SYMBOL OS/HS

£ 0.75
+ 0.58

i on 15 rronuing Slope

0 ~ 1.0m BW17

0.8

KR

0.4

0.2

0.001 0.01
H/( G*TwT I

1 .0

0.8

0.6
KT A-

0.4

0.2

0.0001 0.001 0.01

H/(GwTwTI

WRVE TRFINSMISSION RNO REFLECTION COEFFICIENTS

BRERKWRTER 17 D/CGT2?J=0.016
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SYMIBOL 0/GTZ

0 0.0010
£ 0.0013

+, 0.0019
x 0.0025
6 0.0037
+ 0.0065

x 0.0146z 0.0161
'r O.0ZZ7

1.0

0.8

0.6
KR

0.4

0.2

0.001 0.01

1.0

0.8

0.6

0.4

0.2

0.010.001 0.01

H/1 GDKTuT)

WRVE TRRNSrIISSION RNO REFLECTION COEFFICIENTS

BRERKWRTER 17 OS/HSz 0.83
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SYMBOL D/GT2

+~ 0.0037
x 0.0065

* 0.0130
+. 0.0161

1 .0

0.8

0.6
K R

0.4

0.2

0.001 0.01
H/f GxT*T)

1 .0

0.5

0.6

0.4

0.2 Fii

0.010.001 0.01

H/1 GKT)wT)

WRVE TRRNSMIJSSION RNO REFLECTION COEFFICIENTS

BRERKWRTER 17 DS/HS= 0.75
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SYMIBOL 0/GT2

o 0.0010
16 0.0019
+ 0.0037
x 0.0065

* 0.0161

1 .0

0.8

0.6
KR

0.4

0.2

0.001 0.01
H/( QiiT*T)

1 .0

0.8

0.6

0.4

0.2

0.0001 0.001 0.01

H/C GmwTT

WRVE TRRNS!IISSION FiND REFLECTION COEFFICIENTS

BRERKWFITER 17 OS/HS= 0.58
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APPENDIX F

DOCUMENTATION OF THE PROGRAM OVER (752X6RlCYO)

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 d,/(gT2 ) : 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

R = G 0. 123 L)(C2 'r7+C 3

where C1 , 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

R HaR (1 + b )

where a and b are empirical coefficients and E is the surf parameter
given by

tan 0

where 0 is the angle of the front face of the breakwater and Lo  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, KTo, is determined from

O= (I - F)

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

KO = C I- t)- (1 - 2C) (:
is used.

The transmitted wave height, HT, is given by

HT = KTo H
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3. Program Variables. A description of all program variables is presented
in Table F-1.

4. 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/L0  by using linear wave
theory.

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

Variable Description

AC a; rough-slope runup coefficient

BC b; rough-slope runup 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, C2, C3 smooth-slope runup coefficients (a function of slope)

R/H = C1 (0.123 L/H)(Cz 2/d'C2

DGT2 d8/(gT
2)

DL do/L

LDO deILo
DS structure water depth, d.

F breakwater freeboard - h - do

FR FIR
H incident wave height, H

HGM2a H/(gT2)
HOAX depth-limited maximum wave height a 0.78 do

HS structure height, he

HT transmitted wave height

I counter index

IFRONT flag to indicate the presence of a fronting slope (IFRONT - I
for fronting slope of I on 15)

KMO wave transmission by overtopping coefficient

L wavelength

N number of wave conditions of interest

P linear interpolation factor to find Cl, C2, C3

R predicted smooth-slope runup
El R/H

SURF the surf parameter - tan 9/X/[i
T wave ]eriod (second)

TANA lookup table of structure slopes corresponding to CA, CS, CC
TANT tangent of the seaward face of the breakwater - tan e
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Table F-2. Input to the program OVER.

Card Format Description

1 12 number of breakwaters

2 12 number of wave conditions of interest
*equals 1 if breakwater has a 1 on 15
fronting slope seaward of the structure

4X

FlO.5 tangent of breakwater seaward slope
*breakwater crest width ()
*breakwater structure height (m)
9water depth at toe of the structure (m)
erough-slope runup parameter, a (a = 0 for
smooth slopes)

*rough-slope runup parameter, b

3
(one card per FlO.5 wave period (s)
wave condition) * incident wave height (in)

(repeat card types 2 and 3 for each breakwater)

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

7.9 1.0 B = .55 m

7.9 1.2

7.9 1.4 1
7.9 1.6 ds = 3.56 m . .6

7.9 1.8 

7.9 2.0

7.9 2.2

7.9 2.4

7.9 2.6
7.9 2.8
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Table F-3. Sample output from the program OVER.

PREDI1CT1Lm OF i'AVt TpANSM1551ON COEFF1C1UNTS FOR
AN T04PEw?'E44LE AINIAKwATI.N

NUMtiER OF WEAV CnNOITIONS a 14
IPR0NT a 0
TANCSLOPE)t .667
BWEAkou'AT~k TOP ~w!O1'.(M)G 19530
5J'TRCTLI0I MLIrdHr(m)n 4booo

FH~tJAwtD(M)U I1fld4f

CULFIfC1iN1 UF UVIEIOPPING Cc 4d71

C181,99180

I(SEC) D/GT2 HI(M) t4 /1 1 H/H F/H KIU 147 (M)

7.9"o 0050 .POO 00031 I.S94 3.261 0,400 0,000
7ev30~ .0056 eaoo @00085 J'~l 1,3h9 0.000 06000
79900 60058 0600 60o0 9 0' 2,019 eU45 074 90S17
7.900 .0056 .gUo $00131 2.197 '592 .193 '155
7.900 .OOSS oaO4 .00164 2*278 .056 .257 .257
79900 @0058 1.200 90019b ds1 *371 .298 .357
7.900 00058 10400 .sfl9 20371 4313 325 .055
70q9 00 S *(0(600 ~o .nea~ 2439i o272 *345 o552
79900 OO~SR Ispoo sooe90 2.'&ob s2U0 o360 @6bb
7.900 *0058 nooo *00327 2,41o 21t .371 04A3
7.900 s0058 2.200 900360 2s407 *19t 4ho0 *837
70900 .0058 2.400 @003'42 2#309 .181 1366 .931
7.900 60058 2.600 '0045$ 2,386 '16h o390 1.0 5
%.goo .0058 aoa0 oo~56 2@47o .157 .9Q 1.116
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Table F-4. Listing of the program OVER.

PA~UGHAM OVER(!INPtTOUPUTTAPESuINPUTTAPE~uOUTPU?)
WEAL LKTO
DIME1NSION TANAcA)9CAC6)4C"(6)#CC(6)
DATA TANA/10..2., 1...6b79e44Q909333/

DTA Cdjo.Q59.1 .aeolibae.99* 1 *e1 1 ,*3I e
DATA

DO t00 !onIutNpi

CN U NUMRLW UF WiAVE CUNUITIONS
C IPFRUNT a I FUR I111 FRONTING SLOPE
C TANI 8 TANGFNT OF FOUNT PR&AK*ATkR SLOPE ANGLE

ISC d 0SIUtCTu401 wIY AT ?nit C~tS7 (M)
C HS8 2 Sliouc1U~k-NLIGHf (M)
C DS 0 *ATER OEP~IM AT TUE OF ITRUCTUIWE (M)3
C AC a ANtNS ,400GN SLOPE RtUNUP COEFFICIENT (go FOR 3MOUT04 SLOPES
C SC 9 ANNENS IdOUGI4 SL(JPE HUNUP cOtFFUC!INT

Ito FBMSO03
dMURj'N5

cuu.5iuo.1 I40
PRIt(621N 9 TF4ONT*TANY.8v1NSDoSFC

a FORMAT(1NI,2X9cPk1DZCTIONe UF WAVt TRANSMIS$1UN COEFFICIENTS FOR~ot
11 002X9 IAN ImP~FAIfLE iRLAK'vATEI1//#1XIENUM4EN OF WAVt CONDIT

41UNS w1.139 /qj(tPRUNT n1,Z?./1*ECTANCSLQPt)U(.Fb.3e/1KI8NLAKt
*K*ATL# TOP aWflvHCM)8IeFu,.3v,,1M. (STRUCTU4E 14tGT(M)*IFb.39iqIX
41 1*ATER OE-PTM(m)uIfe,3,.#.1XIFRIEIIOARU(M4)a(,Pe.3,#.iN,
0 ICOLFF'CIV41 OF OVERTOPING Cu (P,,/j)

30 IF(AC9LT.O.OQ) 90 ?U 21
wQITt(tv2?) ACqRC

22 PCJ4#ACIU.IUNUP COEFFjCZLNTI FOR POUGm $LuPI R4UNUP ACnIeFOels

3121 DO li#,$
1F(TANT.6,,TANAf1l94,T.ANT.L?,?ANA(l.1)I O TO J

3 LONYINUF
IP (YANJT.G?.1o) Ctz(!A(I I
IF(TANT.GTtOC.) L?:Cb(fl
ZFCYANT9GY.0.0) C32CCC )

as IF(TANT.LT.O.33) C1XCA(8j
IFCTANr.LT~,,33) C24COC,)
ZU(TANT,LTSO.333) CIOCCe)
wkITL(be7) CI9CavC3

so 23 h94ITL(691a&)
lae PQ"NAT(/v1XvI T(SLC) 0/G72 Hi(M) 14#GTZ RIK F/4 XTO P4T(m)(1

#4LhDCS55 Y.Ii
sS PUPMATC2PIO.'J)

1;A6L LENGT"'(DLO.DL)
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Table F-4. Listing of the program OVER.-Continued

V L90SIDL

60 DGTZXOS/(ON*TTy)

IP(AL.Gy0.001L/) W"(CZ*$SQR1C;#S)C3)

9MSj'

IUFT.*KO KflO
10 u.RIt(6012) T.0GY29MwoiqT2*MH9WQgyoK,.Iy

4100 C0O'T INUE
ST (jP

Sk'tIUU~TINE LENGT'"COLC~0L)
NLAL IL).LONENeLOD

5 %lot
P123.tMpsq

I A$R6Mid0*PZ/L0
L0)N-8LU~vTANH(AkG)
NS '#* I

10 DI1P*AS3LDN~w.LD)
IFcNw200) 5.d49a

3 !PtFcIFe.0005)i 2.5
S W)2 ( LONF M#LD)j02, q

Is 'a OLU .OLDN~w

100 FONMAT(440 SU8OCUTINEj LENGYTM DID Not CONjVI"GE, OJLU a
b mg/L a p05

10LN1*0L%L0
?0 RtTUNN
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APPENDIX G

DOCUMENTATION OF THE COMPUTER PROGRAM MADSEN

The computer program MADSEN (CERC program number 752XlRlCPO) 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 Tablb G-2.

SUBROUTINE REFL - This routine determines reflection coefficients from
rough impermeable slopes to account for energy dissipation on the breakwater
face (seeCh. 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

For each period, NT, read wave heights, 111

For each wave height loop to 100

Determine dissipation on BW face, CALL REFL

Iterate of All, and AHT to find Ze using N1 equations (172) and (161)-
Find equivalent breakwater (Sec. IV,2, eq. 158), CALL EQBIV

Find internal transmission and reflection coefficients, (Sec. II), CALL INTERj

Reestimate He from MW equation (161)

Determine transmission and reflection coefficients, Kt and KR , from
equations (175) and (176)
Find wave transmission by overtopping coefficient, KTO

Print results

100 CONTINUE

199 CONTINUE

200 CONTINUE

STOP

END

SUBROUTINES

53 standard lookup cards
Input cards (see Table G-4)

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

Symbol Variables Description

(Madsen and
White, 1976)

ai A incident wave amplitude

RII RII reflection coefficient (Sec. III)

AHT DHT head (MW eq. 160)

AHe DHE equivalent head (MW eq. 159)

dr DR reference diameter

ar BETAR reference beta

v NU kinematic viscosity

d D diameter (cm)

a, AI equals RII ai (MW eq. 146)
9

RI RI internal reflection coefficient (Sec. I)

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

VKTT2 + KTO 2

R KR reflection coefficient (eq. 176)

n N porosity

S. SS (n/0.45)2

nkof NKL equivalent

Ze LE equivalent BW width (eq. 158)

ho  HO water depth

T T wave period

f/S. FS

A LAMBDA

ko  KO 2w/L

TS lookup 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

FS FS (Fig. 17)

LS slope length

L L wavelength

NM number of materials
(maximum of 10)

NL number of layers
(maximum of 10)

Ah] TI4 level thickness

DH relative thickness

NR reference porosity = 0.45

Ahj 1/ SUM2

h0 S i

tij SUMi

TOPW width of top of structure

tn LL length of materials in
horizontal layers

F breakwater freeboard

R wave runup
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Table G-2. Standard iookup tables to be read by READI.

2 .8S% .M 9I0212SS13o3

3 .85 043 91021223ls$37
54 .85 .83 0901.0462c212.7112,(1300

8 .85 .63 .901.4&51.982.t32.502.5O2.60
7 ,P b3 . 901l. l.89l.9 2. o38.222.20
8 .6 .83 9l18172v11.8
9 6'5 .83 .901,401.701.081.791.b1.60

10 A% .L3 .901.361.61.52.57.3pi.2a
1 165 .18130.1.51.1o01.171.10
12 .o0113.24J2 eO32.442 o693.283.35 3 7i440O
131.0.2 ... 2b .93233
14 1.001.22l.872.I62.31I2o5b2.b32.71320
15 1.001 .201.7629032.102.2e2.S?22342.36
lb ,o1.0019 1,701,QO.982.042.042.021,97

Il 1.001 .10 .618 .8 o .b ,87 .71.65.7.Jb,8.7 7 7 h

l.b I .001 .0n 97oi .O .7b .b51.b.1.b 091.38 u uS.0. j .

1 1 .00 1,1 .181 .7 .5 1 .b071 . 71 .&1 8 38
20 1.o.7.3 0!.? 3!.110 97
21 1.001.161*371,381.311.181.05 *93 .80
20 1.001.1ol.321,7QI l , .5 6 , .93 .80 .67
2S 1 ,001.001.u01.001.O01.001 .O00.e01 .001 .001 .001.00OI.001.001.001.001,00
24 1,001.00 .9A 9~6 .9? ,81 OF? .804 .17 .81 .76 *78 .79 .77 .72 . .70
25 1,001,00 .98 *9S .83 7S .76 .78 .7%. ob . .61 .bb .&0 .54 .8 ,48
26 1.001.' .97 .90 .7 96S e66 .5 .65 .53 .0b .8 .%1 .7 .38 .32 .34
27 1.01.00 .97 .87 .bR .55 .58 .8b .51- .4 .34 .38 .LaO .37 .21 .21 .211
28 o1 0 95 b3 .o? 946 ob? 955 sAA .33 .25 .30 33 ?Q 18 .1? .18
29 1 00 e99 .9a .79 .57 0 .50 #43 .2b e18 .241 .20 .2'U .13 Ob 14
30 1.00 .99 .93 .75 .51 *30 .40 *145 3A .2! .12 .20 .24 .20 .0 0 .13
31 1.00 .99 .92 .72 .05 .28 .36 .42 .33 16 .07 .17 .22 . Ro7 v2 .13
32 1.00 .9q .91 .70 .I01 .23 .33 ,O .30 .12 .65 .1 eC .1P C? .02 .13
33 1.00 .') .#O m67 .39 .18 .31 .35 e27 .1 .05 .17 .247 .18 .0 Q.0 .13
34 .S0 .b .57 .T50 .76 42 .38 .36 .3
35 .67 .5 ,7t .30 .30 .26 .22 .18 .1
36 .58 *u1 .3? .?6 .21 .17 all s11 .08
37 .50 033 .2b .19 16 .12 .9 .07 .05
38 .5 30 .22 .16 .12 .08 .07 .04 .03
39 .Qh .26 .18 .13 ,09 ,01 OS9 .03 .0P
40 ,17 .23 ,16 .1! 8R .05 .01 .02 .02
"11 .33 a21 e13 .09 .06 e04 .03 .02 .01
42 .31 918 .12 *08 .09 -05 .03 .0? .01
43 29 .17 all .07 ,018 .03 .C? .01 .01
44 .25i . ) 640 .56 .R #'9 .58 65b 51
145 .35 .52 q b .455 .66 .65 bi3 .b? hn
06 aau .60 .68 .7l .7! .09 h? .b7 .66
41 .r r .07 .73 .7 ( .73 .72 .71 .70 ) . It
48 .57 .-It .7i .77 .76 .70 .13 .73 .73
a9 bo0 .73 .78 .?A .77 .76 76 .7h .76
50 .63 .76 . 8 ( .19 .?A .78 '7 .77 .17
51 .66 .7A .81 .8o .79 .79 .79 .79 .79
52 .68 .80 *82 .81 .80 .80 .80 *80 .80
~3 .71 Ml4 *83 *8? .81 81 , 01 .81 At!
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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 Rc = 170 and interpolation
of MW Figures 2 and 3, when nkl is 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 breakwater
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

t

where W5 0 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-5.

(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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Table G-3. Kinematic viscosity of water.

Water temperature Kinematic viscosity
of water

(Ce) (m2/s)

0 0.0000018
10 0.0000013 i
20 0.0000010

30 0.0000008

Table G-4. Format of input information.

Card type Format Description

standard 53 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, 7FI0.5 number of wave conditions to test

number of materials

number of horizontal layers

structure height (m)

water depth (m)

kinematic viscosity (1112/s)

width of top of breakwater (m)

front slope of breakwater a tan (0)

wave runup parameter a = 0.692

wave runup parameter b = 0.504

4 lOX, 2FlO.S material diameter (m) (armor lst)

(one card per material)

material porosity

S IOX, 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 2Pl0.S wave period (s)
(wave condition card;

one card per wave wave heights (m)

condition)

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

configuration to be tested.
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0

r. r

1. z -.

lip IL IVU

~~..~ 4ri~-. C -c..Ccccc c
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Table G-6. Sample output.

EXAIP0LE P1IOLE.M

COMPUTATIONS OF IsAVF TRANSmISS~l)N TH60UGH A POR4OUS 4RA~wATfR

Nil"M fF W.AVE tCONDITTUN3 J
NUM 111 'iATFRILLS3 3

Nu'4 OF HORT~nNTYAL LAYEPRx, I
STRUCT.IIE HLTG14T (M)11 6, no a
W6ATER DEPTH (m)wu,0
KINEMATIC VISCOSITY (M2j#SC)a on00n0o930
Si. TflP WID)TH CM)z 02

MAE'RJAL ChARACTF~yTICb !MAKE~ ARMnR M&Tj4WIAL NUMBER J)

MATERIALS I OTAMETER (M)8 ipq~ PnmnS!7Y3 .370
M4AfQ!ALx 2 DyA'LQ (MI .33'e PORoSYTYm .370
"ATERIALN 5 DIAMETER4 (141 *042 PMRnSITY. s370

HORIZONTIAL LAVER CHARA(IRISTICS
(IVAiE LAYERI NEWT TO0 SLAtWij LAYER~ N1ImRE:R 1) MT~An I i

NORIZiJNTIAL LAYI.Rz I THTCHN4 S (MIX 3.S50 LENG.THS (t)s 45 p.5 A 6.
HORIZONJTIAL LAY~z 2 T.9hESS (M)z .? l0 Ll.NGTHS (")z a'a; 21s .1.
HoIIZINTIAL LAYEiR= 3 THT..i.NFSS (MIX .470 LENGTHS C!u): 5.3 ' .o n.0

H4(M) TOMEC HI(G*T*T) 04/L D/(GsT*T,#) XTT Ktr' e7 .q I41(M)

.IniO s.00 .00 o1n~ .00335 *flinh .392 o.rto ,39? ,.6 0 $4
*,Soo S.60 .0020ift i%1b7u 61,19 .213 001 *2I; P8' *Ot,

1.000 5 00 ,I0IJUA t s3 49 '19 s1 'I pl v5 . ~ onti

015 .010 000,143 .0sobil *01,0 .1?2 .051. *1 Q' ;?h' .26?
as.000 n 0.l *001. 0 ~ b1 ,( '46 .115 ,i ,1 9 0~ t * 03

$500 11,0 a o .00fl51 0 *Onl73 44 . a o 0.0n0 4201 .rI 101
10000 1 A0.!00 nGJGc.3 .01507l .0 a 9 t135 o.o05 .35 , !~5

1.790 10.00 sno17mb 'OP63? .0o,49 OSAI ,j 1 182 641 3%19
?s 0.10 1 t, 0 0 .0 ',0 n t en~ol (-049 . I, , I 1 j 32P9 .14 * 411
.14)0 241.00 .0OO0pb .011073 .0012 *3AI On~o .381 si5 '131
.500 A 00 ", .o o nI t OM0AO .i0~S fl*0 18 n.m ;186 *6h .091

10000 ,,(10 sonq .0of'73s ot .1 *127.0110o 1;1 1 .74) .121

1 0750 i20.900 .00, 411 .") IFit .0312 .1)87 *nh .214 , " ,b 417%
200 20*00 .fl(o~ .,11470 *01 u~ I ~ *21J1 .27 '? .2 *us?

KY . N&V 1-k~'"V'1 53 rN fl'-4pwr-s~ T14E i~ii:Ttrtf.
'(75) - *vg TRAN'T3i1IV vV (- n -')P. Cir IC1NT
KT V - ITA£L 44VI friAf~qS 1It' C."tA'F IC ftNT

KR wAVF 4tFCtVT')r,# L'r.'9FTC t.NY
MT *TR£A.SP41T rPt V.AVF r~t!;Wf
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Table G-7. Listing of the computer program MADSEN.

POCRAM NAO5EN(P4PU?9OUTPU?.TAPE~ujNPU?,TAPE68OUTPUT.TAPC3)

C0N&EOj4SEtL/NKL*FS
REAL NKL.

5 UTMFNSION I8UFCI)vTTLEC20INUM(10)
REAL L9NUKIKM,NtLEtNR#LL#4iOqKTT
DATA NU0htsR93*495,bv7,S,99lOI

CALI READ?
to QEAF)C5,59) NCO&4P

590 VO4mAt(S12,0X17F1093)
DO POO ljUslNCOMP

C READ INPUT INFORMATION
krArC59171) TTEJMMaO

15 17i FORMATC0a)

IFDMMAT(tNI~tdXPOAO)
kEAMC%9590) NT6 Nm.NL .MSMO,9U,1OPWTANS.RARS

20 IF(PA.LE.n.) RA80.60I
IF(Rd.LE.0.) Ra.So
041I (6997j) NTNMNLMS.MONUTOPW.TANSRARS

971 FCN'MATf/ p10KICOMPUTATIONI OF WAVE TRANSMISSION THROUGH A POROUS
0 Ns~T~.,.~ INUM UP WAVE CO)NDITIONS(q1?X#J3#Iq5K.

a!U OF ::WO:~ RLI wIAL,/,SK, t~/~ictSRCTR HEIGHT M

*tK11E"ATIC VISCnSITY (M2/SEC)Uleft 1.9# IsSX#184' TOP WIDTH (M)nf.
*I0XeF10.1v#,5x.!TANB Of FRONT 3LOPloI9y9F3.'4*/95X. RUNUPe COLFFICI

30 StNTS A6F,39,t 68 (06,11)

DO 96 Jul.11

98 LLCTIJ)9O.
99 CONTINUJE

39 *RIF~bo283)
2819 FORuA7(SXe[MtATIIL CHARACTERISTICS (MAKE ARMOR MATERIAL NUMBER 1)

DO A 1219NM
RFAn(%97) n(I'aNCI)

4O 7 FNwmAT(o,7Po.S)
KRITE(6. 177) !.nC j) N(j)

177 P0Mf.M)qI1(J3tOAMETFR (M~a(@P 6.301 POROSITY(,P..3)
6 CC1NyINLJF

"Q1YCP20) (NIJM(JM) .jMaI NMI
45 ?84 PONMATCU.59Xo(M0RILONTjAL LAYER CHA*ACTfRISTCStq/,5K,

SICMAKF LAYER A1EXT TO SEABED LAYtR N(IMSER 11 r,.

00 13 Jut*NL
REAMC5,7) 71(J)*(LLCIJ)9Ivt.NM)

so WOITI (b.1782 JqTN(J)v(LL(I9J)eZI.NW3
t7lk FONmAT(5X.INORIZ0NTIAL LA'ERUI.I3#1 TICMNLS5 (M)ug, F603,1 LENGTH

33 CONTINUE

55 D(Nm)20@I)

TWCNL*3 I0100

60 PRITt C e.942)
qg0p PRMMA(//, fwM T(SfC) '4;(G*.7) NIL D/COSYTI) KY?

DO~ 190 1921@NT
I.EAn(St4) 1gM

65 FaNMA(pp1oss)
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Table G-7. Listing of the computer program MADSEN. --Continued

IP(&*LT*Oe*00oI) GO TO 100

io IF(TANi4.LF*0s) 40 TO 37
*100 CLA

22 PmTzgi.*RU$A
I FL~~OG

C ASSUME nMbFzOMT AND ITERATE ON THE EGU1LIVANT Do
75 1COi"1.1u0

t0 ICOtiNTvtC0UNT*1

CA0i INTtRCNR.#T.LENO.A!NUDR.Tl.R?.L, TeLAG)
80 IF-',pLhr.Ea.11 M~RS0O,95

IP'CPLAG.E0.I1 GO Tn 22
ON4~vC1.*AI)SRII*A
?FCTCOUI.I.LT.o) (0 TO 10
K~np1S0!I

37 IF(TAN8.LF.041 CALL INTERCN(1),TTOPw,140,ANU,0C1) KTTKR.L.IPLAG)

IFUTFLAG.Eg.1) GO TO 37
81.MiS&'UISQT~I( S65*7*T))

90 wWZ.A*S1't/(.+8*U:FU)
k14 MQO

95c~~N~jT0,.NDFL.. MTOC*(.FRwI(1.ulC)*FU

IF(Kt.).GT. *fj K70aO.

(;aA.4L'oSOTT

t0o 0G1,V3wfl(9*80*?*T)

KTSS3dRT(i(TT**?,I( 1092)
IFCWT.GT.1.0) KU1,ft
MT3 i1K I

105 WRI1,(69qAl) 14TMGTR.mLDGYa,,IToKTOKTkR.MT
981 FflRuAT( 5x.F6.S.Fl@.lFIOsb.P 10.5.Fjo.0,IFS.35 F6.2.V7.3)
100 CON'dINLJP
190 CONTN 1UE

WRImt(b.200)
It0 201 FORwAIC1//?XstkTI a maVE I14ANSM!S31fN THROUGH TH4E STRUCTUREN/v

$?X91AU % AVE TRANSmIS.ZON by OVERTOPPTNG COEFFZCZENTlt/o
S 2X,IXT *TOTAL WAVE TRANSMISSION COEFFICIENTtqjq2Xq
* tAQ 9 WlAVE REFLECTIONi COWI~CIEN~f@
*/.ZirdmT w TAANS'4 ZTTEO WAVE HEGHT1)

I11' 20fl CONTINUE

* CON UNm/Afl/fSy(9.I1)o~lI(9.11)eRTL,7o11)vTxC9#3o).RX(9v10)

RFAL I ,L$Lt(S

5C C F X mnUFL COPULCTION FACTOR TO ACCOUNT FOR MODEL SLOPE EFFrECTS

1F(;AN.LI.A*O) CFUI .02
1$' C ANbGY .fl.&a CF2mO,89

C PYND 06VE LfI4GTH L

CALL LEN6(0O0L)

LSXW~U/TAFJS
ZU~wS.LT.10) LSaIISIANO

I's LSL*ULS/L
1FC18,LT~o.8) GO TO 105

W*I+JEfbjOl) TIN
lot F0Rm1 a?///IK.1WARNINGwTME MINIMUM wAVE PERIOD TO.St ANALVZED SY
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Table 6'-7. Listing of the computer program MADSEN. --Continued

20 *HIS I'QOC.WAM 13S(,F6o2o ( SEC FOR 71,15 CONfn1TIO0
LSLxO.7Q99

C INTtI,~ATE IN~PUT TASLE FOR THIS LSL VALUE

Z5 00 3 JX1,11

IRS(J)RUCT.j.CUC*JmU1ZJ)LLf101.'

C GI.'ISS PH.I AND ITERATE
30 PW1N5.0

Mao

6 JuPWI
FA*(ALflGrPHI~t.)ehLUGC4..I.)/CALOG(J*2.1,ALOG(J$Ie))
F~vSaSc#1)# r. AC4(FIS(J*2,.FS8J~j))

315 RIjxQiA(#Ji)4 FAC6(lRU6(J#2,.RU3(Jf)

ZF(MGT2l) GO 1TO 9

IFP"1eT,Taq*) PN189.qq

4S I'FEkL.GY.0.05) GO TO 6
9 kI1%AI1*CP

EN'D
t SkSUR0IJT INF READY

27 OEiM1(3.17F(UT(qH$v)9
noV s M21#11

5 1 EA6(%.177) LFS(NM)qNX21,9)

2 An(5.177j (7)(?CN)ON8I,9)

REAMC5177

Is ENO~

CC0MMO/htSi/Ni.NL.O(1 1) 9It( 1). Utic I)#m1
DIMFNSION HI TA(I1)#Dh(j1)

eE TA'k2.7*c I ,NR)/(NR*$*DR)

DiO oJ:10';L

Dm(j)v~o4(J)/H0

15 ~~~F(,mI.GT.iO) OC~C4.I4)N
IF~yt0GTm0) n TO 5

I' 110e0uW247k4(j)

it UM 0 *I

17 SU4i3SU#4l,8FTA(?)I#gEIhR9L(1,J)
16 SUaPSUMD(J)(5R(5U,1))
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Table G-7. Listing of the computer program MADSEN.-Continued

E,40
bi'ml,11INF !NTfPCI-,TL ,HUeANUo',?I.MIWLIFAGI
CU U LNI IS L LI~NK~ L F PS
LOP ALN/MAlSI0 Sy C 99 11 ) 9UT (9at $RTC o 0 I T(99 10) VRX (90 10)
DIMFNSION TS(10,,r*5CIO)

q RF& AlIKL A q~u*KflL AMhDAqN

',~L-- F- K ri. L

L1 AMOAX I~,N ,~s

'Cc 7n*

Is IC=IL.1
xA*5iJR(qA0#Ht)/(1s4LAM8Uhi

k .- I I* n/ NU:K0*L*~

IFCTjL.c;?.1o00 7 T 5
I(tAS( .O4/ )O 00) GO TO 2

F SZFSS
ASC -R1,Lrbs397) r@Fb@U.ND

39? f VNAT (PtyX @ FqfSLJROS 1@4E1305)

IF ( NkLrT . 0 .) IF LAGUi
IFC(NKL,GT.0.9) WRN

3n 1F(Fb.GT*35.) P3.35.

L INIFP0U If M~fl5EN rCuRvE5 2 AND 3

JF CI.,n*) rjaTS1j)AL0S.OFS)*CS(1JTt)

IP (rb.LP:..rflPSvGt1j0,) RETLURN

'a%

E N)
biJbklMJTINE IkNrTC DLOPDL)
kt £t LD.nfNFzhLOD

t SPGze.0*PTJ.LD

LflNF*ML0D*TANH( AfO)

jn ~~CJ'Un C0E.O TO

300 PQI4mAT(U*I SumRt)UTjI4L fGHDDNTCVEEN;li qico
t 8i.'0/L a 9FIAs)

P ULU,.fl/LDNtw
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0 N4 N a 0b
w0 w4 40 Q0ww ODw1

>) 44 .... 0..0 0 r.->I * 0-4 04
44.444.00m 4404 . >,4.4C .- 4(1.

M11C) 4440444. 41 wCU0 4444 41

U 1n- 0440 4 0 U V. 0- 4044 0
00 0.4 .040 4 4 0 l 0.4 .004C40

0 0 I41. w040C. = 444. 0 4 0 w0=

44 0.4w 0444.0U>0 - "4.*..-4 04 40
44.- u4 C 0 V 100 4- 14 wL 0 0 CL - W44

0440 w400044 04414 .0 I40 dO..4

44 0 44) 0 4 0..444 (a4 0 U) 040 4 0
4 40 944 4V44 -1 IV44 4 4 w

0.440. 60 C4 vO.04rdCa)4. 0

4J.4C.441 10 0

a w440440 w 44040U1 0 04 0 04W44w 4444.40 U 44

0 14 44. 0 414 C 44 44- . d0 414 CCr
.O2K.w .C 41 I 44 0. P.4.CC- 410.. 0

2 04444441.44 4 2) w44 .4444 .
4444J0 4 c4441 0 w4-.0 44 1.,4 ! be

4 4 0 '0 w.I w r4A' b4 4 w44 4 4s0 .rc 4144Z0 4444 .444 4.4140.0 424 04.

w 4444441 .- 40l"m6 14" 2.44441 w 1.4 4444
44444r-4U404 w 444.0 Q444CC4.4aU 0 z 3,..4x.-40
1414 0 Z C 44. 441424- m44 w 4O4 .4 44444240

44.4w4f. E.4 41.1 O4 44444)- *44 m4.4 m44 ' , 0 '

4- 0 44 4.0 4) 04.C 4 10 44

44.4 0 ..0 W 44 W4 441.4 0 4.14. .4 0

co 4 0N . " 4C 4.0 W UU) Z41 ZN4. 44C4 .0>
44 44 04 0.4 N W. 44t1 "4 -4. 14

444 .41 44400 40144o.41 114 . 40

41)4 0CC 4 400 410 w 4444 0C 4 4040 41
Z 0 *44. 0 442 444 r.-0 *.4. 0 424 4

.4~ ~ 00 4- 04440 > 41 0 1 .4 04. -C 44 W 4 4

44). 4)04 m4 >4 004 4 4 444044
04444'C0 44.01 0w.- ~4444~ .C0 44.0- 041-40:

00 441 W41000 M 0 .4..0 -4 go41 0- 0 z ..c 0 2 !0 w4-.0

N 00 aN

Go 44 :3 0 U4 w W ) 0.m

0 V44 v..4 0 044 a..4
144w4C. 0 W 4404 Is 4440CC .- 410

= F. 44 0!0' 0 0 C: 444w4 04 m0' 00

44.I> 0 0 '440 .4 4.~ "1w0 w - W044
04 414 0 0 U r. I 04 4410 4 4 00444
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