
CHAPTER 1

INTRODUCTION

Coastal protection structures are constructed to control coastal

erosion, and to maintain beaches and inlets. Erosion occurs when more

material is eroded than is deposited. It can result from natural

sources such as storms, tides and sea level rise, or can be caused by

man-made structures in the coastal zone. Coastal structures, then, are

part of the problem, as well as one of the solutions.

Breakwaters, jetties and groins are "process alteration

structures." They extend into the water and stabilize the shore region

by actively changing the natural equilibrium of the coastal processes.

Simple examples of these structures are illustrated in Figure 1.1.

Groins are strictly for shore yrotection; by trapping littoral drift
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they are intended to retard erosion of the affected beach. Jetties are

built for inlet and harbor yrotection; they accrete li,ttoral material

that would otherwise fill the inlet and stabilize the location of

navigation channels. Breakwaters can function predominantly as either

shore or harbor protection or can serve both purposes at once.

The design and behavior of process alteration structures may seem

deceptively simple in concept. However, the coastal environment in

which they are situated is characterized by complex and variable

processes that are often difficult to quantify. The actual operation of

breakwaters, jetties and groins, then, is correspondingly complex.

Structural design must be guided by an understanding of the prevailing

shoreline processes. The negative effects of inadequate and improperly

designed "protection" can be far reaching and severe.
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Figure 1.1 Process Alteration Structures  Weggel, 1981, p. 12;
CERC, 1977, p. S-35!



There are many aspects to the philosophy of shore protection.

Groins and other structures that interfere with natural coastal

processes usually increase erosion rates on adjacent areas. Some

extremists advocate prohibition of the use of shore protection

structures, to slow the rapid exploitation of coastal regions.

Alternatively, many consider protective structures as a necessary

adjunct' to development of the coastal zone. Zt is generally agreed,

however, that structural solutions to coastal erosion problems should be

used as carefully and selectively as possible. A current trend is

toward the use of non-structural methods to control or lessen the
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problems caused by erosion, rather than to stop the erosion. Some of

these methods are listed in Table l.l and should al~ays be considered as

alternatives to structural solutions, especially: l! when economics do

not clearly favor structural solutions, 2! when structures would result

in unacceptable adverse imyacts, and 3! when structural solutions might

encourage development, that would in turn necessitate increased and more

costly shore protection  Sanko and Smith, in preparation!.

The fi.rst yare of this study focuses on the functional design of

breakwaters, jetties and groins. Zt is essential to understand littoral

processes and inlet hydraulics prior to planning structures which will

alter them. With this background the fundamental nature of the

structures - how they work - can be explored. Structure orientation,

length, height, spacing and other geometrical components delineate the

area which will be protected. Various combinations are examined in the

design phase to discover the set of characteristics which will provide

the required protection at the lowest cost and with a minimum of

negative effects. Structures which impose the least on the coastal



Table l.l Non-Struc.tural Methods for Erosion Control
 compiled from Sanko and Smith, in
preparation!

Active

Methods
Passive

Methods

Move threatened structures

Vegetative methods

Remedy t' he cause

Land-use controls

Coastal setbacks

Do nothing



zone, i.e., are as short and low as possible, are preferable from an

environmental viewpoint.

Structural design is central to the second part of this study.

Structure configurations common to breakwaters, jetties and groins are

classed in two general categories, mound and wall constructions. A

third category, low cost shore protection, reflects a recent trend

toward developing low cost, smaller-scale protection devices appropriate

for implementation by private landowners. Some typical structural

alternatives are shown in Pigure 1.2. Designs are further

individualized by their material components. Commonly used materials

Include rock, concrete, steel and wood, and newer options, such as

gabions and synthetic fabrics. The structural type which is suitable

depends largely on the scale and purpose of the pro]ect. The emphasis

of this study is on engineering smaller-scale shore stabilization

structures and, consequently, less massive designs. Rubble mounds are

the most common form of breakwaters, jetties and groins, and are singled

out for more extensive design treatment.

The destructive forces of the sea, in the form of waves and

currents, impose the largest design loads on shore protection

structures. Correct characterization of the design wave is key to

proper rubble mound design. Ice, earthquakes, and impact pressures may

also inflict damaging forces and should be evaluated on. a site-specific

basis.

The significance of geotechnical conditions in rubble mound design

is often underestimated. Problems generated by settlement, insufficient

soil bearing capacity and toe scour can be critical to stability. These

can usually be alleviated if they are anticipated, and countermeasures
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Figure 1.2 Structural Variatkons  CZRC, 1977, pp, 6-63 and 6-79;
Rogers, Golden and Halpern, 1981, p. 20!



are incorporated into the foundation scheme. Foundation design should

be given as much attention as the structural design of the mound.

Selection of the rubble mound cover layer material is especially

important, as stability depends largely on the hydraulic and structural

integrity of cover layer elements. Rock is the most widely used

material; ho~ever, few guidelines have been proposed for the evaluation

of rock quality for coastal engineering applications. The discussion in

Chapter 6 attempts to fill this void by suggesting procedures and

standards for the investigation of rock durability. Rock parameters

which influence quarry design are also reviewed. Concrete armor units

have superior hydraulic stability characteristics and may be a feasible

alternative at sites of more severe wave attack.

Current methods of rubble mound design are based on empirical

formulas and recommendations. These approaches are generally adequate
4

for the design of small-scale structures. Limitations to these

procedures become increasingly important for larger, more expensive

structures, and must be recognised in their appLication. Supplementary

hydraulic model investigations should be performed whenever practical.

Theoretical design must proceed with full awareness of construction

practices and constraints. The proposed structure must be feasible with

respect to constructability and economic concerns, as well as structural

and hydraulic stability.

The information reviewed in this study comprises rational design

guidelines, based on experience and field and laboratory verifications.

The recommendations set forth are not absolute; no convenient "standard"

design can prevail. A brief perusal of the contents will indicate the

wide range of parameters and variables which contribute to shore



protection analyses. The information presented should form a logical

framevork for the detailed assessment of a specific coastal erosion

problem and aid in designing a structural protection solution.



CHAPTER 2

LITTORAL PROCESSES

A primary goal of coastal engineering design is to adapt the

coastal region to man's benefit while maintaining a stable shoreline.

The const'ruction of breakwaters, gzoins, Jetties and other nearshore

structures mars the natural shoreline equilibrium, sometimes with

disastrous consequences. To preclude such effects, coastal structures

must be planned in harmony with their surroundings. A fundamental

appreciation of coastal processes and the coastal environment is a

necessary prelude to rational coastal engineering design.

Shoreline stability is dependent on the rate at which sediment is

supplied to and removed from the shore. Sediment movement, or littoral

drift transport, results from the interaction of waves, winds, currents,

tides and other environmental forces  see Hubbell and Kulhawy, 1979b!.

Interrelated with the regional littoral processes is the existence of

coastal inlets. The sedimentation, hydraulic and stability

characteristics unique to inlets have been the subject of extensive

research.

The science of coastline and inlet stability is complex. In this

chapter, the sub]ect is introduced. and discussed qualitatively, to

promote a simple understanding of the effects of littoral processes on

coastal planning and the operation of shore protection structures. A.

more detailed treatment which covers, in particular, quantitative

analysis methods may be referred to in Volume I of the Shore Protection

Manual  Coastal Engineering Research Center, CERC, 1977!.
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2. 1 NKARSHORE CIRCULATION

As waves approach the shore, they become shorter in wavelength and

greater in wave height. They increase in steepness until they reach the

limit of stability, then break. The breaker line delineates two

distinct regions of the coastal environment. The surf zone reaches from

the breaker line to the shore, and the offshore zone extends seaward of

the breaker line  Silvester, 1974!. These and other basic nomenclature

which describe beach geometry are illustrated in Figure 2.1.

Significant sand transport. takes place throughout the surf zone.

The width of this zone is affected substantially by the wave climate.

Higher waves break further offshore, widening the surf zone. Bottom

topography is another contributing factor  CERC, 1977!. The extent of

the surf zone, then, is unique for each coastal region. Approximate

surf zone widths for various cgastal areas are given in Table 2.1.

Lon shore Trans rt Mechanisms

Waves are the predominant impetus for littoral dynamics in the

coastal zone. Their effect on sediment, transport is two-fold: they

initiate sediment movement, and drive the current systems that sustain

the transport of littoral drift  CZRC, 1977!. Initially, the

oscillation of waves in shallow water imposes stresses on the seabed

that place sand in motion. Particles are lifted and rolled along the

bottom in bed-load transport. Once in suspension, the sediment is

carried along largely by wave-induced longshore currents.

The energy supplied by breaking waves results in a complex system

of nearshore water currents. The nearshore circulation system  Figure

2.2! originates with the mass transport of water shoreward. Longshore
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Figure 2.1 Beach Geometry � Re1.ated Terms  CERC, 1977, p. 1-3!
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Table 2.l Approximate Surf Zone Widths for Various
Coastal Areas  compiled from CERC, 1977;
Bruun and Maaohar, 1963!

Coast

MetersFeet

1.8Atlantic

0.9-1.2Gulf

0.9g1.2

1.8

7-10

12-18 3.6-5.5North Sea

Great Lakes-

Less exposed

Great Lakes-
Nore exposed

Pacific-

Exposure dependent

Depth to Which Surf
Zone Extends Seaward
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currents are generated by the lateral components of oblique wave attack.

These currents are the principal mechanism for maintaining longshore

transport of sediment in the surf zone. Offshore transport is enabled

by rip currents, which are concentrated jets. that flow seaward through

the breaker zone  Inman and Prautschy, 1965!. The precise role of ripe

as sediment tx'ansporting agents has not been substantiated conclusively.

Transpox'ting currents may be other than wave-induced. Tidal

currents are especially effective in moving material in the vicinity of

coastal inlets. Currents precipitated by storm surge also contribute to

the net littoral movement. The increase in watex level caused by tides

and surges is significant, because it allows waves and longshore

currents to act over a wider band of the beach profile  CKRC, 1977!.

Enclosed seas and landlocked lakes exhibit a different wave regime

and, consequently, different characteristics of littoral drift. On

waters of limited extent, waves are generated locally or have Little

space in which to disperse. Oceanic swell, which is instrumental in

onshore transport, is absent or minimaL. The resulting longshore

transport is almost wholly confined to the suxf zone and progresses at a

slower rate than on open coasts, as demonstrated in Table 2.2

 Silvester, 1974!.

Obstruction of Lon shore Tx'ans ort

Shore protection structures interrupt the natural dynamics of

shorel'ne processes. Their operation combines two facets:

1. They form a physical barrier to the passage of littoral
sediment.

2. They attenuate waves and reduce the transporting capacity of
associated longshore currents.



DRlFT RATE PREDOivllNANT
gm>iyr! DIRECTION

YEARS OF
RECORDLOCAT1ON

38,GOO
153,000
334,700

1922-SO
1934-S3
1919-34

S W
B

B

S S
S

S S
E S

214,000
7S6,000
382,000
207,000
124,000
23,000

115,000
76,GOO

1932-51
1938-48
1938-48
1936-40
193&40

1937~
1950-S2

1894-1912
1912-49
1872-1909

6,000
31,000
11,000
69,000
44,000
31,000

N K N N383,000
696,000
459,GGO
293,000
S66,000
327,GOO

1897-1904
1886-1949
1946-50

1957,Table 2.2 Littoral Drift Rates along Coasts  Johnson,
p. ].211-6!

Attention Coast
Suffolk Co�N.Y.
Sandy Hook, N J.
Sandy Hook, NJ.
Asbury Park, N J.
Shark River, NJ.
Maaasquan, N J.
Barnegat inlet, N.J.
Absecoa Inlet, N J.
Ocean City, N J.
CoM Springs Inlet, NJ.
oce City, Md.
Atlantic Beach, N.C.
Hilisboro Inlet, Ra.
Pahn Beach, Ra.

Guif of Mexico
PbcHm Co�Fia.
Perdido Pass, Ala.
Galveston, Texas
Pact'fu: Coosr
Santa Barbara, CalIL
Oxaard Plain Shore, Calif.
Port Huenerue, Calif.
Santa Monica, Calif.
H Segundo, Calif.
Redondo Beach, Calif.
Aaaheim Bay, Calif.
Carny Pendleton, Calf.
Grezt Laker
Mibvaukee Co., Wis.
Racine Co., WIL
Kenosha, We,
III. state Bne to Waukugan
Waukegan to Kvaaston, 11L
South of Kvanstoa, HL
Ourskfe 64r Uuircd Stores
Moarovia, Liberia
Port Said, Egyyt
Port Elizabeth, South Africa
Durban, South Africa
Madras, India
Mucuripe, Brasll

25S,GOO
377,000
334,000
153,000
255,000
27S,OOO
191,000
306,000
306,000
153,000
115,000
22,600
57,GOO

115,000 to
172,000

W N

N N S S
S S S B S S

1946-55
1885-1933
1933-SI
1922-25
1947-53
1930-31
193~1
193~
193~

1934-36
1850-1908

1925-30
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The net effect of these mechanisms is a reduction in wave energy and

accretion of sediment in the vicinity of the structures. These features

are shown schemati.cally in Figure 2.3. A secondary effect of accretion

is erosion of downdrift areas, resulting from the lack of material

supply. The operation and effects of breakwaters, jetties and groins

are presented in more detail in Chapter 3.

Parameters of Sediment Trans ort

A rigorous evaluation of the characteristics of longshore sediment

transport is essential to the planning of beaches and structures through

the coastal zone. It is necessary to know the rate and direction of

littoral drift to predict the effect of coastal construction on the

beach profile. The transport rate depends on the local wave climate and

the longshore component of wave power available to move sediment.
0

Coastal orientation is an additional influencing factor, as demonstrated

by the transport directions indicated in Figure 2.4. As shown, littoral

drift along the northeast coast of the United States converges toward

estuaries and bays, such as the Chesapeake and Delaware, because of.

changes in coast orientation  Komar, 1976!.

Littoral transport may change in direction seasonally or in

response to alterations in the site conditions. Of engineering interest

is the net longshore transport rate, the difference between the

quantities of sediment transported to the left and to the right of a

point on the shoreline in a given time period. The net transport is

generally small and, on some coasts, may be essentially zero. The net

rate is much smaller than the gross rate, the sum of all the littoral

drift passing a point on the beach. Longshore transport rates are
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Figure 2.3 Operation of Shore Protection
Structures  Rogers, Golden and
Halpern, 1981, pp. 14-15!



18  Magnitudes given
in cubic meters

x 10 per year!
3

Figure 2. 4 Littoral Drif t Directions and
Magnitudes for the northeastern
United States  Komar, 1976, p. 219!
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expressed in units of volume per time increment. Typical net rates for

various coasts of the world are compiled in Table 2.2.

Methods used to predict the longshore transport rate are detailed

and illustrated with examples in CKRC �977!. Briefly. the four basic

methods are:

Adopt a proven estimated rate from a nearby site and modify for
local conditions. Considerable engineering judgment is
requixed in. the initial choice and subsequent rate adjustments.

2. Compute the rate from histox'ical data showing changes in the
littoral zone topography. The value of the interpretation is
proportional to the data reliability. Data souxces include
charts, maps, aerial photography, and d.redging and beach fill
records.

3. Measured or calculated wave conditions can be used to compute
the longshore component of wave energy flux. This parameter
can then be related to the transport rate with an empirical
curve. This method may be used when neither of the afore-
mentioned is practicable and the necessary wave data are
available.

4. The gross transport rate can be obtained, through empiricisms,
from the mean annual nearshore breaker height. The gross rate
indicates the upper limit on the net drift rate. The essential
factor in this method is the availability of wave data.

The status of a shore segment, whether advancing, eroding or at

equilibrium, depends on the local balance of littoral drift. Evaluation

of this budget of sediments is an invaluable tool in the planning of

coastal works. The principle of conservation of mass can be applied to

the regime of littoral sediments. Sedimentary contributions  credits!

and losses  debits! are assessed for a given nearshore zone. Table 2.3

summarizes the various sources and sinks of sand. The relative

importance of these elements and methods for their quantitative

evaluation are detailed in Komar �976! and CERC {1977!. The net gain

or loss of ~aterial is reflected as local beach deposition or recession
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Table 2.3 Sand Budget Considerations  compiled
from Bowen and unman, l966!

SinksSources

Onshore transport

Beach storage

Beach nourishment

Longshore transport
into area

River and stream
transport

Cliff, dune and back-
shore erosion

Biogenous deposition

Hydrogenous deposition

Wind transport into
area

Longshore transport out
of area

Offshore transport

Inlets and lagoons

Submarine canyons

Mining and dredging

Wind transport out of
area



 Komar, 1976!. A thorough sediment budget ana3.ysis includes the

following features:

I. Delineation of the boundaries of the littoral cell under study.
A cell is a self-sufficient segment of the coast which neither
contributes sediment to, nor receives sand from, ad|acent areas
by longshore transport.

2. Identification of all sediment transporting processes within
the cell and between adjacent cells. Mechanisms are ranked by
the magnitude of their effect on the cell.

3. Careful estimation of the rates and volumes of supply and loss
of material in the ce3.l. Unknown rates may be assessed by
balancing sediment gains against 3.oases  Johnson, 1957!.

2.2 COASTAL iNLET DYNAMICS

A coastal inlet is a short, narrow waterway connecting an open

ocean or 3.ake with an inla~d water body, such as a bay or harbor.

inlets are of engineering importance in that they provide access to

navigable waters. The mixing of sea and bay waters through the inlet is

also of significance, as in the control of water temperature and

salinity, the dilution of industrial and municipal wastes, and the

migration of fish  Escoffier, 1977!.

Inlet H draulics

As the ocean tides rise and fall, there occurs a water level

difference between the bay and sea. To adjust this tidal imbalance,

water flows into and out of the inlet, called a tidal inlet. The bay

level is influenced to a 3.esser degree by inflow from its tributaries.

Mind stresses, water density variations, and the Earth's rotation may

also affect the inlet-bay system.

Practically all coastal inlets may be classified as tidal. On

smaller water bodies, however, inlet flow is not caused by astronomic
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tides. On the Great Lakes, for example.e, reversing inlet currents are

produced primarily in response to storm-generated seiches  Seelig and
Sorenson, 1977!. Lake water level fluctuations axe also caused by wind
setup and barometric pressure variations  CERC, 1977!.

Littoral drift is carried into the inlet by the flood tide and

partially deposited there as a bay or inner shoal, as shown in Figure

2.5. Some of the material transported by the seaward ebb tide is stored

in the outer bar. The relative transporting capabilities of the flood

and ebb currents determine the capacity of the inlet to flush itself of

sediment and remain open. Flushing capacity is highly dependent on the

volume of the tidal prism as compared to the quantity of sand supplied
to the inlet from adjacent shores. An entrance channel that maintains a

constant cxoss-sectional area acz'oss a sandy shore has attained a tidal

flaw equilibrium and is referred to as a scouring channel  Inman and

Frautschy, 1965!.

Sedimentation

Inlets act as large sand sinks for drift acquired from adjacent

beaches  Figure 2.4!. In this manner, they may considerably degrade the

surrounding shoreline. In Florida, shore recession rates in the

vicinity of tidal inlets are an order of magnitude highex' �0 to 70 ft

or 3 to 21 m per year! than average rates away from inlets � to 3 ft or

0.3 to 0.9 m per year!  Walton and Adams, 1976!.

It is desirable to estimate the volume of sand lost to inlets from

bordering shores. With this purpose, sand storage on inner and outer

shoals has been the subject of some study. The inner shoals appear to

reach an equilibrium shoaling volume with time, thereby decreasing the





erosional influence on adjacent shores  assuming there is no dredging of

the inner shoals! . The volume of sand collected on the outer bar is

strongly related to the local wave climate. In general, more material

is stored on the outer shoals of low wave energy coasts. On high energy

coasts, the wave action tends to transport the deposited sand back to

shore  Walton and Adams, l976!. The relationship between tidal prism

and outer bar storage is less clear. More flow  larger tidal prism!

does not necessarily mean an increase in quantity of material in the

ocean bars  Bruun, 1978!.

A portion of the littoral drift naturally bypasses the inlet. At

each ebb tide, the outgoing currents deposit sand in an often extensive

shoal on the downdrift side of the outer bar. Wave action moves this

material landward, where it can resume a course as longshore drift

 Escoffier, 1977!.

Stabilit of Inlets

The stability of inlets on littoral drift shores is a dynamic

stability" characterized by relatively small changes in inlet location,

planform and cross-sectional area and shape. The stable condition

implies a balance of natural forces. Littoral drift processes tending

to shoal the channel are opposed and, for stability, balanced by the

tidal currents flushing and maintaining the channel. Wave action,

seasonal changes and other factors also play a role in inlet stability

 Bruun, l978! .

It is of considerable engineering importance to be able to evaluate

and predict the stability of inlets. A number of empirical and

semi-empirical theories have been proposed to relate hydraulic
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characteristics. such as tidal prism and cross-sectional area, to inlet

stability. These theories are approximations, however, and an inlet

which is stable under normal circumstances may be unstable during a

severe storm or other extreme conditions. These theories, too, are

subject to revision as additional data become available  Escoffier,

1977!. Presentation of inlet stability formulas and theories is not

within the scope of this work. Reference to Escoffier �977! and Bruun

 l978! will provide a good introduction to the literature available on

the subject.

Shoaling, closure and channel migration are among the symptoms of

an unstable inlet. As described, the extent of shoaling is a function

of the littoral drift magnitude, the flow capacity  tidal prism! and the

wave action versus the shoal characteristics. In. all cases, shoals tend

to impede flow and close the inlet. Inlets may shoal quickly and be

closed. as a result of severe storms which deposit excessive volumes of

sand in the channel and deczease the tidal prism  Bzuun, 1978!. An

excess of sand introduced to the system generally causes the inlet. to

migrate. A portion of the incoming sand accretes on the updrift side as

the downdrift flank erodes. Consequently, the inlet is displaced

opposite the direction of the dominant longshore transport  Zscoffier,

1977! .

To be useful for navigation purposes, an inlet must possess

sufficient dimensions, an adequate sediment flushing capacity and the

attribute of stability. If these qualities are absent, it will probably

be necessary to improve the inlet with regulatory works. Available

methods include bank protection, dredging, jetties and artificial

bypassing. In inlets with a high degree of natural stability, it may be
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possible to attain the desired improvement ~ith dredging only. Aspects

of sand bypassing and jetty design, a focus of this study, are covered

in subsequent chapters.

2. 3 SUl!Rd&Y

Shore protection structures act as obstacles to the natural

movement of littoral drift and modify the equilibrium beach plan and

profile. It is necessary to predict accurately the extent of such

changes and their overall effect on the coastal environment. This task

requires, foremost, a thorough conceptual understanding of the dynamics

of sediment transport and the stability of tidal inlets. With this

basis and the appropriate site data, the net longshore transport rate

and sediment budget can be evaluated using the methods outlined. For

projects involving a coastal inlet, its stability characteristics must

also be determined. These analyses are typically performed in the

initial stage of project planning, long before the structural design is
formalized.


