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PREFACE

The model investigation reported herein was initially requested by
f the U. S. Army Engineer District, Los Angeles (SPL) in a letter to the
Division Engineer, U. S. Army Engineer Division, South Pacific, dated
19 August 197k.

Funding authorization by SPL was granted on 23 December 1974, with
subsequent installments authorized through 23 March 1977. Model tests
of the breakwater stability were conducted at the U. S. Army Engineer
Waterways Experiment Station (WES) during the period November 1976 to
July 1977 under the general direction of Mr. H. B. Simmons, Chief of the

"Hydraulicé‘Laboratory, Dr. R. W. Whalin, Chief of the Wave Dynamics Divi-
sion, and Mr. D. D. Davidson, Chief of the Wave Research Branch. Tests
were conducted by Messrs. R. D. Carver and D. G. Markle, Hydraulic Re-
search Engineers, assisted by Mr. C. Lewis, engineering technician.

This report was prepared by Messrs. Carver and Markle.

Liaison was maintained during the course of the investigation by
means of conferences, progress reports, and telephone conversations.

Director of WES during the conduct of this study and the prepara-
tion and publication of this report was COL John L. Cannon, CE. Tech-

nical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT
U. S. customary units of measurement used in this report can be con-
verted to metric (SI) units as follows:
Multiply By To Obtain
feet 0.3048 metres
miles (U. S. statute) 1.60934k kilometres
pounds (mass) 0.4535924 kilograms
tons (2000 1b, mass) 907.1847 kilograms
pounds (mass) per cubic foot 16.018k46 kilograms per cubic metre
degrees (angle) 0.01745329 radians
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BREAKWATER STABILITY STUDY, IMPERIAL BEACH, CALIFORNIA

Hydraulic Model Investigation

PART I: INTRODUCTION

The Prototype

1. Imperial Beach is located on the Pacific Ocean about 3 miles¥*
north of the Mexican border and 11 miles south of San Diego, California
(Figure 1). It is primarily a recreational beach with a 1200-ft-long
fishing pier located at its approximate center. Offshore bathymetry is
characterized by gentle slopes with contours approximately parallel to
the shoreline; consequently, most waves approach nearly normal to beach.

2. The Tijuana River has probably been the main source of sedi-
ment for Imperial Beach; however, a lack of significant floods since
1944 has caused a shortage of sediment at the river mouth, resulting in
a decreased quantity of sand available for longshore transport to Impe-
rial Beach. Erosion problems became critical during the winter of 1952-
1953 when wave action caused rapid shoreline recession and property dam-
age. Winter storms during the next several years necessitated the con-
struction of a stone revetment by local interests. Between 1959 and
1963, the Corps of Engineers constructed two groins in the area; however,
these have proven ineffective in restoring the beach, and additional
stone revetments have been installed by local interests.

3. The Corps of Engineers recently completed nourishing the beach
with sand dredged from San Diego Bay (summer 1977). It is planned that
the new beach fill will be protected by an offshore submerged, or near-
submerged, breakwater approximately 5000 ft long and positioned parallel
to the shoreline at either the -5.0 ft mean lower low water (mllw) con-

tour or the -10.0 ft mllw contour. Preliminary analysis of various

* A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is presented on page 3.




available breakwater materials dictated that the breakwater be con-
structed of stone and that the crown elevation be at or below the range
of normal water levels. This would necessitate the structure being sub-
jected to breaking waves which either strike the structure directly or
are tripped by the structure, causing major turbulence and overtopping.
Although model tests conducted at U. S. Army Engineer Waterways Experi-
ment Station (WES) in connection with the OCE Research and Development

Programl’e’3

have provided considerable data for design of rubble mound,
the majority of the data addresses nonovertopping structures subject to
nonbreaking waves. Other specific studies, such as those conducted for
Perched Beach, Santa Monica, California,h and Jetty Stability, Oregon
Inlet, North Carolina,¥* provide limited data on submerged structures and
overtopping breaking wave conditions; but the results are not directly
applicable to the Imperial Beach design conditions. Thus, since there
is no applicable design criteria for submerged structures subject to
breaking waves, it was considered necessary to conduct stability tests
of the proposed Imperial Beach breakwater to assure adequate design of

the structure.

Purpose of Model Study

4. Three-dimensional (3-D) model tests conducted by WES during
1975-1976 to determine the optimum breakwater alignment and positioning
relative to the shoreline,5 indicated that several alternative plans
constructed parallel to the shoreline at either the -5.0 or -10.0 ft
mllw contour would provide the protection needed by the beach. The pur-
pose of the present investigation was to design alternative breakwater
sections (determine armor weights, slopes, crown widths, etc.) that

would be stable at the -5.0 and -10.0 ft mllw contours.

* Jetty Stability, Oregon Inlet, N. C. (unpublished, study presently
being conducted at WES).

6
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PART II: THE MODEL

Design of Model

5. Tests were conducted at a geometrically undistorted linear
scale of 1:16, mcdel to prototype. Scale selection was determined by
the absolute size of the model breakwater sections necessary to ensure
the preclusion of stability scale effects,6 capabilities of the avail-
able wave generator, and depth of water at the toe of the breakwater.

T

Based on Froude's model law' and a linear scale of 1:16, the following
model-prototype relations were derived. Dimensions are in terms of

length (L) and time (T).

Model-Prototype
Characteristics Dimensions Scale Relations

Length I Lr = 1:16
Area i AY = Li = 1:256
3 =13 = by 6
Volume L Vr = Lr = 1:409
Time it = Ll/g = Azl

7 r

6. The specific weight of water used in the model was assumed to
be 62.4 pcf, that of seawater is 6L4.0 pef. Specific gravities of model
breakwater construction materials were the same as their prototype
counterparts. The difference in specific gravity of model fresh water
and the prototype seawater was accounted for by use of the following

transference equation:

W Y SRR
™) ) e [E

), ), \5) [, -

where

model and prototype quantities,
respectively

subscripts m and p

=
1]

weight of an individual stone, 1b




Y. = specific weight of an individual stone, pcf
Lm/Lp = linear scale of the model

Sr = gpecific gravity of an individual s*omne
relative to the water in which the break-

water is constructed, i.e., Sr = Yr/Yw

Yw = the specific weight of water, pef

Method of Constructing Test Sections

7. Model breakwater lengths representing 64 to 96 ft of the pro-
posed prototype breakwater sections were constructed to reproduce, as
closely as possible, the usual methods of constructing prototype break-
waters. The filter material, dampened as it was dumped by bucket or
shovel into the flume, was compacted with hand trowels to simulate natu-
ral consolidation resulting from wave action .ing construction of the
prototype structure. Once the filter material was in place, it was
sprayed with a low-velocity water hose to ensure adequate compaction of
the material. Armor stone used in the cover layers was placed in a ran-
dom manner (i.e., laid down in such a way that no intentional interlock-
ing of the stone was obtained). Model elevations were controlled with

an engineers level to a tolerance of +0.005 ft.

Test Facilities and Equipment

8. All stability tests were conducted in a flume 19 ft wide and
approximately 80 ft long located within a large L-shaped concrete flume
250 ft long, 50 and 80 ft wide at the top and bottom of the L, respec-
tively, and L.5 ft deep. To simulate local prototype bathymetry, the
bottom of the 19-ft-wide flume was molded to a 1V-on-35H slope for a
simulated prototype distance of approximately 300 ft seaward of the test
sections. The flume was. -equipped with a paddle-type wave generator
capable of producing sinusoidal waves of various periods and heights.
Changes in water-surface elevation, as a function of time, were measured
by electrical wave-height gages and recorded on chart paper by an elec-
trically operated oscillograph. The electrical output of each wave gage

was directly proportional to its submergence depth.
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PART III: TESTS AND RESULTS

Selection of Test Conditions

9. It was desired to design alternative breakwater sections that
would be stable for water depths at the -5.0 and -10.0 ft mllw contours.
From here on, the -5.0 and -10.0 ft mllw contours will be referred to as
the shallow-water location and deeper water location, respectively. For

both locations, it was desired that the structures be stable for wave

periods of 7, 10, and 1k sec at still-water levels (swl's) of 0.0 and

+5.4 ft mllw. Model observations indicated that for swl's and wave pe-
riods considered at both locations, the corresponding maximum breaking
wave was always more damaging than any lesser wave height. Observations
of incident wave forms at the structures showed the worst breaking waves
that could be made experimentally to attack the sections for the se-
lected conditions as follows:

Depth swl Wave Period Worst Breaking
ft mllw ft mllw sec Wave Height, ft

T
10
14

T
10
1k

7
10
14

T
10
1k

+
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Model observations also indicated that for a given location and swl, the
lh-sec period wave produced the most damage to the structure. Therefore,
subsequent full-length stability tests were conducted using only the
1lh-sec wave period. The testing time reported for ecach wave condition

throughout this report is given in prototype time.




Development of Plans

10. A total of 21 plans were tested. Two plans were tested for
both the shallow-water and deeper water locations, while the other
19 plans were only tested for the deeper water location. All plans
tested, except for Plans 5, 6, 8, and 9, employed an alternating high-
and low-sill concept. Plans 1-4 (Plates 1-4) used uniform size primary
armor stone, while the remaining 17 plans used graded armor stone mixes.
Graded armor stone mixes were used in an effort to obtain a stable de-
sign that would fit within the limiting geometry required to maintain
(as nearly as possible).a totally submerged structure in the deeper
water location for all swl's equal to or greater than 0.0 ft mllw. Uni-
form size armor stone was used to cap (one layer) areas on some of the
heads and groins where instability of the graded armor stone mixes oc-
curred. The gradation by weight of the graded armor stone mixes, di-
rected by the sponsoring district and used in‘the model tests, are given
in Table 1 and on their respective test plans (Plates 5-21). The initial
plans (Plans 2-6) incorporated a 2-ft thick, 25-1b stone filter layer,
vhereas later plans (Plans T7-12D) deleted this filter stone on the as-
sumption that the prototype structure would be constructed on filter
cloth. Table 2 gives a listing of all plans and the test conditions to

which they were exposed.

Description of Test Plans and Discussion of Results

11. Plans 1 and 2 were constructed on a sand bed in an attempt to
qualitatively determine if erosion at the toe of the breakwater would be
a problem. The sand was of approximate prototype size; and it was felt,
therefore, that if scouring was observed in the model it would certainly
be a prototype problem. However, the converse may or may not be true
(i.e., if scour is not a problem in the model, it may still occur in the
prototype). During the testing of Plans 1 and 2, some scour was Ob-
served along the seaward edge of the structure; however, the apron stone

tended to migrate into the eroded area and stabilize the slope. Also, a

10




bar tended to form immediately seaward of the eroded area. The model
armor stone was not undermined; thus it was concluded that the erosion
i was probably not extensive enough to have a significant effect on sta-
bility of the breakwater and that the bar formed was of sufficient

height that waves reaching the structure were no more severe than they

would have been if the structure had been built on a fixed surface.
Therefore, to assure uniformity of test waves between tests of Plans 2
and 3, the sand pit was capped with concrete. Details of plans tested,
test conditions, and test results are given in the following paragraphs.

12. Plan 1 (Plate 1 and Photo 1) was constructed in the deeper
water location to high-sill and low-sill elevations of +0.4 and -5.0 ft
mllw, respectively. The high sill was armored with 3.0-ton stone and
the low sill used 300-1b stone. Armor slopes of 1V on 1.5H were used on
both the sea side and beach side. Attack of 14.0-sec, 8.3-ft waves at
an swl of 0.0 ft mllw for 1.5 hr produced moderate damage to both the
low- and high-sill sections of the breakwater (Photo 2). Test condi-
tions were changed to 1lh4.0-sec, 12.1-ft waves at an swl of +5.4 ft mllw,
and 2.0 hr of wave attack produced extensive damage to all portions of
the breakwater (Photo 3).

13. Plan 2 (Plate 2 and Photo 4) was similar to Plan 1 except a
2.0-ft-thick blanket of 25-1b filter material was added to the bottom of
the structure. Crown elevations of +2.4 and -5.2 ft mllw were used for
the deeper water location. Attack of 1k.0-sec, 8.3-ft waves at an swl
of 0.0 £t mllw for 1.5 hr produced moderate damage to both the low- and
high-sill sections of the breakwater (Photo 5). Attack of 1k.0-sec,

12.1-ft waves at an swl of +5.4 ft mllw for 1.0 hr produced extensive
damage to all portions of the breakwater (Photo 6).

14. Plan 3 (Plate 3 and Photo T7) used 5.0-ton stone on the high
sill and 0.5-ton stone on the low sill and was tested in both the deeper
water and shallow-water locations. Armor slopes of 1V on 1.5H were used
both sea side and beach side. The high-sill section of the structure

was constructed to a crown elevation of +5.2 ft mllw in the deeper water

A e s

location (equivalent to +10.2 ft mllw in the shallow-water location).

The low=-sill section of the structure was constructed to a crown

11 N

o ——




elevation of -3.8 ft mllw in the deeper water location (equivalent to
+1.2 ft mllw in the shallow-water location). Testing in the deeper
water location with 14.0-sec, 8.3-ft waves at an swl of 0.0 ft mllw for
2.0 hr produced only minor damage (Photo 8); however, 2.0 hr of attack
by 14.0-sec, 12.1-ft waves at an swl of +5.4 ft mllw produced extensive
damage (Photo 9). The breakwater was rebuilt in the shallow-water loca-
tion and 2.0 hr of 1lk.0O-sec, L4.5-ft waves at an swl of 0.0 ft mllw and
2.0 hr of 14.0-sec, 8.5-ft waves at an swl of -5.4 ft mllw produced only
minor damage (Photos 10-13).

15. Plan 4 (Plate 4 and Photo 14) was constructed in the deeper
water location to high- and low-sill elevations of +6.0 ft and -3.0 ft
mllw, respectively. The high sill was armored with 5.0-ton stone and
the low sill used 1750-1b stone. The 5.0-ton and 1750-1b stone were
built to slopes of 1V on 2H and 1V on 1.5H, respectively. Attack of
14.0-sec, 8.3-ft waves at an swl of 0.0 ft mllw for 1.5 hr produced only
minor damage (Photo 15); however, test conditions were changed to
1L4.0-sec, 12.1-ft waves at an swl of +5.4 ft mllw and 2.0 hr of wave
attack produced extensive damage to both the low- and high-sill sections
of the structure (Photo 16).

16. Plan 5 (Plate 5 and Photo 17) was a substantial departure
from the alternating low- and high-sill concept employed in Plans 1-Lk.
Plan 5 was constructed to a constant crown elevation of 0.0 ft mllw in
the deeper water location and +5.0 ft mllw in the shallow-water location.
The armor stone was graded by weight percentage from a maximum of
3.0 tons to a minimum of less than 6.0 1b (3-ton graded armor stone as
given in Plate 5 or Table 1). Armor slopes of 1V on 3H were used both
sea side and beach side. Testing in the deeper water location with
14.0-sec, 8.3-ft waves at an swl of 0.0 ft mllw produced only minor dam-
age after 1.5 hr of exposure (Photo 18); however, exposure to 1L.0-sec,
12.1-ft waves at an swl of +5.4 ft mllw for 2.0 hr resulted in extengive
damage (Photo 19). It was deemed advantageous to test Plan 5 in the
shallow-water location since it was thought it might prove to be more
economical than Plan 3. After rebuilding the breakwater, testing in the

shallow-water location with 14.0-sec, U4.5-ft waves at an swl of




0.0 ft mllw produced significant toe stone movement, but only minor dam-
age to the primary armor mix (Photo 20). Wave attack was continued for
2.0 hr using 1L.0-sec, 8.5-ft waves at an swl of +5.4 ft mllw and this
resulted in minor to moderate damage to all sections of the breakwater
(Photo 21).

17. Plan 6 (Plate 6 and Photo 22) was constructed on a 2-ft-thick
layer of 25-1b filter stone to a constant crown elevation of +1.0 ft
mllw in the deeper water location. The trunk portion of the breakwater
was constructed with 1V on 3H slopes using graded armor stone that
ranged from a maximum of 5.0 tons to a minimum of less than 6.0 1b
(5-ton graded armor stone as given in Plate 6 or Table 1). Maximum and
minimum porosity of the S5-ton graded armor stone as determined by model
measurement was L4 percent and LO percent, respectively. The breakwater
head and the adjacent 50 ft of trunk incorporated this same graded armor
stone in a L.5-ft-thick core and was capped with one layer of 5.0-ton
armor stone placed on 1V-on-3H slopes. Attack by 1k4.0-sec, 8.3-ft waves
at an swl of 0.0 ft mllw for 1.5 hr produced only minor damage (Photo 23).
The swl was then raised to +5.4 ft mllw; and after 2.0 hr of attack by
1k.0-sec, 12.1-ft waves, the breakwater showed moderate damage (Photo 2L4).
After 4.0 hr more of wave attack (a total of 6.0 hr) by lb-sec, 12.1-ft
waves, the damage to the trunk section increased slightly while the dam-
age to the head was significant (Photo 25). An additional 2 hr (a total
of 8.0 hr) of exposure to the same wave condition resulted in extensive
but stabilized damage to the entire test section (Photo 26).

18. Plan T (Plate 7 and Photo 2T) returned to the alternating
high- and low-sill concept for the deeper water location, but removed
the 25-1b stone filter layer with the assumption that the rock filter
would be replaced with filter cloth. The high sill was constructed with
1V-on-3H slopes to a crown elevation of 0.0 ft mllw using 5.0-ton graded
armor stone. Using 3.0-ton graded armor stone, the low sill was con-
structed with 1V-on-3H slopes to a crown elevation of -5.0 ft mllw.
After experiencing 1.5 hr of attack by 1L.0-sec, 8.3-ft waves at an swl
of 0.0 ft mllw, the structure had sustained very minor damage (Photo 28)

and was considered stabilized for this test condition. The test

13
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condition was changed to 14.0-sec, 12.1-ft waves at an swl of +5.k4 ft

mllw. After 2.0 hr of exposure to this wave condition, the high-sill

and low-sill trunk had experienced very little displacement; however,

the low-sill head section showed significant damage (Photo 29) and had
not stabilized.

19. Plan TA (Plate 8 and Photo 30) was the same as Plan 7, except
that the last 15 ft of the trunk and the entire head of the low sill
were replaced with 5.0-ton graded armor stone identical with that used
on the high sill in Plan 7. The high-sill section was not rebuilt after
testing Plan 7, but the low-sill trunk was rebuilt for Plan TA testing.
After 2.0 hr of exposure to lL4.0-sec, 12.1-ft waves at an swl of +5.4 ft
mllw, the high-sill section and the low-sill trunk experienced very
little movement while the 5.0-ton graded armor on the head of the low
sill sustained significant damage (Photo 31). The identical test condi-
tions were extended for an additional 2.0 hr to determine if the damage
to the head section would stabilize. The head section continued to de-
teriorate and did not stabilize (Photo 32). The high-sill section and
low-sill trunk (6.0 hr and 4.0 hr, cumulative testing at +5.4 ft mllw
swl, respectively) remained in acceptable condition.

20. Plan TB (Plate 9 and Photo 33) consisted of rebuilding the
last 15 ft of trunk and adjacent head of Plan TA's low sill using one
layer of 5.0-ton armor stone. The remaining portions of the breakwater
were not rebuilt after testing Plan TA. After 2.0 hr of exposure to
14,0-sec, 12.1-ft waves at an swl of +5.4 ft mllw, the 5.0-ton armor
layer on the low-sill head had accrued cxtensive damage (Photo 34) and
did not appear to be stabilized. Stability of the high-sill section and
low-sill trunk (8.0 hr and 6.0 hr cumulative testing at a +5.4 ft mllw
swl, respectively) remained acceptable.

21. Plan 7C (Plate 10 and Photo 35) was constructed in the deeper
water location using the alternating high- and low-sill concept. Like
Plans 7, TA, and 7B, the 25-1b stone filter layer was not used on the as-
sumption that it would be replaced by filter cloth. Slopes of 1V on 3H
were used in constructing the high sill to a crown elevation of 0.0 ft

mllw. Construction material in the high-sill section consisted of

14
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5.0-ton graded armor stone. A 3.0-ton graded armor stone was placed on
1V-on-3H slopes in construction of the low-sill trunk (except for the
last 15 ft adjacent to low-sill head) to a crown elevation of a -5.0 ft

The low-sill head and 15 ft of the adjacent low-sill trunk con-

a2 layer of T.0-ton armor stone at a crown elevation of

y, After 1.0 hr of exposure to 14.0-sec, 8.3-ft waves at an
Swil “.. ft mllw, the breakwater had sustained no damage (Photo 36).
Test conditions were then changed to 1L.0-sec, 12.1-ft waves at an swl
of +5.4 ft mllw. Very minor damage had occurred after 2.0 hr of wave
attack at this test condition (Photo 37). The identical test condition
was extended for 2.0 hr of additional wave attack. This resulted in
minor but stabilized damage to both the high- and low-sill sections of
the breakwater (Photos 38-40). In this plan, as well as others, a few
stones were completely displaced off the test section as shown in the
photographs. This displacement did not deteriorate the effective sta-
bility of the structure; and it is surmised that since the model bottom
was hard-surface concrete, the stone displaced in the prototype will not
travel as far as indicated in the photographs but will settle into the
sand bottom immediately behind the breakwater. This test was repeated
and it verified results of the first testing of Plan TC.

22. Plan 8 (Plate 11 and Photo 41) was tested to find a stable
high-sill head for the deeper water location in the event that the
breakwater sections were to end with a high sill. Except for the 15 ft
adjacent to the high-sill head, the high-sill trunk was constructed
identical with Plan TC (paragraph 21). This 15 ft of trunk and the en-
tire head were constructed with 1V-on-3H slopes to a crown elevation of
-5.0 ft mllw using 5.0-ton graded armor stone. One layer of T7.0-ton
armor stone was then used to cap this portion of the breakwater, bring-
ing the crown elevation to 0.0 ft mllw. After experiencing 2.0 hr of
attack by 14.0-sec, 12.1-ft waves at an swl of +5.4 ft mllw, the struc-
ture showed no damage (Photo 42). A repeat test verified the findings
of this first test.

23. Plan 9 (Plate 12 and Photo 43) was run in an effort to

steepen the breakwater slopes and thus reduce construction costs by
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minimizing the amount of construction material. Plan 9, in the deeper
water location, consisted of two high-sill trunk sections with 1V-on-3H
and 1V-on-2H slopes, respectively, and a high-sill head with 1V-on-2H
slopes; 5.0-ton graded armor stone was used on both trunk sections.
Except for the steeper 1V-on-2H slopes, the Plan 9 head section was
identical with the Plan 8 head section described in paragraph 22. A
crown elevation of 0.0 ft mllw was used for the entire breakwater test
section. After 4.0 hr of exposure to 1k4.0-sec, 12.1-ft waves at an swl
of +5.4 ft mllw, very minor damage could be seen on the 1V-on-3H slope
trunk section, minor damage on the 1V-on-2H slope trunk section, and
moderate damage to the 7.0-ton capstone on the head section of the break-
water (Photo Lk).

2h. Plan 10 (Plate 13 and Photo 45) was initiated based on the
marginally acceptable test results of Plan 9. Like Plan 7C, Plan 10, in
the deeper water location, consisted of alternating high- and low-sill
sections with 1V-on-2H side slopes constructed of 5.0- and 3.0-ton
graded armor stone, respectively. A 2-ft-thick, 5-ft-wide berm of 25-1b
filter stone was placed at the beach-side and sea-side toes of the high-
sill section and low-sill trunk. The purpose of this material would be
to hold the exposed filter cloth in place and to help prevent undermin-
ing of toe areas in the prototype. The low-sill head's T7.0-ton armor
stone (one layer) was placed on a 2-ft-thick bed of 25-1b filter stone
which was to be underlaid by filter cloth in the prototype. This filter
layer prevented the direct placement of T7.0-ton armor stone on the
filter cloth. Crown elevations of 0.0, -5.0, and -3.0 ft mllw were used
on the high-sill section, low-sill trunk, and low-sill head, respec-
tively. After 2.0 hr of attack by 14.0-sec, 8.3-ft waves at an swl of
0.0 ft mllw caused minor instability of the breakwater (Photo 46). The
test condition was changed to 1k4.0-sec, 12.1-ft waves at an swl of
+5.4 ft mllw. After 2.0 hr of exposure, the high-sill section and low-
sill trunk showed moderate damage and the low-sill head had accrued ex-
tensive damage (Photo u4T).

25. Plan 10A (Plate 14) consisted of rebuilding the low-sill head

section of Plan 10. Migration of 25-1b filter stone had added to the
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extensive damage of the low-sill head of Plan 10. For this reason it
was replaced by one layer (2 ft thick) of 1000-1b stone. The remainder
of the structure was not rebuilt after testing Plan 10. After 2.0 hr
more of attack by 1k.0-sec, 12.1-ft waves at an swl of +5.4 ft mllw, the
low-sill head and trunk showed extensive damage. Movement on the high-
sill section had lowered the crown elevation significantly. Damage'had
not stabilized but had exceeded the allowable amount when the test was
stopped (Photo L48).

26. Plan 11 (Plate 15 and Photo 49) used the alternating high-
and low-sill concept. Results of Plans 10 and 10A (paragraphs 24 and 25)
had shown that the 5.0- and 3.0-ton graded armor stone mixes constructed
to 1V-on-2H slopes on the high and low sills, respectively, were un-
stable for the design condition of 1kL.0-sec, 12.1-ft waves at an swl of
+5.4 ft mllw. Plan 11 incorporated the same design geometry for the
high-sill section and low-sill trunk as used for Plans 10 and 10A; how-
ever, the weight of the graded armor stone mixes was increased. The
T-ton graded armor stone (given in Plate 15 and Table 1) was used on the
high-sill section and 5.0-ton graded armor stone was used on the low-sill
trunk. Maximum and minimum porosity of the T7-ton-graded armor stone as
determined in the model was 47 and 40 percent, respectively. Like
Plan 10A, a 6-ft-wide and 2-ft~high berm of 1000-1b stone was placed on
both the sea-side and beach-side toe of the structure. The low-sill
head and adjacent 15 ft of trunk were constructed using one layer of
T.0-ton armor stone placed on a 2-ft-thick layer of 1000-1b stone, ex-
cept for the outer perimeter where T7.0-ton stones were to be placed
directly on the filter cloth to stabilize the toe of the low-sill head
which had proved unstable during testing of Plan 10A. Crown elevations
were 0.0, -5.0, and -3.0 ft mllw for the high-sill section, low=-sill
trunk, and low-sill head, respectively. After 1.0 hr of exposure to
1k.0-sec, 8.3-ft waves at an swl of 0.0 ft mllw, minor displacement of
the beach-side berm had occurred (Photo 50). The condition was changed
to 14.0-sec, 12.1-ft waves at an swl of +5.4 ft mllw. After 2.0 hr of
wave attack, displacement of some of the beach-side toe stone behind the

low=-sill trunk section had occurred, but it is believed that the
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displacement of this stone on a prototype sand bottom would not be as

severe as shown in the model. The remainder of the structure suffered
minor damage (Photo 51). The identical wave attack was extended for
2.0 hr more, resulting in very little change to the breakwater

(Photos 52-5k4). Moderate damage had occurred on the low-sill head and
minor damage on the remainder of the structure after a total of 6.0 hr
of 1k4.0-sec, 12.1-ft waves at an swl of +5.4 ft mllw (Photos 55-5T).

27. Plan 11A (Plate 16 and Photo 58) was identical with Plan 11
(paragraph 26) except for the addition of the 5-ft-high beach-connected
groin, constructed at a 90° angle to and connected to the low-sill head.
The 5-ton graded armor stone mix, identical with that used on the low-
sill trunk, was placed on 1V-on-2H slopes with a constant crown width of
10 ft. The groin crown elevation was not held constant but instead the
structure height was maintained at 5 ft. In changing from Plan 11 to
Plan 11A, only the low-sill head was rebuilt. In order to observe the
result of extended wave attack, the remaining sections of the breakwater
were not rebuilt during the change to Plan 11A. After 1.0 hr of attack
by 1b.0-sec, 12.1-ft waves at an swl of +5.4 ft mllw, the entire break-
water showed only minor damage which had stabilized before conclusion of
the test (Photo 59).

28. Plan 12 (Plate 17 and Photo 60) was a repeat test for the
high-sill section and low-sill trunk of Plan 11. The alternating high
and low sills of Plan 11 were reversed during construction of Plan 12 so
that a 1V-on-3H slope high-sill head could be constructed at the end of
the 1lV-on-2H slope high-sill trunk. Construction of the high-sill head
was identical with Plan 8 (paragraph 22) except that in Plan 8 the head
had been attached to a high-sill trunk with 1V-on-3H slopes. Crown ele-
vations were identical with those of Plan 11. After 1.0 hr of exposure
to 1k4.0-sec, 8.3-ft waves at an swl of 0.0 ft mllw, the structure had ex-
perienced very minor damage (Photo 61). The test condition was changed
to 14.0-sec, 12.1-ft waves at an swl of +5.4 ft mllw and after 2.0 hr of
wave attack, only minor damage was observed (Photo 62). The identical
test conditions were extended and after a total of 4.0 hr of wave attack

the breakwater had accrued minor to moderate damage (Photos 63-65).
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29. Plan 12A (Plate 18 and Photo 66) consisted of rebuilding the
high-sill head and adding a 5-ft-high, beach-connected groin to Plan 12.
The groin was constructed with 1V-on-2H slopes using 5.0-ton graded
armor stone and connected at a 90° angle to the beach side of the high-
sill head. In order to observe the effect of extended wave attack on
the high-sill and low-sill trunk, these sections of the Plan 12 break-
water were not rebuilt before testing was initiated on Plan 12A. After
2.0 hr of attack by 14.0-sec, 12.1-ft waves at an swl of +5.4 £t mllw
caused minor damage on the high-sill head and groin. Little change oc-
curred to those portions of the structure which were not rebuilt after
testing Plan 12 (Photos 67-69). The breakwater was then exposed to
1.0 hr of 14.0-sec, 8.3-ft waves at an swl of 0.0 ft mllw to check for
any possible stability problems on the 5-ft-high groin when exposed to
this low-water wave attack. No instability was observed on the groin
and the remainder of the breakwater showed very little change.

30. Plan 12B (Plate 19 and Photo 70) consisted of the addition of
a 10-ft-high, 5.0-ton graded armor stone, beach-connected groin and re-
building of the high-sill head on Plan 12A. The remainder of the break-
water, the high- and low-sill trunks, was once again not rebuilt in
order to observe the results of extended wave attack. After 2.0 hr of
exposure to 14.0-sec, 12.1-ft waves at an swl of +5.4 ft mllw, the in-
tersection between the high-sill head and groin showed significant dam-
age and the remainder of the breakwater showed minor to moderate damage
(Photos T1-73).

31. Plan 12C (Plate 20 and Photos T4 and 75) was identical with
Plan 12B except that the first LO ft of the 10-ft-high groin adjacent to
the high-sill head was capped with one layer of T.0-ton armor stone.
Like Plans 12A and 12B, the high-sill head was rebuilt, but the remain-
der of the breakwater was not. The breakwater was then exposed to 2.0 hr
of 14.0-sec, 12.1-ft waves at an swl of +5.4 ft mllw. At the conclusion
of the test all damage had stabilized. Minor damage had occurred on the
high-sill head and groin. The high- and low-sill trunk sections had

been exposed for a total of 10.0 hr to 1k.0-sec, 12.1-ft waves at an swl
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of +5.4 ft mllw since its initial building and had sustained minor to
moderate damage (Photos T6-78).

32. Plan 12D (Plate 21 and Photo T79) consisted of rebuilding a
breakwater identical with Plan 12B except that 7.0-ton graded armor
stone was used in the 10-ft-high groin instead of 5.0-ton graded armor
stone. This plan was tested to determine if larger graded armor stone
could be used as an alternative to capping the first 4O ft of the groin
with T7.0-ton armor stone as was done in Plan 12C. After 2.0 hr of ex-
posure to 1lL.0-sec, 12.1-ft waves at an swl of +5.4 ft mllw, the high-
sill and low-sill trunk had accrued minor damage. The high-sill head
had sustained moderate damage, very similar to previous test results.
The connecting area between the high-sill head and the 10-ft-high groin
showed moderate damage at the conclusion of the test (Photos 80-82).
Damage in this area was somewhat less than that of Plan 12B but more
than that sustained by Plan 12C when exposed to the identical test

conditions.
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- high~sill section end low-sill trunk showed very

PART IV: CONCLUSIONS

33. Based on tests and results of the hydraulic model study re-
ported herein, it is concluded that:

a. For the shallow-water location (-5.0 ft mllw contour)
tested for the design conditions of 1k4.0-sec, L.5-ft
waves at an swl of 0.0 ft mllw and 1L.0-sec, 8.3-ft waves
at an swl of +5.4 ft mllw:

(1) Plan 3 showed only minor instability and should there-
fore be an adequate alternating high- and low-sill
design for this lncation. Even though the structure
was tested on a 2-ft-thick layer of filter stone, low-
ering the structure 2 ft by constructing on filter
cloth should not cause armor stone stability problems.

(2) Moderate, but repairable, damage occurred in Plan 5
due to the displacement of some of the smaller stone
contained in the 3.0-ton graded armor stone. This
plan would be an acceptable constant high-sill struc-
ture for this location if it is kept in mind that
some damage may occur and that intermittent mainte-
nance may be necessary. Like Plan 3, replacement of
the 2-ft-thick filter layer with filter cloth should
not result in any more armor stone instability than
that observed for Plan 5 constructed on the stone
filter blanket.

b. For the deeper water location (-10.0 ft mllw contour)
tested for the design conditions of 1h.0-sec, 8.3-ft
waves at an swl of 0.0 ft mllw and 1k.0-sec, 12.1-ft
waves at an swl of +5.L4 £t mllw: 1

(1) Plans 1-6 are inadequate designs due to high insta-
bility that resulted in extensive damage.

(2) Plans T, TA, TB, and 7C used the same designs for the
high~-sill section and low-sill trunk but differing
designs for the low-sill head. The designs for the

minor damage. Only the Plan 7C design for the low-
sill head proved adequate. Plan TC would be a very
acceptable alternating high- and low-sill design.

(3) For a breakwater ending with a high-sill head, Plan 8
would be an acceptable design if the head section
were connected to a high-sill trunk constructed with
1V-on-3H side slopes.

(4) Plans 9, 10, and 10A were run in an effort to steepen
the breakwater slopes and thus reduce construction
costs by minimizing the amount of construction mate-
rial. The 5- and 3-ton graded armor stone used on
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the high-sill section and low-sill trunk, respec-
tively, were unstable with the 1V-on-2H side slopes.
Extensive damage occurred for the low-sill head de-
signs used in Plans 10 and 10A. Thus Plans 9, 10,
and 10A are inadequate designs for the deeper water
location.

(5) Due to the nature of the 7.0- and 5.0-ton graded
armor stone, some spot damage occurred on the high-
and low-sill trunks and the transition between them
in Plans 11 and 12 when exposed to the design condi-
tions of 1L4.0-sec, 12.1-ft waves at an swl of +5.4 ft
mllw. This damage is mainly due to displacement of
some of the lighter stone. This results in some re-
duction (on the average, approximately 1 ft with ex-
tremes up to 2 ft) of the high- and low-sill section
crown elevation at various points. Since the entire
breakwater consists of alternating high- and low-sill
sections, which will be totally submerged for all
wvater levels above 0.0 ft mllw swl, this minor lower-
ing of the high-sill crown elevation at various loca-
tions should not alter the functional integrity of
the structure (i.e., minimize the wave energy and con-
tain the sand in the nourished beach area behind the
breakwater). Therefore, even though the high- and
low-sill trunks and the transition between them in
Plans 11 and 12 do not meet the no-damage criterion
of minor stone movement that is usually used for
breakwaters which are designed for the safety of life
and property, they should function adequately for
this particular application.

(6) The low-sill head tested in Plan 11 showed very
little damage when subjected 1o design conditions;
thus one layer of T.0-ton armor stone on a slope of
approximately 1V on 2.5H is an adequate low-sill head
design.

(7) The Plan 12 high-sill head sustained moderate, but
reparable, damage when exposed to the 1lL4.0-sec, 4
12.1-ft waves at an swl of +5.4 ft mllw. Like the
damage that resulted on the high-sill trunk of this
plan, this moderate damage does not appreciably alter
the design function of the high-sill head; thus one
layer of T7.0-ton armor stone on a slope of 1V on 3H
is an adequate high-sill head design.

(8) The connecting areas of the 5-ft-high groins with the
low- and high-sill heads tested in Plans 11A and 12A,
respectively, showed some minor instability but ap-
pear to be suitable designs if S5-ft-high beach-
connected groins are selected for construction in the
prototype.
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(9)

(10)

(1)

The Plan 12B 10-ft-high groin proved to be unstable
and thus inadequate at the intersection of the high-
sill head and groin.

Capping the first 40 ft of the 10-ft-high, 5.0-ton
graded armor stone groin adjacent to the high-sill
head with one layer of 7.0-ton armor stone (Plan 12C)
resulted in a stable connecting area between the
high-sill head and groin.

Plan 12D sustained moderate damage in the region con-
necting the 10-ft-high groin and the high-sill head
when exposed to design conditions. The Plan 12C
design for this area is, therefore, recommended over
the Plan 12D design; but Plan 12D could be used if

it is kept in mind that it would require more main-
tenance than the T.0-ton capstone used in Plan 12C.
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Table 1

Gradations of Graded Armor Stone

Percent by
Weight Prototype Weights

3.0-ton Graded Armor Stone

100 <6,000 1b
50 <3,000 1b
25 <2,000 1b
10 <6 1b

5.0-ton Graded Armor Stone

100 <10,000 1b
50 <6,000 1b
25 <5,000 1b
12,5 <2,000 1b

5 <6 1b

T.0-ton Graded Armor Stone

100 <14,000 1b
50 <10,000 1b
25 <6,000 1b
LS <3,000 1b

6.25 <2,000 1b
25 i <6 1b




Table 2

Summary of Plans Tested, Test Conditions, and Test Duration

Test Duration

Plan Test Area Condition hr
i Entire breakwater 1% 2.5
i1 Entire breakwater ok* 2.0
2 Entire breakwatert i ) L
2 Entire breakwater 2 10
3 Entire breakwater 3 2.0
3 Entire breakwater 2 2.0
3 Entire breakwatert ¥ 2.0
3 Entire breakwater LI 2.0
L Entire breakwatert
L Entire breakwater 2 2.0
5 Entire breakwatert 1 135
5 Entire breakwater 2 2.0
5 Entire breakwatert 3 %
5 Entire breakwater I 2.0
6 Entire breakwatert i 1.5
6 Entire breakwater 2 8.0
T Entire breakwatert 1.5
T Entire breakwater 2 2.0

(Continued)
*

in the deeper water location.

* %

in the deeper water location.

last test condition was run.

H

in the shallow-water location.

in the shallow-water location.

Test Condition 1 - 1b4.0-sec, 8.3-ft waves at an swl of 0.0 ft mllw
Test Condition 2 - 14.,0-sec, 12.1-ft waves at an swl of +5.4 ft mllw
Indicates test area was changed, rebuilt, and/or added since the
Test Condition 3 - 1k4.0-sec, L.5-ft waves at an swl of 0.0 ft mllw

Test Condition 4 - 14.0-sec, 8.5-ft waves at an swl of +5.4 ft mllw




Table 2 (Concluded)

Plan Test Area
TA High-sill section
TA Low-sill head and trunkt
TB High-sill section and low-sill trunk
TB Low=-sill headt
TC Entire breakwatert
TC Entire breakwater
8 Entire breakwatert
9 Entire breakwatert
10 Entire breakwatert
10 Entire breakwater
10A High-sill section and low-sill trunk
10A Low-sill headt
11 Entire breakwatert
11 Entire breakwater
11A High-sill section and low-sill trunk
11A Low-sill head and 5-ft-high groint
12 Entire breakwatert
12 Entire breakwater
12A High- and low-sill trunks
12A High-sill head and 5-ft-high groint
12B High- and low-sill trunks
12B High-sill head and 10-ft-high groint
12C High- and low-sill trunks
12C High-sill head and 10-ft-high groint
12D Entire breakwater and groint

Test
Condition

Duration
hr

N =N DD

n

n

(' SR ST o RN — TR s JR o R b R

{55 SO 1 S 5> AR 5 TN o SR o S AR IR o S

k.o
k.0
2.0
2.0
1.0
k.0

2.0
k.0

2.0
2.0
2.0
2.0

1.0
6.0
1.0
1.0

1.0
L.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

+ 1Indicates test area was changed, rebuilt, and/or added since the
last test condition was run.
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Sea-side view of Plan 1 in the deeper water location after 2.0 hr of 1lL.0-sec,

Photo 3.

12.1-ft waves at an swl of +5.4 ft mllw
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the deeper water location after 1.0 hr of 1L.0-sec,

12.1-ft waves at an swl of +5.4 ft mllw
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Sea-side view of Plan 3 in the shallow-water location after 2.0 hr of 1lL.0-sec,

Photo 11.

8.5-ft waves at an swl of +5.4 ft mllw




BEACH

STABILITY STUDY
MODEL SCALE 116

-
3
I~
™
a
8

PLAN 3
AFTER TESTING

location after 2.0

1allow=-water

he shs

= R P




ATTW 3J G+ JO TMS UB 38 SoABM 1]-G°Q “08S-0°fT
JO ay Q0°'2 JI93J8 UOT3BOOT JI93BM=MOTTBYUS SY3 UT £ UBTJ JO UOT393S [TIS-UFIY JO MSTA SpIs-B3S °£T 030ud

(E-$EZH

14 98:=H
038 O'¥i=1
MTTH 14 #G+=TMS
NOI1V201
YIALVM-MOTTVHS
ONILS3IL ¥3liv
€ NV1d
91 ITVIS TICON
AGNLS ALITISVIS
HOV3IE TVINIdNI




¥O®B33B SABM 9J0J3Q fi UBTJ JO MOTA SpIs-83S *#T 030Ud




ATTW 3F 0°0 JO TMs UB 3B SSABM 3J-€°Q
038-0°fT JO JY G°T J93J8 UOT3BOOT JI938BM Jsdssp syjz Uutr ueTd JO M8TA SpIs-B3S °GT 0o30uUd
y 1 d 1




ATTW 3F f{°G+ JO TMS u®B 3B SaaBM 3I-T°2T
€09s=0°'fT JO Iy 0°C I93J® UOT3BOOT JI33BM J8dssp ayj ur f UBTJd JO MSTA SPIS-BSG

"9T o30ud




}O0B]3B 9ABM 9J0J9Q § UBTJ JO MSTA 3pIS-BIG

*LT ojoug




ATTW 3J 0°0 JO [MS UB 3B SSABM 3J-€°Q

€09s=0°"fT JO Iy G°T I93JB UOT3BOOT J338M I3dsap sY3 UL § UBTJ JO MSTA SpIS-Bag ‘8T oj3oug

VIDEPRPO R



ATTW 3J S+ JO TMS ue 3B sarem 3J-T1°2I
€095=-0°HT JO JY 0°'g J93JB UOT}BOOT JI938M Jadssp ay3 UT § UBTJ JO MSTA SpPIS-BSG
n d I T S

*6T o30ud




€238-0"#T Jo IY

MTTW 3J 0°0 JO TMS UB 3B SaABM 3J-G'f

¢*T JI23JB UOT3E

00T I33BM~MOTTRYS

ay3

UT

a

ueld JO M3TA SPIS~B3Z




MTTW 3J "G+ JO TMS UB 3B SSABM 3J-G°Q
€03s8-0*fT JO XY Q°Z J93J8 UOT}BOOT JI93BM-MOTTBYS SYj Ul ¢ uBTd J

Ay




{OB}GEB SABM 940J3Q 9 UBTJ JO MSTA 9pPTS-BIG

‘¢c o30ud




€098-0"T JO 44 §°T

MITW 3J 0°0 JO TMS UB 3B S9ABM 3J-€°Q
UOT3BO0T J93BM Jadsap 8Yyj UT 9 uBTd JO MSTA 3P




A e e e e

a o LoT
oM I-1°2
+ 5 UB 3B SaABM ]

JO TAMs
b J.x_ RAs

M ~ v “h
DIS-B2

)TA SPTS

( 9 u UeTd JO MSIA

ut 9 UuBld J

i ua T C

1eM Jdsdoop Slofe!

8 I3BM o

UOT3BOOT JI3%3

16 »,\u.

q *Z Ltf&;

[ J v U

3 BT JE

29S8-= T




MTTW 33 #°G+ JO IMS UB 3B S8ABM 3J-T°
.owmlo.ga JO Iy (0°9 JI193J8 UOT3BOOT JI838M J3dssp syz ul 9 uBTd

-
cl
O M3TA 9pPIS

T
g







3
i

>
H
£
-
§
B

3
]
i




MITW 3J 0°0 JO IMS UB 3B SaABM 3J-

3 NewT T G

I31 T8 UOTAEIOT r: oM T I
[ J93J8 UOI3BOOT Js3BM J9U9I9D <

< SO Ty

I ———————— g s -
o VRS W Ve Weer S, S—




MTTW 33 «_,.L+ JO TMS U®B 3® SaasM 1J-T°CIl

UoOT3eO0T J938M J5do9sp 8Y3 UT ) UBTJ JO MSTA apIS-BaS *62 020U

1 U C© L B




}OB33B SABM 910J9Q V) UBTJ JO MSTA 9pTIsS-

B35 *0f 030U




MTTW 3J #{*G+ JO TMS UB 3B SaABM 3J-T'2T €09sS-0°fT JO TITs USTY SYy3 UO 4y Q°f
puB TTTIS MOT 9Yyj3 UO JY (°Z J93JB UOT}BOOT J93BM J9dsap ayj3 Ul Yy, UBTJ JO MSTA apIs-BaS *TE 030Ug




BM

T Q% d,.m+ JO TMS UB 38 SaA
2y3 uo ay Q°n d93J8 UOT3BOOT

T —— _

J~T'2T ¢o9s=0°{T JO TITS UIT
|

+
A938M

L
adesp Syj3 ut yl usBTd JO !




A3
qoEqqE

SABL




ATTW 3F t°G+ JO
€29S-0°#T JO TTTS USTY U0 Iy Q'g PUB ‘IS MO
UOT309S P®AY TIIS-MOT U0 Iy Q°g I93J8 UOT3BOOT

[MS UB 3B SaABM 3J-T°2T
T JO JsputrewWsd U0 4y Q°9 ‘}undj 3usdelpe Jo
J998BM xadasp 9Y3 UT g) uBTd JO MSTA SpPIS-B3S




jOoB33e 9ABM 3J0J3qQ )) UBTJ JO MSTA 9pIs-eag °*Gf 030Udg




MTTW 3J 0°0 JO TMS UB 3B SaABM 1J-€°Q

. =Y N ue JO MITA 3PIS—-EB2gG
L " ATAD- =Talk -) ~¢:Q¢T Y3 ut pi 2Td . A
= . u L I8 UOT3BOOT J33BM
aommlrQ «: 1O AU ) F L4 :

Filaig




WwoRd

———— g g
- e e =

3690

t1*G+ JO TMS UB ]
[ I99BM J9d93p MOTA SPTIS-BIC LE o3oud




ATTW 3J 477G+ JO TMS UB 4B SoABM 1J-1°CT
€09S-0°{T JO JY Q°f{ I93JB UOTI}BOOT I93BM I3dsap s8Y3 UT D) UBTJ JO MSTA SpIs-BSS *QE 030Ud

e 14

% .




ATTW 3J {'G+ JO TMS UB 3B SaABM 3J-T°2T ‘998-0°f{T JO JU 0°f
I97JB UOT3BOOT J493eM Jadesp ayjz UT )L UBTJ JO UOT3OS8S TTIS-MOT JO MSTA SPIS-BSG

14 12=H
238 O'¥i=1
MTIN LA 'S+ TS

NOIL1V201
¥ILVAM 834330
ONILS3L ¥3LdV

OL NV
91 ITVIS T3I00K
AQNLs ALNIEVIS
HOV3IE TVI¥3dNI




MTTW 3J t°G+ JO TME UB 9B SsABA 1]

UuBTd JO UOT3098 [

ATIN L4 ¥'9+2IM8
NOI1V201
¥I1VAM ¥34330
ONILS3L ¥3LiVv
L NV

914 FTVIE TI0N
AGNLS ALNIGVIS
HOVIE TVINIdNI




oNIls3L 340438
9NV

911 FTVOS TI0N

AGALS ALITIGVIS

HOVIE TVINIMI




IMPERIAL BEACH

STABILITY STUDY
MODEL SCALE t:16

PLANS
AFTER TESTING
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BEACH SIDE

A 8
| ! 207.2"
W
T T 1:1.5 <
) 1 X 1:1.5
g "< .
04 FrMLLw\Pl:,'sl I-\m.s -5.0 FT MLLW
0} 2 b —9‘6-0' -t — ;6—0,—‘— = "]P ¢
]
115 fe 1:1.5 2 = — 115
\ J -7.2 FT MLLW \
1 . 1 =115
. SEA SIDE !
A"J L’.B'
INCIDENT WAVE DIRECTION
PLAN VIEW
BEACH SIDE o SEA SIDE
F—"— 104 FT mLLW
1.5
: B
0
&
10.0'
- == s
— 2.8 -10.0 FT MLLW \

SECTION A-A'

23.8'
] -50FT MLLW

SLOPE =1:1.5

SECTION B-B'

MATERIAL CHARACTERISTICS

MODEL PROTOTYP
W, =1.295-LB ROCK @ 165 PCF W, = 3.0-TON ROCK @ 165 PCF
W, =0.065-LB ROCK @ 165 PCF W, =0.15-TON ROCK @ 165 PCF

DEEPER WATER LOCATION
PLAN 1

PLATE




C B e D
i 207.2" ~
1:1.5 = 1:1.5 =
L 1:1.5
:.'li } 1:1.5
o - -5.2 FT MLLW
: - - —96.0' ———— ¢ — — + €
s = t ~ 96.0' | ){
m.s———L J-—m.s
= -5.2 FT MLLW S
1:1.5 1:1.5+ 1:1.5 —~|
SEA SIDE
C'Q—l L+ D'
INCIDENT WAVE DIRECTION
PLAN VIEW
BEACH SIDE 76 SEA SIDE
o R "+ 2.4 FT MLLW ;
1.5
, !
N
~
| 10.0' |

W, — 2.0' ~10.0 FT MLLW S

1|l_f "2 28 th
=

SECTION C-C'
45.4
= —=—{-5.2 FT MLLW
I.y ; 1.5
- : &
1 - , S
o 3 — 2.0 -10.0 FT MLLW N

w1
W2 =
w3

SECTION D-D'

MATERIAL CHARACTERISTICS

MODEL
1.295-L.B ROCK @ 165 PCF
0.065-LL.B ROCK @ 165 PCF
0.0054-LB ROCK @ 165 PCF

w =

=
"

PROTOTYPE
3.0-TON ROCK @ 165 PCF
0.15-TON ROCK @ 165 PCF
25.0-LB ROCK @ 165 PCF

DEEPER WATER LOCATION
PLAN 2

PLATE 2




BEACH SIDE

E"I - F

i _ay 208.0'

1:1.5 1:1.5—~ —-38FT MLLW 1:1.5—~ :
— +1.2 FT MLLW®

1:1.5 — 96.0" 7:’.5_1

i s | -3.8 FT MLLW

— +5.2 FT MLLW +10.2 FT MLLW-+}- - + + €

; F1.2 FT MLLW:
1:1.5 —~ 15— s 4:6!

-3.8 FT MLLW +1.2 FT MLLW-
1.0.5— 1.5~ 105+

el

£ e

SEA SIDE |

L

INCIDENT WAVE DIRECTION

PLAN VIEW

BEACH SIDE e +5.2 FT MLLW SEA SIDE
=4 ——— +10.2 FT MLLW- e
1.5
|
100 |
- S T e
~ 4.2
; | ;
s -10.0 FTMLLW -5.0 FT MLLW* N
SECTION E-E'
‘o -3.8 FT MLLW
31.0 ~—+ 1.2 FT MLLW-
5 5 X \5
1 / & 7 B
e -100 FT MLLW -5.0 FT MLLW* ~N
SECTION F-F'
INDICATES SHALLOW-WATER LOCATION
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W, = 2.16-LB ROCK @ 165 PCF W, = 5.0-TON ROCK @ 165 PCF

W, = 0.22-LB ROCK @ 165 PCF
0.0054-L.B ROCK @ 165 PCF

=
]

W, = 0.5-TON ROCK @ 165 PCF
W, = 25.0-LB ROCK @ 165 PCF

]

DEEPER WATER LOCATION AND
SHALLOW-WATER LOCATION
PLAN 3

PLATE 3




r

BEACH SIDE

3 H
" 207.2° r

BEACH SIDE

17l " 3

s
1:1.5 4.1 1:1.5 1:1.5 —d | 11
=30 FT MLLW ___ 5
o o
+ -3.0 FT MLLW
[_+6.0 FT MLLW _96.0'— 1 e s
b = I 1o 3 &
o ~ I
-3.0 FT MLLW 1:1.5
1:1.5 «f 1:1.5 — 1:.5 —f
- SEA SIDE |
G- e v

T INCIDENT WAVE DIRECTION

PLAN VIEW

SEA SIDE
20" 4 4+6.0 FT MLLW
2
1
100" |

5.0
l(‘:

4 -10.0 FT MLLW N

T

SECTION C-C!'

= w
| 74.8 3.0 FT MLL
1.5 = 1.5
o
l! 7 2 Nl : 1
i 4 —10.0 FT MLLW NG
WA
SECTION H-H'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W, = 2.16-LB ROCK @ 165 PCF W, = 5.0-TON ROCK @ 165 PCF
W, = 0.38-LB ROCK @ 165 PCF W, = 1750.0-LB ROCK @ 165 PCF
W, = 0.0054-LB ROCK @ 165 PCF W, = 25.0-L.B ROCK @ 165 PCF
DEEPER WATER LOCATION
PLAN 4
PLATE 4




BEACH SIDE

oS
= 208.0 o
[ 1voNT1.sH 1V ON 1.5H~_ |
v
*+~3.0 FT MLLW -8.0 FT MLLW 7
i ™
R 0.0 FT MLLW e 0y
* +5.0 FT MLLW |
-
o =
-8.0 FT MLLW «-3.0 FT MLLW
1V ON 1.5H = ; YTV ON 1.5H
o INCIDENT WAVE DIRECTION
SEA SIDE
PLAN VIEW
BEACH SIDE SEA SIDE
0.0 FT MLLW

1 *(+5.0 FT MLLW)

10.0"

1.5

g

~10.0 FT MLLW *(-5.0 FT MLLW)

SECTION (-1*

INDICATES SHALLOW-WATER LOCATION

MATERIAL CHARACTERISTICS

MODEL

W, GRADED % BY WEIGHT
100% £ 1.295-LB ROCK @ 165 PCF
507 < 0.648-LB ROCK @ 165 PCF
25% < 0.432-LB ROCK @ 165 PCF
10% < 0.001-LB ROCK @ 165 PCF

Wy = 0.0054-LB ROCK @ 165 PCF

PROTOTYPE

W,, GRADED % BY WEIGHT
100% £ 6000-LB ROCK @ 165 PCF

50% < 3000-LB ROCK @ 165 PCF

25% < 2000-LB ROCK @ 165 PCF

107 < 6-LB ROCK @ 165 PCF

w, = 25.0-LLB ROCK @ 165 PCF

DEEPER WATER LOCATION AND
SHALLOW-WATER LOCATION
PLAN S5

e e

PLATE §




]VON’SH\

208.0°

BEACH SIDE

S

~8.0 F1IMLLW

1V ON 1.5H

L]
—_

1:3

+1.0 FT MLLW

Lo
-

50.0'

~8.0 FT MLLW

1V ON 1.5H

100~
50%
25%
12.57%
5°.

1V ON 1.5H —ang”

1V ON 1.5H o

AANAAIA

W3 = 0.0054-L.B ROCK

1VON 1.5H ~

SEA SIDE

e

SEA SIDE

INCIDENT WAVE DIRECTICN

PLAN VIEW
18.0
———={ +1.0 FT MLLW

b

BEACH SIDE

NW

10.0 /'3/“’ Sl = \
L 20| 2 15.0' 1V ON 1.5H
! - {' -10.0 FT MLLW

3

SECTION J-J'

ot gy ALO FT MLLW

-4.5'
] S0, 1V ON 1.5H
/',;,2—_45 T
-10.0 FT MLLW

SE

dr \w3

SECTION K-K'

MATERIAL CHARACTERISTICS

MODEL

w,, GRADED % BY WEIGHT

W, = 2.159-LB ROCK @ 165 PCF

2.159-LB ROCK @ 165 PCF

1.295-LB ROCK @ 165 PCF

0.648-LB ROCK @ 165 PCF

0.432-LB ROCK @ 165 PCF

0.001-LLB ROCK @ 165 PCF
® 165 PCF

W‘
W, , GRADED
100% £ 1
50% <
25% <
12.5% <
5% <

Wa= 25.0-LB

PROTOTYPE

= 10,000-LB ROCK @ 165 PCF

% BY WEIGHT

0,000-LLB ROCK @ 165 PCF

6,000-LB ROCK 168 PCF

3,000-LB ROCK @ 165 PCF

2,000-L.B ROCK @ 165 PCF
6-LB ROCK @ 165 PCF

ROCK @ 165 PCF

DEEPER WATER LOCATION

PLAN 6

PLATE 6




F

e BEACH SIDE

96' 1
—~ f’M
80.5'
a 1
-
G TOOFTMLEN | | _ _—SOFTMLLW | _ 3
| ] 5
]
- s
SEA SIDE Low
it INCIDENT WAVE DIRECTION
PLAN VIEW
18.0'
BEACH SIDE = 0.0 FT MLLW SEA SIDE
3 5 3
1 w, 2 1
-10.0 FT MLLW
SECTION L-L'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE

W,. GRADED % BY WEIGHT

L GRADED = BY WEIGHT

100% € 2.158-LB ROCK @ 165 PCF 100 < 10,000-LB ROCK @ 165 PCF
50% < 1.295-L8 ROCK @ 165 PCF 50% < 6,000-LB ROCK @ 165 PCF
25% < 0.648-LB ROCK @ 165 PCF 25% < 3,000-LB ROCK @ 165 PCF
12.5% < 0.432-LB ROCK @ 165 PCF 12.5% < 2,000-LB ROCK @ 165 PCF
5% < 0.001-LB ROCK @ 165 PCF 5% < 6-LB ROCK @ 165 PCF
15.4'
= ~  -5.0 FT MLLW
3 3 3
1 w, o 1
w
-10.0 FT MLLW
SECTION M=M'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W, , GRADED % BY WEIGHT W, , GRADED % BY WEIGHT
100% < 1.295-LB ROCK @ 165 PCF 100% < 6,000-LB ROCK @ 165 PCF
50% < 0.648-LB ROCK @ 165 PCF 50% < 3,000-LB ROCK @ 165 PCF
25% < 0.432-LB ROCK @ 165 PCF 25% < 2,000-LB ROCK @ 165 PCF
107 < 0.001-LB ROCK @ 165 PCF 10% < 6-LB ROCK @ 165 PCF

NOTE: ASSUMES USE OF FILTER CLOTH
UNDER ENTIRE BREAKWATER,.

DEEPER WATER LOCATION
PLAN 7

PLATE 7




BEACH SIDE

BEACH SIDE

iy

INCIDENT WAVE DIRECTION

SEA SIDE

PLAN VIEW

18.0*

i 00/ ETEMLLEW SEA SIDE

-10.0 FT MLLW

SECTION L-L'
MATERIAL CHARACTERISTICS

MODEL

W, . GRADED % BY WEIGHT
100% < 2.156-LB ROCK @ 165 PCF

50% < 1,295-LB ROCK @ 165 PCF

25% < 0.648-LB ROCK @ 165 PCF
12.5% < 0.432-L.B ROCK @ 165 PCF

PROTOTYPE
W,, GRADED % BY WEIGHT
100% < 10,000-LB ROCK @ 165 PCF
50% < 6,000-LB ROCK @ 165 PCF
25% < 3,000-LB ROCK @ 165 PCF
12.5% < 2,000-LB ROCK @ 165 PCF

5% < 0.001-LB ROCK @ 165 PCF 5% < 6-LB ROCK @ 165 PCF
15.4'
" _sgFTmLLW
3 :
1 . 2,
-10.0 FT MLLW

SECTION M-M'
MATERIAL CHARACTERISTICS

MODEL
W, . GRADED % BY WEIGHT

100% < 1.295-LB ROCK @ 165 PCF

507 < 0.648-LB ROCK @ 165 PCF

25% < 0.432-LB ROCK @ 165 PCF

10% < 0.001-LB ROCK @ 165 PCF

PROTOTYPE

W, , GRADED % BY WEIGHT
100% < 6,300-L.B ROCK ¢ 165 PCF
50% < 3,000-L.B ROCK & 165 PCF
25% < 2,000-L.B ROCK & 165 PCF
107 6-L.B ROCK @ 165 PCF

A

3
fo—— 124 | _soFTmMLLW

)3 "

e
P

3
1

=10.0 FT MLLW

SECTION N-N'
MATERIAL CHARACTERISTICS

MODEL

W, , GRADED % BY WEIGHT
100% < 2.158-LB ROCK @ 165 PCF
50% < 1.296-LB ROCK @ 165 PCF
257 <€ 0.648-LB ROCK @ 165 PCF
12.5% < 0.432-LB ROCK @ 165 PCF
5% < 0.001-LB ROCK @ 165 PCF

NOTE: ASSUMES USE OF FILTER CLOTH
UNDER ENTIRE BREAKWATER.

PROTOTYPE

W,, GRADED % BY WEIGHT
100% £ 10,000-LB ROCK @ 165 PCF
50% < 6,000-LB ROCK @ 165 PCF
25% < 3,000-LB ROCK @ 165 PCF
12.5% < 2,000-LB ROCK @ 165 PCF
5% < 6-LB ROCK @ 165 PCF

DEEPER WATER LOCATION
PLAN 7A

PLATE 8




i

SEA SIDE
L,‘j INCIDENT WAVE DIRECTION
PLAN VIEW
18.0' W
BEACH SIDE P—————1 0.0 FT MLL SEA SIDE
3
° 1
=
-10.0 FT MLLW
SECTION L-L'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W, , GRADED " BY WEIGHT W, , GRADED i BY WEIGHT
100% < 2.158-LB ROCK @ 165 PCF 100" < 10,000-LB ROCK @ 165 PCF
50% < 1.295-LB ROCK @ 165 PCF s0% < 6,000-LB ROCK & 165 PCF
25% < 0.648-LB ROCK @ 165 PCF 257 < 3,000-LB ROCK @ 165 PCF
12.5% < 0.432-LB ROCK @ 165 PCF 12.5% < 2,000-LB ROCK @ 165 PCF
5% < 0.001-LB ROCK @ 165 PCF 5% < 6-LB ROCK @ 165 PCF
15.4'
= ~ 5.0 FT MLLW
3 w : 3
r_ o
J . w| =10.0 FT MLLW ! s
SECTION M-M'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W, , GRADED " BY WEIGHT W, . GRADED " BY WEIGHT
1007 < 1.295-LB ROCK @ 165 PCF 100™ < 6,000-LB ROCK @ 165 PCF
507 < 0.648-LB ROCK # 1656 PCF 507 < 3,000-LB ROCK @ 165 PCF
25% < 0.432-LLB ROCK @ 165 PCF 257 < 2,000-LB ROCK ¢ 165 PCF
107 < 0.001-LB ROCK @ 165 PCF 10% < 6-LB ROCK © 165 PCF
'
}- 14" | _soFrmuLw
3 w, - i 3
1 W) 4 1
1 bt T w,
L - 10.0 FTMLLW
SECTION 0-0'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W, = 2.158-LB ROCK @ 165 PCF W, = 10,000-LB ROCK & 165 PCF
W,. GRADED % BY WEIGHT W,, GRADED " BY WEIGHT
100% < 1.295-L.B ROCK @ 165 PCF 100" € 6,000-L.8 ROCK « 165 PCF
50% < 0.648-LB ROCK @ 165 PCF 50% < 3,000-LB ROCK @ 165 PCF
25% < 0.432-L.B ROCK @ 165 PCF 25% < 2,000-L.B ROCK @ 165 PCF
10% < 0.001-LB ROCK @ 165 PCF 10% < 6-LB ROCK & 165 PCF

NOTE: ASSUMES USE OF FILTER CLOTH

UNDER ENTIRE BREAKWATER.

DEEPER WATER LOCATION

PLA

N 7B

PLATE 9




A

INCIDENT WAVE DIRECTION

1

NOTE: ASSUM

ES USE OF FILTER CLOTH

UNDER ENTIRE BREAKWATER.

DEEPER WATER LOCATION

PLAN 7C

PLATE 10

PLAN_VIEW é
18.0'
BEACH SIDE f——=———o{ 0,0 FT MLLW SEA SIDE
32 A 3 J
1—= Q 1 1
W S 5
-10.0 FT MLLW i
SECTION L-L'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W,, GRADED "% BY WEIGHT W, ., GRADED % BY WEIGHT
100% < 2.158-LB ROCK @ 165 PCF 100% < 10,000-LB ROCK @ 165 PCF _
50% < 1.295-LB ROCK @ 165 PCF 50% < 6,000-LB ROCK @ 165 PCF |
25% < 0.648-LB ROCK @ 165 PCF 25% < 3,000-LB ROCK @ 165 PCF :
12.5% < 0.432-LB ROCK @ 165 PCF 12.5% < 2,000-LB ROCK & 165 PCF l
5% < 0.001-LB ROCK @ 165 PCF 5% < 6-LB ROCK @ 165 PCF )
15.4' 1
= — 5.0 FT MLLW 1
-
3 g 3 ’
= Wi < 1 i
@ .
-10.0 FT MLLW
SECTION M=-M'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W, , GRADED % BY WEIGHT W, , GRADED % BY WEIGHT
100% < 1.295-LB ROCK @ 165 PCF 100% < 6,000-LB ROCK @ 165 PCF
50% < 0.648-LB ROCK @ 165 PCF 50 < 3,000-LB ROCK @ 165 PCF
257 < 0.432-LB ROCK @ 165 PCF 257 < 2,000-LB ROCK @ 165 PCF
10% < 0.001-LB ROCK @ 165 PCF 10% < 6-LB ROCK @ 165 PCF
.
J- 1.4 —| -5.0 FT MLLW
3 3 w' i:. 3 .
é
=10.0 FT MLLW
SECTION P-P'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W, = 3,023-LB ROCK @ 165 PCF W, = 14,000-LB ROCK @ 165 PCF




BEACH SIDE

96.0' |
L yaQ
15.0'|
o
0.0 FT MLLW
€ - - -—¢
!
)

]
'

SEA SIDE L'*L.Q'

f INCIDENT WAVE DIRECTION

PLAN VIEW

.0*
BEACH SIDE (ESaaE o 0.0 FT MLLW SEA SIDE
3 2
e > 1
W' 2
-10.0 FT MLLW
SECTION L-L'
MATERIAL CHARACTERISTICS
MODEL EROTOTYRE

W, GRADED % BY WEIGHT

W,, GRADED "% BY WEIGHT

100% < 2.158-LB ROCK @ 165 PCF 100% £ 10,000-L.B ROCK @ 165 PCF
50% < 1.295-LB ROCK @ 165 PCF 50% < 6,000-LB ROCK @ 165 PCF
25% < 0.648-LB ROCK @ 165 PCF 257 < 3,000-LB ROCK @ 165 PCF

12.5% < 0.432-LB ROCK @ 165 PCF 12.5% < 2,000-LB ROCK @ 165 PCF

5% < 0.001-L.B ROCK @ 165 PCF 5% < 6-LB ROCK @ 165 PCF

18.0*
== "1 00FETMLLY

3

-10.0 FT MLLW

SECTION QQ'

5.0

1

5.0'

MATERIAL CHARACTERISTICS

MODEL PROTOTYPE
w‘
WZ , GRADED "% BY WEIGHT

100% £ 2.158-LB ROCK @ 165 PCF

= 3.023-LL.B ROCK @ 165 PCF w, 14,000-LB ROCK @ 165 PCF

W,. GRADED " BY WEIGHT

1007 < 10,000-LB ROCK @ 165 PCF

50% < 1.295-LB ROCK @ 165 PCF 507 < 6,000-LB ROCK @ 165 PCF
25% < 0.648-LB ROCK @ 165 PCF 25% < 3,000-LB ROCK @ 165 PCF
12.5% < 0.432-LB ROCK ¥ 165 PCF 12.5% < 2,000-LB ROCK @ 165 PCF
5% < 0.001-LB ROCK @ 165 PCF s% < 64.8B ROCK @ 165 PCF

NOTE: ASSUMES USE OF FILTER CLOTH
IRE EAKWATER.
A T I s DEEPER WATER LOCATION

PLAN 8

PLATE 1N




) BE

ACH SIDE

68.0* 26.0" R S
- .
8.0
r.
-
-~ ~
\ 00 FT MLLW
|
~ 2 -
‘ SEA SIDE

R'OL $'

1 INCIDENT WAVE DIRECTION

PLAN

- iao:
BEACH SIDE jo 180

VIEW

1%
|m
>
2
I

—{ 0.0FT MLLW

3

=100 FT MLLW

o180 ] o0 FT MLLW

2 2
] bl 1
-10.0 FT MLLW
SECTION R-R!
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE

W, . GRADED ™ BY WEIGHT
100% < 2.158-LB ROCK @ 165 PCF

50% < 1.295-LB ROCK @ 165 PCF

257 < 0.648-LLB ROCK « 165 PCF
12.5% < 0.432-LB ROCK @ 165 PCF

5% <€ 0.001-LB ROCK @ 165 PCF

W, . GRADED * BY WEIGHT
100 £ 10,000-L.6 ROCK @ 165 PCF

50% € 6,006-LB ROCK © 165 PCF
25 < 3,000-LB ROCK @ 165 PCF
2.5% < 2,000-LB ROCK « 165 PCF

s% < 6-LB ROCK & 165 PCF

e — M X YA T

~10.0 FT MLLW

SECTION S-S'

MATERIAL CHA

RACTERISTICS

MODEL

W, = 3.023-LB ROCK @ 165 PCF

W, . GRADED " BY WEIGHT
100 2.158-LB ROCK @ 165 PCF
507, 1.295-L.B ROCK @ 165 PCF
25% 0.648-L.B ROCK & 165 PCF
12.5% 0.432-L.B ROCK @ 165 PCF
5% 0.001-L.B ROCK @ 165 PCF

A

AAAAIL

NOTE: ASSUMES USE OF FILTER CLOTH

UNDER ENTIRE BREAKWATER.

PROTOTYPE

w, = 14,000-L.B ROCK @ 165 PCF

W, ., GRADED % BY WEIGHT
100" <€ 10,000-LB ROCK & 165 PCF

50" < 6,000-LB ROCK @ 165 PCF

25% < 3,000-L.B ROCK @ 165 PCF
12.5% < 2,000-LB ROCK « 165 PCF

5% < 6-LB ROCK @ 165 PCF

DEEPER WATER LOCATION
PLAN 9

PLATE 12




i

BEACH SIDE

T
88.0' 25.2¢
= T T.OV.ISH_ ‘ U"”OZ
) s a - - 7_6_6_ ey 15.0'| 21.7°
1.0V 1.5H p= 4— :
NI ) & 1:2.2
= Nofe ¢
0.0 FT MLLW ~50 FT MLLW "~ 1.0V 2.0H -3.0 FT c
¢ - — - —_— - -
1.0V 2.0H | MLLW T
P :
Bl \ 1
- L
Y] :
Tov ISH udsz
T < SEA SIDE

1 INCIDENT WAVE DIRECTION

PLAN VIEW

18.0 16.0°

16.0
BEACH SIDE S 5 » - " E| SEA SIDE
00 FT MLLW g i

5.0 e
=
v 1.54 1V 1.54
w » o{
2 ~
SECTION T-T'
MATERIAL CHARACTERISTICS
MODE L PROTOTY PE
W‘ , GRADED ™ BY WEIGHT W‘. GRADED * BY WEIGHT
100% £ 2.158-.B ROCK # 165 PCF 100% £ 10,000-1.8B ROCK + 165 PCF
50% € 1.295-L.B ROCK « 165 PCF 50% < 6,000-LB ROCK « 165 PCF
25" < 0.648-L.B ROCK « 165 PCF 257 <€ 3,000-.B ROCK « 165 PCF
12.5% < 0.432-L.B ROCK « 165 PCF 12.5% < 2,000-LB ROCK « 165 PCF
§% < 0.001-LB ROCK # 165 PCF &% S 6-LB ROCK @ 165 PCF

w) 0.0054-L.B ROCK # 165 PCF

Wz 25.0-L.B ROCK @ 165 PCF

6.0 15.4 6.0
o ™ -s0FT MLLW
50 Iy of w, 20 _1v.isH
1V 15H w ! 2 -10.0 FT MLLW
W‘_ o W-,
~
SECTION U-U
1.0 15.4 11.0°
e O ’{-3.0 FTMLLW
1 ¢ @ Was 7 ,
3 ~1 4 :
1V 1.5H ™ “100FT MLLW N !Vi1.5H
w
SECTION V-V'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE

W GRADED " BY WEIGHT

100" £ 1.295-LB ROCK @ 165 PCF
50% < 0.648-L.B ROCK « 165 PCF
25% < 0.432-L.B ROCK @ 165 PCF

5% < 0.001-LB ROCK @ 165 PCF

W, © 0.0054-LB ROCK « 165 PCF
w 3.023-L.B ROCK « 165 PCF

NOTE: ASSUMES USE OF FILTER CLOTH
UNDER ENTIRE BREAKWATER.

W, GRADED " BY WEIGHT
100% € 6,000-L.B ROCK « 165 PCF
50% < 3,000-LB ROCK @ 165 PCF
25% < 2,000-LB ROCK « 165 PCF
5% < 6-LB ROCK @ 165 PCF
w 25.0-LB ROCK © 165 PCF

w1 = 14,000-L.B ROCK @ 165 PCF

"~

DEEPER WATER LOCATION
PLAN 10

PLATE 13




BEACH SIDE

MODE L
W, . GRADED % BY WEIGHT

L 0.,0054-L.B ROCK @ 165 PCF

6.0

i
88.0° )
fe 2 T4 252
- TOV.T.3H T Uz
) e 15.0'] 217
1OV 15 ===
| 1:2.2
ph ",
= M 1 ¢
0.0 FT MLLW -5.0 FT MLLW ™~ 1.0V:2.0H =3.0 FT ¢
€ 1.0V 2.0H | MLLW T
S r ‘
|
~- ) @
s 1:2.2
g % o 1.0V 1.5H
TOVISH ORIy udsz
T <
1 INCIDENT WAVE DIRECTION
PLAN VIEW
16.0° 18.0' 16.0"
BEACH SIDE "—‘—‘—T“—*‘T—ﬁ SEA SIDE
0.0 FT MLLW
2 2
1 1
5.0 [ g W
1V:i1.5H o -10.0 FT MLLW
W, S
¢ J
SECTION T-T'

MATERIAL CHARACTERISTICS

EBOROUYRE

L GRADED * BY WEIGHT

100% £ 2.158-L.B ROCK © 165 PCF 100% <1
50% < 1.295-LB ROCK » 165 PCF 50% <
25~ <€ 0.648-L.B ROCK @ 165 PCF 25% <
12.5% < 0.432-LB ROCK @ 165 PCF 12.5% <
5% < 0.001-LB ROCK @ 165 PCF 5% <

W, = 25.0-LB

._...t.*...; .1._. -8

0,000-LL.B ROCK @ 165 PCF
6,000-LB ROCK @ 165 PCF
3,000-LB ROCK « 165 PCF
2,000-L.B ROCK « 165 PCF

6-LB ROCK @ 165 PCF

ROCK @ 165 PCF

0 FT MLLW

SECTION U-U'

5.0° :
ﬁli af w )b: 150 _1v.1.5H
1V:1.5H ,J:A . "‘I U7 P 1100 FTomLLw
of
~

\wz

-30 FT MLLW

1V 1.5H

1v:1.5H

MODEL
W, , GRADED " BY WEIGHT

W, = 0.22-1.B ROCK @ 165 PCF
Wiy = 3.023-L.B ROCK @ 165 PCF

NOTE: ASSUMES USE OF FILTER CLOTH
UNDER ENTIRE BREAKWATER.

SECTION Z-Z'
MATERIALICHARMCIERISTIGS

EROTOTYRE

W, , GRADED % BY WEIGHT

100" £ 1.295-L.B ROCK @ 165 PCF 100% <
50% < 0.648-L.B ROCK @ 165 PCF 50% <
25~ <€ 0.432-LB ROCK @ 165 PCF 25% <

5% < 0.001-LB ROCK @ 165 PCF §% <

6,000-LB ROCK @ 165 PCF
3,000-LB ROCK @ 165 PCF
2,000-L.B ROCK @ 165 PCF

6-LLB ROCK « 165 PCF

W, = 1,000-LB ROCK @ 165 PCF

2

L 14,000

DEEPER WATER LOCATION

-LB ROCK « 165 PCF

PLAN 10A

PLATE 14




BEACH SIDE

W
88.0° 236" X 4p Y
798
~
%
= V, 1V:2H
e (5 0.0 FT MLLW | =5.0 FT MLLW 1230FT\) o
MLLW
:J N ke iv.2H
/ 1_”_3. 15 1197
SEA SIDE X doy
Wi INCIDENT WAVE DIRECTION
PLAN VIEW
16.0° 18.0° 16.0°
BEACH SIDE : —t— SEA SIDE
e | “T0.0FT MLLW Eeeteres
2 2
1 w l
6.0 e 6.0
] W S |
) -10.0 FT MLLW
T
SECTION W-W'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE

W, , GRADED % BY WEIGHT
100% < 3.023-LB ROCK @ 165 PCF
50% < 2.158-LB ROCK @ 165 PCF
25% < 1.295-LB ROCK @ 165 PCF
12.5% < 0.648-LB ROCK @ 165 PCF
6.25% < 0.432-LB ROCK @ 165 PCF
2.5% < 0.001-LB ROCK @ 165 PCF

W, =0.22-LB ROCK @ 165 PCF

W, . GRADED * BY WEIGHT
100% < 14,000-L.8 ROCK @ 165 PCF

50"
25%

10,000-L.B ROCK «
6,000-LB ROCK @

165 PCF
165 PCF

<
<
12.5% < 3,000-LB ROCK @ 165 PCF
6.25% < 2,000-LB ROCK @ 165 PCF
2.5% < 6-LB ROCK @ 165 PCF

W, = 1,000-LB ROCK @ 165 PCF

6.0, 154 L, 6.0
S i i =50 FT MLLW
,:l“.o- sk W L2
ol 2 1 -10.0 FT MLLW
Tjwa ﬁwz
SECTION X-X'
o, S0 29.4 5.0
'iL -+ 1*—{-3.0 Fr mLLW
( el w |—|6
i ap ¥ =l
[ -T00FTRLIW 1
"\w.. T

SECTION Y-Y'
MATERIAL CHARACTERISTICS

MODEL
W, ., GRADED % BY WEIGHT
100% £ 2.158-LB ROCK @ 165 PCF
50% < 1.295-LB ROCK @ 165 PCF
25% < 0.648-LB ROCK @ 165 PCF
12.5% < 0.432-LB ROCK @ 165 PCF
5% < 0.001-LB ROCK @ 165 PCF
W, =0.22-LB ROCK @ 165 PCF
W, = 3.023-LB ROCK @ 165 PCF

NOTE: ASSUMES USE OF FILTER CLOTH
UNDER ENTIRE BREAKWATER.

PROTOTYPE
W, . GRADED *% BY WEIGHT
100% < 10,000-LB ROCK @ 165 PCF
50% < 6,000-LB ROCK @ 165 PCF
257 < 3,000-LB ROCK @ 165 PCF
12.5% < 2,000-LB ROCK @ 165 PCF
s% < 6-LB ROCK @ 165 PCF
W, = 1,000-L.B ROCK @ 165 PCF

W, = 14,000-LLB ROCK @ 165 PCF

DEEPER WATER LOCATION

PLAN 11

PLATE 15




BEACH SIDE
w
88.0 i 236
79.8°
—
% Y 1V.2H \
0.0 FT MLLW ~5.0 FT MLLW 1=3.0FT
Q S T I MLLW) Q
TV.2H
_.,1 N\ -y
.3 75 ] 19.7°
SEA SiDE x oy
W'e INCIDENT WAVE DIRECTION
PLAN VIEW
BEACH SIDE leor . son. .. 1o SEA SIDE
gL | | 0.0 FT MLLW T
2 2
1 w : l
S| 6.0 vo9 6.0'
a pcf 3 i
1 -10.0 FT MLLW
T, o
SECTION W-W'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE

W, , GRADED % BY WEIGHT
1007 < 3.023-LB ROCK @ 165 PCF
507 < 2.158-LB ROCK @ 165 PCF
25% < 1.295-L.B ROCK @ 165 PCF
12.5% < 0.648-LB ROCK @ 165 PCF

W,. GRADED * BY WEIGHT
100% < 14,000-LB ROCK @ 165 PCF
50% < 10,000-LB ROCK @ 165 PCF
25% < 6,000-LB ROCK @ 165 PCF
12.5% < 3,000-LB ROCK @ 165 PCF

6.257% < 0.432-LB ROCK @ 165 PCF
2.5% < 0.001-LB ROCK @ 165 PCF

W, =0.22-LB ROCK @ 165 PCF

6.25% < 2,000-LB ROCK @ 165 PCF
2.5% < 6-LB ROCK @ 165 PCF

W, = 1,000-LB ROCK @ 165 PCF

£.0 15.4' 6.0
5 =5.0 FT MLLW
~} L6.0: 1 of w, ! a5
l:_ 2 - ! 7 ~10.0 FT MLLW
i W, v
SECTION X-X'
5, S0 29.4 5.0
sl ———— 1. 3.0 FT MLLW
T'—I— 21w, ql
~
=710 MLLW
w W, "

SECTION Y-Y'

10.0'
2 2
1 wl Y, 1
1)

SECTION 1-1'
MATERIAL CHARACTERISTICS

MODEL
W,, GRADED % BY WEIGHT

PROTOTYPE

W, . GRADED % BY WEIGHT

100% £ 2.158-LB ROCK @ 165 PCF 100% < 10,000-LB ROCK @ 165 PCF
507 < 1.295-LB ROCK @ 165 PCF s0% < 6,000-LB ROCK @ 165 PCF
25% < 0.648-LB ROCK @ 165 PCF 25% < 3,000-LB ROCK @ 165 PCF

12.5% < 0.432-LB ROCK @ 165 PCF
5% < 0.001-LB ROCK @ 165 PCF

=0.22-LB ROCK @ 165 PCF
= 3.023-LB ROCK @ 165 PCF

12.5% < 2,000-L.B ROCK @ 165 PCF
8% < 6-LB ROCK @ 165 PCF

1,000-LB ROCK @ 165 PCF
14,000-LB ROCK @ 165 PCF

w2

'

NOTE: ASSUMES USE OF FILTER CLOTH
UNDER ENTIRE BREAKWATER.

DEEPER WATER LOCATION
PLAN 11A

PLATE 16




MODEL

W BEACH SIDE 2 -y
. 60 X4 2373 93.33'
_-8.0 FT MLLW =
] V:2H [
X W 0.0 FT MLLW
P B T i T A
Tv.2H N‘I
-8.0 FT MLLW v -
x'o] SEA SIDE o]
W o 24
t INCIDENT WAVE DIRECTION
PLAN VIEW
3 SEA SIDE
BEACH SIDE 6.0, 154 6.0° e
o
~
-10.0 FT MLLW
T W, <w,
SECTION X-X'
MATERIAL CHARACTERISTICS
PROTOTYPE

W, ., GRADED % BY WEIGHT

W,, GRADED % BY WEIGHT

100% < 2.158-LB ROCK @ 165 PCF 100% < 10,000-LB ROCK @ 165 PCF
50% < 1.295-LB ROCK @ 165 PCF s0% < 6,000-LB ROCK @ 165 PCF
25% < 0.648-L.B ROCK @ 165 PCF 25% < 3,000-LB ROCK @ 165 PCF
12.5% < 0.432-LB ROCK @ 165 PCF 12.5% < 2,000-LB ROCK & 165 PCF
5% < 0.001-LB ROCK @ 165 PCF 8% < 6-LB ROCK @ 165 PCF
W, =0.22-LB ROCK @ 165 PCF W, = 1,000-LB ROCK @ 165 PCF
_16.0' _18.0° 16.0° __,
t T o Frmiiw
MLLY
2 2
K 1 - )
Y 6.0 S w, 6.0
= s
= -10.0 FT MLLW o=
T W, v,
SECTION W-W'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W, . GRADED “ BY WEIGHT W,. GRADED " BY WEIGHT
1007 £ 3.023-LB ROCK « 165 PCF 100% < 14,000-LB ROCK @ 165 PCF
507 < 2.158-LB ROCK @ 165 PCF 50% < 10,000-L.B ROCK « 165 PCF
25% < 1,295-LB ROCK « 165 PCF 25% < 6,000-LB ROCK @ 165 PCF
12.57 < 0.648-L B ROCK + 165 PCF 12.5% < 3,000-LB ROCK @ 165 PCF
6.25% < 0.432-L.B ROCK @« 165 PCF 6.25% < 2,000-LB ROCK ¥ 165 PCF
2.5% < 0.001-LB ROCK @ 165 PCF 2.5% < 6-.B ROCK @ 165 PCF
W, = 0.22-LB ROCK @ 165 PCF W, = 1,000-LB ROCK @« 165 PCF
A ) R = 24.0°
s T GOoFTMLLW
3 of w,
5 1
o W,
T . =10.0 FT MLLW 2
SECTION 2:2'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W, = 3.023-LB ROCK @ 165 PCF W, = 14,000-1.B ROCK @ 165 PCF
W,, GRADED % BY WEIGHT W, . GRADED % BY WEIGHT
100% < 3.023-L.8 ROCK @ 165 PCF 100% < 14,000-LB ROCK @ 165 PCF
50% < 2.158-1.8 ROCK @ 165 PCF 50% < 10,000-LB ROCK @ 165 PCF
257 < 1,295-L.B ROCK @ 165 PCF 25% < 6,000-LB ROCK @ 165 PCF
12.5% < 0.648-LB ROCK @ 165 PCF 12.5% < 3,000-LB ROCK @ 165 PCF
6.25% < 0.432-LB ROCK @ 165 PCF 6.2%% < 2,000-LB ROCK @ 165 PCF
2.5% < 0.001-LB ROCK @ 165 PCF 2.5% < 6-LB ROCK @ 165 PCF

NOTE: ASSUMES USE OF FILTER CLOTH
UNDER ENTIRE BREAKWATER.

DEEPER WATER LOCATION
PLAN 12

PLATE 17




W, =0.22-LB ROCK @ 165 PCF

1 1
? S I 2
1.2 1:2
BEACH SIDE ==
w <7
~ e
=t 64.0¢ X-ey 23.73 93.33"
[ -8.0 FT MLLW Zf L~
—— ~ ™) a
lV:2N3 = =1 3
-5.0 FT MLLW |% ! 0.0 FT MLLW
€ = vj—(¢ = = ¢
1v:2H = rd o @
i =
T TBOFTMLIW T ~
X! SEA SIDE © 16.0'| 33.0°
w "" .
INCIDENT WA VE DIRECTION
PLAN VIEW
BEACH SIDE S M pHA SEA SIDE
¢ 20 5.0 FT MLLW
< .
:-L| 6.0 I Tw, 6_‘ 1 6.0
2 « e -10.0 FT MLLW
T w, W,
SECTION X-X'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W, , GRADED % BY WEIGHT W, , GRADED % BY WEIGHT
100% £ 2.158-LB ROCK @ 165 PCF. 100% £ 10,000-LB ROCK @ 165 PCF
507 < 1.295-LB ROCK @ 165 PCF 50% < 6,000-LB ROCK @ 165 PCF
25% < 0.648-LB ROCK @ 165 PCF 25% < 3,000-LB ROCK @ 165 PCF
12.5% < 0.432-LB ROCK @ 165 PCF 12.5% < 2,000-LB ROCK @ 165 PCF
5% < 0.001-LB ROCK @ 165 PCF 5% < 6-LB ROCK @ 165 PCF

W, .= 1,000-L8 ROCK @ 165 PCF

W, =0.22-L.B ROCK @ 165 PCF

UNDER ENTIRE BREAKWATER.

W, = 3.023-LB ROCK @ 165 PCF W, = 14,000-LB ROCK @ 165 PCF
16.0 B 18.0° " 16.0'
| | _oorFrmew]
2 i 2
1 3 1
O;L 6.0' = ra 5.0
N =
kel -10.0 FT MLLW
T W, W,
SECTION W-W'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W, GRADED % BY WEIGHT W,, GRADED % BY WEIGHT
100% £ 3.023-LB ROCK @ 165 PCF 100% < 14,000-LB ROCK @ 165 PCF
50% < 2.158-LB ROCK @ 165 PCF 50% < 10,000-LB ROCK @ 165 PCF
25% < 1,295-LB ROCK @ 165 PCF 25% < 6,000-LB ROCK @ 165 PCF
12.5% < 0.648-LB ROCK @ 165 PCF 12.5% < 3,000-LB ROCK @ 165 PCF
6.25% < 0.432-LB ROCK @ 165 PCF 6.25% < 2,000-LB ROCK @ 165 PCF
2.5% < 0.001-LB ROCK @ 165 PCF 2.5% < 6-LB ROCK @ 165 PCF

NOTE: ASSUMES USE OF FILTER CLOTH

W, = 1,000-LB ROCK @ 165 PCF

DEEPER WATER LOCATION
PLAN 12A

PLATE 18




BEACH SIDE SEA SIDE
"' 10.0' ]
2 : 2
1 w2 N
w
SECTION 1-1'
MATERIAL CHARACTERISTICS

MODEL PROTOTY PE
W,. GRADED " BY WEIGHT W,, GRADED % BY WEIGHT
100% < 2.158-LB ROCK @ 165 PCF 100% £ 10,000-LB ROCK @ 165 PCF
507 < 1.295-LB ROCK @ 165 PCF 50% < 6,000-LB ROCK @ 165 PCF
25% < 0.648-LB ROCK @ 165 PCF 25% < 3,000-LB ROCK @ 165 PCF
12.5% < 0.432-LB ROCK @ 165 PCF 12.5% < 2,000-LB ROCK @ 165 PCF
5% < 0.001-LB ROCK @ 165 PCF 5% < 6-LB ROCK @ 165 PCF
24.0' . 18.0" i 24.0'
i | | 0.0 FT MLLW
3 Wi 3
= 1l'_— _——“ °
"iL W 15) \ ~
Lo
"’* -10.0 FT MLLW

SECTION 2-2'
MATERIAL CHARACTERISTICS

MODEL PROTOTYPE
W, = 3.023-LB ROCK @ 165 PCF W, = 14,000-LB ROCK @ 165 PCF
W._, GRADED " BY WEIGHT W, , GRADED " BY WEIGHT
100% < 3,023-LB ROCK : 165 PCF 100% £ 14,000-LB ROCK @ 165 PCF
50" < 2.158-LB ROCK @ 165 PCF 50% < 10,000-LB ROCK @ 165 PCF
25% < 1.295-LB ROCK 165 PCF 25% < 6,000-LB ROCK @ 165 PCF
12.5% < 0.648-LB ROCK 165 PCF 12.5% < 3,000-LB ROCK @ 165 PCF
6.25% < 0.432-LB ROCK @ 165 PCF 6.257 < 2,000-LB ROCK @ 165 PCF
2.5% < 0.001-LB ROCK 165 PCF 2.5% < 6-LB ROCK @ 165 PCF

NOTE: ASSUMES USE OF FILTER CLOTH
UNDER ENTIRE BREAKWATER.,

DEEPER WATER LOCATION
PLAN 12A

PLATE 18 (CONTINUED)
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INCIDENT WAVE DIRECTION
PLAN VIEW

BEACH SIDE SEA SIDE
1.6.0' 15.4' 6.0' | S

] 1-5.0 FT MLLW
o
2 Ls.0 | Tw. o 1 6.0'
e 2 = -10.0 FT MLLW
TSNS
I w2 wZ

SECTION X-X'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W‘ , GRADED % BY WEIGHT W‘ , GRADED % BY WEIGHT

100% £ 2.158-LB ROCK @ 165 PCF 100% 10,000-LB ROCK @ 165 PCF
50% < 1.295-L.B ROCK @ 165 PCF 50 % 6,000-LB ROCK @ 165 PCF

25% < 0.648-LB ROCK @ 165 PCF 25% 3,000-LB ROCK @ 165 PCF
12.5% < 0.432-LB ROCK @ 165 PCF 12.5% 2,000-LLB ROCK @ 165 PCF

5% < 0.001-LB ROCK @ 165 PCF 5% 6-LLB ROCK @ 165 PCF

w, = 0.22-L.B ROCK @ 165 PCF W, = 1,000-L.B ROCK @ 165 PCF

AAANAAIA

16.0' 18.0 16.0°

=T | _0.0FT MLLW
2 2
a5 ] Y, & 1 i
o .0 .
~_L"“" =
| o -10.0 FT MLLW

SECTION W-W'
MATERIAL CHARACTERISTICS

MODEL PROTOTYPE
W, GRADED % BY WEIGHT W,, GRADED % BY WEIGHT
1007, £ 3.023-LB ROCK @ 165 PCF 100% < 14,000-LB ROCK @ 165 PCF

50% < 2.158-LB ROCK @ 165 PCF 50% < 10,000-LB ROCK @ 165 PCF
25% < 1.295-LB ROCK @ 165 PCF 25% < 6,000-LB ROCK @ 165 PCF
12.5% < 0.648-LB ROCK @ 165 PCF 12.5% < 3,000-LB ROCK @ 165 PCF
6.25% < 0.432-LB ROCK @ 165 PCF 6.25% < 2,000-LB ROCK @ 165 PCF
2.5% < 0.001-LB ROCK @ 165 PCF 2.5% < 6-LB ROCK @ 165 PCF

W, =0.22-LB ROCK @ 165 PCF W, = 1,000-LB ROCK @ 165 PCF

NOTE: ASSUMES USE OF FILTER CLOTH
UNDER ENTIRE BREAKWATER.

DEEPER WATER LOCATION
PLAN 12B

PLATE 19




BEACH SIDE SEA SIDE
L 20.0' | 10.0' _| 20.0 |
| | 0.0 FT MLLW
2 < 2
1 w, o )
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SECTION 3-3'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W,, GRADED % BY WEIGHT W,, GRADED % BY WEIGHT
100% £ 2.158-LB ROCK @ 165 PCF 100% < 10,000-LB ROCK @ 165 PCF
50% < 1,295-L.B ROCK @ 165 PCF 50% < 6,000-LB ROCK @ 165 PCF
25% < 0.648-L.B ROCK @ 165 PCF 25% < 3,000-LB ROCK @ 165 PCF
12.5% < 0.432-L.B ROCK @ 165 PCF 12.5% < 2,000-LB ROCK @ 165 PCF
5% < 0,001-LB ROCK @ 165 PCF 5% < 6-LB ROCK @ 165 PCF
24.0' 18.0 24.0
| - |
-l 0.0 FT MLLW
w o
5 ¥s U <l
S )
i W, o "3{
-n -10.0 FT MLLW
1 ~
| 35 3] I
~
SECTION 4-4'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W, = 3.023-LB ROCK @ 165 PCF W, = 14,000-LB ROCK @ 165 PCF
W_, GRADED % BY WEIGHT W, , GRADED " BY WEIGHT
100% < 3.023-LB ROC.: @ 165 PCF 100% < 14,000-LB ROCK @ 165 PCF
50% < 2.158-LB ROCK @ 165 PCF 50% < 10,000-LB ROCK @ 165 PCF
25% < 1,295-LB ROCK @ 165 PCF 25% < 6,000-LB ROCK @ 165 PCF
12.5% < 0.648-LB ROCK @ 165 PCF 12.5% < 3,000-LB ROCK @ 165 PCF
6.25% < 0.432-LB ROCK @ 165 PCF 6.25% < 2,000-LB ROCK @ 165 PCF
2.5% < 0.001-LB ROCK @ 165 PCF 2.5% < 6-LB ROCK @ 165 PCF
W,, GRADED % BY WEIGHT W, . GRADED % BY WEIGHT
100% < 2.158-LB ROCK @ 165 PCF 1007 £ 10,000-LB ROCK @ 165 PCF
50% < 1.295-LB ROCK @ 165 PCF s0% < 6,000-LB ROCK @ 165 PCF
25% < 0.648-LB ROCK @ 165 PCF 25% < 3,000-LB ROCK @ 165 PCF
12.5% < 0.432-LB ROCK @ 165 PCF 12.5% < 2,000-LB ROCK @ 165 PCF
5% < 0.001-L.B ROCK @ 165 PCF 5% < 6-LB ROCK @ 165 PCF

NOTE: ASSUMES USE OF FILTER CLOTH
UNDER ENTIRE BREAKWATER.

DEEPER WATER LOCATION
PLAN 12B

PLATE 19 (CONTINUED)
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o
| oLso | _&n 1> 6.0
o~ W, ©
—L 2 ] .AI 2 R -10.0 FT MLLW
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SECTION X-X'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W, , GRADED % BY WEIGHT W,, GRADED % BY WEIGHT
100% £ 2.158-LB ROCK @ 165 PCF 100% £ 10,000-LB ROCK @ 165 PCF
50% < 1.295-LB ROCK @ 165 PCF 50% < 6,000-LB ROCK @ 165 PCF
25% < 0.648-LB ROCK @ 165 PCF 25% < 3,000-LB ROCK @ 165 PCF
12.5% <€ 0.432-LB ROCK @ 165 PCF 12.5% < 2,000-LB ROCK @ 165 PCF
5% < 0.001-LB ROCK @ 165 PCF 5% < 6-LB ROCK @ 165 PCF
W, =0.22-LB ROCK @ 165 PCF W, = 1,000-LB ROCK @ 165 PCF
16.0 3 18.0 e 16.0°
| | 00 FT MLLW
2 2
=% 6.0 / e =l 6.0
o .0 0
o F s
| -10.0 FT MLLW
4
T w, W,
£ SECTION W-W'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W,, GRADED % BY WEIGHT W,, GRADED % BY WEIGHT
100~ < 3.023-LB ROCK @ 165 PCF 100% < 14,000-LB ROCK @ 165 PCF
50% < 2.158-LB ROCK @ 165 PCF 50% < 10,000-LB ROCK @ 165 PCF
25% < 1.295-LB ROCK @ 165 PCF 25% < 6,000-LB ROCK @ 165 PCF
12.57% < 0.648-LB ROCK @ 165 PCF 12.5% < 3,000-LB ROCK @ 165 PCF
P 6.25% < 0.432-LB ROCK @ 165 PCF 6.25% < 2,000-LB ROCK @ 165 PCF
2.5% < 0.001-LB ROCK @ 165 PCF 2.5% < 6-LB ROCK @ 165 PCF
W, =0.22-LB ROCK @ 165 PCF W, = 1,000-L.B ROCK @ 165 PCF
NOTE: ASSUMES USE OF FILTER CLOTH
UNDER ENTIRE BREAKWATER.
DEEPER WATER LOCATION
PLAN 12C

PLATE 20
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SECTION 3-3'

ATERIAL CHARACTERISTICS

MODEL

¥, . GRADED " BY WEIGHT

EROBORYRE

W, . GRADED " BY WEIGHT

100%
50*
25%

12.5%
6.25%
2.5%

1007,
S0 %
25%

12.5%
5%

100% < 2.158-LB ROCK @ 165 PCF 100” < 10,000-LB ROCK = 165 PCF
507 < 1.295-LLB ROCK ¢ 165 PCF 50% < 6,000-LB ROCK @ 165 PCF
25% < 0.648B-LB ROCK @ 165 PCF 257 < 3,000-LB ROCK & 165 PCF
12.57 < 0.432-LB ROCK @ 165 PCF 12.5% < 2,000-LB ROCK @ 165 PCF
5% < 0.001-LB ROCK @ 165 PCF 5% < 6-LB ROCK 165 PCF
40.0' , 18.0 24.0 A
o F. | 0.0 FT mLLW
< :
< “w W‘ S W‘ 8
<;‘ sl 1 |
o w ) WZ t
| 5 Y -710.0 FT MLLW
35

SECTION 5-5'

MATERIAL CHARACTERISTICS

MODEL

W, = 3.023-L.B ROCK @ 165 PCF
W., GRADED * BY WEIGHT

< 3.023-LB ROCK @ 165 PCF
< 2.158-LB ROCK @ 165 PCF
< 1.295-LB ROCK @ 165 PCF
< 0.648-LB ROCK @ 165 PCF
< 0.432-LB ROCK @ 165 PCF
< 0.001-LB ROCK @ 165 PCF

Ws, GRADED * BY WEIGHT

< 2.158-LB ROCK @ 165 PCF
< 1.295-LB ROCK @ 165 PCF
< 0.648-LB ROCK @ 165 PCF
< 0.432-LB ROCK @ 165 PCF
< 0.001-.B ROCK @ 165 PCF

NOTE: ASSUMES USE OF FILTER CLOTH
UNDER ENTIRE BREAKWATER,

PROTOTYPE
w
W, , GRADED % BY WEIGHT

100% < 14,000-LB ROCK @
50% < 10,000-LB ROCK &
25% < 6,000-LB ROCK @
12.5% < 3,000-LB ROCK @
6.25% < 2,000-LB ROCK @
2i8%, < 6-LB ROCK @

W,. GRADED " BY WEIGHT
100% < 10,000-LB ROCK @
50% < 6,000-LB ROCK @
25% < 3,000-LB ROCK @
12.5% < 2,000-LB ROCK @
5% < 6-LB ROCK @

5

DEEPER WATER LOCATION

PLAN 12C

y = 14,000-LB ROCK @ 165 PCF

165 PCF
165 PCF
165 PCF
165 PCF
165 PCF
165 PCF

168 PCF
165 PCF
165 PCF
165 PCF
165 PCF

PLATE 20 (CONTINUED)




100%
S0%
25%

5%

1007
50%
25%

12.5%
6.25%

AANAAIA

W,, GRADED % BY WEIGHT

< 2.158-L.B ROCK @ 165 PCF
< 1.295-L.B ROCK @ 165 PCF
< 0.648-L.B ROCK @ 165 PCF
12.5% < 0.432-LB ROCK @ 165 PCF
< 0.001-L.B ROCK @ 165 PCF

W, =0.22-LB ROCK @ 165 PCF

1:2 133
6 6'
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640° X4 2373
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12t - 0.0 FT MLLW |
T orma—t M T 9333 — 1.0 €
Tv-2H ~ @
i | &
11.3--& | BOFTMLLW 1 N
x4 SEA SIDE QT 3.0:
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:-L 6.0 Tw. & 1> 6.0
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-
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SECTION X-X'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE

W,, GRADED % BY WEIGHT
100% < 10,000-LB ROCK @ 165 PCF
50% < 6,000-LB ROCK @ 165 PCF
25% < 3,000-LB ROCK @ 165 PCF
12.5% < 2,000-LB ROCK @ 165 PCF
5% < 6-LB ROCK @ 165 PCF

W, = 1,000-LB ROCK @ 165 PCF

16.0' : 18.0' 16.0°
i 1 00 FT mMLLW
2 2
el S T8 ~ e
| T -10.0 FT MLLW
T W, Wa
SECTION W-W'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE

W,, GRADED % BY WEIGHT

3.023-LB ROCK @ 165 PCF
2.158-LB ROCK @ 165 PCF
1.295-L.B ROCK @ 165 PCF
0.648-LB ROCK @ 165 PCF
0.432-LB ROCK @ 165 PCF
2.5% < 0.001-LB ROCK @ 165 PCF

W_ =0.22-L.B ROCK @ 165 PCF

W,. GRADED " BY WEIGHT

100% < 14,000-LB ROCK @ 165 PCF
50% < 10,000-LB ROCK @ 165 PCF
25% < 6,000-LB ROCK @ 165 PCF
12.5% < 3,000-LB ROCK @ 165 PCF
6.25% < 2,000-LB ROCK @ 165 PCF
2.5% < 6-LB ROCK @ 165 PCF

W, = 1,000-L.B ROCK @ 165 PCF

NOTE: ASSUMES USE OF FILTER CLOTH
UNDER ENTIRE BREAKWATER.

DEEPER WATER LOCATION
PLAN 12D

PLATE 21

—
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SECTION 6 6' ;
.
MATERIAL CHARACTERISTICS |
MODEL PROTOTYPE
W, . GRADED % BY WEIGHT W,, GRADED % BY WEIGHT
100% < 3.023-L.B ROCK @ 165 PCF 100% < 14,000-LB ROCK @ 165 PCF
507 < 2.158-LLB ROCK @ 165 PCF 50% < 10,000-LB ROCK @ 165 PCF
25% < 1.295-L.B ROCK @ 165 PCF 25% < 6,000-LB ROCK @ 165 PCF
12.5% < 0.648-L.B ROCK @ 165 PCF 12.5% < 3,000-LB ROCK @ 165 PCF
6.25% < 0.432-LLB ROCK @ 165 PTF 6.25% < 2,000-LB ROCK @ 165 PCF
2.5% < 0.001-LLB ROCK @ 165 PCF 2.5% < 6-LB ROCK @ 165 PCF
24.0' 18.0" 24.0' )
' =N | |
— 0.0 FT MLLW
) Le Wyl & 32 :
S fal
/wz < ~
& -10.0 FT MLLW
1 .
| 35 al f
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SECTION 7-7'
MATERIAL CHARACTERISTICS
MODEL PROTOTYPE
W, = 3.023-LB ROCK @ 165 PCF W, = 14,000-LB ROCK @ 165 PCF
W_, GRADED % BY WEIGHT W,, GRADED % BY WEIGHT
100% £ 3.023-LB ROCK @ 165 PCF 100% < 14,000-LB ROCK @ 165 .’CF
50% < 2.158-LB ROCK @ 165 PCF 50% < 10,000-LB ROCK @ 165 PCF
25% < 1.295-LB ROCK @ 165 PCF 25% < 6,000-LB ROCK @ 165 PCF
12.5% < 0.648-LB ROCK @ 165 PCF 12.5% < 3,000-LB ROCK @ 165 PCF
6.25% < 0.432-LB ROCK @ 165 PCF 6.25% < 2,000-LB ROCK @ 165 PCF
2.5% < 0.001-LB ROCK @ 165 PCF 2.5% < 6-LB ROCK @ 165 PCF
NOTE: ASSUMES USE OF FILTER CLOTH
UNDER ENTIRE BREAKWATER.
DEEPER WATER LOCATION
t PLAN 12D
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Breakwater stability study, Imperial Beach, California; hy-
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Information Service, 1977,

24, 87y p., 25 leaves of plates : ill. ; 27 cm. (Technical
report - U. S. Army Engineer Waterways Experiment Station ;
H-77-22)

Prepared for U. S. Army Engineer District, Los Angeles, Los
Angeles, California.
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