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I. INTRODUCTION 

A number of large offshore structures are being considered at the 

present time, and some have been constructed already. These include off¬ 

shore airports, nuclear power plants, bulk terminals, oil drilling islands 

and oil storage structures, island ports (Tasco Migliardi and Pezza, 1973), 

* 
and even offshore cities. The floating nuclear power plant surrounded by 

a breakwater (approximately 1800 ft by 1800 ft), that is being designed 

for a location nearly 3 miles offshore Little Egg Inlet, New Jersey, is an 

example of such new concepts (Ashworth, 1973). Coastal engineers are 

actively engaged in most of these activities. 

A large structure, if not too far from shore, might be responsible 

for a major change in the transport and in the deposition or erosion of 

sand along the shore. The detached breakwaters offshore Santa Monica, 

California (Johnson, 1957) and Winthrop Beach, Massachusetts (U.S. Army 

Coastal Engineering Research Center, 1966, p. 239) are examples of struc¬ 

tures that have affected the shoreline. On the other hand, Rincon Island, 

California (Blume and Keith, 1959) is an example of a man-made island that 

does not appear from a casual glance to have had much effect on the shore¬ 

line. These are simply qualitative observation.?. The coastal engineer 

would like to be able to predict, quantitatively, the effects of size, 

geometry, wave energy absorbing capability, distance from shore, etc., 

of the structure on the shore processes. 

In some cases these structures would be placed on rather fine 

sediments that would be in equilibrium with the waves and currents in the 

*See references at end of this report 



absence of the structure. What »111 be the effect of the structure on 

these sediments? Where will scour occur, where «11 accretion occur, aud 

In what amounts? There has been appreciable scour under some offshore oil 

Platforms In the Gulf of Mexico (Posey. 1971). Again, the coastal engineer 

has only a qualitative knowledge of these phenomena. 

In order to be able tr understand and predict what will happen to 

the sediments, it la necessary to develop a quantitative knowledge of the 

effect of the structure on the wave pattern around the structure and 

between the structure and the shore. Further, the effect of diffraction on 

the ’-dimensional characteristics of this wave motion and the wave-induced 

currents will be major factors In the deposition or erosion of the sediment. 

A great amount of research will be necessary (theoretical, hydraulic 

model, «d prototype studies) before the «estai engineer will be able to 

perform the Job he should do In a manner that will satisfy his professional 

standards. One portion of the research that Is needed Is on the problem 

of the diffraction of water waves by large impermeable offshore structures. 

Ibis report presents the first phase of a laboratory study, combined with 

existing diffraction theory which ha. been extended together with a computer 

program (Fan, Gumming and Wlegel, 1967) which has been modified, of the 

diffraction of uniform periodic waves by rigid Impervious vertical wall 

offshore structures. In addition, some studies were made of the effect of 

wav. energy absorbing material pllc.d on the seaward side of some of the 

models. 



II. PAST RESEARCH 

Consider a wave system interrupted by an impervious structure such as 

a breakwater. The portion of the waves incident to the structure will be 

reflected, break, or both, whereas the portion moving past the tip of the 

structure will be the source of a flow of energy in the direction essentially 

along the wave crest and into the region in the lee of the structure. The 

"end" of the wave will act somewhat as a potential source and the wave in 

the lee of the breakwater will spread out in approximately a circular arc 

with the amplitude decreasing along this arc. The same phenomenon will 

also occur in the reflected portion of the wave. This complicates the physi¬ 

cal picture considerably, as part of the wave energy associated with the 

radial wave being generated from the "end" of the reflected wave will move 

into the lee region. The two sets of waves, cylindrical and radial, reinforce 

and cancel each other in such a manner as to cause an irregular wave height 

in this region. Inis physical phenomenon is known as diffraction. 

Mathematical solutions have been obtained for semi-infinite breakwaters, 

for gaps in breakwaters, for detached breakwaters, and for vertical circular 

cylinders, to various degrees of approximation (see Wiegel, 1964 for a 

discussion of some of these solutions and for a presentation of the results 

of the experimental studies that have been made). 

The most important finding that results from a review of the papers on 

hydraulic laboratory studies of wave diffraction is that the work was done 

for regions in the lee of breakwaters, extending to only a few wave lengths 

from the breakwaters (Putnam and Arthur, 1948; Blue and Johnson, 1949; Carr 

and Stelzriede, 1952). The reason for this is that coastal engineers have 

in the past been interested primarily in the shelter afforded to ships and 
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small craft by breakwaters, that is in the usefulness of the harbor area 

created by breakwaters. The problem being studied and reported on herein 

is thus an extension of the previous work to a large number of wave lengths 

from the breakwater (or other structure). Most of the work on large diameter 

circular cylinders has been in conjunction with the pressure distribution 

on the cylinder rather than on the scattering of the waves, even though 

the work is on the diffraction problem (MacCamy and kachs, 1954; Chakrabarti, 

1972). 

Many theoretical studies have been made of diffraction problems in 

naval hydrodynamics, but these are beyond the scope of this report. 

The diffraction of plane waves by an isolated thin rigid impervious 

vertical breakwater has been studied by several authors (Fan, Gumming and 

Wiegel, 1967; Honl, Maur and Westpfahl, 1961; Johnson, 1953; Montefusco, 

1968; Morse and Rubinstein, 1938; Penny and Price, 1952; Silvester and Lim, 

1968; U.S. Army Coastal Engineering Research Center, 1966; Wada, 1965). 

Generally an Elliptic Cylinder Coordinate System is used as the one most 

convenient to describe positions in the horizontal plane (Fig. 1). A 

velocity potent! is assume to exist; this leads to a function F(£, 0) 

which describes the wave height at each point in the plane. This function 

must satisfy Helmholtz Equation 

V2 F + k2 F - 0 (1) 

By the separation of variables method, letting F(Ç,0) - ^ Ç *^2(0) 

this may be reduced to the two ordinary differential equations 

d2 \p 

TV 
1 + 

a2k2 cosh2 Ç -b f ip, - 0 

i ! 
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d2 ^ 

TF 
a2 k2 cos20 -b ^-0 

(2) 

which are known as the Mathieu Equations. The solution of these equations 

constitutes the solution to the problem. 

It is known that the diffraction behavior about the tips of a detached 

breakwater many wavelengths long is essentially like that of a semi-infinite 

breakwater; i.e., one tip is not aware of the existence of the other. la 

this case one can use the detailed knowledge of the diffraction character¬ 

istics for a semi-infinite breakwater to predict the behavior for an 

Isolated one. As the length of the isolated breakwater is reduced, a point 

is reached where the wave diffracting around one tip will influence the wave 

being diffracted by the other tip, and the behavior can no longer be con¬ 

sidered to be the sum of two independent phenomena associated with each tip. 

In the mathematical treatment of the problem as done by Uada (1965) 

one can separate the solution conveniently into a "non-interaction term" 

and an "Interaction term." The "non-interaction" represents that part 

of the solution which would be obtained if one simply superimposed the 

diffracted wares produced by each tip, treating each tip as though it 

belonged to a semi-infinite breakwater. This part of the solution thus adds 

the effects of two semi-infinite tips, and the "interaction term" is a 

measure of how reasonable such an addition is. For a detached breakwater 

of length 10L one would expect to find that the "interaction term" is quite 

•mall, whereas for a breakwater one wavelength long the term would become 

significant. In the literature (Penney and Price, 1952; Wada, 1965) it 

is assumed that the deletion of the "interaction term" is valid for 

breakwaters of at least 5 or 10 wavelengths in length. 
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It has been observed that the waves emitted by the tips and progressing 

into the shadow zone of the breakwater had very nearly circular fronts, 

like those predicted by Sommerfeld (1896) for electromagnetic waves and 

Penney and Price (1952) for gravity waves diffracted by a semi-infinite 

breakwater. As will be described in a later section of this report, it 

has been found that the wave pattern as predicted by Sommerfeld's solution 

for the semi-infinite breakwater is also valid for each tip of the isolated 

breakwater down to a breakwater length of only 1.6L. It will be shown 

that the phase relationship between the two wave-trains coming around the 

two breakwater tips can be adequately calculated for each point shoreward 

of the breakwater by simply applying the semi-infinite theory at each tip. 

It is of interest to note the distribution of energy near the tip, 

as obtained for the diffraction of electromagnetic waves by a screen 

(HSnl, Haue and Westpfahl, 1961). This is indicated in Fig. 2, with the 

lines of constant phase and constant diffraction coefficient shown in Figs. 

2b and 2c. 

After the work described herein was completed, and the initial report 

submitted, a short discussion was discovered in the ASCE Journal of the 

Waterways, Harbors and Coastal Engineering Division (Goda and Yoshimura, 

1973) in which similar conclusions were reached. The laboratory results 

reported by them were, however, for a small and intermediate distance 

from the detached breakwater, rather than for large distances. 
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III. PRESENT STUDY 

A. Introduction 

The main purposes of the present study are to determine diffraction 

effects at reasonably large distances in the lee oi offshore structures, 

comparing hydraulic laboratory observations with theory, and to determine 

the effects on wave diffraction of the shapes of offshore structures together 

with their wave energy absorbing characteristics. I„ addition, a reasonably 

simple superposition method for calculating diffracted wave characteristics 

In the lee of offshore structures is developed, and predictions using it 

compared with observations. 

In planning the tests, the size of proposed prototype structures was 

kept in mind, together with the sires of waves that the structures would 

be subjected to. For example, the nuclear power plant structure proposed 

for offshore New jersey would have a distance offshore to structure length 

ratio of DA - 3 miles x 5.28Ò/1800 = 9. It would be subjected to waves 

of periods from 6 to 15 seconds (roughly) in water 40 feet deep. The 

rang, of wave lengths in this water depth, L, would be from 170 to 520 

fat (deep water wave lengths of from 185 to 1150 feet), so that the range 

of VI would be from 11 to 3-1/2. The distance offshore, measured In wave 

lengths (the lengths at the structure) would range from 95 to 30. 

RlPPle Tank Studies 

1. Purpose 

Owing to the expense involved in performing tests in a large model 

baain, the first work done was to devise and make a series of tests in a 

«.11 facility, the Ripple Tank (3.7 ft wid. by ft long by 0.4 ft deep). 



10- 

This was ® "niodel study" of a model study. Based upon these tests, the 

arrangements for the larger scale tests in the Model Basin (64 ft wide by 

148 ft long by 2-1/2 ft deep) were planned. However, the results of the 

ripple tank study served for more than just a preliminary study, and some 

of the results are given herein. 

2. Experimental Arrangements and Techniques 

The name "ripple tank" is misleading. The waves ured in the tests 

were of sufficient le-.¿th that they were "gravity waves," and not the 

"surface tension" waves that might be suggested by the name "ripple." 

The ripple tank has a glass bottom in one section, with a light source 

under the tank which permits still photographs, motion pictures, and 

observations to be made of the wave patterns "projected" onto an overhead 

screen. This permits a number of types of observations to be made which 

cannot be done m the case of studies made in the model basin. A sketch 

of a section of the apparatus is shown in Fig. 3. The actual wave generator 

used was of a different type than is shown in the sketch. 

Measurements of the wave heights were made at a large number of 

locations for the types of obstacles shown in Fig. 4, all of which had 

vertical walls. Parallel wire resistance type gages were used to measure 

the water surface time history at a number of locations in the tank. An 

oscillating flap type wave generator was at one end of the tank and a wave 

energy absorbing beach was at the other end. 

3. Results 

*• Diffraction coefficients. The waves in the tank were not 

uniform across the width of the tank (transverse direction) but varied about 

± 10Z to 15Z from the mean value. In addition, they decreased in amplitude 
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«8 they traveled down the tank (longitudinal direction) owing to the rather 

rapid energy dissipation that is inherent for short waves in shallow water.* 

It was found that some combinations of wave period, wave amplitude and water 

depth resulted in more uniform waves than other combinations. Results of 

two runs are presented in Figs. 4 and 5. Many measurements were made, 

using a 4-inch square grid, labeled 1, 2, ... 11 in the transverse direction 

(the tank was 44 inches wide) and A, B, ... 0 in the longitudinal direction 

(only a 5-foot-long test section was studied). The wave generator was 

started, and run for a short time and then rtopped. The locations of the 

wave gages were changed, the water allowed to become still, and the wave 

generator started again. The average height of the 5th, 6th and 7th waves, 

measured by a rectilinear writing oscillograph, is the value shown in the 

figures. 

Three sets of numbers are shown in each square. The middle number 

is the wave height measured in the square, called the incident wave height. 

After these measuiaments had been made, a 13-inch diameter vertical wall 

circular (in one case, and an 8-inch square in the second case) island was 

placed in the tank as shown by the dashed circle or square in the figures. 

The upper number shown in each square is the wave height at that location 

with the island in the tank, called the diffracted wave (perhaps scattered 

wave would be a better term) height. The lower number is the ratio of the 

diffracted to incident wave height, called the diffraction coefficient. Of 

course, no measurements were made of the diffracted (scattered) waves at 

* 

Little decrease in wave height for the case shown in Fij. 4, as the water 
was nearly twice as deep as for the case shown in Fig. 5. 
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^8* 5» Incident wave heights in ripple tank without structure present; 

diffracted ("scattered") wave heights, and diffraction coefficients, 

8-inch (0.67 ft) square island. Water depth * 0.15 ft, wave 

period - 0.50 sec, wave length - 0.96 ft, d/L - 0.16, X/L - 0.70 

Votee: 1. The average height of 5th, 6th and 7th waves are given. 

2. Top number in square is diffracted wave height, middle number is 

incident wave height, and bottom number is diffraction coefficient. 
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1 2 3 4 5 6 7 8 9 10 11 

A 
.019 
.024 

.032 

.021 
.1.52 

.026 

.020 
.1.3 

.020 

.024 

.83 

.023 

.025 

.92 

.036 

.025 
1.44 

.025 

.022 
1.14 

.020 

.023 

.87 

.026 

.026 
1.0 

.033 

.023 
1.43 

.023 

.024 

.96 

B 
.028 
.020 

JLt4_. 

.015 

.021 

.71 

.023 

.024 
-Ll 

.034 

.023 
1.48 

.020 

.023 

.87 

.017 

.024 

.71 

.017 

.020 

.85 

.032 

.022 
1.46 

.025 

.022 
1.13 

.020 

.024 

.83 

.028 

.022 
1.27 

C 
.015 
.021 
.71 

.031 

.021 
1 48 

.020 

.022 

.91 

.013 

.022 

.59 

.032 

.022 
1.45 

.032 
—.022' 
1.45 

.032 
. .020 
1^0 

.014 

.021 

.67 

.020 

.022 

.91 

.032 

.022 
1.45 

.018 

.022 

.82 

D 
.023 
.021 

1.1 

.018 

.020 

.99 

.020 

.021 

.95 

.026 

.019 
1.37 i 

/ - 
.021 .022 .0l) 

.026 

.021 
1.24 

.021 

.022 

.95 

.018 

.021 

.86 

.025 

.021 
1.19 

E 
.023 
.021 

1.1 

.017 

.021 

.81 

.021 

.021 
1.0 

.024 

.019 
1.26 

.020 
\ - 

.022 • 02ÿ 
-✓ 

.024 

.020 
1.20 

.022 

.021 
1.05 

.020 

.021 

.95 

.024 

.021 
1.14 

F 
.021 
.024 
.87 

.022 

.022 
1.0 

.021 

.020 
1.05 

.022 

.019 
1.16 

?014 
.02ïr 
.70 

.014 
-.022” 

.64 

.011 
^.021 

.52 

.022 

.021 
1.05 

.022 

.022 
1.00 

.023 

.020 
1.15 

.021 

.023 

.91 

G 
.021 
.023 
.91 

.021 

.022 

.95 

.024 

.020 
1.2 

.019 

.019 
1.0 

.0104 

.019 

.55 

.016 

.022 

.73 

.0104 

.021 

.50 

.019 

.023 

.83 

.025 

.022 
1.13 

.022 

.020 
1.1 

.021 

.023 

.91 

H 
.016 
.022 
.73 

.026 

.021 
-J. 24 

.024 

.019 
1.26 

.014 

.019 

.74 

.010 

.020 

.50 

.016 

.021 

.76 

.0097 

.019 

.51 

.013 

.022 

.59 

.025 

.022 
1.13 

.028 

.020 
1.4 

.017 

.021 

.81 

I 
.015 
.020 
,75 

.026 

.021 
-1*24 

.023 

.020 
,lil3 

.012 

.019 
-->63 

.0122 

.020 

.61 

.016 

.021 

.73 

.0124 

.021 

.59 

.013 

.023 

.57 

.024 

.023 
1.04 

.027 

.020 
1.35 

.019 

.019 
1.0 

J 
.020 
.021 

- «95 

.024 

.020 
.021 
.019 

1,1 

.013 

.019 
.035 
.020 
,67 

.013 

.022 

.59 

.014: 

.021 

.68 

.018 

.022 

.82 

.021 

.023 

.91 

.024 

.021 
1.14 

.023 

.020 
1.15 

K 
.026 
.020 

JL1 

.017 

.019 
_Ji2_ 

.017 

.019 
. .89 

.016 

.019 
■ 84 

.014 

.020 

.70 

.013 

.021 

.62 

.015 

.021 

.71 

.020 

.022 

.91 

.017 

.022 

.77 

.017 

.020 

.85 

.028 

.020 
1.40 

L 
.028 
.018 

1.56 

.014 

.018 

.78 

.0122 

.019 

.64 

.015 

.019 

.79 

.014 

.021 

.67 

.019 

.021 

.90 

.016 

.021 

.76 

.018 

.022 

.82 

.0133 

.022 

.60 

.013 

.019 

.68 

.029 

.018 
1.61 

M 
.027 
.019 

-Ia.42 

.017 

.019 
.„94 

.OUI 

.019 
.010Í 
.019 
.57 

.015 

.020 

.75 

.024 

.022 
1.09 

.016 

.020 

.80 

.0132 

.021 

.63 

.0128 

.021 

.61 

.017 

.019 

.89 

.027 

.019 
1.42 

N 
.025 
.019 

.020 

.019 
JL 05 

.0116 

.019 

.61 

.008 

.019 
- .42 

.016 

.020 

.RO 

.027 

.022 

.022 

.016 

.020 

.80 

.009 

.021 

.43 

.0126 

.021 

.60 

.020 

.019 
1.05 

.025 

.019 
1.32 

0 
.023 
.019 

1-.21 

.021 

.018 
1.17 

.0116 

.019 

.61 

.008 

.019 

.42 

.016 

.020 

.80 

.025 

.021 
1.19 

.016 

.020 

.80 

.010 

.010 

.50 

.0126 

.020 

.63 

.021 

.019 
1.1 

.023 

.018 
1.33 

I s « "H 
g 

g • J3 • a oo u 
« > ««M «i « > «W « a 
« > -H 
« > oo 
«0 > 
» •< 

1 .0234 

.94 .0220 

.92 .0216 

.89 .0207 

.88 .0206 

.91 .0213 

.91 .0213 

.88 .0201 

.88 .0207 

.89 .0207 

.87 .0201 

.85 .0198 

.84 .0197 

.85 .0198 

.83 0194 

waiiiv WXU.4WU». a nurture, axirraccea v scattered ) 
wave heights, and diffraction coefficients, 13-inch (1.09 ft) circular islard. 
Water depth - 0.083 ft, wave period ■ 0.62 sec, wave length - 0.93 ft, d/L « 0.0*9, 
A/L ■ 1.2 

Notes: 1. The average height of 5th, 6th and 7th waves are given. 
2. Top number in square is diffracted wave height, middle number is incident 

wave height, and bottom number is diffraction coefficient. 
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the location of the structures after they had been installed. Several 

measurements were made immediately adjacent to the structures, however, 

and are shown in the figures. 

Along the right-hand side of the figurer are two columns of numbers. 

The second column is the simple arithmetic average of tae incident wave 

heights (11 of them) in row A, B, etc. The first column is the ratio of 

the arithmetic average in each row to the value in row A. This ratio is 

called wave attenuation, and indicates the wave energy decrease as the wave 

travels down the tank. 

Similar tests were made with a variety of structure geometries. The 

results are shown in Figs. 7-14. 

One reason for making the tests in small scale was to check the effect 

of the reflection from the walls and wave generator of the waves scattered 

by the structure. Thus, two of the geometries (Types 3 and 7) were modified 

by placing "splitter walls" seacard of the structures, a wave energy 

absorbing beach being placed between the splitters. These modifications are 

shown as Types 6 and 8 in Fig. 4. If the reflections could be made to be 

quite small, then the wave generator could be run continuously and the 

many wave measurements that had to be made could be made in a shorter time. 

It appeared that this was possible. Compare Fig. 13 (no absorber, inter¬ 

mittent running) with Fig. 14 (absorber, continuous running); the results 

are reasonably close. 

Although Type 7 (Fig. 13) is labeled a "semi-infinite" breakwater, it 

is far from that. Considering the tank wall to be a plane of symmetry, it 

is a "detached" breakwater with a value 1/L - 2 x 1.9 - 3.8. Type 8 (Fig. 

14), on the other hand, is an approximation to a semi-infinite breakwater 
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owing to the wave energy absorbing material placed along the tank wall in 

the lee of the breakwater. Because of this, it appeared to be reasonable 

to compare the results of the test for the case shown in Fig. 14 with the 

theory for a semi-infinite breakwater and with the hydraulic laboratory tests 

reported in 1948 by Putnam and Arthur (1948). These results are shown in 

Fig. 15. 

Owing to the reasonable agreement between the ripple tank data and 

previous studies described in the paragraph above, it is perhaps likely 

that other ripple tank data are valid in a quantitative as well as a 

qualitative sense. It is interesting to compare the results shown in Figs. 

7, 10, 11 and 12. The values of X/L and d/L are nearly the same for each 

case. There does not appear to be any gross difference in the diffraction 

coefficients in the lee of these four types of structures, except very close 

to the structure. 

b. Sediment motion. - In order to obtain some ideas about the 

direction of "diffraction currents" and the effects of these currents and 

other wave effects on bottom sediment, some tests were made using some find 

sand and some plastic pellets (specific gravity a little greater than one) 

on the bottom. The motions were observed, and examples of the results are 

shown in Figs. 16-18. These observations were made for the Type 3 structure 

(see also Fig. 9). 

C. Large Tank Studies 

1. Purpose 

The purposes of the experimental work described herein were to 

observe the characteristics of diffracted waves throughout a large area in 

the lee of offshore structures, and to compare the observations with theory, 
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and to determine the effect on the diffracted wave; of several different 

shapes of offshore structures together with their wive energy absorbing 

characteristics. 

2. Experimental Arrangements 

The main portion of the experimental studies was conducted in the 

Model Basin of the Hydraulic Engineering Laboratory of the University of 

California at its Richmond Field Station. The experimental arrangements 

are shown in Figs. 19 and 20. The model basin is 148 ft long, 64 ft wide 

and 2-1/2 ft deep, with wave energy absorbers placed along the side walls. 

A 1:17 slope beach made of sand fill topped with a layer of cement (about 

1/4 inch thick) with a layer of 2-1/2 inch thick horsehair matting placed 

on top of the cement is located at a distance of 107 feet from the wave 

generator. A carriage 70 feet long with 14 wave gages 5 feet apart is 

free to move along the stationary truss. This permits a coverage of an 

area of more than 4000 sq.ft. 'At the end of the carriage a wave gage is 

attached which, in turn, is free to move along the carriage. An additional 

wave gage is mounted on a cantilever beam near the wave generator face and 

is free to move longitudinally in the direction of wave advance. 

The wave gages are of the parallel wire resistance type. The locr* ' ns 

of the wave gages are shown in Fig. 19. The output of the gages were 

recorded on multi-channel rectilinear oscillographs. Up to 16 channels 

were used to record the waves simultaneously. 

Models of different sizes and geometry were tested. Either a beach or 

rolls of "horsehair" was placed in front of the model to red .ce wave 

reflection from the rigid impervious vertical wall structures. 

3. Modifications to Facilities 

Considerable work was necessary to be able to perform the tests in 

the model basin. A beach had to be constructed, a movable truss designed. 
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constructed, and installed, new wave recorders fabricated, a special boom 

designed and built, and the wave generator stiffened. In addition a number 

of modifications had to be made during the course of the experiments. 

It was found that the wave generator did not have uniform motion owing 

to three factors which were changed. The bearing in the center drive arm 

was repaired, and the entire "piston" portion stiffened. This was not found 

to be adequate, so the center drive arm was disconnected from the piston 

and the piston was then driven only by the drive arms near the left and right 

ends of the piston. Measurements were made of the piston stroke at a number 

of locations along the piston for three cases: original condition, bearing 

repaired and piston stiffened, and center drive arm disconnected. The results 

for two different wave periods are shown in Table 1. It can be seen that 

there was a considerable improvement in regard to the uniform stroke of the 

piston after the piston had been stiffened and the center drive disconnected. 

4. Experimental Technique 

The procedure for each run was as follows: 

(1) The water in the basin was set to the required depth. 

(2) Recorders connected to the wave gages were balanced and calibrated. 

(3) The wave generator, set at the desired frequency and stroke, was 

started *>nd allowed to reach equilibrium. 

(4) To obtain the reflection coefficient, one of the moving gages was 

moved longitudinally in the direction of wave progress. 

(5) To obtain wave height records on a grid base, ¿-he 70 ft carriage 

was moved to the desired location, held there for about 1C seconds, and then 

moved onto the next position. 

(6) Each position was repeated several times. 
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Table 1. MEASUREMENT OF WAVE GENERATOR PISTON STROKE 

(Note: Two values given for piston stroke, 

for example, 31/60. The first number is the 

stroke for a wave period of 0.69 sec, and 

the second number is for a wave period of 

0.82 sec. 

Station 
Position 

from í 

feet 

Piston Stroke, mm 

(1) 

Original 

Condition 

(2) 
Center 

Bearing 

Fixed and 

Piston 

Stiffened 

(3) 

Center 

Drive Arm 

Disconnected 

in addition 

to (2) 

1 

2 

3 

4 

5 

6 

7 

8 

-32 

-28 

-15 

-6 

+6 

+15 

+28 

+32 

31/60 

27/57 

24/56 

24/55 

27*1/56 

30%/60 

37/61 

35/59 

33/57 

30/55 

30/55% 

32/59 

34%/60 

35/60% 

37%/56 

36%/57 

34%/56 

36%/57% 

37/56% 

34/56 

35/57 

36%/57 

T 
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(7) The model to be tested was then placed in the basin. Repeat 

4, 5, 6. * 

(8) When enough data had been obtained, the wave generator was turned 

off, and the recorder was calibrated again to see if there was any change. 

5* Wave Characteristics in Model Basin Without Structure Installed 

An extensive effort was made to measure and understand the wave 

characteristics in the model basin, as the wave heights were not uniform 

along the wave crest (transverse direction) or along the direction of 

wave advance (longitudinal direction). An example of the results of a 

study that was made for one of the better conditions is shown in 

Table 2. Wave heights are tabulated for 528 points in the basin for a 

wave period of 0.67 seconds and an overall mean wave height of 0.090 foot. 

The wave heights along a crest line lie within i 15/£ of the mean value 

of all the measurements made along that crest line. The mean height of 

the waves along any particular crest line (transverse direction) varies 

by less than ± 5% of the overall mean wave height. The standard deviation 

is 7.9% of the overall mean wave height. 

Over a longitudinal distance of 60 feet (the first transverse measure¬ 

ments were made 35.5 feet from the wave generator and the last were made 

95.5 feet from the generator) there is no sign of wave attenuation with 

longitudinal distance traveled. The height variation along a crest line 

is not dependent on the distance f^om the wave generator. 

The wave height at any point is uniform with respect to time. The 

basin reflections were small, as indicated by a reflection coefficient 

measured approximately 10 feet from the generator plate, which was of the 

order of 5%. 
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TABLE 2. WAVE HEIGHT IN BASIN WITHOUT STRUCTURE INSTALLED. T - 0.67 SECOND; II • 0.090 HET 
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For this specific wave generator setting, the overall mean wave height 

of 0.090 foot is assumed to be the representative wave height in the basin. 

Incident wave heights and diffracted wave heights could be obtained simul¬ 

taneously by placing the structure model within the path of the movable 

array of gages. Normally the gage farthest away from the model in the seaward 

direction (towards the generator) was used to measure the incident wave (//15). 

The mean of wave gage //15 was found to be less than ± 5% of the representa¬ 

tive wave height. A good correlation between the mean wave height as 

measured by gage //15 and the representative wave heights (i.e., "no model 

in the basin" overall wave height) is thus evident, and //15 can be used for 

the incident wave height. 

The example described ab ve is for one of the better conditions. Some 

others were nearly as good, while still others were more variable. It was 

decided to study the diffraction of waves by model structures at this time 

using only the more uniform incident wave conditions. 

Studies of this sort were necessary as there is a growing body of 

evidence on the difficulty of generating a uniform stable wave field in a 

wide long model basin. Cross waves form under some circumstances, transverse 

waves under other circumstances, and waves that become progressively more 

irregular as they move down the basin under other conditions. This problem 

was discussed briefly in the Third Quarterly Progress Report (21 March- 

20 June 1973); references are given herein. 

6. Results 

A large number of tests were run for a variety of conditions. Many 

of the figures showing experimental results are given in an appendix to 

this report. Examples of the original oscillograph records of the tests are 

shown in Figs 21 and 22. In Fig. 21 are shown traces for the case of the oscillo 

graph being run at a slow speed, which was adequate from the standpoint 
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of measuring the wave heights. In Fig. 22 are shown examples of traces 

for the case of the oscillograph being run at a higher speed, to show the 

wave form. 

a. Incident Wave and Wave Characteristics Without Model Installed. 

Without a model in the basin one would hope to generate regular waves 

(no secondary peaks, signs of instability) that are of uniform height along 

the Crestline. It was acertained that we could generate waves that were 

of a stable profile (2 dimensional, vertical plane, see Fig. 22) and that 

this wave shape did not change significantly as the wave progressed from 

the generator toward the beach over a distance of over 100 ft. The 

disintegration of the wave train could be avoided by adjusting the 

pertinent parameters (d/L, H/L, T) appropriately. A more persistent 

problem involves the 3-dimensional character of the waves - i.e. along 

a Crestline it was found that the wave amplitude varies significantly, 

even though point for point the wave is regular (that is sinusoidal) and 

stable. This situation is thought to be due to some type of standing 

waves that are generated with their crestlines at right angle to the wave 

generator. One might attribute the phenomenon to so called cross waves, 

but this is not tenable since it was observed both at wave generator 

frequencies that would set up resonant cross waves and at those frequen¬ 

cies that should prevent their existence, that the wave height distribution 

along a Crestline was not significantly altered. By trial and error the 

optimum conditions were found; they resulted in a height variation at any 

lateral section (crest-wise) of about ±15% about the mean, with a standard 

deviation of about 9% of the mean. The 2-dimensional wave profile (actually, 

the surface time history) for incident and diffracted wave is shown in 
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Fig. 22. The way in which wave amplitudes were obtained for incident 

and diffracted wave is shown in Fig. 21. The parameter shown in this 

figure is measured from the wave-tank centerline along the wave Crestline. 

(In all other work in this report, x is a horizontal coordinate associated 

with a breakwater). The lateral variation of wave heights is typically 

as shown in Figs. Al, A7, and A13 in the appendix. 

The data were obtained while the wave generator was running continuously 

which was often for the entire day. It was acertained that such a running 

mode was valid as long as the sources of reflection within the basin were 

minimal. Comparison of results obtained by this method (continuous-running) 

and by the stop-start method (intermittent-running) led to this conclusion. 

The reflection coefficient as meausred about 10 feet away from the wave 

generator was typically 0.05 (i.e., 5%) for the basin without model, with 

wave energy absorbers on the beach face and along the tank walls. With the 

insertion of the model, this value increased to 0.10, rarely to 0.15. It 

was found that a wave height measurement made at any location x, y, within 

the testing grid could be relied upon to be time-invariant for most of the 

tests performed. Exceptions to this were encountered at times in the lee 

of the structures, thus a time-wise instability of the diffraction profiles 

was occasionally observed and monitored. 

b. General Characteristics of the Diffracted Waves 

The continuous running testing procedure was used to acquire most of 

the reported herein data. To justify its use comparisons were made of the 

diffracted wave height as determined by this method and those obtained by 

the "intermittent running" procedure. The results of this arc shown in 

Figs. A1-A3. Clearly, there is no consistent significant difference. It 
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appears that the diffraction profiles determined by the "continuous-running" 

procedure do not incorporate standing wave effects, ihe intermittent- 

running" procedure dees not allow sufficient time for these to be set up. 

During most the tests performed, it was found that the incident and 

diffracted waves were stable with respect to time. This was always a 

prime criterion for aejuiring reliable data. At times it was discovered 

that the diffraction profiles were shifting even though the incident wave 

profile (height distribution along the crest line) was steady with respect 

to time. This can be seen in Figs. A1 to A10. In Fig. A7 the incident 

wave profile is shown for two different times, and in Figs. A8 to A10 the 

corresponding diffraction profiles are shown for 3 different sections in 

the lee of the structure. 

Since the incident wave is not of uniform height it must be anticipated 

that the diffracted waves will be detrimentally affected. To what extent 

the diffraction patterns will be upset by this had to be determined. It 

is possible to do this by comparing two diffraction profiles obtained for 

the same location, running condition and model with the only difference 

being that the incident waves are purposely different. In one case the 

incident wave may have a large wave height just at the tip of the model, 

whereas in the second case, it might be relatively small. If this is so, 

then different amounts of energy will be diffracted into the lee (see 

Fig.2a )» and this should have an effect on the diffracted profile. In 

actual practice it is not the incident wave that was altered (it is steady 

with respect to time and repeatable) but rather the location of the model 

that was changed inorder to obtain the desired modification of the incident 

wave. In Figs. A4-A6 results of such tests arc displayed. It may be 
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concluded that the lateral wave height variations for the Incident wave, as 

encounted during these tests, are small enough to ensure reasonably 

reliable data in and near the shadow zone of the model, 

c. Semi-infinite Breakwater 

The superposition method predicts the wave heights in the lee of a 

detached breakwater based upon the diffraction behavior about a semi-infinite 

breakwater. In order to interpret discrepancies between this theory and 

experimental results it was necessary to have a good knowledge of the 

diffraction behavior of waves in the vicinity of a semi-infinite breakwater. 

Figs. All, A14, A17 show the diffraction profiles at y/l=2.0, 8.6, and 21.9, 

and are typical for our findings (additional data are shown in Figs. A11-A17). 

The essentials of the test arrangements are shown in Fig. All. The test 

was separated into two parts, one with a tip splitter plate and one without. 

Data were obtained for each case both by running continuously and by running 

intermittently. The number of points obtianed by the "intermittent-running" 

procedure was sufficient to ensure the validity of the main body of data 

that was obtained by running continuously. From our data we cannot detect 

a significant effect of the splitter plate. Concentrating for now principally 

on the region -4¿x/L¿7 one can observe the following: 

1) For y/L<6, say, the theory if quite exact in the lee and its 

prediction too low for x<0 (open sea) 

2) For y/L>8, say, the theory predicts wave heights that are conservative 

for x<0 but that are too low for the shadow zone x>0. 

3) At y/L=21.9 we may note that the energy seems to be transferred 

into the lee to a much greater extent than predicted by theory. From 

this we can anticipate that the Superposition Method will similarly 



result in a discrepancy between its predictions and the experimentally 

determined values, 

d. Thin Detached Breakwater 

The diffraction profiles were obtained for a series of values of X/L 

and y/L. The data given in the Appendix generally consist of 3 profiles for 

each particular model configuration, corresponding to y/L=2.0,8.6, and 21.9. 

In Figs. A18-A34 these profiles are shown for the case of norual incidence 

(0 =90) and X/L=0.9, Í.7, 3.5, 5.2, and 7.0, in that order. On each plot 
o 

both the experimentally deteimined curve and theoretically predicted one 

(according to Superposition Method) have been drawn. 

As a general observation it has been noted that the effect of the 

structure is strongly felt even at a distance of 22L behind a structure 

only X=0.9L wide (see Fig. A20) 

In Fig. A24 the profile is shown for X/L=1.69. It can be seen that 

directly in the lee the wave diffraction coefficient varies from 0.3 to 1.0 

rather drastically. The profiles typically show a number of crests and 

troughs that vary in number and location, depending upon X/L and y/L. 

The troughs have been named "interference channels" since they were first 

observed as channels of relatively calm water extending into the lee of 

the structure and can be predicted from simple wave interference consider¬ 

ations. Tests were performed to determine the effect of splitter plates 

on the detached breakwater X=1.63L wide. With wave energy absorbing 

material on the seaward side of the breakwater, it was found that with 

or without splitter plates the results were essentially the same. The 

influence of the splitter plates is thus of the order of the experimental 

variations that occur when testing the same model at the same conditions 
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a number of times. 

Two cases of oblique wave incidence (0^=45) are given in iigs. A35- 

A40. These correspond to X/L=2.3 and 5.1. A peculiar peak in diffraction 

coefficient was found near the right tip of the wider breakwater, as 

indicated in Fig. A38. 

e. Significance of Projected Width, Ap 

A series of tests was performed in which the projected width of the 

structure (projected normally to the wave) was kept constant, as shown in 

Fig. A41. The results as shown in Figs. A14-A44 of the Appendix indicate 

that Xp is the governing parameter for the structures. There are varia¬ 

tions but these would appear even if the same model was tested repeatedly. 

It is felt that the agreement is quite good for engineering purposes for 

the whole range of values of y/L. The agreement between Run I and Run II 

(see Fig. A41) is particularly striking. It is believed that it is now 

possible to simplify many diffraction problems and to develope a better 

feeling for the diffraction behavior, 

f. Three Dimensional Structures 

A semi-circular structure was tested, with its curved surface facing 

seaward, and with an incident wave angle 0o=90°. The pertinent conditions 

and results are shown in Figs. A45-A47 of the Appendix. Two separate 

tests were performed, with and without wave energy absorbing material on 

the seaward face of the structure. The points corresponding to the case 

with an absorber have been connected by a line. Note that the incident 

wave is also plotted in Fig. A45. The incident wave profiles are misleading 

here since they incorporate the pronounced standing waves set up near this 

model. The incident wave is measured at a section only about 7 ft from the 

model and is thus very sensitive to the reflective properties of the structure 

A significant portion of the reflected energy does not reach the generator, 
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but is dissipated by the wall wave energy absorbers. The incident wave 

profiles, in this case, are not an indication of the energy distribution 

in the incident wave train. The good agreement between the results for 

the fully reflecting and the partially reflecting structure is thus believed 

to be reasonable. 

A rectangular structure was also tested, but only with wave energy 

absorbing material on the seaward face. The results are shown in Figs. 

A48-A50. Curves were drawn to compare the behavior of a thin detached 

breakwater, the semicircular structure and the rectangular structure for 

incident waves at 0 =90°, and with the structures having approximately 
o 

the same width. These plots are shown in Figs. A51-A53, and are interesting 

since they indicate that the behavior is, for many practical purposes, the 

same. The manner in which the waves separate from the structure (towards 

the lee) is the same in all cases. This seems to be the governing feature, 

with the seaward geometry of less significance. 
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IV. ANALYSIS OF TEST RESULTS 

A. Superposition Method 

The authors decided to explore a Superposition Method (i.e., using only 

the "non-interaction term") as a result of tneir laboratory observations 

rather than from mathematical considerations. It was observed in the Model 

Basin ("Large Tank") tests that in the lee of a detached breakwater there 

exist peculiar areas of low wave heights. These areas were termed "interfer¬ 

ence channels" after it was discovered that the existence of these channels 

could be predicted by treating each tip of the breakwater as a source of 

circular waves and then noting the interference pattern set up thereby 

(Fig. 23). 

Assume that each tip of the detached breakwater behaves as though it 

was a portion of a semi-infinite breakwater. At any point in the lee of 

the breakwater two v?ave-trains coming around the tips can be superimposed, 

and so determine the wave amplitude at that location. This sequence is shown 

in Figs. 24, 25, and 26. For simplicity consider, as an example, a point 

located two wavelengths in the lee of the breakwater and one-half wavelength 

to the inside of the right tip, with the incident waves moving in a direc¬ 

tion normal (0O = 90 degrees) to the breakwater of length X = 2L, as shown 

in Fig. 27. The superposition method assumes that this isolated breakwater 

can be separated into the two semi-infinite breakwater as indicated in 

Figs. 28 and 29. From each of the component breakwaters (Figs. 28 and 29) 

it is possible to determine the diffraction coefficient, K', and phase 

angle, a, according to the well established semi-infinite theory. 

From Penney and Price (1952) one can obtain a clearer physical 

understanding of the semi-infinite diffraction behavior by again separating 
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Areas of visually detectable low wave heights. 

Fig. 23. Superposition of waves from two tips showing "interference channels." 
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the solution into an incident wave (geometrical optics) and a diffracted 

wave, as shown in Figs.30a and 30b. The superposition of these two waves 

results in Figs. 31 and 32. Note that the width of the shaded wave crests 

is a measure of the wave height. In Fig. 34 the added solutions are shown 

(as Fig. 31) for an incident wave angle of 90°. There,only wave fronts 

and contours of equal diffraction coefficient are shown. In Fig. 33 

diffraction profiles are drawn, corresponding to the case of Fig. 34. 

This separation into incident a»H diffracted waves is helpful, but in our 

superposition method only the complete exact solution of the semi-infinite 

diffraction problem, as it is available in the form of a computer program, 

has been used. Our further concern is thus only with the situation shown 

in Figs. 34 and 31 and 32. 

We now return to the situation shown in Fig. 27, and the point in the 

lee of the breakwater at which we are going to determine the wave height. 

Considering the right tip, tip 2 in Fig. 28, one might find that K'2 = 0.45 

and ai = 10°, say; similarly for the left tip, Fig. 29: K'j = 0.20 and 

a - 190°. Since the phase angles in each case are for the same incident 

wave it follows that their phase relationship with respect to one another 

is given by a = aj - a2. We add the waves as follows: K'^ = K'i + + 

2K{ Kj cos a and obtain K' = 0.25 at that location. 

A computer program was written to perform these calculations for any 

angle of incidence and breakwater length. T) * source of our semi-infinite 

data was the report by Fan, Gumming and Wiegel (1967), "Computer Solution 

of Wave Diffraction by Semi-infinite Breakwater." This computer program 

is valid for any distance away from or near the tip. 

The superposition method as outlined above is inherently only valid 

in the lee of the breakwater. This can be deduced from the component 
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KmtiKF 31 

Figi'RK'-'SO;;. b. Wave pa items for waves incident at GO’ to a rigid breakwater. Figure a shows the 
pattem according lo geometrical optics. Figure b shows the diffraction waves. 

Figi-rf. 31 The wave pattern for waves incident at GO0 to a rigid breakwater. The pattern shown is 
the superposition of the geometrical optics waves of figure a and the diffraction waves of 
figure b. The width of the shaded areas representing the waves gives an idea of their height. 

(From Penney and Price, 1952) 



■AMk 



-54- 

FiGURt;33 I he maximum height of waves at normal incidence on a rigid breakwater, at distances 
2L^) and SLi«) behind ilie breakwater. To obtain the wave heights at any distance y — nh 
(where n > 4) behind the breakwater, multiply the values at y -- 8L by the factor yd»)- 

(From Penney and Price, 1952, Ref. 29) 

Figure 34 Wave fronts and contour lines of maximum wave heights in the lee of 
a rigid breakwater, the waves being incident normally. 

(From Penney and Price, 1952, Ref. 29) 
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breakwaters, Figs. 28 and 29, which clearly have a solid wall boundary 

(Sections ÜT and 71) where there should be no boundary. Adding the solutions 

seaward of the breakwater would thus generate standing waves that cannot 

exist in reality. To what extent these non-existent walls will influence 

the solution can be deduced in a qualitative sense from the following: 

(1) The semi-infinite solution indicates that along the extension of the 

breakwater, 0 = u in Fig. 35, the value of the diffraction coefficient 

is always unity. 

(2) The rigorous solution for the case of a detached breakwater (see 

Montefusco, 1968) indicates that here also K1 = 1.0 along the extension 

of the breakwater as shown in Fig. 36. This is a consequence of 

rigorously satisfying the real boundary conditions for the isolated 

breakwater. 

Now it is necessary to look at the superposition method and see how 

close it comes to producing a physically real situation along the extension 

of the breakwater. The physically real condition is given by (2) above, 

i.e., K' = 1.0, since in this exact solution the physically real boundary 

conditions are completely satisfied. We might consider "K1 = 1.0 along the 

breakwater extension" a "secondary boundary condition. Now, apply the 

superposition method along the breakwater and its extension as is indicated 

in Figs. 36 and 37. In Fig. 37 the semi-infinite diffraction profiles have 

been sketched for the case y = 0+j i.e., at the shoreward face of the 

breakwater. In Fig. 38 the profiles shown in Fig. 37 have been added in 

the region of interest, taking account of the phase relationships as 

displayed in Fig. 36. The undulation about K' = 1.0 can now be used as a 

measure of inaccuracy for the superposition method, lor a short breakwater 

(in Fig. 38, the distance 12 would be small) one can see that the amplitude 
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C in Fig. 38 will be relatively large; as the breakwater length increases, 

the magnitude of c continually decreases. Describing the diffraction 

coefficient at the tip as Kj. = 1.0 ± e, one would obtain, for a fairly 

long breakwater with À/L = 5.0: K,^ = 1.0 ± 0.10 as a measure of error. 

According to Wada (1965) this breakwater is sufficiently long to allow 

deletion of the "interaction term"; i.e., here, the superposition method 

should compare well with the exact solution. Reducing the breakwater 

length to À/L = 1.5 we find that the maximum oscillation has increased to 

^ = 1.0 ± 0.18. Thus, e has only increased from 0.10 to 0.18 while the 

breakwater length was reduced from 5L to 1.5L. From thj.s one might antici¬ 

pate that the superposition method is usable, for engineering purposes, down 

to a value of À/L of about 1.5. Thus, it should be useful for a range of 

breakwater dimensions that is quite real in application. 

The Superposition Method applies equally well for angles of incidence 

other than 90 degrees. In this case the phase difference between the waves 

leaving each tip must be accounted for. This phase difference can be 

deduced from the geometry, as shown in Fig. 39. 

B. Modified Superposition Theory 

The Superposition Method uses as its building-blocks the semi-infinite 

theory. The results of the Superposition Method will thus directly reflect 

the validity of the semi-infinite theory. If the semi-infinite theory does 

not agree with the experimental data then the Sucrpposition Method will also 

indicate a similar discrepancy. A modified Superposition Method (also called 

the "mixed" approximate theory) was tried in which the phase relationship 

between the two wave trains ("RPH" in the computer program) is obtained 

from the semi-infinite theory, but the amplitudj of the wave trains is 
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übtained from the experimentally obtained semi-infinite diffraction profile, 

Figs. A11-A18. This was considered to be reasonable, since the circular 

wave fronts predicted by the theory seemed to be very predominant and 

persistent. The results of this modified Superposition Method are shown 

in Figs. A29, A34 in the Appendix 

C. Comparison of Laboratory Results icith Theory 

It has been pointed out that the Superposition Method should become 

more accurate as À/L increases. Looking at the experimental results for 

waves of normal incidence (G = 90 degrees) and y/L - 2.0, though, it is 

discovered that the agreement between theory and experiment is quite good, 

even if À/L be 0.9. Near the breakwater, y/L of the order of 2, the theory 

thus describes the diffraction behavior adequately for engineering purposes. 

The results shown in Fig. A18, A26, for À/L = 0.9 and 3.5, respectively, 

demonstrate this. As one proceeds further into the lee of the breakwater, 

the significance of the ^/L parameter becomes noticeable. To note the 

trend, one can compare Fig. A23 with Fig. A31, which are the diffraction 

profiles for y/L = 8.6 for À/L = 1.7 and 5.2, respectively. The theoretical 

and experimental curves are clearly in better agreement for the wider 

breakwater. As one proceeds to y/L = 21.9 the agreement is poor, regardless 

of the width of the breakwater. It should be noted that a similar trend 

was observed for the semi-infinite breakwater; i.e., close to the breakwater 

there was good agreement between theory and experiment, while further in 

the lee there was increasingly poor agreement. At y/L = 21.9 there was a 

significant discrepancy between theory and experiment. This certainly 

accounts for some of the disagreement between the profiles according to 

the Superposition Method and those of experiment. 
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For the case of oblique wave incidence the Superposition Method 

exhibits the same characteristics as for waves of normal incidence. From 

Fig. A35 and A38 the comparison between À/L = 2.3 and 5.1 can be made for 

y/L = 2 and 0o = 45. The significance of the projected width X is predicted 

by the Superposition Method. This is indicated in Fig. A44 for the case of 

X = 1.63. 
P 
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One of the most important problems that had to be resolved for these 

studies was concerned with the fact that there were a limited number of 

combinations of wave heights, wave periods and water depths for which the 

incident waves were reasonably uniform in three dimensions. An extensive 

and very time consuming survey of combinations of these variables was per¬ 

formed, and a number of "good" combinations of the variables were found. 

These conditions were used in the tests reported herein. 

One important study made was to determine the effect of placing wave 

energy absorbing material in front of the model breakwater and wave splitters 

at each breakwater end. This was done to minimize the complications that 

would be introduced by waves reflecting from the breakwater, back to the 

wave generator, reflecting from the wave generator, etc. Tests were run 

for intervals of time sufficiently short that the reflection problem could 

be neglected. It was found that the diffracted waves were the same for 

both cases. These results permitted the use of wave energy absorbing 

material so that runs of long duration could then be made with a resulting 

saving of considerable time. 

Specific results have been discussed in detail in the section on 

results, and are given again in the conclusion, so they will not be re 

written here. 

Two examples will be given below on the use of the work developed on 

this project. 

1. Calculate and plot diffraction coefficients in the lee of an 

offshore breakwater, in water of constant depth for the case in 

which the length of the breakwater is 1.75 times as long as the 
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wave 1 engt.h (X/L = 1.75). Use the superposition approximate 

theory. 

Make use of Program FINBW (Fig. 40). The source of the 

semi-infinite data called for in the program is obtained by 

use of Subroutine WDIFFR which is given in Appendix Bl. WDJFFR, 

in turn requires the use of Subroutine FRSNL, which is given 

in Appendix B2. An example of 3 pages of the data printout 

is given in Fig. 41. 

Use is then made of Program FBWC (Fig. 43) to plot lines 

of equal diffraction coefficient K*. These values have been 

plotted in a reasçnably large scale in Fig. 44 for the lee 

area of Y/L and X/L both between 0 and 4, in order to compare 

the results with the theoretical results of Montefusco (Fig. 45). 

They compare rather favorably. The results are plotted in 

Fig. 46 for the range of Y/L between 0 and 22.250 and X/L 

between 0 and 4. 

2. A semi-circular offshore island, with the semi-circular front 

facing the incoming incident waves, with X/L = 1.75 as in 

example 3. What is the diffraction coefficient at several 

distances in its lee. The values of K' calculated in example 1 

can be used. The results shown in Fig. A21 show the super- 

psoition theory to be useful close to a thin vertical rigid 

breakwater (Y/L = 1.98), and the results shown in Fig. A45 

indicate that these same calculations would be reasonably valid 

for the semi-circular island. However, it can be seen from 

lig. A24 that the approximate theory does not predict the 

diffraction coefficient reliability at a larger distance, in 



FIG. 4(1’ROCRAM FINHW, APPROXIMATE ("SUPERPOSITION") THEORY SOLUTION 
WITH THE AID OF SUBROUTINE WUIFFR 

PROGRAM FIMHW (INPÜT, OUT PUT » 
C OlFFR. OF GPAV1FY WAVES BY FINITE BK BASED ON HEL 1-8 

READ Ilf (BfWLX, ANG,N ltN2) 
11 FORMAT (ÏF10*4 f 21101 

RL=B/WLX 
PRINT I7t(BLiWLXtANG) 

17 FORMAT ( Ml f^OX,« WAVE DI FF F ACT I ON-F IN I TE BREAKWATER 6/L= *F9.3 
It lOX,*WAVELhNGTHUNIT*, F6.3f 1 OX, WANGLE * fF 6. 3 ) 
PRINT 1') 

M Ff.'Rf'AT ( 1H 0, l/fXfKY/L1*, TXf’i'DKl^fTXf'i'PHMfTXf + DK^^fTXf^Pl^*, 7X, 
2*RPH^, 7X, * DKSUM», 7X, *X/L*, 7X, *X i/L *, 7X, * Y l/L* ) 

C TZ=COS( ANG+ 3. 141592 6/180. ) 
S T Z = SIN( AN 3. 141592 6/180. ) 
DPH=360. *BLACT Z 

C COORD SYSTEMS ARE X,Y = WAVE FIXED AND XI,Y1 = BW FIXED 
C Uli-IOORS PROCEED ALONG WAVE DIR., SUBRN. WDIFE WANTS BW-EI XED SYSTEM 

Y =-1. 
DO 41 1=1,N l 
Y = Y + l • 
X = -1. 0 
DO 41 J=i,N2 
X = X + i. __ . . 
C ANG=180.-AMG 
X1= X*STZ ♦ Y*CTZ 
Y1 = -X*CT7 ♦ Y* STZ 
XX 1= R/ 2.0 +X 1 
XX2 = R/2. Ü-X1 

C LEFT TIP 
CALL WDIFFR ( WL X, AMG, XXI, Y L ,R , A A , PB , WA, PH, RG ) 

C RIGHT TI» 
CALL WDIFFR ( WLX,CANG,XX2,Y1,R,AA2,BB2,WA2,PH2,PG2) 

C APOPOX. THEORY - SEMI-INFINITE SUP ERPQSIT IÜMNG 
R PH=PH+DPH-PH2 
r = C.CS (P PH *3.1 415926/100. » .. .. 
DKSUM=SURT (WA^*2+WA2>**2+2 .0*WA*WA2*CI 
XL= X/VJLX 
YL= Y/WLX 
XIL= Xl/WLX 
VIL -- Yl/WLX 
PRINT 32, ( Y L, W A, PH, WA2, PH2 , RPH, DK SU 3, XL , X 11., Y IL ) 

32 FORMAT ( 1H , 10X, 1 OF 1 0. 3) 
41 CONTINUF 

STOP 
END 
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FIG. 41 EXAMPLE OF OUTPUT DATA FROM PROGRAM FJNBW. 

w w f. f>»> m •>?'/«wMr.1'. _ \/l._i ,jso_ __i<î.vn.FjLJr,iHU5u i_> 

Tl/L 
.?iiO 
.710 
.¿‘jO 

1.000 

EXPLANATION OF TABLE OF OUTPUTS 

Reproduced from 
best available copy. W 

X, Y 

XI, Y1 

DK1 

DK2 

PHI 

PH2 

RPH 

DKSUM 

L 

Horizontal coordinates - wave fixed, see Fig. 42 

Horizontal coordinates - breakwater fixed, see Fig. 

Diffraction coefficient component - left tip 

Diffraction coefficient component - right tip 
Phase angle, left tip 

Phase angle, right tip 

Relative phase angle between the two wave trains 

Vectorial sum of DK1 and DK2 

Wave length 

42 
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FIG. 41, CÛNT.- EXAMPLE OF OUTPUT DATA FROM PROGRAM FINJ5W. 

IB.WB 
I0.T40- 
lú.jsn 
10.750 
10. ^50 
10.750 
IK 000 

II .330' 
11.000 
11.000 
11.000 
lI.000 
1 I.000 
¡ I .0.10 
11.000 
11. DOO 
11.003 
11.030 

_! 1.30,} 

11.000 
n.ooo 
I 1.000 
I I.000 
11.740 
11.?40_ 
I I .740 
11.750 
11.750 
II .250 
I 1.740 
11.750 
Íi.340 
11.740 
II .750 
11.750 
11.740 
11.740 

"l1./40 ' 
11.743 

11.750 
11.400 
11.400 
11.500 
TT.400- 
11.500 
11.500 
11.400 
11.400 
11.430 

11.500 
11.530 
11.400 
11.400 
11.500 
11.403^ 
.117 

_l|45 
.157 
.150 
.143 
.137 
.1 37 

'.335 
.33« 
.243 
.761 
.242 
.72 5 

400 

.210 

. 1«7 
.1 «4 
.175 
. 164 
.153 

n 51 
.144 
.134 
.133 
.36 3 

_|1JT 
.303 
.284 
.262 
.743 
. .726 
.212 

'.134 
.187 
.177 
.167 
.159 
. 157 

"• Í 4 4' 
.139 
.134 
.370 
.333 
.313^ 
• 2 P.6 
.764 
.745 
.228 
.213 

_¡_200 
.144 

.178 
.169 
.160 
.153 
^146^ 
.140 

~ZJ43t344 
166. 392 
134.477 
100.977 
65.771 

70.050 
-31.474 
-43.157 
-56.365 
-71. 140 
-0 7.518 

-105.577 
- 175.191 
-146.524 
- 169. 5.1} 

165.779 
139.418 
111.394 
81.777 

' 507421 
17.516 

-16.967 
-52.9-19 

-171.030 
^137.515 
- 144.^95 

- 17,0.004 
- 176.079 

166.757 
146. 964 

177^.043 
¡03.480' 

79.Z'i 
53.477 
25.940 
-3.162 

- 33. 466 
-66.149 
-99.588 

- 135. 356 
149.398 
I >3.097 
175.340 
I I I.088 
05.304 
77.959 
59.033 
38.401 
16.372 
-7. 376 

-32.733 
-59.094 
-88.247 

-118.375 
- 1 4(1. 0( 0 

176.723 

14.15 P 
10.750 
10.750 
10.750 
10.750 
10.750 
11-00(), 
I 1.900 
11.006 
11.000 
1 I .300 
11.060 
.U,poo_ 
1l.000 
11.000 
11.900 
1 1.000 
11.000 
I 1.300 
11.900 

11.390 
1 1.000 
11.000 
11.750 
11.750 
1 ¡.’750 
I 1.250 
11.250 
1 1.750 
1 1.250 
1 1 .240 
If. 2 40 
11.250 
11.750 
I 1.259 
11.250 
11_.759__ 
11.250 
11.250 
11.750 
11.600 
I 1.500 
I 1.500 
IT. 500 “ 
11.500 
11.500 
11.500 
11.500 
11.490 
11.530 
11.430 
I 1.500 
II .530 
1 1.4.00 
11.500 
11.500" 

EXPLANATION OF TABLE OF OUTPUTS 

X, Y Horizontal coordinates - wave fixed, see Fig. 42 

XI, Y1 Horizontal coordinates - breakwater fixed, sec Fig. 42 

DK1 Diffraction coefficient component - left tip 

DK2 Diffraction coefficient component - right tip 

PHI Phase angle, left tip 

PH2 Phase angle, right tip 

RPI1 Relative phase angle between the two wave trains 

DKSUM Vectorial sum of DK1 and DK2 

L Wave length 
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EXAMPLE OF OUTPUT DATA FROM PROGRAM FINBW 

_ n.soo 
71.101 
71.101 
71 .10.) 
71.100 

JU..»'».)._ 
71.101 
21.101 
71.110 
71.T10 
21.110 

_?1 .710_ 
2Ï.01) 
71. TV» 
2I.’5>» 
71.)10 
/1.»11 
71.-10 
717750 
71.710 
71.710 
71.750 
71 . * 10 
71.710 

■“21. »11 
77.000 
77.010 
27.100 
77.000 
77. m _ 
77.000 
22.00) 
77.000 
72.000 
72.000 
77.000 _ 

72. )0) 
72.)00 
77.)00 
27..)00 
72.101 
»7. ) ) i 
77.25) ' 
22.710 
77.210 
27.250 
77.>50 
77.710 
72.750 
27.250 
77.710 
22.753 
72.710 
77.750 _ 
22.7 50 

,?50_Jl.ftU— 
.227 4.1.105 
.714. 11.171 
.201 31.554 
.101 19. mu 
.14b 7.720 
.1 7_B_-14.953_ 
.171 -15.031 
.164 -55.07« 
.1)9 69.124 
.1)2 62.20) 
• 548 54. 145 
j)»),_41.)1 )_ 

“ . 105 36. 3(15 
.7« 7 76.002 
.270 15.062 
.751 3.700 
.241 -9.509 
.77» -71.076 

“.l! ¿i -17.111“ 
.706 -57.»2) 
.196 -69.021 
.18) -86.109 
.179 -104.0)4 
.171 -177.976 
.164 -142.760 
.199 -70.534 
.173 -27. 544 
.)49 -31.391 
.326 -43.944 
. 305_^11. 771_ 
.784 -61.389 
.771 -74.316 
.751 -«6.064 
.241 -98.648 
.774 - 112. 081 
.71 7 -126.371 

“ ‘.706 -141.524 
.19) - 157.561 
.1«« -174.475 
.180 16’. 726 
.172 149.018 
.161 _ 179.460 
.401 - 110. 396 
.»)) -117.)99 
.349 -125. 132 
.327 -133.611 
.10) -142.855 
.7«« -117.887 
.2)2 -16).)06 
.216 - 175. 34) 
.24? 172.194 
.229 158.894 
.71 8 144.745 

_.70) 179.739 
.197 113. 867 

_»704 . 
.746 
.807 
.858 
.909 
.959 

-b-OOb. 
”l.040 
1.087 

.399 

.428 

.460 
_j494_ 

.511 

.471 

.613 

.648 

.704 

. 744 

.805 

.856 
.907 
.956 

1.003 

^168.057. 
-166. 701 
-165.880 
-165.566 
-164.728 
-166. 118 

_M6)j. 161. 
-168.718 
-170.4«6 

69.)74 
75.715 
81.401 

_86.40) 
90^742“ 
94.441 
97.120 

100.004 
101.91) 

_101. 7 77 
104.104 
104.4)7 
104.797 
103.712 
107. )17 

.._241,66i_ 
232.608 
717.705 
201.420 
1111.216 
168.558 

_J 41.40)_ 
113.77) 
114.458 

-.000 
-13.508 
-27.016 

_-40.6K6_ 
-54,437 
-68. 348 
-82.4J« 
-96.804 

-111.422 
76.)4 8 

-141.6*6 
-157.261 
-171.117 
-189.822 

1.0 4 7 _iai.v.9_ 
1.085 99.642 
.399 -20.4)4 
.428 -14.192 
.460 -8.546 
.494 -3.576 
.5)1_ 
.570 4.419 
.612 7.488 
.657 9.967 
.704 11.878 
.753 13.245 

_.noi_ 14.090. 
.853 '14.440 
.904 14.)70 
.954 11.760 

1.001 12.7") 
t.044 11.454 

_U08)_9. )116 
^4(10 -110.395 
.479 -104.100 
.460 -98.494 
.494 -93.556 
.1)1 -89.766 
.1)0 -81.607 
.61? " -82.14) 
.656 -80.)69 
.TO) -)8.116 
.711 -76.783 
.801 -75.971 

.811_iJSjlli 

.902 -75.656 

- 2 74.3 2 6_ 
-242.412 

-.000 
-13.402 
-26.845 
-40.367 
-54.019 
-67.8)9 
-81.804 
-96.0)1 

-1 10.527 
-1 25.325 

_;140.461 
-l55.9o8 
-171.881 
-188.2)5 
l54.9)4 
137.585 

_119.674_ 
' -¡OOO 
- 13.299 
-26.6)8 
-40.055 
-53.590 
-67.280 

' -81.16) 
-95.274 
210. 310 
235.6) 6 
220.6) 0 

_205.297 
189.525 

654_ 2.000_ 
.644 2.250 
.648 2.500 
.671 2.750 
.715 1.000 
.777 3.250 

_¿814_ill 00_ 
.940 3.750 

1.028 4 .000 
.798 0. 
.794 .250 
.7()6 .500 

_.771_,75.0.. 
.751 1 .000 
. 727 1 .250 
.702 1.500 
.677 1.750 
.65) 2.000 
.646 2.210 
.649 2.500 
.671 2.750 
.712 3.000 
.7)3 3.250 
.848 3.400 

_.912_1,750. 
1.019 4.000 

.799 0. 

.796 .250 

.)8) .500 

. 772 .750 
.713 1 
.)29 1.210 
.704 1.100 
.680 1.710 
.619 2.000 
.648 2.210 

_.610_2.100 
.670 2.750 
.710 3.000 
.768 3.250 
.842 3.500 
.925 3.750 

_J.01I_4.000. 
,800 0. 
.797 .210 
.788 .500 
.774 .750 
.)44 1.000 
,711 1.240 

' . )06 1.500 
.682 1.750 
.66? 7.000 
.650 2.250 
.641 2.100 

_j.670_2. 710 
• 7 Ö8 3.000 

_iiOOa_¿K500 
2.250 21.590 

‘2.500 21.500 
2.750 21.500 
3.000 21.100 
3.210 - 21.500 

_3,100_71.,130 
' 3.)10 21.100 

4.000 21.100 
.000 21.710 
.253 2l.’50 
.100 71.750 

_*710_71-710. 
1.000 21.710 
1.710 71.)50 
1.5)0 71.7 50 
1.)10 71.)10 
2.000 21.750 

_ 2.250 _ 71.750 
2.100 21.)10 
2.750 21.750 
3.0)0 21.710 
3.250 21.750 
3,100 21.710 

_3,710_21.710 
-4 .000 21./50 

.000 72.000 

.250 22.0(0 
.400 27.000 
.750 22.000 

1.000 22.000 
17250 ¿2.000 
1.500 22.000 
1.750 27.000 
7.000 72.00- 
2.250 22.090 

_2.500_72.999 
2.750 22.000 
3.000 72.000 
3.250 22.000 
3.500 27.000 
3.750 22.000 

_4.000_22.900 
,000 22.250 
.750 77.740 
.500 27.250 
.750 22.250 

1.000 22.250 
_1.250_ 22.250 

1.500 22.¿50 
1.750 22.250 
2.030 22.750 
2.250 22.250 
2.500 72.250 

_2.750 2 ?_. 2 50 
3.000 22.250 

EXPLANATION OF TABLE OF OUTPUTS 

X, Y Horizontal coordinates - wave fixed, see Fig. 42 

XI, Y1 Horizontal coordinates - breakwater fixed, see g. 

DK1 Diffraction coefficient component - left tip 

DK2 Diffraction coefficient component - right tip 

PHI Phase angle, left tip 

PH2 Phase angle, right tip 
RPH Relative phase angle between the two wave trains 

DKSUM Vectorial sum of DK1 and DK2 

L Wave length 
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* 

X,Y : WAVE-ALIGNED COORDINATE SYSTEM 

X',Y': BREAKWATER-FIXED COORDINATE SYSTEM 

\ : PROJECTED WIDTH OF BREAKWATER 
P 

FIG.42 DEFINITION SKETCH 
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FIG.43PKOGRAM FBWC, USING GRAPHICAL DISPLAY SYSTEM TO PLOT THE 
WAVE DIFFRACTION COEFFICIENT CONTOUR USING DATA GENERATED FROM 
PROGRAM FINBW. 
PROGRAM FHWC ( INPU T »OUT PiJT ,T APL99, T APF9> ) 

c 
oí wptjsion x( loo ), y ( loo ), ;.n 3, V3»» ( ?oj 
01 Me NS ION PUF XYZ ( 2000) , SPCTSIiij) 

C SPC Cl 4L TOOL 
SPECS! ID *1.0 

C SPECIFY INTEPMCDI ATE TAPE NJM3ER 
SPECS (12)=99• 

C SPECFY XOI ST, YOI S T, XI.ENGTH, YLNGTH 
SPECS! 1) = 1.5 
SPECS!?)=2.0 
SPECS! 7) = 5.0 
SPECS(S)=5.0 

C SPECIFY XOIV,Y01V 
SPECS! 9) = 16.0 
SPFCS(10)=16.0 
CALL AXLILT ( SPECS) 

AXLILI DP Aw THE X-Y AXIS WITH DNIFCPM TICK MARKS 

PREPARE FOR CONTOUR PLOTTING 

SPECIF Y XPT GH T, XLEF T , YTOP, Y :30T 
SPECS! 3) = 4.0 
SPECS(4)=3.0 
SPECS! 5) = 4.0 
SPFCS(A)=0.0 

SPECFY STAPEtXCIL ,YROWS ,ZLENV LS 
SPECS! 30) = 9/. 
SPECS(31 ) = 3-3 . 
SPFCS! 32) = 33. 
SPECS (33)= 5. 

L FNGTH« 1000. 

READ IV PATA- ZLEVEL 
NZL=SPECS(33 ) 
RE AD 5 0, ( Z LF VE L( I ) ,1 =1 ,VZL) 

50 FORMAT (5F10.1) 

READ IN COORDINATE DATA 
NX=SPECS(31) 
NY = SPECS (3 2 ) 

DO 30 J = 1, N Y 
DO 25 1=1,NX 

25 READ 69,X! I ) ,Y( J) ,Z( I , jj 
30 CONTINUE 
60 FORMAT (3F10.3) 

CONLI CQNSTRXTS CONTOUR l INES USING LINFRA INTERPOLATION 
CALL CONLI(X, Y, Z, ZLEVEL,9UFXYZ, LENGTH,SPECS) 

TERMINATE PLOTTING 

CALL GDSEVD!SPECS ) 

STOP 
END 
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Direction of 

Wave Advance FIG. A4 WAVE DIFFRACTION CONTOURS,DETACHED BREAKWATER, 

APPROXIMATE ("SUPERPOSITION") THEORY 

FIG. 45 WAVE DIFFRACTION CONTOURS) 

DETACHED BREAKWATER, ANALYTICAL SOLUTIi 

BY MONTEFUSCO (1968) 

f Direction of Wave Advance 
— 
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thls caso for Y/L = 21.9, for a thin rigid vertical breakwater. 

The experimental data shown in Fig. A51 reveal that the measured 

diffraction coefficient at Y/L = 21.9 is nearly the same for 

both types of offshore structures. 

The conclusion is that reasonably reliable diffraction 

coefficients can be calculated for the lee of a semi-circular 

offshore island for small values of Y/L, but that a hydraulic 

model study would be needed to predict values of K' for large 

values of Y/L in its lee. 



VI. SUMMARY AND CONCLUS!JNS 

The report presents the first phase of a laboratory study, combined 

with existing diffraction theory which has been extended together with a 

computer program which has been modified, of the diffraction of "uniform" 

periodic waves by rigid impervious vertical wall offshore structures. The 

difficulties encountered in trying to obtain uniform waves in a wide 

hydraulic model basin are described, together with modifications to the 

equipment to improve the wave characteristics. An approximate method is 

•described which was developed to permit the use of the theory of wave 

diffraction by a semi-infinite breakwater oriented at any angle with the 

incident waves. This theory is compared (favorably) with measured data 

obtained in the hydraulic model study. Numerous laboratory results are 

presented for a variety of cases. 

In general, it was found for the semi-infinite breakwater that for 

small values of y/L (e.g., near the breakwater in its lee) the diffraction 

theory predicted the measured values reasonably well. For large values of 

y/L (say, for y/L > 10) the theoretical diffraction coefficients were larger 

than the measured values in the region of -1 < x/L < -4, and smaller than 

the measured values in the lee (shadow region) of the breakwater. The 

difference between theory and measurements increased with increasing 

distrance from the breakwater (increasing y/L). 

Specific conclusions reached as a result of the work described 

herein are: 

1. Physical arrangements and wave measur'ng equipment were designed 

and constructed which permitted the reasonably rapid measurement of wave 

characteristics at a large number oí locations in the large tank (Model 
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Basin). This was necessary as a great number of measurements have to be 

obtained for an adequate study of waves that are scattered jy a structure 

such as an offshore island or detached breakwater. 

2. There is a growing body of evidence that it is rather difficult 

to obtain a uniform stable wave field in a wide long model basin. As a 

result of equipment modifications and tests with a large number of combin¬ 

ations that were reasonably uniform in three dimensions. These have been 

used for the tests reported herein. 

3. It was found to be necessary to place wave energy absorbing 

material in front of the model structures to prevent reflection of waves 

from it, owing to the fact that these waves would re-reflect from walls of 

the basin and the wave generator. Tests were made with a small number of 

waves both with and without the wave energy absorbing material. It was 

found that the diffracted waves in the lee of the structure were essentially 

the same for both cases. Use of the wave energy absorbing material per¬ 

mitted the use of a continuous wave generating program which, in turn, 

permitted much more effective and rapid testing to be done than was the 

case when the generator was run for a short time to generate a few waves 

which were measured prior to stopping the wave generator to allow the basin 

to become calm before it was started again with a few more measurements 

being made. 

A. Experiments conducted in a small "ripple tank" were found to be 

quite useful in planning the larger scale studies to be made in the Model 

Basin. 

5. Almost no hydraulic model studies of the diffraction of waves )iy 

structures have been reported in the technical literature. Owing to this, 

some experiments were made for the case of a semi-infinite breakwater 
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(rigid impervious vertical wall). It was found that for small values of 

y/L (near the breakwater, in its lee) the diffraction theory predicted the 

measured values reasonably well. For larger values of y/L (say, y/L>10) 

the theoretical diffraction coefficients, K', were larger than the measured 

values in the region of -l<x/L< -4, and smaller than the measured values in 

the lee (shadow region) of the breakwater. The difference between theory 

and measurements increased with increasing distance from the breakwater 

(increasing y/L). The reason for this has not been determined. 

6. An approximate ("superposition") diffraction theory for detached 

breakwater was developed, and its reliability tested in the Model Basin. 

The comparison was quite good for small values of y/L in the lee of the 

breakwater. The comparisons became progressively poorer with increasing 

y/L, similar to the discrepancy between theory and measurements for a 

semi-infinite breakwater. 

7. The findings in //6 above, together with the findings in //5 above, 

led to the development of a "semi-theoretical" approach. The experimental 

values of K' obtained for a semi-infinite breakwater were combined with the 

theoretical values of the phase of the diffracted waves about each tip of 

the breakwater to calculate values of K' in the lee of a detached break¬ 

water. The agreement between the "semi-theory" and the measurements were 

good for rather large values of y/L. 

8. A computer program was developed to extend the program of Fan, 

Cumming and Wiegel for the approximate ("superposition") theory. This 

permits the rapid calculation of values of K' in the lee of a detached 

breakwater. Another computer program was developed, and used, to permit 

the computer plotting of the results. 
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9. It was found that the diffraction coefficients in the lee of sharp 

corner structures (rectangular island, semi-circular island with the 

straight section on the lee side, and thin detached breakwater) are very 

similar. The seaward geometry and reflective characteristics of these 

structures did not effect the diffraction profiles significantly. 

10. For waves obliquely incident upon a thin detached breakwater it 

was found that the parame^er Ap, of the width of the structure as projected 

normally into the wave crest-line, is the governing parameter. This 

experimental finding is verified by the theoretical superposition method, 

and should allow the simplification of many diffraction problems. 
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APPENDIX B 

COMPUTER PROGRAMS WDIFFR AND FRSNL 
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FIG.«I SUBROUTINE WUIFFR, TO CALCULATE WAVE DIFFRACTION BY 
SEMI-INFINITE BREAKWATER WITH THE AID OF SUBROUTINE FRSNL. 

WA PH SUBPOUT TNF WOIFFR ( WIX, ANG, X, Y, P , AA , Bb 
WAVt NUMBER = WK 
DATA PG0/6M 3 /,RGR/6H R /,RGS/6H S / 
COMPLEX 0(1), A( 11 , F(l), U( 1) , W( 1 ) 
AG= ANGLE TN RADIANS 
WK = 6.2B31843 /WLX 
AG=ANG * .0174Ü32025 
CA = WK * COS ( AG) 
SA * WK * SIN ( AG ) 
R = DISTANCE FROM THE ORIGIN 
F = SORT (X ** 2 ♦ V ) 
WRsR^WK 
P = X <■ CA ♦ Y * SA 
0-X * CA-Y # SA 
AY = ABS (Y ) 

TT IS USED TO TEST FOR REGION OF DIFFRACTED WAVE 
I T = X * SA - CA * AY - 

¿A IS ARGUMENT FOR FRESNEL INTEGRAL ( KR - XCOS A - Y SIM A 
ZA=WR-P »jin« 

* WR - 0 
CALL FRSNL (ZA, U) 
CALL FRSNL (ZB, W ) 
COMPUTATION OF EXP (-IKP.COS (0-0)) .. 
0 « CMPLX (COS (P), - SIN (P) ) 

CMPLX (COS (0), - SIN (Q) ) F i 

U ®U * (l. , 1. 
W » W * ( 1. , I 
IP (TT) l, 2, 2 
IF (Y ) 3, 4, 4 
A * (U * D <• D 
EG = PGQ 

) 

) 

- W * F ♦ F )/2. 

GO TO 5 

A s ( U * D + W * F + F )/2. 
RG = PGR 
GO TO 5 - 
A = (-U * D ♦ D -W ’■ F ♦ F )/2. 
F.G = F GS 
WA = CABS (A ) 
AA = REAL ( A) 
BB = A IMA G ( A ) 

CONTINUE™^ * ®®'* U* 100. / 3.1415926 

RETURN 
END 

RG ) 



PRIiRiipiPP iih 1.1 iiRRWüUlPipiili nnr^-rwnrp^ PMinpiH 

-137- 

FIG J52 SUBROUT INI': FRSNL, TO COMPUTE THE FRESNEL 

INTEGRAL (WRITTEN IN FAP LANGUAGE) 

SUBPOOTm FP.SNH XA |PE SUIT) 
DI YENS If.IN r.nM(24) 
COMPLEX C( U), RESULT 
EQUIVALENCE lC,COM), (TEST,TEMP) 
DATA CL!MIT/0.000OS/ 
IE(XA) 10,5*10 

5 R ESULT =0 *0 
RETURN 

10 DO 12 1*1,12 
COM (1)^0.0 

12 CONTINUE 
COM(V )*XA 
IF (COM (9) - 8« )2 0, 30, 30 

20 C 'IM ( 3 ) * 1 • 
COM (5 ) *1 . 
CONI 11)=1. 

21 COMUtaCOMI L)»U' 
C OM(3)»CDM (3)*2• 
C ( 3)= (C(3)/C( i))«C( 5)*(C.,U) 
C (6) = (C(3)/C(2) )♦ C ( 6 ) 
I F (CCM( 51 ) 22,23,22 

22 TEST* A5S ( COM( 5) )-CL IM1T 
GO TO 24 ' ' " 

23 TEST* A8S(CrM( 6))-CLIMI T 
C STEP LOOP WHEN A TERM IS LESS THAN CLIMIT 
24 IF (TEST) 25,21,21 
25 COM (9)= SORT (r,OM( 9) ) *. 7978846 

CPM(l) = C( V) * COM ( 1 I l 
rOM(2)=-CrM(9)*COM(12) 

26 R ESULT =C ( 1 ) 
C 

RETURN 

30 COM( 2) =COM( 9) 
CCM(9) = C0M(y)t2. 
CHM(3) =-1. 
C 0 M(8)= 1. 
C OM(12)= 1. 

C START OF ITERATIVE LOOP 
C _ 
31 CONI 3)| a ~COM( 31 *1» 
C 

C(3)=(C(4)*(0.,1.)/C(5))*C(2) 
I F (COM( 5)) 33,32,33 

32 (.ÜM ( 1 ) » A8S ( COM (6)) 
!_ __ TEST = ABS (COM( 7) J-COM (6 ) 
, C 

GO TO 34 
33 COM( 1)= AB S(COMÍ 5) ) 

TEST» AB S ( C0M( 8 ) ) - COM ( 5) 
C 
34 IF ( TES T) 40, 35, 35 
35 If (CPMU )-CL IMIT )37, 36, 36 

¿MU 
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36 CUM(U )» COMUl ) ♦COK( 5 I 

COM( 12 )* CnM(12»«- COM( 6) 
CU>« C(3» 

GO TO 31 
C 
37 COMUi)= -CCM( U» 
C 

COM(9)= SORT (C OM( 21 ) 
COMtll* CDS(COttl2n 
C 0*1(2) = SIN(CCM2 » » 

, COMI 7)c ,398s»A23 
C0M(8)3 0.0 
cm* (.5,.5)-(0( l)*C( 4)/C( 5) )*C (6) 
COM (2)* -CCM(2) 
GO TC 26 _ _ 

i 40 T EMP=COM(2) 
CüMdi* (-COM(3)-2.)/CCM(9) 

I COM(2)= 1. 
COM (7 ) * -COMd J/TEMP 
COM( 8) * 0. _ __ _ __ 
COfMUl« I -COM C 71/TEMP ) 
C OM ( 14 ) *0. 
DO 41 I* 1,3 
COM (2* I+ 1 3 )= (-COM (2*I + 11)/TEMP)*FLGAT(I*2) 
COM(2* 1+14) = 0. 0 

¡41 CONTINUE _ __ _ 
c(3)* em/cui 
C(2)* C(1)*C(1) 
0(11)= (1.,0.) 
C(li)= 0(4)/0(2)+ C(U) 
0(2)= 0(2)+0(1) 
0 (11 )- -C ( M/C(2)+0( 11 ) 
0(2)= 0(2)+0(1) 
0( 12)= C (h ) + 0( 4) 
0GM(9) = CCIM( 23 ) *3 • 
0 OM(10)= COM (24)+ 3. 
C(ll)= (0(5)+0(8))/0(2)+0(11) 
0(2)= C ( 2 ) +C ( 1 )______ 
0(5)= 0(4)+0(7) 
C0M(9) = 00^(9) + 10. 
CCM( II))* C OfM 10)* 10. 
0(11)=-((0(5)+0(9))/0(2))+0(11) 
0(2)= 0(2)+0(1) 

__ 0(1)= 0(12)+0(4) ___ _ _ _ _ _ 
orM(i)= COM(I)*13. 
COM(2J = COM( 1) + 15. 
0(7)= C ( 7 ) *0 ( 7 ) 
CCK(13) * COM(13)*10. 
0 OM ( 14)= COM( 14)+10. 
0(5)= 0(4)+0(8) ___ __ 
COMI 9) = C0M<9Í*15'« 

' COM( 10)= C0M( 10)+ 15. 
0(6) = 0(6) - ((0(5) + 0(10) ♦ 0(1) ♦ 0(7))/ 0(2) ♦ 0(11))+0(3) 
COM (2 ) = TEMP 
COM ( 10) * 0. 
GO TO 37 ____ 
RETURN 

********.,;: ***■ #*< *«* *****♦♦*** 
STOP 

I* ^ % A-^ ^ * id « VV « * * « ÿ ÿ « ÿ „ « * « « 

«•mtaiiiilittiliaMMfe 
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APPENDIX C 

DATA SAMPLE 
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-If^ 
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‘Hft 
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ft 

it 
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tfift 

it 

•^ID ft 
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DATA SAMI’1 E 

/WOOENT WAVE 

ft« 
0* X/Z. = 8. 

H (nm) M 

ÎJH1 Ht 

nAn n.i 

^au’ is.ff 

lût n 

Ijtlíi t*! I 

xn.n il 

WV* li 

Uuji H 

L,\X). 6-8 

(j 

UAn 7 

I^n.u Hi 

‘VilUX 13 í 

/t'iitji /Í 

miv'n 113 

HJir,li. li.i 

7S 

¿2,4,4 3.8 

5.(. 

Î.irt.ÿ 8.2 

•o, 10,10,¾ io 

1^,11,14, 13.í 

/Xis*,/í /ir 

/¿7,3r,ifc /íl 

lí.ii’ It 

20,20,1¾ 2 0 

ly.lfcM* U' 

lilit,llí U’.ir 

$8 

K 

MI 

ÍDf 

Mí 

ftt 

I.2C 

1-01 

.10 

•ti 

.4 3 

.Si* 

44 

.lo 

.85 

•14 

.lo 

•n 

41 

¿1 

•35 

.3¿ 

• t3 

.81 

• 14 

M 

/.|3 

Ut 

/•Il 

MU 

DIFFRACT Eg- WAVE 

H (mm) 

75,237îï 

20,11,11 

ltjt,|t 

/5.13 

11. lUt 

llt.it 

20.21 |í¿ 

20^1,11,21 

20,11,1¾ 

1111,11,11 

12.13.14 

8U11 

LiC,ùi 

i (¢,10,11.11 

^Iitl3,l3 

12, |2,|Ï,U 

8i,8i,1 

7,8,8, 

I0i,ii,ih| 

/3i,IUt 

11.an.1i 

2UU¿| 

1111,1¾ 

Ift.Ul.li 

I8i. lit 

21,20,21 

11.20.14 

/8.11,1¾ 

H 

\ V». 

11 

/5 

IS.ï 

1 fa. 3 

20 

2 0.8 

21 

14 

l?> 

1 
U 

I0.7 

RI 

12. 

8.Î 

7.2 

7.t 

II 

li¬ 

li 

U 

n 

li’.'t 

I8.3- 

20.U 

11.2 

18.1 

I.U 

1.02 

.84- 

.80 

•Ï2 

• 81 

l.ot 

|.H 

|.U 

10I 

•tl 

.48 

.32 

.31 

.U 

•M 

41 

.38 

.4t> 

•54 

.£0 

/.o| 

Mi 

roi 

•18 

.18 

MO 

I.02. 

•11 

»A..— 

' lu.- 
6^ VA = M8 

H (mai) h_k 

23,23,23 i3 1.22 

MU/ii 15.5 .82 

23,2^,2S 2 3.3 I.14 

21,2» i| Mi 

it,n,,it 16 

16, Mili 16' .80 

214,11,201 21 Mi 

11,21^1,11 21 Ml 

l$í,loi¿D 11.4- l-O^I 

¿0,10,1010 2o /.Où 

it,n,ni n -io 

I2UW 13 -61 

5,6, t, 5.8 • 31 

4,4,4.5 4.5 -¿4 

8.881,81 8.2 -H 

41,10,10,1¾ lo .3 3 

Mi, U ^-8 -3| 

61,1,1.7, 61 -37 

12,13,14 13 -il 

16,16,16.161 It I »S5 

/8.11,111 17.5 .13 

I1UÍI1I1 I8-1 /01 

¿2,221,22 25.1 M8 

¿1,21,11 21 Ml 

11,20,11 113 l.ol 

n.n n -ii> 

/1,20,Ilf 11 l.ol 

18, HUI I8.i ‘17 

I8.IÎ7II 18.5 .4 6’ 

ms 

^ T/l = - 16.5 

H(mm) Hü) 

/8,15/4 /4-. U 

1/1,12, U U-2. 

1374.13 13 3 

13.13 13 

'4,131,13 13.5- 

14.14,14, 14 

13.13.13 L3 

'4.14,14,15 /4.2 

'4,1414 14 

15, IC.ICJï /5.2 

'¿ut,it '5.6 

161,17,16,1¾ /6.5 

It, 16,15 /5.7 

lí. is,ha 16- 

/5,4,/1,15 /5" 

/6,16,16,16 /6’ 

/ 6, Ifc, IG 11> 

ISA IU(’ /55 

/4,11,/4 '4-3 

/4.13,/411 /.?7 

/4,/414 /4 

/5,41,/6.16 /57 

/5,18,15 /3" 

/6,'i;.lli /5.8 

/4,14 14. /4 

13t. lî / ^ i 

13.13.13 |i 

lit,liM4 131 

K,ir, h-; ;4.<j 

lt|ij 

IM 

■V- 

1o 

■ 134 

■11 

■ lo 

.18 

.168 

|.05 

I.08 

1.14 

l.oVt 

I 04 

I.04 

I.M 

Ml 

I.M 

•11 

•15 

•17 

I.08 

1.04 

l.ol 

.11 

.10 

.10 

.l'H 

1.06 
•. • 




