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SEAMALL AND REVETMENT EFFECTIVENESS> COST ANO CONSTRIJCTION

Courtland A. Col I ler

I NTRODIJCT I ON

This publicatfon is dasfgned to give ~ers of waterfront property
an easily understood reference guide explaining the types of shore
protection structures that are ccmsaonly avaf labia and the relative merits
and costs of each. A section Is also Included on permitting procedures
to aid In understanding the pertinent government regu'Iations and
jur I sd I c t fons.

FLOR I DA' S SHORELINE

Florida has 8,426 mlles of tidal shoreline, the longest of the iB
contiguous states. The value of Florida's shoreline, that desirable area
where land and sea meet, has increased rapidly in recent years as various
Interest groups compete for the right to develop or use the rapidly
dwlndl lng supply of undeveloped shore. Developers find the shoreline
well suited for residential, cocsserclal, or Industrial development while
cf tf zen groups seek to reserve key portions of the shore for public use
or preservation fn its natural state. Instances are comnon of fifty foot
lots on the ocean, miles fras thc nearest texan, that sold for $40 to $50
a front foot fn 1960, and about $200 a foot In 1970, and arc now sell lng
for over $400 a foot In the mid-seventfcs. Thus, as the value of shore
property Increases, the protection of the shoreline becomes proportion-
ately more Important.



SHOREL I NE STAB I L I TY

The shoreline of Florida, whether sandy beach, marsh, or rock,
responds to nature's forces of wind, waves, currents, and tides. The
result Is a shore'line that constantly changes. These changes are pa rt of
a natural process that has been occurring since the shoreline was first
created and are caused prlrnarily by the forces of moving water and air
transporting particles of soi I from place to place. As the velocity of
the water or air Increases, more and larger grains of sand or earth are
carried from, or parallel to the shoreline� . For instance, on F !ori da' s
sandy beaches the high energy winter waves and currents usually wash more
sand off the beaches and dunes than into them and depletion and erosion
occurs ~

Milder seder swe1 ls normal ly wash more sand toward the beaches
resulting In replenishment and buildup of sand. The summer shore line in
Florida ls typical'ly from 10 to 40 feet seaward of the winter shoreline
 Ref, 1!. As the beach sand dries, an onshore wind may carry the gra ins
to dunes which serve as natural reservoirs of sand. The g rains accurnu-
late at the dunes as they reach a steep windward slope or the she lte red
lee. If the summer wind ve loc I ty Is not sufficient to carry the grains
beyond the obstac'Ie, they remain there unti I winter storms bring higher
waves or w'Ind attacking the built-up sand dunes, further transporting the
migrating grains either back into the sea or to some other land location.
If the dunes are removed by man ~ the wind or wave forces attack whatever
replaces the dunes, often resulting in severe property damage of man-made
construction.

Since all shorelines are ln a state of constant change, a "stable"
beach Is one that maintains a reasonable balance between periods of
erosion and replenishment. Sand moves not only between the beach and sea
but aiso is carried by waves and currents parallel to the beach in a pro-
cess cali< d I I ttoral drift. Sand grains removed from one beach by wave
backwash are carried to another beach up or down shore. In the case of
Florida's east coast the prevailing winds and currents carry most of this
of f-shore sand toward the south. From the Georgia border to palm Beach as
muc I as 300,000 to $00,000 cub I c yards pass down the coast eve ry yea r
thrau<ih I i t tora l drift.

The predominant dr I f t on F io r i da ' s I owe r Gu I f Coas t i s a I so south-
ward, wi th local exceptions around some inlets, and amounts to about
50,000 to 100~000 cubi c yards per year. On Florida's upper Gul f Coast
t'. littoral drift Is mostly westward at about 100,000 to 200,000 cubic
yar.ls per year.

Erosion and accretion also affect shorel ines composed of other ma-
terials. In many parts of Florida marshy shorel ines exist, such as along
the shores of the Everglades, and along the Gul f Coast from Crystal Iti ver
to the Apalachicola. Vegetation along these shorelines acts to reduce
erosion. The root system of plants provides some anchorage to the soi I
and protect ion against erosion by wind and waves. Where mangrove trees
grow along the shoreline, their intertwining underwater root systems
typical ly serve as col lection areas for migrating sand, soil particles.



and debris. Over a period of years considerable accretion may occur and
cause the resul t ing land area to extend gradual ly outward into what was
once part of the sea.

Natural shorelines composed of rock res ist erosion forces quite
we'l l. Even these areas, however, do not have a permanent shore'I lne. The
continuous battering of waves and tidal movements gradual ly take their
toll, although the changes from year to year are hardly noticeable.

In areas where natural offshore reefs, bars, or shoal s occur,
erosion producing wave forces may be weakened significantly, 'IIhere the
water depth to the bot tom is shal low enough, the coral reefs, sand bars,
or other underwater ri dges act as barrier reefs caus ing the waves to
break of fshore and dissipate their energy before reaching the shore. Gare
erosion is thus reduced or prevented by the action of natural subsurface
energy dissipators.

in summary, a number of forces affect shoreline stab i lity. Host of
the natural changes in shoreline are slow and require a period of time
to become noticeable. Han-made structures near the share make these
changes more apparent by establishinq reference points of some value. Each
year as the sea moves closer to the structure, the owner becomes under-
standably concerned over potential losses due to beach erosion. In the
past the construction of these structures frequently involved removal
of the dunes which were the shoreline's natural defense s.ystem, thereby
acce lerating the erosion and ultimate destruction of the man-made improve-
ment.



DES IGH CRITERIA FOR HARDENING THE SHORELINE

Mhere existing shorel ines are subject to erosion or are otherwi se
unsuitable In thel r existing condition, the problem area of the shore
may be stabilized by construction of a hardened lining, such as a sea-
wal I, revetment, or bulkhead.

Hardened shore protection structures are typical ly designed to meet
one or more of the fol lowing objectives:

A. Protect artificially fi i ted land areas that extend seaward from
the exist ing shore.

B. Save an eroding shorel fne or protect one that is subject to
erosion under adverse weather conditions.

C. Haintain a boat landing or stable shore next to deep water, as
at a dock or at a ship channel traversed by a short bridge.

2. Limitations

These hardened shore protection structures typically protect only
the land direct'ly behind them. Usually they will not protect the shore in
areas imaediateiy up or down the shoreline or the beach seaward of them ~hen
such structures are built on an eroding shoreline, erosion wil 'I normal ly con-
tinue on adjoining shores. in addition the loss of materials Imnediately
In front of the protection structure frequently accelerates since the
structure tends to concentrate the wave energy in a more confined area.

P'lacement and S lze

A. Loca t I on

wherever a bulkhead law Is enforced, the structure can be 'lo-
cated no further seaward than the official ly designed bu'Ikhead
1 lne. Mhen 'located landward of a beach, it should usually be viewed
as a line of last defense from the sea and located as close as prac-
tical to the improvement i t is supposed to protect. This is because
many hardened structures aggravate rather than rel leve the erosion
problem if the waves reach them.

S. Len th of Hardened Protect ion

Since the hardened st ructure usually protec.ts no more than the
land behind it, it should extend the full length of the property to
be protected. In addition, wing walls should be carried a reasonable
distance inland, since the abutting property is subject to erosion
and the water may come in behind the frontal structure.

C. Hei ht of Hardened Protection

The e levat ion of maxllaum wave run up at any given location is a
function of water depth, tide, slope of sea bottoxn, fetch, barometric



pressure, wind veloci ty, and shape of the seawa I I face. Consultants
special izing in this f ield should be engaged to determine the characteristics
of each location.

II. De th of Hardened Protection

Hardened structures must be protected against scour caused by
the downward component of wave energy encountering the face. As a
rule of thumb  Ref. 4, p. 2'l3!, the maximum depth of scour may be
approximated as 0.8 of the water depth to the natural sea bed. For
example, if the controlling depth of the water at the face of the
structure is 10 feet, scour might occur under heavy wave action
down to a depth of 8 feet below the natura I sea bed, or 18 feet
below the design high water surface.

4. Materials for Seawalls and Revetments

ln selection of materials for waterfront protection structures, the
warm moist marine atmosphere of Florida must be taken into consideration.

A. Concrete

A rich stiff concrete mix properly placed and vibrated at the time of
construction will produce a finishect concrete structure less permeable
to water. The Port land Cement Association recorenends a water/cement ratio
of 0.44 to 0.40 which corresponds to between 6-1/2 and 10 sacks of cement
per cubic yard depending on other factors. Three inches or more of dense
concrete cover is reconmended over all reinforcing steel to provide
protection against corrosion in warm marine environments  Ref. 5!.

B. Steel

When exposed to warm moist atmosphere of marine environment, steel
corrodes and gradually loses cross section. The greatest loss occurs in
the splash zone between mean high tide and the upper limit of wave contact.

For example, Figure I shows steel sheet piling extracted after about
l2 years of service at Boynton Inlet near Palm Beach. Close inspect.ion
reveals that portions embedded in the sea bottom show some loss, while the
areas exposed to the spray zone have severely deteriorated. The sheet
piles carry the remains of a bitumen coating applied at the time of instal-
lation.

If the abrasive action of sand and water is allowed to continually
expose fresh steel, the pile life may be less than 10 years. Therefore
coatings of plastic, bitumin, concrete, or others are reconmended from
the sea bottom line to the top of the pile in order to retard corrosion.
Electrical cathodic protection is also effective in some cases. If the
rust is left undisturbed and the steel is made of a chemical composition
resistant to marine environments, and is of sufficient thickness, the
life may extend to 35 yea rs and more without additional protection  Ref . 4,
p. 351!. Severa'I manufacturers have introduced steel sheet piling designed



Fig. 1. Steel sheet pile corrosion after 12 years service

especially for use in marine environments. Tests by one manufacturer
indicate the thickness of steel remaining after nine years' exposure is
approximately double that of conventional A-328 steel pi 1 ing  Ref. 6! .

C. Timber

lf properly designed and instaiied, timber can prove quite durable
in a marine environment  Fig. 2! . Timber piles over 1000 years old have
been found In good condition under the streets of Venice, Italy.

ln a warm marine environment, timber is subject to attack in three
forms:  i! decay and rot,  Ii! insects, and  iii! marine borers.

 i! Decay Is caused by a low form of plant life called fungi. In
order to grow, fungi require moisture, air, favorable temperatures, ard
food. The moisture condition must be damp, but too much or too little
water will kill the fungi. AIr is available to depths of 2 or 3 «et
below ground surface in sufficient quantities to support the fungi .
Fungi will not grow in very high or very low temperatures but thrive
on moderate to warm temperatures. Wood provides the food for the fungr~
which usually find the best combination of moisture, air, temperature,
and food in the zone from 3 feet below the ground surface to a few inches
above ground. protection consists of poisoning the food supply with a
good penetrating wood preservative.



 i i! The three principal insect types that attack woo4 are sub-
terranean termi tes, dry wood termi tes, and wharf borers. The subterran-
ean termi te requires contact wi th the ground and moisture to susta in
I I fe. The dry woo4 termite flies and does not require moisture and i s
more frequently found above ground level. Mharf borers do not I ive below
water leve I but prefer t imber not far above high water or timber subject
to periodic salt spray. Protect ion from insects consists of impregnation
by a suitable toxic agent.

 iii! Marine borers consist of several hundred species of inverte-
brates divided into two groups, the molluscan group an4 the Crustacean
group  Figs. 3 and 4!. The Molluscans, including the teredo or ship worm,
enter the timber through minute holes an4 destroy the interior of the
timber member without visible disturbance to the outer surface. The
Crustaceans, including the limnoria, destroy the outside of the timber
and leave easily seen gaps in the surface of the timber. Protection from
the marine borers consists of impregnation with a creosote-coal tar
solution and/or casing the timber between the mud line and the maximum
high tide line with a protection coating of material Impermeable to the
bore rs  Ref . 7! .

As an example of damage inflicted by the teredo in Florida, a
temporary work trestle cons isting of 4� untreated pine piles was constructed
at Ponce de Leon Inlet midway down Florida's east coast in 1968, Mi thin
three months the teredo infestation rendered the trestle unsafe for work and
I t was removed  Ref . 8! .

.4s

Fig. 2. A wooden bulkhead installed in l928, stii 1 in
good condition after 46 years of service, just
south of Boynton Inlet in Palm Beach



Fl9 3 Typica!=pile dunnage by nerine borers

D. Caab i@at I ons

Since ticeber Is aore durable below the sea bottcss, saae successful
Installations have used cacsblnat lens of wood beicnc the bottcss wl th
concrete tope 0'arming a caebinatlon pil 'Ing.

E. Stoeacra

Angular stones provide interlock and are less likely to neve under
seve action than rounded surfaces. Stones used In aarine structures
should resist sseethering and disintegration under nonaol conditions of
use. Stones ~f th higher density  specific gravity! are preferred if a
choice ls avaI Iabie. Reveteents constructed of rock, rubble, or
siailar unit» haw the advantage of free articulation. If the revet-
aoat should aove or settle, these units are free to eave and adjust with
lt and lose 1 I tt!e of their effectiveness. Repairs are usually simple
encI Inexpensivm � Just edd ~re rocks or other units.

Several tVpas of native rock are available in Florida. In the
St. l4gustine Nreei coqulna rock has been quar ried for over 400 years and
used In a variety of structures fros fortress walls to decorat1ve fire
places. Coqul~ rock "as proved durable for aerine instal let lons and
was recently used for constructing a groin at Harlneland on Florida's
Atlantic Coact - present sources of supply are said to be aleost exhausted,
however, and n ciuar«es have yet to be uncovered. The current price
Is $16 to $40 pacr ton 1«ha quarry plus about $6 to $8 per ton for
hauling end pl ~cing ~

e



Fig. 4, Areas of infestation by marine borers in florida



In the Tampa area, native limestone is sometimes available.
QNn IImstene ls being mined for road base material, cherty boulder s
too hard for the crusher are set aside for use in revetments. Recently
~ jetty at Clearwater was constructed of this material at a cost of
about $2I to $24 per ton. The supply of thi s material is I iml ted.

liard igneous rock Is not available in peninsular Florida In
~rcfaf quent ftfes, so it must be hauled ln from out-of-state. On
4 recent revetment at Scbast lan inlet  about midway dawn Flori da ' s east
coast!, rock wes hauled by rail from Bi rmfngham, Alabama. I t then had
to be reloaded Into trucks and hauled 12 mf les from the nearest rai I road
siding to the job sfte.

Current 1974 costs for large fgneous rocks suitable for revetments
ls about $8 to $9 per ton FOB the destination siding. Costs of
reloading, hauling by truck, and placing at the job site must be added
and may result fn costs of $25 per ton or higher in places  Ref. 9!.

5. Information for Desi n of waterfront Structures

A. "Shore Protection and Design," Tech. Report No. 4, 3rd Ed.,
U. S. Army Coastal Engineering Research Center, f966  no
longer in print, but available at many libraries! .

8, "Shore Protection Manual, Vols.'I, 2, G 3," U. S. Army Coastal
Engineering Research Center, Superintendent of Documents,
Washington, D.C. 20402, 1973  replaces Tech. Report Mo. 4! .

C. "Anchored Bulkhead Design by Humericaf Method," F. E. Richart,
Jr., Vol. XIV, No. 8, Florida Engineering and industrial
Experiment Station, University of Florida, Gainesvi I le, Florida
32611, August '1960.

D. Desi n and Construction of Ports and Marfne Structures, Chapter 4,
onto De F. Qu nn, McGraw-III II, 19 I .

Breakwaters, Jetties and Piers," Per Bruun, Gulf publishing
Company, 1973.

F. "Proceedings of the Twelfth Coastal Engineering Conference,"
1970  several papers!.

G "Proceedings of the Thirteenth international Conference on
Coastal Engineer fng," 1972  several papers! .

H. '~en Plastic Cloth Filters for Stone Seawal ls," by James N.
Dunhaa and ILebert J. 8arrett, Vol. 100, Ho. 5%1, feb, 1974,
Proceedln s American Socfet of Civi I En lneers, 345 E. 47 St-,

or, H.y.
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SLAB AHD SHEET P ILE ARITH AIICIIORED TIE-IIACltS

Both seawalis and bulkheads are referred to as seawal is 'In this
publ ication to avoid the confusion of overlapping nomenclature. There
are two bas i c types o f seawa I is. The most wide I y used cons I sts of a
vertical face of ei ther precast concrete slabs  Fig. 5! or steel shee't
pi les  Figs. 6 6 7! driven into the sea bottom to secure the toe. The
top is secured by anchor rods connecting the wali to anchors placed back
a safe distance landward. The second type consis,ts of massive free-
standing gravity structures with curved, vertical or inclined faces de-
signed to withstand the full force of the oncoming waves .

1, Precast Concrete Slab Seawall

Hardened shore protertion with a vertical seaward face may be installed
in a relatively short time by using precast concrete slabs jetted In'to
place or driven with a vi bratory or impact harrmer  Fig. 5! . A concrete
cap is usuaily cast on top of the slabs to serve both as a structural
tie and to improve the finished appearance. Tie-backs are usually needed
to prevent the wall from tipping seaward. Also, adequate penetration of
the piles or slabs into the sea bottom is necessary to prevent the toe
from sliding seaward. If wave action occurs against the vertical face,
scour erosion at the toe of the wall may be expected. The wave energy
breaking aga inst the vert Ical face is deflected both upward and down-
ward. The downward component of the deflected wave scours the sea bottom
at the toe of the wa'll. Hardened toe protection may be required to pre-
vent toe fai lure.



Fig. 5. Typical dirnens'lans of precast concrete seawal1s for protected
waters

* Tie back rods should be heavi 'ly coated or wrapped to resist erosion.
** Toe stone protection is normally required wherever wave action is

expec ted.
~* Costs are 7/74, Tenpa, for quantities of 1000 l.f. or over.

 a f. 9!
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F i g. 6. Steel sheet. pile seawa 1 1

A steel bulkhead serves to armor the bank. The face must be
designed to absorb all wave energy. Severe scour occurs at
the bulkhead line. The sheeting depends upon penetration and
tie backs for its stability. The structura 1 design of sheet
piling is highly specialized and not subject to standard plans.
For this reason the service of a qualified eng ineer is essential.
Key design considerations are foundation conditions, penetration
of the piling, height and alignment, and scour protection. Suffi-
cient access must be available for pile driving equipment.

Piles should be carefully located as shown on the drawings and
driven in a plumb position, each pile interlocked with adjoining
piles for its entire length, so as to form a continuous diaphragm,
throughout the length of each run of wall. The contractor should
drive all piles as true to li~es as practicable and should provide
suitable temporary wales or guide structures to insure that the
pi ies are driven in correct alignment.

Continued

13



Fly. 6, Continued

 Ref. 10!



F i g. 7. Wood shee t pile seawa I 1

T imber wal 1 s are const ructed of plank sheet i ng wi th round
pi les. They consist of two rows of 3-inch plank sheeting and
a row of round pi I ing with heavy horizontal walls between the
planks and the pi 1 ing. They must be tied back'to anchor pi 1-
ing. The most common cause of failure of sea walls is under-
mining of ~material from the bottom of the toe of the struc-
ture, resulting in inadequate penetration of pi 1 ing. The
pressure of the soil and water on the back side can then
tip the sturcture. The tie-backs provide additional strength
to resi st this force. Timber bulkheads al so require pos-
i t i ve toe protect i on.

The pi I ing and sheeting are driven with the aid of a je~
a smal I pump. The use of this des ign i s control led by»b
surface foundation conditions. It is suitable for sand or
sand and gravel shores where the sand depos i t i s 12-15 feet
below the bottom. Wooden structures must be securely fas-
tened together with bolts.

Continued

15



Fig. 7, Continued



4. Guidel ines for Construction and Haintenance of Seawal is  Ref. IO!

RULE l
PROVIDE ADEQUATE TOE PENETRATION AND PROTECTION FOR

THE TOP OF THE STRUCTURE SO THAT IT MlLL NDT BE UNDERHIMED.

F I g . 8. Adequa t e toe penet r a t i on needed

CHECK FOR SIGIL DF FAILURE

Host failures of shore protection works results from "toe failure" or
erosion under the lowest part of the structure. Failure of the bulkhead
can be prevented with adequate toe protection. Toe protection must be substan-
tial enough to prevent the original ground under it from washing through the
toe protection blanket, and extend far enough seaward of the structure to pre-
vent undermining. Check for signs of failure such as seaward movement of
the wal l, erosion behind or at the toe, or at the end of the structure-

RULE 1 Continued



NLE 'I Continued

Fig. 9. Failure due to inadequate toe penetration

l4iNTBNNCf OR REPAI R PROCEDURE

Re-establish support by underpinning, tie backs systems of
anchor pl'l lng, walers and tie rods. Place larger stone or
rock-filled mattress at toe of structure to prevent scour.
Iackf I 1 1 where necessary.



RULE 2
PROV IDE ADEQUATE AHCHORAGE

Fig. 10. Adequate anchorage needed

The pressure of the earth pushes the seawal I seaward. Anchors that are
too light or too close to the wali will pull out, permitting the wal I to
fal I seaward. Tie-back rods that are too light or exposed to corrosion
wi 1 1 break. Anchor design is an engineering special ty requi ring an ex-
pert knowledge of soi I mechanics. Check for signs of fai lure such as
top of wal I moving seaward, pockets or cracks forming in earth behind the
seawa I 1 .

Fi g. 11. Fai lure due to inadequate anchor tie-bar

Anchor blocks that are too I ight may be weighted by pouring more concrete
on seaward side of anchor. Anchor blocks that are too close may be an
chored back by placing a second large heavy anchor a safe distance land
ward and tying it to the existing system. If the tie-back rods are tm
smal I, add new tie rods, wel I wrapped and coated for protection against
corros ion.
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RULE 3

PREVENT LOSS OF EARTH BEHIND THE MALL

Fig, 12. Adequate earth support needed behind wal I

The earth behind the wal I Provides support. I f the supporting earth
ls washed out by storm water and/or other seepage, the wal 1 collapses
landward. Check for signs of failure such as pockets forming in the
earth near joints.

Fig. 13. Failure due to loss of earth support

MAINTENANCE AND REPAIR PROCEDURE
install filter cloth to intercept migrating soil. This permits

water to pass and prevents buildup of water pressure, but retains the
soi 1 for support.



RULE 4
SECURE IIOTH ENDS OF THE SHORE PROTECTION MORKS AGAINST FL.ANKING.

F i g . 14. Adequate end anchorage needed

CHECK FOR SIGNS OF FAILURE

Erosion will continue adjacent to the works. If an existing structure has
been flanked, such as the one shown in Fig. 15, correct it by placing
additional material at the ends and tying the works directly into the shore.
Check for signs of failure such as seaward movement of the ends and erosion
at the end of the structure. The i I lustration below shows the resul t of not
constructing wingwal ls and tying the ends of the structure into the shore.

Fig. 15. Failure due to inadequate end anchorage

MAINTENANCE OR REPAIR PROCEDURE

Place additiona'I material at the ends and tie structure directly back
into the shore.  Ref. IO!
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RULE 5
CHECK FOUNDATION CONDITIONS.

Fig. 16. Firm foundations are essential

CHECK FOR SIGNS OF FAILURE

Soft foundat I on mater I a I may re su I t in excess i ve settleme~t of the
structure. Soft under!ayers may allow all or part of structure to slide.
Check for settlement and excessive displacement. Hydrostatic pressure
due to groundwater seepage may cause seaward movement of some types of
Impermeable walls.

Fig. 'I7 Fai lure due to inadequate foundation

~INTENANCE OR REPAIR PROCEDURE

Re-establ ish support by construction underpinning, foundation pro"
tection and backfi l ling. If the structure was- Impermeable and failure

by foundat ion seepage ~ add or reopen weep holes.  Ref. 10!
22



Exam les of Seawall Failures

A. Violat i on of Rule 1, Adequate Toe Penet rat ion and Protect ion

The anchor rods for this wali were adequate. but the toe of the
wall had insufficient depth of penetration into the earth  Figs. 18
and 19!. The Pressure of the embankment caused the toe to swing seaward
and the bank collapsed into the resulting cavity. Also shown is the
formwork and reinforcing steel For replacement precast concrete slabs
 Fig. 20! . These will be jetted into place and a cap poured on top

Fig. 18. Fai lure due to insufficient toe penetration
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Violations of Rule 1, Continued

F i g. l 9. Toe failure

Fig. 20. Replacement slab
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B. Vi o 1 at ion of Ru1 e 2, Adequate anchorage

These tie-back rods  Fig. 21! we re et tark» d by corrosion and
eventual ly failed. This per»»ti t ted the bank to push the tnp of
the wal 1 seaward, and the whole mass of »'.arth and wal 1 sl id sea-
ward. Rods should be of adequate si ze, thoroughly wrapped, coat.ed
or otherwise protected against corros ion, and f i rml y anchored to
wel 1 designed wal 1 cap.

Fig. 21. Failure of anchor tie-back rod
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9 I o I at ion of Rule 3, Prevent Loss of Earth Suppo r t. Beh i nd Qa 'I I

In Fig. 22, depressions are beginning to form in the ear th be-
hind the wal I as rain and storm drainage washes the fnaterial throucih
the joints of the wal I or under the wal I. I f this loss cont inues,
the wal 1 may collapse landward due to complete loss of support in@
backfill.

Fig. 22. first signs af loss of supporting backfil I
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F ig. 23 below shows a > igni lar scawa l I in a m|re advanct d stage ot
fa i lure due to loss of suppor t ing backf i 1 l landward of ihc wa1 l .

Fi g. 23. Advanced stage of loss of support. i ng backf i l l

27



MASSIVE FREE-STAND ING GRAV I TV SEAWALL

Oue to the expense and complexity of this type of seawa I 1, instal lations
are usually funded by the government or a large corporation. The cost
ranges from $300 to over $1100 per 1 ineal foot and requi res the des ign
expertise of experienced marine structures engineers. Iiowever, for the
benefit of readers interested ln this type of shorel ine protection the
following brief review ls provided.

Massive free-standing gravity seawalls consist of two functional parts,
the stan and the base.

1. The Stem

The stan receives the full force of the oncoming wave. The face
of the stem may consist of any of a wide variety of surfaces. The face may
be a plane surface either vertical or inclined; a curved surface, either
concave, convex, or compound; an irregular surface, such as stepped, checker-
board, or other. The texture of the face may vary from smooth to extremely
uneven ~

A. Vert ica I Face

Mhew docking or mooring is required, the vert ical face is naturally
preferred in order to reduce the horizontal distance from ship to landing.
Vertical faces are usually the quickest and least expensive to construct.

B, Convex and Slo ed Faces

Structures with convex or sloped plane faces deflect more wave energy
upward, and lass energy ls available for bottom scour around the toe of the
structure, providing greater protection against toe failure.

C.

Structures wi th irregular surfaces, such as rubble, or stepped faces
~ ct to diffuse the wave energy and have proven effective in minimizing both
toe scour and overtopping. A stepped face also provides people with easier
access to the beach or water, Interlocking blocks are somet imes used to
give an Indented checkerboard appearance or a stai rstep pattern or other
Irregular face.

D. Concave Faces

Concave surfaces have been used successful ly to minimize overtopping
and bottom scour where the face profile ls correct ly designed. Where high
wave conditions are expected a curved reeintrant top over a stepped face
Is ~ typical design possibi I Ity. The design of seawal ls to res i st wave
forces Is an area of profess ional specialization and should not be attempted
by the novice  for sample calculations see Ref. 15, Vol 1 i!.

The five mf le 'long Bayshore seawall at Tampa, Florida, is stil 1 as
beautiful and serviceable as it was when it was first bui I t in 1938, This
reentrant face protects the shore from the tropical storms that sweep in
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wi th hurricane force from the south. Figs. 24 and 25 i 1 lustrate detal ls of
the des ign. In recent years there has been some minor spal ling and soaa
iocat tons under the sldewaik have required mud jacking to coepansate for
minor amounts af f i ii washed out by stormwater flitrat ion  haf. 11!.

Fig. 24. Section of Sayshore
seawai'I, Tampa, Florida

 Courtesy of Portland Cement Association!
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Fig. 25. View of Bayshore seawall,
Tampa, Florida, built in 1938

 Courtesy of Portland Cement Association!
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2. Base

Mhen fai lures do occur fn seawal ls, they are frequent l y encountered
at the base. Material supporting the base may seem stable under qu let sea
conditions and yet become very unstable under high wave conditions due to
the rapidly fluctuating water depths and jet- like currents. For this reason
special care is necessary in design of the bases. The following protective
features are sometimes added-.

A. On massive gravity structures, bearing piles may be needed to
prevent settlement and provide stability to the base,

B. On large structures specia l sheet pile cutoff walls under the
base may be used to prevent loss of foundation material due to undermining
by wave scour and by seepage under the foundation of overtopping sea ~ater
and rain water runoff.

C. On waterfront structures of all types enlarged toes may be needed
to protect against scour and undermining of the base. These toes consist
of extension of the base of the wal 1 seaward, el ther at or below the sea
bottom. Toes may be constructed of concrete, rock, or other tough durable
material. Enlarged toes should be considered especially where the water
depth is less than twice the height of the maximum wave expected.

3, Beddin La er for Gravi t Structure

The type of base se 1 ected depends not onl y on wave fo rces, but a 1 so
on the hardness and compress fbi i 1 ty of the sea bottom. Problems of settle-
ment associated with a soft bottom are typically dealt with by one of the
following approaches:

A. Accept the settlement, and build a flexible structure out of stone
or other articulating components. A filter mat, such as a plastic filter
cloth, is often placed between the sea bottom and the base to reduce scour-
ing and settlement.

B. Punch through the soft material to a firmer base by use of piles.
These piles may consist of cellular sheet pile cofferdams, or individual
concrete, steel, or wood bearing piles.

C. Remove the soft compressible material and replace with a f irmer
base such as sand or gravel.



REVETMENTS

1. Functions of Revetrnents

Revetmants are usually the least expensive hardened protection ava i I-
able. They cons I st s imply of a 1 i ght armor facing of b I ocks, rocks, or
other hard material on the natural sloping shore. The revetment functions
as a wave energy diss lpator by deflecting the wave upward along its s loping
surface. The rougher the slope, the faster the wave energy is dissipated.
Qatar receding down the slope from a previous wave often helps diffuse
the energy of a newly uprushing wave. Since the revetment purposely def lects
wave energy upward, provision should be made for overtopping, as it is usually
not eoonoralcal to construct the revetment to the height of the highest possible
wave. Both wave overtopping and storm runoff act to saturate the soil behind
the revetment, and adequate drainage of the soil in this crucial area is
Important. Soli that does not drain well tends to lose stability, become
soft and possibly slide seaward carrying the revetment structure with it.
The revetment as a comp'late structure usually has little strength of its own
but relies on the underlying soil for stability. It is a surface coating
designed to be supported by the shore it protects. The armor coating is
made up of individual units such as precast concrete blocks, natural stones
and boulders, bags fl I led with sand-cement mixture of grout, or some durable
facing mater la'I. The revetment typically relies only on gravity interlocks
between individual armor units to hold it together. In the absence of
cemented joints the revetment ls typical ly flexible and can adjust to minor
settlement without failure,

Since the joints in the revetment facing are usual ly open and not
watertight, special care must be taken to prevent scour of supporting shore
material as the returning splash and rain water flows back to the sea.
filter mat ls normally located between the natural soi I and the revetment,
designed to retain the solids as the water flows through. Past practice was
to construct this filter of carefully screened sand and rock in successive
layers. liow, however, the more economical woven plastic mats are used
almost universal iy. A good fl I ter must not impede the f low of water, or a
pressure head may build up which could lift the armor units from their seats.
On the other hand, the f liter must not pass fine sand grains or the supporting
material may be scoured from underneath the revetment.

Qn rare occasion revetments may be constructed of impermeable materials,
such as asphalt or bltLanen grouted stone. Careful design is required to
prevent excessive water pressure from building up on the landward side of
thl s type of st ructure.

2. Precast Concrete Checkerboard Revetment

The precast concrete revetment I s expens i ve but performs well when
Instal led under favorable conditions  Fig. 26! . R typical insta I let ion
consists of 3' x 3' squares of interiocking concrete, al ternating ID" and
I4u ln thickness. Under the block is a bedding layer of 3/4" stone about
IO" to 12" thick underlain by a plastic f1 i ter sheet..

32



Fig. 26. interlocking concrete-block revetment at
Jup i ter I s 1 and, Florida  Ref. 12!

Some fai lures of this type revetment have occurred on Florida's Atlantic
Coast. While expert opinion is divided regarding the exact cause of these
failures, the possib'le contributory factors are 1 isted as fol lows;

A. The supporting sand underneath the revetment may have sett Led and
compacted due to the static and dynamic loading of pounding wave forces.
Possible preventive measures; precompact the underlying sand to a specified
density.

B. The grave! under the concrete slabs may have squeezed out through
the joints between the siabs. Possible preventive measure: specify la rger
gravel size, closer toierances on joints, or use another layer of filter
cloth between the gravel and the concrete slabs.

C. The gravel may have broken into smaller sizes under the wave
pounding forces, thus faci litating loss of gravel through the joints. Possible
preventive measure; specify a stronger rock material or use filter cloth
between gravel and concrete slabs.

D. The interlocking keys of the concrete slabs may have fractured,
causing the biocks to become displaced. Possible preventive measure: design
stronger interlocking keys.

E. Supporting sand may have leached out through exposed toe areas.
Possibl e preventive measures: maintain adequate sand cover over the toe areas,
provide adequate sheet pile and rock protection for toe areas, place f 1 1 ter
cloth to prevent sand loss.
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3. Stone Revetment

Fig. 27. Stone revetment  Ref, 10!

Mtcs;

Slope should be compacted and graded to I;2 or flatter.
2. Place a gravel, small rock, filter blanket, and/or woven filter

cloth on  he prepared slope.
3. Place rock carefully with a crane, rock should have a three-point

bearing.
Insure rock sizes are well mixed. i.arger and smaller rock should
not be visibly segregated.

HAIHTENANCE REQUIREHEHTS
This structure is subject to displacement. The effectiveness of the

structure wi I 1 be impaired by thinning of the protective layer or settling
of the structure, Restoration of the rock slope protection to the
designed top elevation, equivalent thickness and reduction of voids in
the facing should be accomplished when needed. The list of materials and
general cost~ Information is given in the f'allowing tabuiation.

Stone revetment is the preferred method of sh<>re prot
acontat>ical and suitable for al I type~ of eros ion problems
ava I lab 1 c in suf f I c lent s i ze and qua I i t y. The key des i gn
are the dimensions, foundation treatment, and stone size.
is not compl icated and no special equipment, other than a
trucks, is needed.

ection. It <s
when stone is
considerations

Construction
crane and



4. Gabion Revetment

F i g. 28. Gab ion revetment  Ref. I 0!

A gab ion i s a steel wi re mesh basket avai lab le commercial iy
Revetments can be constructed from stone f i i I ed gabions by
groups of individuals without special const ruction equipment.
Gabion st ructures can be built to any height required. A step
design is suggested to reduce wave runup. The manufacturer's
instructions should be followed closely, The structure should
rest on an 18" thick gabion matt ress to protect against scour.
This type of construction is applicable to all shore-protection
problems.

Notes:

Gabions can be filled with any stone material larger than
the mesh.

2. Gabion structures maintain their strength even if the
foundation settles somewhat.

3. Stagger the joints between baskets the same way the joints
between courses in a brick wal'I are staggered to make a
stronger structure.

4. For longer protection, anchor the seaward end of the
mattress with large stone or anchor screws.

5. The mattress should extend as far from the toe as 1$ tin~s
the design depth.

Continued
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Figure 28, Continued

HA I NTENANCE RENDU I REAGENTS

The 1 ife of gablon protection depends on the durabi1 i ty of
the wire. Replace broken wires wi th galvani red or plast ic
coated wire. The baskets occasional ly are moved during
severe storms, but can often be replaced after the storm.
Such aovanent indicates foundation failure or scour at the
toe. Repair all storm damage as quickly as possible.



5. Grout Filled Ba Revetment

Fig. 29. Grout f i 1 led bag revetment  Ref. 10!

Large grout f i lied nylon bags �0' x 5' x 1,6"! may be used
to protect eroding shorelines. This type of structure is
adaptab'le to all types of slopes. Bags should be placed
parallel to the shore with reinforcing bars installed both
vertical ly and horizontal�'ly as shown in the section below.
This type of structure may be appl icable where access is
1 irnited and rock is not readily avai lable. No special
material is needed other than the bags and construct ion is
not compl icated. A grout pump is requi red to fi I l the bags.
Prices in the tab le below were computed wi th the assumption
that ready-mix grout will be used but a concrete mixer could
be substituted at the site.

Haintenance Requirements

Remedial work on this type of st ructure is not easily
accomplished. Special attention should be given to the
protection. Uneven settlement or undermining might cause
fracture or collapse. lf excessive scour causes toe stone
to settle, more material should be added. This type of
structure is readily adaptable to add-on construction.
Addit iona 1 structure height can be easily accomplished if
necessary. A lean mixture of sand cement consisting of as
little as 3 bags of cement per cubic yard of mix is pumped
i nto the bags with a portable concrete pump.

A typical bag when empty measures 5' by 10' and weighs
5-1/2 pounds each, The bags may be fiiied in place on the
beach by a 3" centrifugal bilge pump dredging 2-1/2 cubic

Continued
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Figure 29, Continued

yards of beach sand into the mixer with the cement,
each bag which gives the bag a dimension of about 9-1/2' x
4-1/2' x I-1/2'



6 ~ Gu I de 1 ines for Cons t ruct i on and Ha 'I ntenance of Revetment s

The basic rules for construct ing revetments are li lust rated as shown
be I ow.

Rule
USE MATERIAL THAT IS HEAVY AND DENSE

ENOUGH THAT HAVES MILL NOT HOVE
INDIV IDUAL PIECES OF THE PROTECTION,

Fig. 30. Heavy dense uni ts needed  Ret. 10!

CHECK FOR SiGNS OF FAILURE. A cause of conmon fai lure is to
use undersized material; waves have tremendous power and can
move a 'lot of material in a short time. Small stones, or
pieces of concrete, wi I I be moved around and carried away
by small waves, Larger waves will do it even faster. The
bank revetment shown in Fig. 3l was constructed of undersized stone
that was carried down the slope by large waves. Excessive
settlement, increase in voids, loss of filter material,
erosion behind, or at the end of the structure can result
due to the use of sma'll stone; a 'layer or two of filter material
may be required between underlying ground and the protective
material.
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Rule 1 Continued

Fig. 31. Failure due to too small units  Ref. 1OI

HAIkTEkAkCE OR REPA I R PROCEDURE

Place additional stone at toe, restore ta or1ginal elevation,
section, and thickness, reduce excessive void ratio, back f111
behind structure, extensf ve upgrading in size of mater fal may
be required.
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RULE 2

BU ILD REVETMENT HIGH ENOUGH THAT I'VE S
CANNOT OVERTOP IT  SPRAY OVERTOPP ING I S
A L L R I GHT ~ BUT NOT "GRE EN "4IAT E R!

Fig. 32. Prevent serious overtopping  Ref. 10!
CHECK FOR SIGNS OF FAILURE
Many failures have happened because the structure was not built high
enough and erosion could then continue behind the st ructure as lf it
were not there. Check for depressed or broken bIocks, excessive move-
ment, and erosion behind or at ends of structure.

Fi g. 33. Revetment fa i lure  Ref. 10!

MAINTENANCE OR REPAIR PROCEDURE

Restore to higher elevation, back fi11 behind structure, add filter
cloth, and splash apron,
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RULE 3

MAKE SURE THAT VO I DS BETWEEN IND I VIDUAL
PIECES OF PROTECTION MATERIA  ARE

SMALL ENOUGH THAT UNDERLYING MATERIAL
IS NOT WASHED OUT BY WAVES,

Fig. 34 Prevent loss of support ing material  Ref, IQ!

CHECK FOR SIGNS OF FAILURE

A filter material such as woven plastic fi I
on a highly erodib I e <~it>ankmcnt to prevent
washing through the voids In the structure.
niu   h« thick enough to make a long passage
cn«rgy prior to reaching the underlying mat
3S ~ven plastic f i I ter cloth was not incl
niatcri al was washed out by waves.

ter cloth must be placed
the f inc materials from

The protection material
for dissipation of wave

crials 4s seen in Fiq
uded. As a result fine



Fig. 3$. Eailure due to loss of supporting material  Rut. IOi

MAINTENANCE OR REPAIR PROCEOURE

Rebu i I d to or i g i na I e I eya t ion, use at I eas t two layers of s tone, u,e
a stone fi I ter or woven plastic filter cloth, fill behind structure.



Exam les of Revetments in Florida

On Florida's gulf coast the sloped checkerboard revetment has been
quite successful when properly instal led. Pictured after 10 years of use
is the revetment at the south west tip of Mul let Key, constructed in 1964
{Fig. 36!. The installation consists of a deep toe wai 1, headwal l with a
slight reentrant curve, and plastic filter mats overlain with gravel and
topped with precast interlocking checkerboard squares.

F i g. 36. interlocking concrete block revetment,
constructed in 1964



p long the eastern shore of Clearwater Harbor is a sma I lcr sloped
checkerboard revetment p rotect ing a mul t i-un i t res i dent i a I comp l cx
 Fig. 37! . This al so has a toe wa I I which is largely covered wi th
beach sand even though the insta liat ion i s less than a year old.
Thi s revetment al lows much easier access to the beach and water than

does a vert i ca I wa I 1. The cost was approximate I y $300 I inca I foot.

Fig. 37. Concrete block revetment partial iy covered
with beach



A revetment constructed during surfer I974 at Sebastian Inlet as a
protect ion for the HcLarty State museum is shown in Fig. 38, The
underlying material is ordinary whi te beach sand corrmon to the area.
I t was shaped to the prof i I e shown under the f i l ter stone. Sheets of
green plastic f il ter cloth were then laid over the sand and pegged into place
with steel pegs. A bedding layer of small f i lter stone was placed over the
cloth to a thickness of one foot. Large boulders were then placed by crane
to a depth of about 5 feet and the whole area covered over wi th sand. The
boulders cost about $25 per ton in place  Ref. 9! .

F i g. 38. Revetment protect ing McLar ty State Huseum
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HOW TO ESTIMATE CURRENT LOCAL COSTS OF SHORELINE PROTECTION STRUCTURES

Costs of construct ion vary wi th two major factors and a number of
minor ones. The two major factors are �! t ime and �! location.
Pre I iminary est imates of costs may be derived by f inding costs of recent
similar structures and then bringing the costs up-to-date by multiplying
by time and location modifiers.

1. Time Modif ier

A number of indexes are publ i shed reflecting the change of con-
struction costs  usually upward! with the passage of time. The most easi'ly
avai 1 able are the "Construct ion Cost Index"  CCI! and "Bui lding Index"  BC I!.
These are publ i shed weekly in the En ineerin News-Record by McGraw-Hi 1 1,
inc.  Ref. 8!. See Fig. 39.

COWSVRVCriow SCOReaaWRO

LATEST WEEK
caaT I Imexe s
2999 24clNee
19I 2~199

Reprinted from Engineering hiews-Record, Apr i I 10,
1975, copyright McGraw-Hi 11, inc. All rights
reserved.

Fig. 39. ENR's Construction Scoreboard

For example, an average cost of S30 per lineal foot in June l970,
when the CCI stood at 1369, could be updated to April 3, 1975, when
CCI reached 2135, by using the ratio �135/1369! x $30/lineal foo't ~
S47/lineal foot. Using the BCI yie lds almost the same results.

A convenient compilation of indexes is pub'lished monthly in
Construction Review, Table E-l, by the U. S. Department of ColI2perce
T
Printing Off ice, Washington, D. C. 20402, Sl 1.50/year! See Fig- 40-
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Fig. 40, Continued
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2. Location Modifier

The effect of location may be reasonably accounted for by using
"locallzers" such as those published by McGraw-Hill Information Systems
Company ln their current annual "Dodge Construction Systems Costs"
 Ref. 16! . In the 1975 Issue, For instance, Miami is listed with a
factor of 1.02 while Jacksonville has a factor of 0.88. Thus, an
Installation ln the Miami a rea ls expected to cost approximately
1.02/0.88 I, 16 times as much as a similar installation in Jac4sonville
 Figs. 41 and 42!.

F ig. 41. 1975 Dodge Construct ion Systems Costs  Ref. 16!

Similar factors are evai table from other sources of construction
estimet ing data such as the current annual "Building Const ruct ion Cost
Data"  Ref. 17! and the "Boeckh Bui l ding Vaiuat ion Manua I" and bi-monthly
supplement "Bui lding Cost Modi f ier"  Ref. 18!,

It should be emphasized that I.hese modi f iers are va1 id only for
rough approximations of cost. Local contractors and engineers should be
consulted for up-to-date local costs taking into account the individual
characteristics of a particular site.

City Cost Indexes

F I g. 42, Heans 1975 C i ty Cost Indexes  Ref. 17!
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ALTERNATIVES TO HARDEN INC THE SHOREL INE

Three alternative approaches are available for protecting shorefront
structures threatened by eroding shorel ines;

Relocate the threatened structure beck a safe distance
from the shoreline. Develop a balance of natural forces
such as dunes and vegetation which wil I ect as a natural
de f ens I ve sys t an.

�! lui ld up the beach by artificial beach nourlslment.

�! Reduce the force of on-shore ~aves by grolns or off-shore
reefs or breakwaters resulting In beach accretion,

SUMMARY DF SHORE PROTECT ION HETkODS
 Adapted from Ref. 10!

Shore Cond I t I on s
Any erodib e con tion

Offshore Conditions
F at to
mode ra te
offshore slopeProtection Method

Relocation of st ructures behind
natural defense systems

Artificial nourishment

Armor the shoreline
revetments

stone; Interlockinq concrete blocki
bags filled with sand-cement mist
or gabians X
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Beach accretion devices
grains
offshore breakwaters

Seawalls
flat sheet pile of conc,, steel

or wood
massive gravity wail

Steep
offshore
slope



I. Protect in Shoref ront Structures b Relocat ion

Threatened structures may be relocated behind a natural defensive
systaa i f there is a suitable si te avai lab le and a house-moving cont ractor
Is able to move the structure  Fig. 43! . Shore systems of ten may be
balanced by providing replenishment of the dune and vegetat ion system.
Detailed design informat ion on dun stab i I ization and enhancement is
available In a Sea Grant report entitled Protection and Restoration of
Beaches and Dunes Us in Ve etat ion.

2. Ilebuiidin the Shorel ine b Art i f iciai Beach Nourishment

i&ere erosion of valuable beach shoreline occurs, art i ficiai
nour ishment could be considered as one means of restoration. The advantages
of art I f i cia 1 beach nourishment' ove r ha rdened s t ruc t ures are:

A . the beach after treatment is still sui table for recreation,

B. nourishment does not adversely effect downstream areas'

C. if a design failure occurs, there are no 'large b rok~ ' pieces
of concrete or steel to be disposed of.

One major obstacle to many beach nourishment proposals is the problem
of acquiring large quantities of sand of suitable type and si ze. In years
past these sand deposits were often available from inland sounds, bays or
adjacent land. However, in recent years there has been increasing concern
with the ecology of inland bays and the nearby land has frequently been
developed. Host Future sources wi II probably have to be obtained from off-
shore sea bottom areas.

3. Cost oF Beach Nourishment

The cost of sand for beach nourishment depends largely upon the
source of the material and the method and dis tance of transport. For sand
hydraul ical ly dredged f rom nearby sources and I.ransported short distances
by pipe I ine> the cost can be as low as Sl.00 per yard  Corps of Engineer
charge in Jacksonvi I le for dredged material, 1975! . I f the material must be
excavated from borrow pits, transported and spread, an order of magnitude
cost may be estimated as fol lows:

Cost of purchas lng borrow pi t
Excavation 'and loading
Hauling, round trip
Spreading

$0.25/cy
.10/cy
.20/cy/mile
.05/cy

Thus for a nourishment project located 5 miles from the borrow pi t
�0 mi les round trip!, the total cost would approximate S2.40/cubic yard
 $.40/cy for purchase, excavation, spreading, and S2.00 for haul ing! .

rule-of-thumb estimates tha't for each I foot of visible recession of shorel ine,
the beach has lost 2 cubic yards per shoreline foot. Thus, for a mi le of
shore that has experienced 50 feet of erosion, a nourishment project
replacing 528,000 cubic yards of sand is required �280 ft/mi x 50 recession ft.
x 2 cy/shoreline ft./recession ft. ~ 528,000 cy/mi!.



4, protect in the Shore with 8each Accretion Structures - Groins
and Of f sho re breakwaters

As the force of offshore ~aves is dissipated by grolns or of F-shore
breakwaters, the susPended sand grains carried by these waves tyPically
lose their forward velocity and gradual ly sink to the bottom. I f the
groins and offshore breakwaters are properly designed and installed,
they will therefore function as beach accretion structures.

A. Groins
Groins are long, low finger-I ike structures that jut out From the

shore and dissipate or deflect the erosive energy of ~ater currents and
waves before they can reach vulnerable areas of the shoreline.

Groins may be used to either maintain a beach with its present prof 1 le
by deflecting or dissipating erosive currents and waves of bul ld up a beach
by trapping I i ttoral sand passing along in the shallows seaward of the beach.
Groins consist oF low barrier wal ls extending seaward and, whi le usually
intended to protect the shore, may often lead to shore erosion i f not
properly designed, installed, and maintained. If the upstream side of the
groin is not filled with sand at the time of construction, a part of the
natural littoral flow of sand along the coastline is usually intercepted
by the groin and retained on the upstream side. The usual result Is a
build-up of sand on the upstream side with a consequent erosion on the
downst ream side. If the grain is too long, the sand carried around the
end of the groin tends to beche lost in deep water rather than provide
nourishment for downstream beach areas  Ref. 4, pg. 22 I!. See figures
44 and 45.



Fig. 43. Saving a St ructure by Re locat ion

Thi s al ternat ive prov i des for the permanent re 1 ocat ion of homes
subject to destruction by erosion induced foundation failure.
Relocation is accomplished by home movers. The important
planning consideration is the rat.e of erosion. Key desiqn
considerations are the condition of the home, foundation and
uti liti es, access and obstructions, length of move, new
foundation and utilities.

Notes:

Hove 100' minimum or corrrply with state set back requirements.

Home moving is a highly specialized activity requiring a quali-
fied home mover.

Recession Rates

Long tenn quantitative data on the rate of recession of the shore
may be obtained from historic records of the area or the state.
Early surveys and plat maps may contain survey points and a plot
of the shoreline as of the date of the survey. Utilizing these
existing data, a new topographic map can be prepared showing the
historic location of the shoreline and the present location. The
distance between the old and existing location documents the
amount of recession in the period of record.

The average cost of moving a typical home is about $8,000, excluding
the cost of land. This cost includes house moving  S3,500!y new
foundation �3,500$ and utilities and service �1,000!. The
of' a new lot varies considerably depending on location.

Continued
54



Figure 43, Continued

RELOCATION

Reioca tlon is an alternative that cannot be overemphasized.
Eros ion is a natural geologic process that i s extremely di ff icult
to stop. The al ternati ves to bui ld shore protection or to
relocate must be weighed against the consequence of fai lure.
Depending on the type of structure you might consider, it
may cost the same to relocate as it would to bui ld shore
protection. Should a protective structure fail, then your
investment in the structure is lost and your home or cottage
is sti I I in danger.

ADVANTAGES

it is permanent. In the long run it may be the best method of
protection.

Adaptable to short reaches of shoreline.

Can be accomplished by the individual through contract with a
house mover.

DISADVANTAGES

Special skills and equipment required.

Area must be available for relocation of the house.

Does not stop erosion.

COST/LIN. FT. - $80/ LF for 100' LOT



F I g. 44. lmpermeabl e Groin

Protection of the shoreline by groins assumes sand is avai lable
and is moving along the shorel ine. Groins can have the undes irab le
ef feet of damag ing downdri f t shores. The l ayout of groins i s very
important.. Groins should be kept, low, only one foot above thn
expected high water, and short, terminat ing at the 3 foot dept.h.
Groins must be protected from flanking by tying them well into the
bank. The maximum length of groins should not exceed IOO feet.
If possible groins should be artificially nourished by placing
sand on the updrlft side of each groin.

taction. Grains are shore protection structures that interfere with
shore processes and entrap beach materials. Their use demands
extreme caut ion to preclude major downdri ft eros ion, Consider
than only in areas of substantia'I sand movement. Make them low
so they will be overtopped by waves during storms. Groins should
be constructed In stages, starting at the ext reme downdrift end of
the area to be protected. Study the effects of the single groin
carefully before completing the layout of the groin field.



Fig. 45. Step down groin

ADVANTAGES

Resulting beach protects upland areas and provides recreational
benefits.

moderate first cost and low maintenance cost.

DISADVANTAGES

Extremely complex coastat engineering design problem. Qualified
coastal engineering services are essential. Groins rarely
function strictly as intended.

A reas downdr i F t w I I 1 p robab I y experi ence eros ion.

Unsuitable in areas of low littoral dri ft  Sand movement!.

Subject to Flanking, must be securely tied into bluFf.

COST/LIN. FT. - $140 to $I60  STEEL!

Con t inued



Figure 45, Continued
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B. Of f shore Breakwaters

Since the transport of water borne sand is largely dependent upon wave
energy, any structure that reduces wave energy wil'I usually reduce sand
transport as weil, Therefore, a breakwater barrier constructed offshore that
reduces wave action at the shore also permits more sand grains to sink to the
bottom as  he water wave velocity diminishes. The result ls an accunulat ion
of sand in areas shoreward of the breakwater, sometimes extending complete}y
from the shore out to the breakwaters  Ref. 4, p. 238! . However, compensat ing
downstream erosion may also occur i f this new deposit of sand Interrupts a
littoral replenishment flow of sand from an upstream source  Ref. 4, p.276;
Ref, 14!.

Silvester and Ho  Ref. 14! report on this type of structure installed
off a beach near Singapore. At this project the installed structures and
resulting deposits are ca I led "head lands." Each is essentially a breakwater
of about 100 feet in length placed about 200 feet offshore, not quite parallel
to the shore, and spaced about 800 feet apart. Two different types were
constructed;

 I! gabions consist inq of stone filled cages of 71 cubic feet capacity s lung
into position during low tide, ranging In elevation from 2 ft. below L'NL
to I ft. above HML, involving an overall hei ght of 13 ft,  Fig, 46! .

�! rip-rap const.ructed in the dry by overfilling the area, then excavating
and dewatering. The dimensions are approximately the same as the gabions.

It was estimated the gabions cost about 501, as much as an equiva'lent
revetment wali, while the rip- rap rost about 75il, as much as the revetment,
The rip-rap was preferred finally because of the rising price of PVC coated
steel used in the gab ions, and the problem of damage to the gablons caused
by people searching for shellfish taking refuge inside the gabions  Ref 4,
page 3071



Fig, 46. Offshore Breakwater

Offshore breakwaters are an acceptable method of shore protection
for f lat or moderate of f shore slopes. The des i gn wave i s based
on water depth $0 f eet seaward of the s t ructure.

Offshore breakwaters can be constructed of any material capable
of withstanding the wave energies impinging on them, including
stone, gabions, steel, wood, and concrete shapes. A toe protect-
ion blanket Is essential. Of f shore breakwaters may be 'low structures
to allow passage of wave energy or they can be high structures to
completely block waves. They should be bui I t in shal low water near-
shore for reasons of economy. They can be cont lnuous for long
distances or segmented with passages between them to al low exchange
of water.

Caution. Offshore breakwaters Interfere with shore processes;
their use demands extrcwne caut ion to preclude major downdrif t
eros ion. Consider them only in areas of substant iai sand movement.
Hake them low so they wi I I be overtopped by waves during storms.
Offshore breakwaters ara diff icul t and expensive to maintain.

Continued
6O



Figure 46, Continued

AOVANTAGES

IIencf leis I effect can extend over a considerabl ~ iength of aiwsrelioe.

Nainta tns or enhances recreational value of a beach.

The structure Is not subject to flanking. It can be bui!t im
separate reaches.

Gablons can be constructed on shore and transported to sita by o<dinary
earth moving equipment.

Tends to build a naturai beach between the breakwater and the whore

D I SADVANTAG E 5

Hay modify beachi Inc and cause erosion ln downdrlft areas.

Structure Is subject to foundation and scout failures; floating
plant and heavy equipeent may be required for construction.

Gabions fnay be damaged by floating ice or logs.

Ex t reme I y d I f f I cu 1 t to repa I r .

COST/LIN. FT. - $80 to $100



PERM'ITTING PROCEDURE FOR WATERFRONT CONSTRUCTION

permits must be obtained for most types of waterfront construction,
usual ly from al 'I three levels of government, the local, county or ci ty, the
state, and the federal government. In Florida, there are four principal
agencies involved on the state level;

The Trustees of the internal improvement Trust Fund  Ti ITF!
The Depar tment of Natural Resources  DNR!
The Department of Pollution Control  DPC!
The Game and Fresh Water Fish Commission  GFWFC!

2.
3.
4.

ln addition, the U. S. Anny Corps of Engineers  USACE! has jurisdict ion
over all navigable waters for the federal qovernment whi le county and city
goverrments have local jurisdiction over al I development within their
boundaries. Each level of goverrInent must be consul ted. A perrni t from one
does not Imply permission from the others. Figure 47 indicates the primary
concerns of each.

The typical step by step procedure for obtaining a Coastal Construction
Permit for seawall s, breakwaters, groins, etc. below the mean high water I ine
is as follows;

I. The applicant submits plans for approval to the county or city in
which the project is located and obtains approval.

2. The applicant submits the locally approved plans to the Lead or Contact
agency or agencies designated In Fig. 47, "Environmental Permitting
Matrix":

A. a fie'ld investigation of the proposed project is initiated;

8. riparian owners within 1000 feet of the project are not if ied and
given opportunity to continent; and

C. notices are sent to the other state agencies designated under
Agency Involvement in the Permitting Matrix

3. Every Friday, the Trustees of the internal Improvement Trust Fund
sponsor a meeting in Tallahassee with representatives of the state
agencies concerned with waterfront development. Should problems
arise, the applicant may attend any of these meetings for advice and
counsel regarding the proposal.

4. If the problems can be resolved satisfactori ly, the proposal receives
approva I and a pe rmi t.

6. The project is constructed and a certificate of completion is filed with
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5. The applicant sends the proposal to the Army Corps of Engineers. The
Corps advises other federal agencies and interested parties and provides
opportunity for conlnent. Upon meet ing Corps requirements, a construction
permi t i s i ssued.
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the appropriate agency.

The various agencies that review the project wi I I each look at it from
a different viewpoint since each is responsible for protect ing the State' s
Interest in a di f ferent a rea of concern. The a gene i es and the i r respect i ve
areas of concern are described below.

1. The Trustees of the Internal Im rovement Trust Fund  T IITF!

This department is charged with manaqinq all state own~d lands not under the
jurisdiction of other agencies. The state owns all land that lies below the
mean high water level and that has not been previously transferred to private
ownership. Therefore, the TI ITF exercizes proprietory rights, and juri sdiction
over ail such land i s concerned with any development that af fects i t ei ther
directly or indirectly. Direct jurisdiction of the Tl ITF is 1 imited to areas
below the mean high water line. However, in managing the state's property
below this line, they are naturally concerned with damage that could occur
as a resul t of development above this I ine. In addi tion the TI ITF has
regulatory jurisdiction over privately owned submerged lands under navigable
bodies of water. A simplified permi tting procedure has been implemented for
smal 1 projects, defined as costing less than $5000 and invol ving less than
5000 cubic yards of material. These may be processed through any of the
TliTF six field offices. The TI ITF evaluates appl ications on the basis of
proposed affect in three areas of concern:

A. natural resources including aquat ic I i fe hab i tat

B. navi gat ion

C. rights of nearby riparian owners.

In areas where a natural shoreline currently exists, the Tl ITF prefers
retent ion of the natural shore. I f hardening of the shore l inc i s requi red,
a s I op ing rock revetment may be accepted. Whe re dredge and f i 11 have
already altered the natural shore, vert ical structures are acceptable
providing no further damage or degradation of the area wi ll result.

In addition to looking after thei r own concerns, the TI ITF also acts
as a clearing house for the concerns of other state agencies with jurisdiction
over waterfront development, It sends copies of the appl ication to the other
agencies, receives conlnents and recommendations f rom them, and hosts Friday
meet ings where all concerned can meet wi th the appl irant and discuss prob lems
involved wi th each proposal. Often modi f ications to the project can be
agreed upon during these meetings and a permit subsequent 1 y i ssued.   I f no
agreement is reached, the proposal may be appea led to the Governor and Cab inet
and from hence to the Courts. j When ai I appropriate state agencies are
sat i sf i ed, the TI ITF issues ei ther an "exempt ion permit"  for projects of
less then $5000 and 5000 cy! or a permi t for coastal cons t ruct ion. The
average t ime f rom app I i ca t i on to permi t i s abou t 5 weeks on successful
uexempt ion permi t" p rojects. On larger projects about 4 to 8 months i s
required including a 3 month initial period for accumulat ing contents and
recornnendations, f rom other state agencies and concerned individuals.
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2. De artment of Natural Resources  DNR!

This department is concerned with the protection of Fiorlda~s natural
resources on both privately and publ icly owned property.

The Bureau of Beaches and Shores of the DNR requi res a permit for any
coastal construction undertaken upon state lands below the -mean high ~ater
line of any body of tida'I water. Coasta'I construction ls defined as any
activity likely to have a material physical effect on existing coastal
conditions or natural shore processes, All activity undertaken specifically
for shore protection purposes must have a permit, as weil as all other
structures and physical activity whi ch by their nature and design might have
similar effects. This includes groins, jetties, moles, breakwaters, seawalis,
revetments, causeways, and artificial nourishment or other deposition or
removal of beach material. Docks and similar structures are also included
if of a solid or highly impermeable design.

3. De artment of Pollution Control  DPC!

This department is concerned wi th envi rotanental quality in the areas of
air and water pollution, solid waste, and noise. Regarding waterfront
development, they are concerned with maintaining water quality, especially
turbidity, during construction as well as for the subsequent operational
life of the development. They are especially concerned with protection of
aquatic habitats from the damaging effects of increased runoff resulting from
development.

The DPC reviews all applications submitted to the Tl ITF. The DPC may
then

A. issue a certificate of water quality,

B. waive the requirement for a certificate, or

refuse a certificate.

lf the certificate is refused, counseling is available on measures
required to gain acceptance.

4. Game e Fresh Water Fish Conmission  GFMFC!

This department is concerned with managanent and protection of wi1dl I fe
and fresh water aquatic life. Any project affecting habitat of fish and
wildl ife wi I I receive careful review and conInent.

Concerning bulkheads and seawal ls, the general pol icy of the department
is based on the fol lowing guidel ines:

A. a'l l bulkheads should be placed at or above the mean high water I lne

6. existing shoreline vegetation, if any, should remain undisturbed to
protect the existing shorel ine;
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C. where shorel ine vegetat i on does not now exist, i t shou 1 d be cul t i-
vated by constructing suitable growth areas waterward of the bulk-
head;

D. rubble rip-rap bulkheads may be acceptable in some locations instead
of vegetation.

5. Federal permf t

After receiving a pennl t from the local government and the State of
Florida, appl fcants must obtain a federal permit from the Department of the
Army, whose primary concern is the effect of the proposed construction on
public rights of navigation ln navigable waters. Applications shouid be
made to the U. S. Army Corps of Engineers at the appropriate district off ice
I lsted below:

For Florida west of the St. Marks River:

The District Engineer
U. S. Army Engineering District, Mob'ile
P. 0. Box 1169
Mob I I e, AL 33601

For Florida north of Fernandina Beach:

The District Engineer
U. S. Army Engineer D f st r 1 ct, Savannah
P. 0. Box B89
Savannah, GA 31402

For the remainder of Florida:

The D'fstr'ict Engineer
U. S. Anny Engineer District, Jacksonville
P. 0. Box 4970
Jacksonville, FL 32201

16. 0 ther

Appi fcants should also check to Insure their proposal compl ies with
local zoning regulations, buf fding codes, and simf 'lar requirements of the
city, county and/or specfal 'focal district,
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SUMMARY OF SEAWALLS AND REVETNENTS
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