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FOREWORD

Authority for the U. S. Army Engineer Waterways Experiment Station
to perform this investigation was granted by the Office, Chief of Engineers
(OCE), in a second indorsement dated 30 September 1966 to OCE letter dated
31 August 1966, subject, "Wave Maze Instrumentation." The investigation
was conducted in the Water Waves Branch, Hydraulics Division, of the Water-
ways Experiment Station under the direction of Mr. E. P. Fortson, Jr.,
Chief of the Hydraulics Division, and Mr. R. Y. Hudson, Chief of the Water
Waves Branch. The tests were performed during the period January-May 1967
by Mr. D. D. Davidson, project engineer, under the supervision of Dr. A. M.
Kamel, Special Assistant to the Chief of the Hydraulics Division. This
report was prepared by Dr. Kamel and Mr. Davidson.

Liaison with the Office, Chief of Engineers, was maintained through-
out the course of the investigation by means of progress reports and con-
ferences. Mr. C. E. Lee, Assistant Chief, Hydraulic Design Branch,
Engineering Division, Civil Works, Office, Chief of Engineers, visited
the Waterways Experiment Station at various times in connection with the
investigation.

Director of the Waterways Experiment Station during the conduct of
this investigation and the preparation of this report was COL John R.

Oswalt, Jr., CE. Technical Director was Mr. J. B. Tiffany.
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NOTATION

Wave amplitude; n =1, 2, 3, 4

Amplitude of incident wave

Amplitude of wave reflected by breakwater
Amplitude of wave transmitted through breakwater
Amplitude of wave reflected by absorber beach
Width of breakwater

Wave group velocity

Water depth

Porosity of breakwater (percent voids)

Maximum force in mooring line of breakwater per unit area of break-
water section perpendicular to direction of wave propagation;

F
n —

nEh 2L TRy )

Maximum force in seaward mooring line of breakwater per unit of
breakwater section perpendicular to direction of wave
propagation; Fl

fcl = be + h;

Maximum force in shoreward mooring line of breakwater per unit
area of breakwater section perpendicular to direction of wave
propagation; F2

feo “BF + 1)

Theoretical maximum total horizontal force exerted on a total re-
flecting vertical wall per unit area of flow cross section per-
Pendicular to direction of wave propagation; ft = Ft bd

max max

Maximum force in mooring line of breakwater; n =1, 2
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Maximum force in seaward mooring line of breakwater
Maximum force in shoreward mooring line of breakwater

Theoretical maximum total horizontal force exerted on a total r
flecting vertical wall

Gravitational constant = 32.2 ft/sec?
Distance to which breakwater extends above water surface -
Height of incident wave ‘

Height of reflected wave

R

Height of transmitted wave

Wave parameter defined as éﬂ/I
Wave reflection coefficient

Wave transmission coefficient
Wavelength

Pressure beneath a wave

Power of incident wave

Wave power dissipated by breakwater
Wave power above a depth
gtili-water level

Time

Wave period

Iength of breakwater in direction of wave propagation

Horizontal coordinate, positive in direction of propagation of
incident wave e

Distance to which breakwater extends below water surface
Vertical coordinate, positive upward

Specific weight of water



Phase angle

Displacement of envelope of wave amplitude from still-water level
Numerical constant, 3.14159 or 3.1h416
Angular frequency = on/T '

Functions




CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

British units of measurement used in this report can be converted to metric

units as follows:

Multiply By To Obtain
inches 2.54 centimeters
feet 0.3048 meters
pounds ‘ 0.45359237  kilograms
Fahrenheit degrees 5/9 Celsius or Kelvin degrees¥*

¥ To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,
use the following formula: C = (5/9)(F - 32). To obtain Kelvin (K)
readings, use K = (5/9)(F - 32) + 273.16.

xiii







SUMMARY

Two new types of mobile breakwaters consisting of tire and sphere
assemblies, respectively, were tested. Tests covered a wide range of wave
conditions, water depths, and breakwater dimensions. BExperimental meas-
wrements were made to determine the wave reflection and wave transmission
coefficients, the power dissipated by the breakwaters, and the forces in
the mooring lines of the breakwaters. It was found that for these types
of floating breakwaters to be effective their length should be on the
order of one-half to one wavelength, their depth on the order of half the
water depth, and the wave steepness equal to or greater than about 0.0k.
The effectiveness of these breakwaters can be improved by decreasing their
porosity and flexibility; however, this would cause an increase in the
mooring forces and the drift, the drift being the result of the difference
between the forces in the seaward and shoreward mooring lines.




HYDRAULIC CHARACTERISTICS OF MOBILE BREAKWATERS
COMPOSED OF TIRES OR SPHERES

Hydraulic Taboratory Investigation

PART I: INTRODUCTION

Background

1. Harbors and shorelines can be protected by reducing the height

of the waves to which they are exposed. This can be achieved by use

of breakwaters, fixed or mobile. Fixed breakwaters occupy the full depth

end can be built as solid, nearly vertical walls reflecting the wave

energy, or as rubble mounds with sloping faces inducing partial breaking.

Often a combination of these is employed. The cost of building fixed

breakwaters is high and is justified only for permanent installations.
The lower parts of these full-depth breakwaters are sometimes ineffective
with respect to wave action (since the wave energy is concentrated near
the surface for short-period waves in relatively deep water) and, in some
cases, serve to cut off underwater currents and cause undesirable erosion
and deposition of bottom sediments.l

2. The need by both military and civil works projects for a break-
water which will offer adequate wave protection, but which will exhibit
the desirable features of mobility, ease of assembly, and moderate
cost, has amplified the search for mobile breakwaters in recent years.
A mobile breakwater is defined as a structure or device that combines
the ability to appreciably reduce the height of waves in its lee with a
degree of mobility sufficient to permit its ready transportation for con-
siderable distances and its speedy installation.2 Several attempts have

been made to achieve the requirements of a mobile breakwater,3'lo some

with a fair degree of success. A considerable effort in this direction

was made during World War II, which resulted in the development of the
"Phoenix" and "Bombardon" breakwaters used in the Normandy invasion.

3. Mobile breskwaters can cause attenuation of wave height by one
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energy by breaking, destruction of wave orbital motion, out-of-phase

damping, and viscous damping. Examples of each of these methods are showné

in plate 1.
L, Recently, two mobile breakwaters were developed based on the

method of wave attenuation by destruction of orbital motion. The first

consists of an assembly of used tires (fig. 1) known as the Wave Maze.

Fig. 1. Model of mobile breakwater consisting
of an assembly of tires

It was developed and patented on the West Coast,12 and a prototype assembly
constructed in Tomales Bay, California, was claimed to be an effective

wave attenuvator for wave conditions in that area. The second consists of -
an assembly of spheres (fig. 2) and was developed at the Waterways Experi-

ment Station mainly for the purpose of comparing its performance with that

of the Wave Maze.




Fig. 2. Model of mobile breakwater consisting
of an assembly of spheres

Purpose and Scope of Study

5. The purpose of this pilot investigation was to obtain an ap-
praisal of the effectiveness of mobile breakwaters consisting of tire or
sphere assemblies. Specifically, it was desired to establish the range
of conditions (wave steepness, wave period, water depth, and length,
depth, and porosity of breakwater structure) under which these types of

breakwaters can provide adequate wave protection.




PART II: ANALYTICAL CONSIDERATIONS
6. The mathematical derivations appearing in the following pages
are taken from reference 1. They are presented here for easy reference by

the interested reader.

Wave Amplitude

7. The amplitudes of the incident and reflected waves in a wave

system (fig. 3) can be determined by using a single wave rod, recording

INCIDENT WAVE REFLECTED WAVE TRANSMITTED WAVE REFLECTED
WAVE BY BREAKWATER w THROUGH BREAKWATER BY BEACH
B . e fpan JE S —
+Z
- /&I\ Ih a ﬁ‘\
! 2 MOBILE 3 gsw. / %
+X AKWATE| -
N A oxERmaTe AN T
ST y
i
d
WAVE MAKER BEACH
e :
VE=-d
7 7, 7

Fig. 3. Definition sketch for wave system
the flucbuations of the water surface while moving along the channel axis -
for a distance not less than one-fourth of a wavelength (fig. 4). The |
amplitudes can then be obtained from the recorded wave envelopes (fig. 5)

ags follows. Assuming that the incident and the reflected waves are of a

sinusoidal form, they both must have the same period and can be expressed as

N, T oay sin (kx - ot - UEl) (1)
n, = a, sin (kx + ot + 062) (2)

The phase angle for reflection is assumed to be equal to =n ; therefore,

no=ay ot = al(sin kx cos ot - cos kx sin ot) + az(sin kx cos ot

+ cos kx sin ot) (3)




Fig. 4. Movable wave rod for recordi_ng fluctuations of water surface

WAVE ROD STATIONARY WAVE ROD TRAVERSED LONGITUDINALLY

Y

4
l

‘nx 'mﬂx
+ I lmin

————
——

INCIDENT WAVE HEIGHT H, =2a, = lnx‘mcx + Mo din

REFLECTED WAVE HEIGHT H, =23, = lnx‘max - ‘nxlmin

Fig. 5. Comparison of wave measurements recorded
by stationary wave rod and by movable wave rod



Differentiating equation 3 with respect to the time +t and setting the
result equal to zero, the time at which this combined wave system pro-

duces maxima and minima is

(a. - a,) cot kx
tan gt =2 e
max (al + a2)

(4)

Substituting the values of sin Utmax and ' cos Gtmax obtained from equa-.
tion 4 in equation 3, the equation for the variation of wave amplitude

with distance is

_ 2 .2 2 2
lnx‘ = x/(al + a2) sin” kx + (al - a2) cos” kx (5)%§
Differentiating equation 5 with respect to x and setting the result equal
to zero, the maximum and minimm values of n, are
!nx min = %1 " % (occurs when kx =nn ; n =0, 1, 2,...) (6)
‘ 2n + 1
{nx max = % T % (occurs when kx = =5— " ;n=0,1, 2,5004) (7)5:
From equations 6 and 7 L
1
== +
al 2 (!nx}max lnximin) (8)V
and —
1
8 = 5'(,nximax h ’nx}min) (9)

8. Recording the wave envelopes upstream and downstream of the test
structure, the reflection and transmission coefficients, respectively, can E !

be obtained as

(10)

a,
K =-;3
1




(11)

a,
=3
1

1n the present study it was found that ay the amplitude of the wave re-

fiected by the absorber beach, was of negligible magnitude. Therefore,
the amplitude of the transmitted wave, a3 , was recorded using a fixed wave

rod located downstream of the breakwater.

Power Dissipated

9. The power dissipated by the breakwater can be computed from the
following expression: power incident = power transmitted + power reflected

+ power dissipated. That is,

7a§ 7a§ 7a§
—— = 2 +—=C  +
2 CG 2 CG 2 CG 3D (12)
Equation 12 can be written
2 2
PD _ PD ~ a3 ay (
ooz o cl-ls) - \e (13)
Ya 1 1
L
2 7G

a a,
Since KX =3 and K =— , equation 13 becomes
ay aq

P
D _ 2 2
- =1-K -K (1k)
The ratio of power above any depth, =z , to the total power in the cross

section is given by

P31 _[sinh 2x(d + z) + 2kz]

z sinh 2kd
P - [__2ra (15)
1 (sinh Ekd)

Mooring Line Forces

10. A convenient way of studying the mooring line forces on the



structure tested 1s TO determine The ratio of the maximum horizontal forceg!

exerted on the structure to the maximum force that would exist in the case
of a total reflection from a vertical wall. The maximum horizontal Torce 4
exerted on the structure can be determined by attaching a horizontal force
gage to the test section. However, due to the difficulty in obtaining
the desired force gage in time for completion of testing and since the
determination of the mooring line forces was beyond the scope of this in-
vestigation, a force meter was attached to the mooring lines as shown in

fig. 6 simply to obtain an understanding of the approximate order of

FORCE METER

TEST SECTION

NN

MOORING CABLE

ST TS ST Vd Ed ST 7 ST 7

Fig. 6. Setup for mooring line force measurements

magnitude of these forces. The recorded moofiﬂé line forces were corrected
to account for the fact that as the wave period approaches the natural ’
period of the breakwater system, the indicated force is greater than the
force actually experienced by the breakwaters. The value for the force on

a vertical wall for total wave reflection of the incident wave per unit
width of the channel is Bk

£ =f p dz (16) |
a




eath the wave, p , is

+
p=7 [“ Coszogldkd o Z] (17)

. @pe pressure ben

substituting equation 17 into equation 16 yields

0 0
£, = EE%E&[ cosh k(d + z)dz - Vf z dz (18)
-4 ~-d
2
_ Pai| ] 74
= % cosh kq Simh kd 5 (19)
2
The term Z%— is the hydrostatic pressure on the wall and is cancelled by

the pressure exerted by the still water on the downstream face of the

wall. The varying part of the total force on the wall, %? tanh kd , has a

maximum value when
n=mn__ =2 (20)

Thus,

2a.7 H.,7

_ _ i
L —— tanh kd = —— tanh kd (21)

Variables Affecting Efficiency of Mobile
Breakwaters Tested

11. The efficiency of the mobile breakwaters tested can be defined
by the power dissipated by them, expressed as

Py = W(K,D,Kr) (22)
That is,
H
~g(& A ¥y b o)
g “¢<L’ LT & e) (23)

The different symbols are defined in the Notation (page ix) and shown in

fig. 3.




PART IIT: EXPERIMENTAL EQUIFPMENT AND PROCEDURES

Wave Channel and Wave Generator

12, Tests were conducted in a concrete wave channel, 150 £%* long,
2 ft wide, and 4.5 ft deep, with glass panels on one side. These glass
viewing windows allowed photographing selected test conditions and visual
observation of the action and reaction of the waves and test structures.
The wave channel was equipped at one end with a power-driven, variable-
speed and adjustable-~stroke wave generator of the flap type. The wave
absorber behind the wave generator consisted of a permeable, sloping rock
mound. The wave absorber at the opposite end of the channel consisted
of a permeable, sloping rock mound with a 4-in.-thick overlay of rubberized

hair (plate 2).

Measuring Apparatus

13. Wave measurements were made using wave rods, amplifiers, and a
multiple-channel oscillograph. Two types of wave rods were used--one fixed
and one movable. The fixed rod, a parallel-wire type, was used for meas-
uring the waves transmitted through the breakwater since reflection from
the beach was of a negligible magnitude. The movable wave rod (fig. U4),
known as the Saginaw screw, was used for measuring the height of the

incident and reflected waves in front of the breakwater. The wave rod tra-

b
i

[ v—

versed along the axis of the channel for a distance not less than one-fourth

a wavelength. The resulting wave trace showed the superpositioning of the
incident and reflected waves. Fig. 5 shows an example of the two dif-
ferent traces recorded by the movable and fixed wave rods. The envelope

of the crest and trough of the wave trace recorded by the movable wave rod
has a minimum height lnx}min and a maximum height lnxlmax from which
the heights of the incident and reflected waves can be determined according

to equations 8 and 9.

¥ A table of factors for converting British units of measurement to metric
units is presented on page xiii.

10




Experimental Procedures

1k, Each breakwater section tested was constructed to a width just

gder the 2-f% width of the channel to ensure its freedom of movement and
« installed approximately two-thirds of the length of the channel from

v
The breakwater sections were subjected to a variety

the wave generator.
¢f weve conditions as described in paragraph 15. For each test, the

ights of the incident, reflected, and transmitted waves were measured
+o determine the reflection and transmission coefficients of the structure,
K = Hr/H and K = H /ﬁ , respectively. The mooring system consisted
eF stainless steel cables 1/16 in. in diameter threaded through a resist-
gnt pulley in the bottom of the flume and extended to a rigid support as

shown in fig. 6. The slope of the mooring lines was arbitrarily selected

to be 1:3 (one vertical and three horizontal).

Selected Test Conditions

15. Wave conditions used in the tests were varied over the maximum
practical range permitted by the wave generator. The wave period, T ,
varied from 0.75 to 2.5 sec, which allowed a corresponding wavelength, L ,
to range from approximately 3 to 19 ft. The wave heights varied from 0.10
to 1.0 ft, and in terms of wave steepness, Hi/i , the test values varied
from about 0.01 to 0.09. However, due to the wave generator limitations
not all the steepnesses could be obtained for all the wave periods.

16. The water depths for the tests were 1 and 2 ft. The 2-ft depth
was used more often, since for the same wave conditions, it allowed a wider
range of relative depth values, Q/I , than did the 1-ft depth. Ranges of
test conditions are tabulated below, and are believed to approximate the

conditions in which this type of structure can be used.
Wave Steepness

Depth  Period Wavelength Relative q /L WIS
a, ft T, sec L, £t Depth, 4/L i e
1.0 1.0 4,53 0.22 0.02-0.08
1.5 7.72 0.13 0.01-0.0k4
2.0 10.76 0.09 0.01-0.05
(Continued)

11



rerioq waveilengin neiaulive g,;

T, sec L, £t Depth, d/I H;/L |
0.75 2.88 0.69 0.01-0.09
1.0 5.06 0.40 0.01-0.09

1.5 9.84 0.20 0.01-0.09
2.0 14,50 0.14 0.01-0.05 7
2.5 18.70 0.11 0.01-0.03 ‘

Breakwater Sections Tested

Tire assembly
17. As mentioned earlier, the idea of a mobile breakwater made of

used tires was developed and patented on the West Coast in 196L. The pro~‘
totype Wave Maze, in use in Tomales Bay, California, was constructed to
a finished assembly similar in appearance to that shown in fig. 7. This
assembly, constructed in units with basic steps as shown in fig. 8, was
fastened together as shown in fig. 9 and floated by means of a flotation
material inside the tires (also shown in fig. 9).

18. The Wave Maze tested in the model was constructed of 6-in.-
diameter tires assembled in the same fashion as in the prototype with one
In the
prototype, fig. 9, the tires were fastened together by bolts; however,

exception, that being the method of fastening the tires together.

due to the size of the model tires it was found difficult to follow this
procedure in the model. Therefore, wire connections around the tires at
their points of contact were employed instead of bolts. It is not known
to what degree this method of connecting differs from the prototype method,
but it is believed to allow comparable flexing of the assembly.

19. The flotation system used in the prototype was reproduced in
the model by use of commercial styrofcam cut to the shape of the inside
of the model tires and placed therein. Floating height of the test struc-
ture was varied by using flotation material in all the tires or any number ;%
of tires as desired. The manner in which the tires were assembled re-
mained the same throughout the tests; therefore, the porosity of the model

Wave Maze was the same for all the test structures and was found to be

12
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THE PLASTIC FOAMFLOAT CAY -
INSIDE THE CAVITY, ~ . 707l s

OF THEIR SIX PDINTS OF COR-
TACT, = - s

SECTION OF A TIRE SHOWING
TWO REINFORCING PATCHES
CEMENTED TO THE INSIDES OF
THE CASING AT THE POINT OF
FASTENING.

REINFORCING "PATCH BEING
CUT FROM THE SIDE WALL OF A
TRUCK TIRE,

-

DISASSEMBLED VIEW SHOWING
SECTION OF TIRE, TWO REIN-
FORCING PATCHES AND THE
FASTENINGS,

A

THE NEAREST VERTICALLY
PLACED TIRE HAS BEEN SPLIT
IN ORDER TO SHOW FOUR OF
CATS SIX FASTENINGS. EACH
FASTENING HAS A REINFORCING
PATCH IN PLACE ‘UNDER THE
STEEL WASHER,

REINFORCING PATCH CEMENT.
- ED TO THE INSIDE OF THE CAS.
WG ~

Fig. 9. Illustration of the Wave Maze connection and flotation system
(from Stitt, reference 12)
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Fig. 10. Model Wave Maze under wave attack

20, Dimensions of tire assemblies tested are tabulated below: :

Length (Sea to  Depth of Struc- Height of Struc-

Depth Shore Dimension) ture Below swl ture Above swl gldt?t

d, ft w, £t vy, £t h, Tt 12
1.0 2.33 0.50 0.22 1.88
2.0 2.33 0.50 0.22 1.88
1.0 5.45 0.50 0.22 1.88
2.0 5.45 0.50 0.22 1.88
2.0 10.15 0.50 0.22 1.88
2.0 10.15 0.98 0.32 1.88
2.0 10.15 1.12 0.18 1.88

Sphere assembly
21. The idea of a mobile breakwater made of spheres was develope:«

the Waterways Experiment Station mainly for comparison purposes and since
rubber balls were available from a previous study. To the author's knov

edge, no prototype structure or model test data on an assembly made of

spheres exist; however, it is believed tﬁéﬁrwith model fabrication and ¢ 1
struction methods, such a structure is practical.

22. The assembly of spheres tested in the model was constructed ¢
5-inch-diameter rubber balls assembled as shown in fig. 11. This was the
only pattern for which the balls were tested, and the porosity was found—
to be about 57 percent. The top floating layer of balls utilized metal ==
bands with small hooks as shown in fig. 11 to connect to each other and tc
the lower layer of balls. Connection of the lower balls was obtained by
means of a nylon cord system. Holes cut in the lower balls allowed them

to fill with water, keep their original shape, and remain submerged. Tht

16




CONNECTION SYSTEM

ELEVATION

Fig. 11. Sphere assembly and connection system

-overall responses of the tire and sphere assemblies to wave action were
the same with the exception that the connections used for the spheres were
more flexible than those of the tires. This flexibility allowed the
-spheres to flex more with the waves, causing a Jerking motion between the
individual units as the waves progressed the length of the assembly.

Fig. 12 shows the model sphere assembly being subjected to wave action.

Pig. 12. Model sphere assembly under wave attack

17




23. Dimensions of sphere assemblies tested are tabulated beloy:

Length (Sea to Depth of Struc- Height of - Struc-

Depth Shore Dimension) ture Below swl ture Above swl gldtf*
da, ft w, £t y, ft h, ft 12 +°
1.0 2.55 : 0.60 0.26 1.83
2.0 2.55 0.60 0.26 1.83
1.0 6.00 0.60 0.26 1.83
2.0 6.00 0.60 0.26 1.83
2.0 10.00 0.60 0.26 1.83

18




PART IV: ANALYSIS OF TEST RESULTS

To be effective, a floating breakwater must extend deep enough

 $§0 +he water that little wave power can be transmitted beneath it, and
»éfnnmt have the mass and damping characteristics necessary to prevent

44t from moving extensively so it will not transmit wave power as if it

were & portion of +he water. TIn order to fulfill the latter requirement,

wehe Tloating breakwater must have nabtural periods that are large compared

?ﬁith the wave periods to which it will be subjected. This means that its
pass should be large, its viscous and form damping large, and its elag~
Its elasticity is represented by its change in buoyancy as

¢icity small.
In order to make the elasticity small

¢t heaves, rolls, and pitches.
end the mass large at the same time, the bulk of the breakwater must be

below the water surface at all times.l3 ,
25. The experimental results for the breakwater sections tested are
given in tables 1 and 2. Table 1 gives the incident, reflected, and trans-

mitted wave data for the tire and sphere assemblies, and table 2 gives

the mooring line force measurements for the two assemblies. From the data

given in table 1, the coefficient of reflection K, , coefficient of
transmission Kt , and the ratio of the power dissipated by the breakwater

to the wave power PD/? were calculated using equations 10, 11, and 1k,

respectively, and are presented in table 3. The wavelength L in this

table was computed knowing the water depth and using the relation

2
L = & tanh kd (24)

The ratios w/i R d/I s y/d s h/a , and Hi/i were computed directly from

the test data given in table 1. From the data given in table 2, the ratios

between the maximum force in the mooring lines per unit area of break-
water cross section perpendicular to direction of wave propagation, f, ,
to the maximum theoretical horizontal force exerted on a total reflecting
vertical wall per unit area of flow cross section perpendicular to the

direction of wave propagation, ftmax , were calculated and are presented

in table 4. The wavelength I in this table was computed using
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tion Zl1.
26. The results listed in tables 3 and L4 are also presented graph-
ically as follows:
a., Effect of h/ﬁ R y/ﬁ , and Hi/I on Kr s tire assembly
(plates 3-5).
b. Effect of h/d s y/d , and HI/L on Kt s tire assembly
(plates 6-8).
c. Variation of Kr with Hi/i for different values of w/L
and y/d , tire and sphere assemblies (plates 9-12).

d. Variation of K, with HI/I for different values of w/i

and y/d , tiretand sphere assemblies (plates 13-16).
e. Variation of PD/P with Hi/i for different values of
w/L and y/d , tire and sphere assemblies (plates 17-20).
f. Variation of fc/%tmax with W/L , tire and sphere assem-~
blies (plates 22-23).
Though the graphical presentations are placed in the order given above for
the sake of recording the results, it must be kept in mind that in the
final appraisal these results cannot be considered separately but must be
viewed integrally with respect to their interrelations.

27. The experimental data plotted in the above-referenced plates
exhibit considerable scatter. However, results from tests under the same
conditions were fairly reproducible. Most of the scatter can be attrib-
uted to the complex flow processes involved which make the number of
parameters chosen to correlate the data inadequate to account for all the
physical factors present. Part of the scatter, however, is attributed
to the rounded off values of Hi/i s w/i , and y/d used in the plots.
This was done for convenience in presenting the data graphically. Other
factors that caused scatter of the test results are experimental inac-
curacies such as:

a. Using a fixed wave rod to measure the height of the trans-

mitted wave, thus assuming that the wave reflection from

20




the absorber beach shoreward of the test structure is

negligible. This may result in some error in the values

of the transmitted wave heights measured.

b. Mooring the breakwater on the sea-side end only during
some of the tests. This caused the breakwater to ride the

wave form, resulting in a decrease in its efficiency.

The occurrence of transverse oscillations in the wave flume

. ; due to resonance.
gﬁug +o0 the considerable scatter in the experimental data plotted, in most
sof the plates no attempt was made to draw curves showing the trend of the

dsta.

Effect of h/ﬁ B y/ﬁ , and HL/L on Reflection and
Transmission Coefficients, Tire Assembly

Reflection coefficient ‘
28. No attempt is made in this report to present the variation of

reflection or transmission coefficients with w/L and n/d for the
sphere assembly because of the limited number of tests conducted for that
-assembly. However, it is believed that relations similar to those ob-
yiained for the tire assembly are to be expected for the sphere assembly.

29. Results of tests on the effect of h/a , the relative height
of the breakwater above swl, on the value of the wave reflection coeffi-
cient, K. , for the tire assembly are presented in plate 3. This plate
shows the variation of K, with W/I and with h/a for different values
of Hi/i and for y/a = 0,50 . It can be seen that, contrary to expecta-
tions, a change in h/a , keeping the values of Hi/L s w/i , and x/d
constant, does not seem to affect the value of K, . In other words, the
height to which the breakwater extends above the water surface does not
seem to affect the value of the wave reflection coefficient of the tire
assembly breakwater. This is believed to result from the riding of the
breakwater with the wave form. Plate 3 does indicate, however, an in-
crease in K, for increasing values of w/i .

30. Results of tests on the effect of y/d , the relative depth of

the breakwater below swl, on the value of K, for the tire assembly are
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for different values of Hi/L . This plate shows that for constant vali.-
of H;/L and w/L , K. is slightly larger for tests with y/d = 0.50
than for tests with y/d = 0.25 . Like plate 3, plate U indicates an in-
crease in Kr for increasing values of w/i .

31. Results of tests on the effect of the wave steepness Hi/L
on the value of K, for the tire assembly are presented in plate 5 as the
variation of K, with w/L and with H;/L for y/d = 0.50 . The wave
steepness used varied from 0.01 to 0.08. Despite the scatter in the ex-

perimental data plotted in plate 5, the general trend of the data indicates
that K, decreases for increasing values of HL/L and that K, increases
for increasing values of w/i .
Transmission coefficient

32, Results of tests on the effect of h/a on the value of the wave

transmission coefficient, K¢ for the tire assembly are presented in
plate 6 as the variation of K, with w/i and with h/a for different
values of Hi/i and for y/a ~ 0,50 . It can be seen that, contrary to

expectation, a change in h/a , keeping constant the values of HL/L s

w/i , and y/a , does not seem to affect the value of Ky . Again, as men-
tioned in paragraph 29, this is believed to result from the riding of the
breakwater with the wave form. Plate 6 does show, however, that Ky de-
creases for increasing values of w/L . '

33. Results of tests on the effect of y/& on K% for the tire
assembly are presented in plate 7 as the variation of K¢ with w/I and.
with y/d for different values of Hi/i . The plot shows that for con-
stant values of HL/L and w/i s> Kt decreases slightly for increasing
values of y/& . Like plate 6, plate 7 indicates that Ky decreases for
increasing values of w/i . :

34. Results of tests on the effect of H;/L on the value of Ky
for the tire assembly are presented in plate 8 as the variation of Kf =
with w/i and with Hi/i for y/a = 0.50 . The wave steepnesses used
varied from 0.0l to 0,09, It can be seen that X, decreases for increas-

]
ing values of Hi/i and for increasing values of w/i .

I e R
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‘,ﬁrv of results
The analysis of test data presented above indicates that:

lo

lo

Tire assembly

The relative height of The breakwater above swl has no sig-
nificant effect on the values of the reflection and trans-
mission coefficients. This is contrary to expectation and
is believed to have been caused by the high flexibility
which caused the breakwater to follow the wave form.
Incereasing the relative depth of the breakwater below swl
resulted in a slight increase and a slight decrease in the
reflection and transmission coefficients, respectively.
Although the values of y/ﬁ used were 0.25 and about 0.50,
i.e., a hundred percent increase, the resulting variation
in the values of Kr and Kt was small., This might be
expected for waves having small steepness; however, for
waves having a large steepness, a larger variation (than
that recorded) in the values of Kr and Kt for the two
values of y/d used might be expected but was not ob-
tained because of the high flexibility of the breakwater.
An increase in the relative length of the breakwater, w/I s
resulted in an increase and decrease in the reflection
and transmission coefficients, respectively.
The wave steepness has a more pronounced effect than h/ﬁ
or y/& on the reflection and transmission coefficients.
The grephical presentation of the effect of HI/L on Kr s
K% , and PD/P can be shown more conveniently by plotting
X, , and PD/P versus Hi/L instead of w/i as

Kr * g
shown in plates 9-20.

Variation of Reflection Coefficient with Hi/L
for Different Values of w/L and y/d ,
Tire and Sphere Assemblies

36. Plates 9 and 10 show the relation between Kr and Hi/L for
different values of w/L and for y/a =~ 0,50 and 0.25 , respectively. It

can be seen from plate 9 that:

23
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average value of Kr for the range of wave steepnesses
used was about 0.4, 0.2, and 0.1, respectively. This ingdi-
cates that increasing the relative length of the break-
water about 300 or 400 percent will result in only doubling
the value of the wave reflection coefficient.
b. Kr decreases for increasing values of Hi/i ; however, the
value of Kr does not seem to be as sensitive to changes
in Hi/i as it is to changes in w/L .
In order for the tire assembly type of breakwater to be ef-

TN

5f one-half to one wavelength.
The effect of y/ﬁ on Kr can be seen by comparing plates 9 and 10. It
can be seen in these plots that for w/i values of 0.2 to 1.1, K.r was
about 0,2 and 0.1 for y/a values of 0.50 and 0.25, respectively.
Sphere aséembly

37. Plates 11 and 12 show the relation between Kr and Hi/i for
different values of w/i and for y/a = 0.3 and 0.6 , respectively. The

data are scattered and do not follow a definite trend, but indicate an

average value of about 0.2 for K} . However, the two plots show that for
comparable values of Hi/i 5 w/i , and y/a , the reflection coefficient
for the sphere assembly was slightly larger than that for the tire assem-
bly. This is believed to be due to the low porosity, e , of the sphere
assembly, which was about 0.57 as compared to about 0.8 for the tire

assembly.

Variation of Transmission Coefficient with Hi/L
for Different Values of w/L and y/d ,
‘ Tire and Sphere Assemblies

Tire assembly

38. Plates 13 and 14 show the relation between Kt and HI/L for
different values of w/i and for y/ﬁ = 0,50 and 0.25, respectively. It

can be seen from plate 13 that:

24
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K, decreases for increasing values of w/L . This decrease

a.
= t
> 1s sharp for W/L £ 2.0.

" b. Kt decreases for increasing values of H, /I . This de-

crease is sharp for Hi/i < 0.0% .
For the tire assembly type of breakwater to be effective,

Io

the length of the breakwater should be on the order of one-
o half to one wavelength and the wave steepness = about 0.0k4.
: 45@ effect of y/d on Kt can be seen by comparing plates 13 and 14. It
scan be seen in these plots that for w/b values of 0.45 to 1.1, K% was
gahout 30 percent smaller for y/a 0.50 than for y/ﬁ 0.25 .

~~gphere assembly
39. Plates 15 and 16 show the relation between Kt and Hi/I for

gifferent values of W/I and for y/ﬁ = 0.3 and 0.6 , respectively. It

can be seen from plate 15 that:
K, decreases for increasing values of W/I .

a.
e t

b. K% decreases for increasing values of Hi/L .

c. Im order for this sphere assembly type of breakwater to be

effective, the length of the breakwater should be on the
order of one-half to one wavelength and the wave steepness

> about 0.0,

A comparison of the data shown in plates 15 and 16 indicates that changing
y/ﬁ values from 0.3 to 0.6 does not seem to have a significant effect on
the value of Kt . The experimental data shown in plates 13-16 indicate
that for comparable values of Hi/i s w/l , and y/a , the transmission
coefficient for the sphere assembly was slightly smaller than that for the
tire assembly. As mentioned in paragraph 37, this is believed to be due

to the low porosity of the sphere assembly, which was about 0.57 as compared

to about 0.8 for the tire assembly.

Variation of Power Dissipated by Breakwater with Hi/i
for Different Values of w/L and y/d ,
Tire and Sphere Assemblies

4O. The wave power dissipated by the breakwater was determined from

equation 14. This equation reflects the combined trend of reflection and

25
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In connection with trends of power dissipated, presented in plates 17-2-
it is important to observe the variation of wave power transmission as
a function of the wave parameter Xkd as shown in plate 21, This plog
shows that down to z/ﬁ ~ -0.k , over two-thirds of the wave power is con.

centrated within that depth for all values of kd > 1.5 . This explains

the effectiveness of the breakwaters relative to wavelength and the markeg
reduction in the efficiency of the breakwaters with increasing wavelength,
Tire assembly

L1, Plates 17 and 18 show the relation between PD/? and Hi/i
for different values of w/i and for y/ﬁ =~ 0.50 and 0.25 , respectively.
It can be seen from plate 17 that:

a., Power dissipated increases for increasing wave steepness.

QUL S TSI

The increase is sharp for Hi/i < about 0.05 .

b. Power dissipated increases for increasing relative length

L BN

of the breakwater, w/i . The increase is sharp for |
w/i < about 1.0 . This indicates, as mentioned earlier, i
that in order for the tire assembly type of breakwater to
be effective, the length of the breakwater should be on

L el

the order of one-half toc one wavelength and the wave
steepness > about 0.0k ,

A comparison of the data shown in plates 17 and 18 indicates that changing

y/a values from 0.50 to 0.25 resulted in an average decrease of about

LO percent in the power dissipated.
Sphere assembly o R ‘
42, Plates 19 and 20 show the relation between PD/P and Hi/i for

different values of W/L and for y/a = 0.3 and 0.6 , respectively. It

can be seen from plate 19 that:
a. DPower dissipated increases for increasing wave steepness.
b. Power dissipated increases for increasing relative length =
of the breakwater.

A comparison of the data shown in plates 19 and 20 indicates that changing

x/a from 0.3 to 0.6 resulted in an increase in the power dissipated; how-

ever, because of the limited number of tests conducted for the sphere
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.34 the considerable scatter in the test data shown in plate 20,

reasible to predict the percentage increase in the power dissi-
+he breskwater as a result of this increase in relative depth.

rimental data shown in plates 18 and 19 indicate that for comparable

wnlues of Hi/L R w/i , and y/a , the power dissipated by the sphere assem-

~piy was larger than that dissipated by the tire assembly. As menticned

parliier,

=

k3.

this is believed to be due to the low porosity of the sphere assem-

i+ which was about 0.57 as compared to about 0.8 for the tire assembly.

Variation of Force in Mooring Lines with W/L 5

Tire and Sphere Assemblies

The total forces exerted on the mooring lines of the breakwater

were related to the maximum total horizontal force exerted on a vertical

reflecting wall as computed from equation 21. The slope of the mooring

line was arbitrarily selected to be 1:3 (1 vertical and 3 horizontal).

recorded mooring forces were corrected to account for the fact that as the

wave period approached the natural period of the breakwater system, the in-

dicated force was greater than the force actually experienced by the

- breakwater.
bk,

The variation in the ratio of the maximum force in the break-

water mooring lines to the maximum total horizontal force exerted on a ver-

tical reflecting wall, fc/ftmax , with w/i is shown in plates 22 and 23

for the tire and sphere assemblies, respectively. It can be seen from

these plots that:

a.

lo

The forces on the breakwater mooring lines, f, , are rela-
tively small compared to the force duve to total reflection
of a vertical wall, ftmax . For the tire assembly, fc/ftmax
did not exceed 0.29 and 0.22 for the seaward and shoreward
mooring lines, respectively. For the sphere assembly,
fo/ftmax did not exceed 0.47 and 0.16 for the seaward and
shoreward mooring lines, respectively.

The forces in the seaward mooring lines are considerably

larger than those in the shoreward mooring lines.

27
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subject to large drift if slack in The mooring lines ig
large.

c. The forces in the mooring lines of the sphere assembly were
higher than the forces in the mooring lines of the tire
assembly. Tﬁis is believed to be due to the smaller porcs.

ity of the sphere assembly, which was about 0.57 as com-

pared to about 0.8 for the tire assembly.
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PART V: CONCLUSIONS

rollowing general conclusions are drawn:

For the tire assembly, the relative height to which the
breakwater extends above still-water level, h/& , does not
seem to affect the wave reflection coefficient Kr or the
wave btransmission coefficient K% . This is contrary to
expectation and is due to the high flexibility of the break-
water, which caused it to move extensively as if it were a
portion of the water. An increase in y/a resulted in a
slight decrease in the coefficient of wave transmission,

K, . No attempt was made in this study to determine the

T
effects of h/a on Kr and K, <for the sphere assembly.

However, it is believed that rezults similar to those ob-
tained for the tire assembly can be expected.

For the tire and sphere assemblies, an increase in the
relative length of the breakwater, w/i , caused an increase
in Ki . For the tire assembly, increasing the value of
w/L about 300 or 400 percent resulted in only doubling the
value of Ki .

An increase in the wave steepness, Hi/i , caused a decrease
in Kr for the tire and sphere assemblies. However, the
value of Kr does not seem to be as sensitive to changes
in Hi/I as it is to changes in w/i .

For the tire and sphere assemblies, an increase in w/L
caused a decrease in Kt . For the tire assembly, the de-
crease was sharp for W/Z £2.0.

An increase in HI/L caused a decrease in Kt for the
tire and sphere assemblies. For the tire assembly, the de-
crease was sharp for Hi/145 0.0k .

For the tire and sphere assemblies, an increase in Hi/i
and w/i caused an increase in the power dissipated by
the breakwater, PD/P . For the tire assembly, the increase
was sharp for Hi/i < about 0.05 and w/i < about 1.0.
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tively small compared to the force due to total reflect: .

s Tn/T

of a vertical wall, ftmax . For the tire assembiy, ./
did not exceed 0.29 and 0.22 for the seaward and shoreis.a
mooring lines, respectively. For the sphere assembly,
fc/ftmax 'did not exceed 0.47 and 0.16 for the seaward sra
shoreward mooring lines, respectively.

The forces in the seaward mooring lines are considerably
larger than those in the shoreward mooring lines. Conse-
guently, these types of floating breakwaters will be sub-
jeet to large drift.

For the tire and sphere assemblies, an increase in the rela-
tive depth of the breskwater below still-water level, y/ﬁ R
caused an increase in Kr 5 PD/P , and fc/%tmax and a de-
crease in Kt .

The sphere assembly has larger values of Kr s PD/P , and

t
bly. This is caused by the low porosity, e , of the sphere

fc/ft and a smaller value of K, +than the tire assem-
max

assembly which was about 0.57 as compared to about 0.8 for
the tire assembly.

Finally, it is believed th%?[i?g?ﬁ??r for these types of
floating breakwaters to be éﬁf@@%ivé, their length should
be on the order of one-half to one wavelength, their depth
on the order of half the water depth, and the wave steep-
ness equal to or greater than abouwt 0U.04. The effectiveness
of these breakwaters can be improved by decreasing their
porosity and flexibility; however, this would cause an in-

crease in the mooring forces and the drift.
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Table 3

Kr s Kt , and PD/P , Tire and Sphers Azzerniiss

Test - - Test - =
No, - L, ft w/L &/L y/a n/a H/LOK, K RY/POL T 1,7 w/L /L y/a n/a B/L K, w I
Tire Assembly Tire Asgembly (Continued)
1 2.88 3.53 0.6 0.56 0.09 0.080 -- - -- 75 k.50 0,16 014 0.25 0.11 0.018 0.i5 1,00
2 0,049  -- .- - 76 0.023 0.12- ¢.a1
3 0.020 0,29 0.1% 0.90 77 0.030 0,18 0.¢5
k 0.01% -~ .- -- 78 0.039 0.11 O,
5 0.007 0.50 0.50 0.50 g(g) 0.0k} 0.11 o,
6 5.06 2.00 0.40 0.008 0.25 0.50 0.38 0.051 0.07 0.
7 0.030 0.43 0.21 0.77 & 0.05 0.11 o. -
8 0.0k0 0.32 0.21 0.86 82 2.88 3.53 0.69 0,49 0.6 - - . -
9 0.063 -~ - 0.8 83 0,007 0.50 0.50 0.3
10 0,089 -- - -- 8k - .- -
11 9.84 1.03 0.20 0.0tk 0.1k 0.71 ©.18 gg 0.038 0.k5 o0.08
12 0.030 0.20 0.63 0.k6 - o o o
13 0.0k0 0.15 0.52 C.7% 87 9.8& 1,03 0©.20 0.013 0.23 0.69 0.k7
1k 0.070 0.19 0.70 0.80 88 0.022 0,23 0.72 0.43
15 0.080 0.16 0.39 0.8 89 0.9)22 0.27 0.51 0.1¢
a0 0.063 0.19 0.k2 0.73
16 1h.50 0.70 0.1h 0.010 0.12 0.82 0.32 K
17 0.030 0.1k 0.55 0.68 | % 0.072 0.15 0.35 0.5
18 ; { 0,050 0.45 0.37 0.66 92 18.70 0.54 0.107 0.01k 0.27 0.85 o0.2:
19 0.059 0.26 0.36 0.8 93 + * * ¥ 0.039 0.23 0.52 0.68
20 18.70 0.54 0.107 0.011 0.3 1.00 o1 | M 0.0hk 0.26 0.51 0.&7
21 % + y Y 0.0k1 0.29 0.40 0.76 95 9.84% 1,03 0.204 0.25 0.11 0.011 0,27 .18 0.4
22 0.0k 0.45 0.53 0.52 96 0.027 0.19 0.78 0.36
23 k.53 1.20 0.22 0.50 0.22 0.022 0.20 0.60 0.60 2573 8‘8%3 g'ﬁ 8'61 923
ok 0.040 0.11 0.50 O.74 Y . . -1 0.73
b ‘ ‘ { 0l00 031 ok oo | 9 . o.o7h 0.12 0.18 0.7
26 0.077 0.20 o.hko 0.8 Sohere Assembl
- Sphere Assembly
27 7.72 0.70 0.13 0.012 0.11 0.83 0.20 )
28 0.018 0.29 0.93 0.05 1 k.53 0.56 0.22 0.60 0.26 0.020 0.22 0.22 0.9
29 $ ‘ 0.030 0.13 0.7% 0.43 2 0.0k9 0.1k 0.27 0.91
30 0.039 0.13 0.63 0.38 3 0,060 0.33 0.37 O.'?;j
31 10.76 0.51 0,09 0.009 0.30 1.00 0.09 Y ©0.053 0.k2 0O.42 0.6h
32 0.020 0.19 0.86 0.22 5 7.72 0.33 0.13 0.018 -- 0.6k -~
33 % 4 4 0.030 0,16 0.75 0.4l 6 0.027 0.2% 0.76 0.36
34 0.038 ©0.20 0.€8 0,50 7 4 } 0.040 ©0.23 0.7% 0.b45
35  5.06 1.08 0.39 0.25 0.11 0,030 - == == 8 0.051 0.23 0.85 0.23
36 0,050 - - -- 9 10.76 0.2h 0.09 0.010 0.18 0.91 0.1k
37 ; ; } 0.073 -~ -- - 10 0.016 0.12 0.94% 0.11
38 0.081 - - -- 11 0.023 0.20 0.88 0.19
39 9.8 0.5% 0.20 0.021 0.2% 0.95 o0.04 | 2 0.032 0.2% 0.91 0.1
Lo 0.032 0.16 0.84 0.26 13 5,06 0.50 0.39 0.30 0,13 0,018 0.33 0.33 0.78
b 0.0k6 0.18 0.64 0.56 14 0.053 == == =
L2 0.052 0.14 0.67 0.53 15 ; * ,} 0.075 - = -
43 0.048 0.19 0.83 0.27 16 0.087 -- _— -
t’; { ] | 8'85’2* 0.16 0.73 Ok | 1. g8, 0,06 0.20 0.025 0.08 0.8 0.28
. 18 0.032 0.25 0.78 0.33
46  1k.50 0.38° 0.1% 0.018 0.15 0.85 0.26 19 0.035 0.12 0.91 0.16
L7 0.023 0.06 0.79 0.38 20 0.050 0,04 0.75 0.uk
L8 0.029 0.07 0.79 0.38 21 0.062 -~ — -
Lo 0.037 0.06 0.7% 0.5 22 0.084%  -- - .
50 } o.0k1 0.08 0.77 0.4 23 - - - -
51 ! [ § ¥ 0.0k 0.9 078 035 | o gy 55 0,38 0.1k 0.017 0,12 1.04 0.09
52 0.054 0.11 0.73 0.16 25 0,083 0.21 0.91 0.13
53 4,53 0.51 0.22 0.50 0.22 0.022 -- - - 26 0.030 ©0.27 0.98 0.03
54 0.042 0.26 0.53 0.65 27 0.036 0.27 1.02 0.8
55 4 } ; 0,064 o.24 0,72 0.h2 28 0.043 ©0.13 1.00 0.02
56 0,067 0.23 0.77 0.73 29 0.049 0,11 1.03 0.07
57 7.72 0.30 0.3 0.013 0.09 1.00 0.00 | 39 0.059 0.122 0.90 0.18
58 0.026 0.10 0,90 0.18 31 L.,53  1.33 0,22 0.60 0.26 0.020 0.22 0.22 0.90
59 ; ,} 0.035 0.07 0.93 0.12 32 o0.0k2 0.16 0.37 0.83
60 0.0k2  -- - - 33 + ; 0.053 0.17 0.37 0.83
61 10.76 0.22 0.09 5.009 0.10 1.00 0.01 3h 0.064 0.38 0.38 0.72
62 0.016 0.18 0.88 o0.20 35 7.72 0.78 0.13 0.01% 0.27 0.6% 0.52
63 4 ; 0.022 0.17 0.€3 0.57 36 0.021 0.38 0.69 0.38
64 0.030 0.19 0.88 0.19 37 { * 0.04k0 0.23 0.52 0.68
65  5.06 0.46 0.39 0.25 0.11 0.030 == --  -= 38 0.0%0 0.15 0.61 0.61
86 0.053 -- -- - 39 10.76  0.56 0.09 0.012 0.31 0.85 0.18
67 { 4 4 0.076 - .- - : 0.022 0.04 0.79 0.38
68 0.087 -- - - I 4 ‘ 0.031 0.18 0.76 0.39
69  9.8% 0.2% 0.20 0.025 0.13 0.96 0.06 | 2 0.039 0.38 0.76 0.28
70 0.030 0.07 0.97 0.05 k3 5,06 1.18 0.39 0.30 0,13 0,032 -- -~ 0.86
72 0,040 0.13 0.92 0.13 by 0,055  «- -- 0.83
72 0.0k8 ©0.11 0.91 0.16 ks } 4 4 ‘ 0.077  -- - -
73 1 0.051 0.1k 0.9% 0.20 46 0.083 ~o  ~- --
7h 0.069 0.13 0.9 0.15

(Cortinued)




 ’; ™t o v/ YL y/e B/ B/ A % ¢yl No. L, ft wi &L yd b ¥ _x _t U
Sphere Assembly (Continued) Sphere Assembly (Continued)
3
& c.B& 0.61 0.3% ©0.30 0.13 0.028 0.18 0.64 0.56 66 5,06 1.98 0.40 0.30 0,13 0.00% 0.50 0.50 0.71 e
B 0.031 0.30 0.70 0.k2 67 0.022 0,18 0.18 0.9% ;
o 0,037 0.25 0.72 0.h2 68 0.038 0.37 0.11 0.85
e 0.046 0.29 0.67 0.47 69 \ ¥ 0.067 == em e
Ve 0.056 0.31 0.60 0.54 70 0.083 -- - -
= oo 7L 9.8 1.02 0.20 0.009 0.33 0.89 0.10
53 . 72 0.027 0.26 0.7k 0.38
o 1h.50 0.1 0.24 0.015 0.3k 0.86 0.2k 73 0.035 0.06 0.79 0.38
- 0,021 0,13 O.77 0.39 h y 0.065 0.22 0.50 0,70
= o.ogz 0.10 0.22 0.51 75 0.072 0.18 0.51 0.71
0.03% 0,10 0. 0.55
0.0h0 0.2 0.69 .48 76 14,50 0.69 0.1k 0.010 0.%7 1.20 0.09
0.045 0.15 o4k 0.79 71 0.023 0.27 0.88 0.16
: e Tl 78 . 0.0k2 0.16 0.69 0.49
) - 79 0.050 0.19 0.61 0.59
2.88 3.47 0.9 g'gﬁ’ 0.33 0.3 0.78 g 28.70 0.5 0.107 0.013 0.21 0.96 o.gu
e - - a i 0.037 0.16 0.73 O.uk 3
Qo 0.1k 014 0.9 | g by 0.0k6 0.21 0.65 0.5k :
0,080 -~ - - :
.




Table 4

fc/ft , Tire and Sphere Assemblies
max
tanh 3 3 3
Test 214 214 Topax * 107 (n + y)  Tex X 10 fop X 10 f l/ft £,./7.
No. L, ft L L £t of Water 5 £+ of Water £t of Water w/L ¢ max v
Tire Assembly
1 2.88 L4.36 1.00 - 1.30 e - 3.52 - -
2 -- - - - -
3 - - —— - -
L 1 , - - - - -
5 59.6 3.33 - 0.06 .
6 5.06 2,48 0.99 . - - 2.00 -— _—
7 60.5 3.33 2.00 0.06 0.03
8 101 9.16 2.62 0.09 0.03
9 i : 1h1 23.3 3.95 0.17 0.03
10 185 39.9 7.92 0.22 0.0k
11 9.8 1.28 0.86 67.1 3.33 1k.5 1.03 0.05 0.22
12 201 37.1 24,1 0.18 0.12
13 329 73.3 34,1 0.22 0.10
1k 1 Ley 133 43.7 \ 0.29 0.09
15 598 158 50.4 0.26 0.08
16 145 0.86 0.69 120 10.0 20.4 0.70 0.08 0.17
17 353 58.h 46.3 0.16 0.13
18 { 586 162 59.0 0.28 0.10
19 626 175 65.5 0.28 0.10
20  18.7 0.67 0.59 167 13.3 12.5 0.54 0.08 0.07
21 + + * Loz 1 104 18,7 + 0.21 0.10
22 590 129 53.3 0.22 0.09
Sphere Assembly
1 2.88 L.36 1.00 2.29 0.86 - -- 3.47 - -
2 - - —— - ——
3 - - - -— --
L \ ¥ Y 32.1 3.06 - y 0.01 -
5 52.8 15.3 2.0k 0.29 0.04
6 . 5.06 2.48 0.99 - - -- 1.97 — -
7 MATIR T 5.1 2.0 0.11 0.45
8 76.5 15.3 3.0 0.20 0.0k4
9 | ) 137 40.8 6.0 \ 0.30 0.0k
10 169 56.2 10.0 0.33 0.06
11 9.84 1.28 0.86 60.5 5,11 9.8 1.12 0.08 0.16
12 181 28.5 17.8 0.16 0.10
13 228 76.8 31.k 0.34 0.1k
1k Y Y Y 430 194 66.8 0.45 0.16
15 Y77 224 70.7 0.7 0.15
167 145 0.86 0.69 120 15.3 18.7 0.69 0.13 0.16
17 265 30.6 23.4 0.12 0.09
18 \ Ty , 489 76.8 51.6 4 0.16 0.11
19 578 153 70.4 0.26 0.12
20 18.7 0.67 0.59 185 10.2 24,0 0.54 0.06 0.13
21 * * * 590 1 76.8 35.7 + 0.13 0.06
22 660 92.0 40.3 0.1k 0.06
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No. of

: Office Copies Remarks
o ocE (ENGAS-~I) 2
. pCE (ENGCW) 2
OCE (ENGSA) 1
< oCE (ENGTE-E) 1
Bd of Engrs for
= Rivers & Harbors 1
< Engr Center, Fort
Belvoir 1
Engr School Library
Fort Belvoir 1
CERC 1
Supv N. Y. Harbor 1
LMVD 1 DE
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