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ABSTRACT

Thls la the lagt of the serles of reports on low cost or novel nethods of

shore protectl.on. It eumarl.gea the flndtoga of the earlLer reporta,

lndlcatlng whlch of the coast protectl.on methode examLned are sulted to UK

coastal conditlons. Recoonendatlons are algo made for further regearch

since our reports lndicate a Lack of destgn lnfornatlon for such

Structure8.

Thle report waa wrLtten by Mr J l{elsby and Mr J M Motyka from the Coastal

Procegaes Sectlon of the Marltlne Engl.neerlng Department, Hydraullcs

Reeearch Linlted, who should be contacted for further lnfornatlon.
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INTRODUCTION

In 1981 the Water Directorate of the Departrnent of

Environment commissioned llydraulic Research Linited to

review various novel or low cost methods of shore

proEect ion and assess their  potent ial  for use on the

open coast l ine of the united Kingdon. since that date

five volumes on various types of structure have been

publ ished, plus an inspect ion report  on sea defences

in Hol land and Belgiun (Refs 1 to 6).  Thls,  the f inal

report  presenls the pr incipal f indings of this

review.

Chapter 2 covers the use of scrap tyres as f loat ing

breakwaters and revetments. (Their  use as groynes has

not been eonsidered due to the lack of prototype

infornat ion).  Detai led f indings are in Volume 1 of

th is  ser ies .

Sand or  mortar  f i l led bags (Volune 2)  have been widely

used in low energy condi t l -ons.  Their  per formance as

of fshore breakwaters and s i l ls ,  groyne systems and

revetments is  descr ibed in Chapter  3.

Gablons (Volune 3) have been ln existence for many

years but modern methods of manufacture have made them

popular in recent t imes. Their  use as groynes,

retaining wal ls,  revetments and sea wal ls is descr ibed

in Chapter 4.

A wide varLety of material types have been used in

revetment conslruct ion Because of the diversiry of

mater ial  types and general ly a lack. of  detai led

informaEion, i t  was decided to cover their  usage

within one report  (Volune 4).  Mater ials such as

aspha l t ,  p re-cas t  concre te  b locks ,  gab ions ,  fabr ic ,

rock and tinber ltere examined and the most pronislng

of these are descr ibed in Chapter 5.



Offshore breakwat .ers and s i l ls  (Volune 5)  are a fa i r ly

recent  development  in  coasta l  engineer ing.  Their

possib le use as coast  protect ion in  the Uni ted Kingdon

is descr ibed in Chapter  6.

There is a lack of informatlon on novel or low cost

sea defences built. ln this country. We have with the

permiss ion of  the Coasta l  Engineer ing Research Center

USA, nade exlensive use of  Eheir  repor t  on Low CosE

Shore Protect ion (Ref  7) .  I lowever,  i t  has to be

st , ressed that  the najor i ty  of  defences moni tored in

the USA were in areas of low tidal range and in low to

moderate wave energy condi t ions.  Use has a lso been

made of  repor ts  on st ructures bul lL  in  the

Medi terranean,  a lso an area of  1ow t idal  range but

having more a severe wave climate.

Due to lack of infornatlon on IIK structures lt was

also fe l t  necessary to examine some sea defences

abroad.  The North Sea coasts of  Hol land and Belg iun

were therefore inspected s ince they were re lat ive ly

c lose and are subject  to  a roughly s in l lar  \ {ave

cl imate to that  in  the UK. A great  deal  of  usefu l

in format ion l ras obta lned f rom th ls  v is i t ,  especia l ly

wi th regard to the use of  b i tuninous oater ia ls .  Our

f indings,  are publ ished ln more deta i l  in  a separate

repo r t  (Re f  6 ) .

In the final chapter, a number of recommendatlons and

suggest ions for  fur ther  work are out l ined.  Clear ly

wi th the r is ing cost  of  t radi t ional  forms of  coast

protect ioni  a watchLng br ief  is  requi red to keep

abreast with new developments l-n coastal engineerlng

deslgn.  I t  is  a lso necessary to assess the

performance of  newly bui l t ,  innovat ive schemes.  We

feer  i t  woutd be very worthwhi le  to produce regular ,

say year ly ,  repor ts  to update the state of  knowledge.

These would be roade available to coastal engineers



ete,  wLth whom an interehange of  in formaEion would

also be sought .



SCRAP TYRES

2.L Revetment,s and

sea wa l ls

To date tyres have been used pr imar i ly  in  f loat ing

breakwat ,ers,  to  protect  harbour moor ings against  shor t

per lod,  sma1l  anpl l tude waves.  Since tyres are cheap

and p lent i fu l  and are a res i l ient  and durable

mater ia l ,  there Ls an underst ,andable wi l l ingness on

the par t  of  coasta l  engineers to extend thei r  use for

more exposed locat ions.  Thus several  at tempts have

also been made to construct  revetments and sea wal ls

ouL of  tyres.  However,  most  of  these proved abort ive,

t .he st ructures tested being unable to wi thstand

Lntensive wave act lon.  I f  tyres are to be used

successfu l ly  on the open coast l ine of  the Uni ted

Kingdom then a number of major problems wil l need to

be overcome (anchorage,  excessive tyre f lex ing,  etc) .

To date rubber tyres have not  been used extensively  as

a means of  d i rect  protect ion to the shorel ine.

Ilowever, a number of scrap tyre revetmenLs were tested

in the USA as par t  of  the Shorel ine Eroslon Contro l

Demonstrat ion Prograrn (Ref  7) ,  a l l  be ing insta l led in

fa l r ly  low energy envi ronments.  The moni tor lng per lod

of  these st ructures was shor t ,  being general ly  less

than two years,  never theless many of  the st ruetures

fa i led wi th in th is  t inespan.

Construct ion of  f lex lb le revetments on beaches,  where

they wi l l  be subject  to  breaking wave condi t ions,

poses ser ious deslgn problems.  Tyres connected to the

beach face cannot be allowed to move en nasse as they

do when used in a f loat ing st ructure.  The f lex ing of

lndividual tyres would lead to disturbance of the

backf i l l  and make i t  more suscept ib le to eros ion by

wave act ion.  Because of  thei r  very h igh porosi ty  i t

ts  d i f f icu l t  to  deslgn tyre revetments of  suf f ic ient

th ickness to prevent  washing out  of  backf i l l .



2 . 2  F l o a t i n g

breakwaters

None of the beach lnstal lat lons tesEed to date have

sholtn promise, due to major structural  defects and/or

through thelr  inabi l t ty to halt  shorel ine eroslon.

At Michlana, USA, a rubber tyre revetment l ras

ins ta l led  in  the  la t te r  ha l f  o f  L975.  I t  was  des igned

to l le part ly on Ehe sand beach but wlth the seaward

edge afloat so as to dampen incident ltave energy.

Before construct ion was conpleted, work was

interrupted by a storm. Because the sealtard anchorage

had not been completed the structure was washed ashore

and never reposlt , loned.

Such st.ructures night,  wlth modif lcatLon, perform

adequatel-y in a low wave energy environment.  I t  is

unl ikely however,  that they would work effect ively on

the UK coast.  They are also not aesthet ical ly

pleasing, and are not l ikely to be an approprlate forn

of protect ion for amenity areas in that the SaPs

between and wlthin the tyres may be a hazard to beach

u s e r s .

Because of the low cosL of rubber serap tyres one is

re luc tan t  to  reJec t  toLa l l y ,  the  poss ib l l i t y  o f  us ing

them. lle would recommend, however, that new designs

should f l rst  be tested r igorously in the control led

cond i t lons  o f  a  labora tory  s tudy .

When scrap tyres were f l rsE used as f loat ing

breakwaters many problems were encountered, lncluding

loss of buoyancy, lnsuff lc ienLly sErong tyre to tyre

connect ions, poor anchorage, and marlne growth and

other debrls ln the tyre caslngs. Many of these

problems, especial- ly tyre to tyre connect ions and

anchorage to the beach, wt l l  be nagnlf ied i f  such

structures are but l t  ln the wave breaker zone.



Designlng a suf f ic ient ly  s t rong but  not  prohib i t ive ly

expensive anchorage has posed ser ious design problems

even in semi-shel tered waters.  There have been nany

instances where floating t,yre breakwaters have

remained intact but have dragged anchor under wave

at tack or  s t rong t ida l  f low.  At  Gul ld ford,

Connect icut  a "Goodyear"  f loat ing breakwater  insta l led

in L977 was severely damaged in L978, reconstructed j-n

L979 and destroyed in the same year. The maximum

fetch here Ls sone 56km and the condi t ions proved to

be too severe for  any of  the anchorage systems used

(maximum wave heights of up to 2.4n during Ilurricane

Freder ic  caused t ,he destruct ion of  the breakwater)  '  A

massive and costly anchorage would have been needed to

survi-ve the conditions to whlch the structure was

subjected.  This pro ject  h ighl ights the d l f f icu l t ies

that  wi l l  be encountered i f  such a st ruccure were

sited on the open coastl ine of the IJK where it would

come under attack by shoaling and breaking waves.

Few f loat ing tyre breakwaters are to be seen in the UK

and only then in very shel tered condi tLons.  One such

structure was bui l t  ins ide a harbour at  Por t  Edgar in

Sco t l and  (P la te  1 ) .  Conp le ted  i n  1980  a t  a  t o ta l  cos t

of .  &29,000,  th is  "Kowalsk i "  type breakwater  has so far

been successful in attenuating rJaves of up to 3 second

periods. One drawback is the high cost of maintenance

of which 507" uay be for anti fouling measures (removal

o f  s l 1 t ,  seaweed ,  ba rnac les ,  e t c . ) .  l l oweve r ,  t he  l ow

capital outlay needed for these schemes and the rapid

insta l la t ion g ives them posi t ive advantage in

comparison with more conventional works.

The sysEems tested to date indicate that  f loat lng

breakwaters cannoE be used as a means of shore

protect l -on,  excePt in  very shel tered areas,  where the

fetch is  lOkn or  less.  Even then the wave suppression



character ist ics under extreme condit ions are not very

good.



3 .1

SA}TD OR MORTAR-

FILLED FABRIC

BAGS

Revetments and

sea wal ls

Mortar-f i l led hessian bags have been used for r lver

bank protect lon and have in the past also played a

signif icant role in protect ing the coast l ine from wave

act iv i t y ,  par t i cu la r ly  in  semi -she l te red  waters .

In recent years natural  fabr ics such as } lessian have

been replaced by man-made f ibres. Also modern

manufacturing techniques have led to the development

of a number of patented bag designs - Whi le

mortar-f i l led bags have general ly been used to

conslruct groynes, breakwaters and revetments, sand

bags have been used to form offshore si l ls as part  of

beach improvement schemes. Such sEructures,

part icular ly the sand f i l led bag type are vulnerable

to damage and their  success has been rather var iable.

The cornments made above apply equally well to

revet,ments and t.o sea walls made of sand or

mortar-f i l led bags. However,  i f  such structures are

sl tuated out of reach of most wave acLivl ty they can

be used as a means of giv ing temporary protect lon at

low cost.  At Ashland, Winconsin, three sea rcal ls were

consEructed fron Longard tubing (a type of fabr ic

bag).  The exposed surfaces Irere sprayed with a

sand-epoxy coat lng for extra protect ion.

Unfortunately this f laked off  in a relat ively short

period of t , ime. I f  this happens on an underwater part

of the structure then the coatlng obviously cannot

be replaced.

Because of their  shape Longard tubes do not resist

earth pressures very wel l  and should not be used as

protect ion to the toe of s lumping clay or sand cl i f fs '



They could, perhaps, be used with advantage to tp1u8'

dune blow outs etc, aL a beach level where wave actlon

is  s l igh t .

ReveLment,s made of mortar-fi l led containers have been

used wi th success in  th ls  country as wel l  as abroad.

Mortar- f i l led bags can develop a cer ta in degree of

coheslon.  Normal ly  th is  is  insuf f ic ient  to  prevent

fa i lure i f  toe scour or  set t lement  of  the backf i l l

takes p lace on more than a very local  scale.  They are

not used wldely now because of the labour intensive

nature of const,ruction. For example, the sand dunes

at  Eccles on the East  Angl ian coast l ine were unt l l

qu i te recent ly  protected by a sea wal1 consist ing of

mortar- f i l led hessian bags which had been in p lace for

many years (see Plate 2) .  They are now being replaced

by a convent ional  concrete wal l ,  s ince Lhe or ig inal

was damaged due to undermining during a period of

lowered beach levels.

Although the revetment at Eccles has had a long deslgn

l i fe ,  adverse condi t ions can lead to rapid fa i lure.

For example, at Alameda a sand-cement bag reveEment

was construct ,ed at  a s lope of  60"  to Ehe hor izonta l ,

with the toe taken down to 0.6 metres below beach

level .  In  March L979,  only  three months or  so af ter

construclion, the embankment had slumped badly and

there appears to have been very l i t t le  le f t  in  the way

of bonding between adjacent, bags. The failure of thls

pro ject  h ighl ights the fact  that  such st ructures,  i f

lack ing in  tensi le  s t rength,  are a l l  too easl ly

destroyed when there ls movenent of the bedding

layer .



3 . 2  O f f s h o r e

breakwaters and

s i l l s

Breakwaters made of  sand bags,  Longard tubes,  etc '

have been used in the Unl ted Stat ,es of  Amer ica,  under

eondi t i -ons of  low t ida l  range and low wave act iv i ty .

In gent,le wave climates they may attenuate waves and

encourage accret ion of  sediment .  Even re laf ive ly

f ragi le  ny lon conta iners f i l led wl th sand have proved

to be ef fect ive under such condi t ions-

One of  the problems is  that  such st ructures can rwork '

themselves inEo the underlying sediment and the amount

of  set t lement  may be h igh.  At  Ki t ts  l lummock,  Delaware

Bay,  large sand bags were p laced on a s i l t  bed and

despi te the use of  f l l ter  c loth they eventual ly

se t t l ed  0 .3  t o  0 .6  me t res .  Desp i t e  t he  reduc t l on  i n

crest  height  the of fshore sand bag breakwater  s t i l l

caused  acc re t i on  i n  i t s  l ee .

Of fshore st l ls  or  breakwaters have proved to be

part icu lar ly  ef fect ive in  coubinat ion wi th beach

nour ishmenE schemes.  A rperched beacht  bui l t  up

landward of the si1l not only helps to reduce wave

at tack but  ls  c lear ly  benef ie la l  f rom an ameni ty  point

of  v iew.  At  Basin Bayou,  F lor ida,  a 6 l  metre long

Longard tube was la id on a f l l ter  c loth some 60 metres

of fshore"  The crest  level  of  the breakwater  l ras about

0.1 metres above mean low water' being submerged about

0.4 metres at  h igh water .  The Longard tube was very

effective over a 9 nonth period by which time a sand

spi t  had formed in i ts  lee.  In  fact  i t  was considered

that the breakwater may have been sited too close to

the shore and that continued extension of the spit in

the long teru would have eventually cut off sand to

the downdr i f t  beaches.

10



3.3 Groyne systems

Offshore breakwaters and si l ls made of sand-f i l leo

bags are perhaps less effect ive than structures made

of Longard tubtng. However,  the main problem wlth al l

types of fabr ic bag is their  vulnerabi l i ty to damage'

They deter iorate progressively i f  ruptured, whi- le

degradat ion by ul tra-violet  l ight can reduce the l i fe

of the fabr ic to as l i t t le as one year '

Sand-f i l led fabr ic containers have been used

effect ively as offshore breakwaters or si l ls,  but even

under these conditions they are by no means vandal

proof.  They are best sui ted for use in areas, where

they are relat ively inaecessible. Their  l i fe can be

increased by using a morcar f i l l ,  but c lear ly at

substant ial ly increased cost.  Along the coast l ine of

the United Kingdon very large structures of this type

would be needed to withstand impact by wave action,

and the outer skin would have to be strongly

reinforced to resist damage by wave borne debris '

Abrasion by beach nater ial  would ser iously reduce the

l l fespan of sand-f i l led containers, posslbly to a

matter of months. The very much larger containers

requlred to withstand wave action preclude the use of

mort,ar,  s ince f i l l ing and handl ing would then be

extremely laborlous and cost lY.

Most of the above comments apply equally well to

fabric containers used as groynes. Light-weight sand

bags have l i t t le value in groyne systems. They are

not only easi ly displaced by wave act ion but are also

subject to rapid wear and tear by beach mater ial '

Longard tubes are more resistant to damage (they are

of two-ply fabric, the outer membrane being falrly

robust).  The fol lowing example demonstrates, however,

that these tyPes also are Prone to vandal isu

1 t



Ac  Ash land ,  W iscons in ,  s i x  30  me t re  l ong ,  1 .75n  d ia

groynes were built along the shorellne bordering Lake

Super ior .  The downdr i f t  (nost  wester ly)  groyne stayed

intact  f rom the date of  lnsta l la t ion in  June 1978 to

September 1979.  Some damage occurred dur ing October

L979,  but  despi te th is ,  i t  cont inued to t rap sand up

to the end of  the per iod of  noni tor ing in  l " lay 1980.

However, the adjacent groyne was danaged very soon

af ter  construct ion and the outer  fabr ic  then unbraided

progressively .  In  1980 the whole tube had become so

def lated as to be tota l ly  inef fect lve.  The

performance of the third groyne was similar to that of

the westernmost one and in l ' Iay 1980 it was sti l l

in tact  and t rapping sand ef fect lve ly .  Groynes 4 and

5,  l ike groyne 2 had become conplete ly  def la ted by the

end of  Ehe two year  per iod of  moni torLng.  Groyne 5

was a lso severely  danaged,  belng in i t la l ly  vandal ised

by a shotgun b last  !

Nylon bags f i l ted wi th mor lar  have been used as

groynes under rnild wave condiEions. Although most of

the fabr ics avai lable do have a shor t  l i fe ,  l f  they

are suf f ic ient ly  porous to a l low some leaching ro take

place the units nay bond together before the fabric

deter iorates.  The bondlng st rength of  the mortar  is

general ly  insuf f ic ient  to  hold large uni ts  in tact

under d i f ferent ia l  set t lement .  Mortar- f i l led bags

have occassionally been used as groynes but they are

llkely to be danaged if built on beaches which

fluctuate in leve1 (as can be expected on beaches

subject  to  seasonal  change in wave c l inate)

In conclus ion,  we conslder  that  nei ther  mortar  nor

sand-bags are par t icu lar ly  su i ted for  use as groynes '

given the harsh wave environment of the coastl ine of

the Uni ted Kingdom.

t 2



4 GABIONS

Gabions have been used as a form of sea defence for

many years and can be traced back to the f i f teenth

century when they rcere used as a military engineering

device for fort i f icat ion as wel l  as for r iver

protect ion ln l taly.  The modern gabion is basical ly a

rect,angular,  box shaped cage f i l led with Iarge stones,

rockf i l l  or large shingle. There are three main types

in common use EodaY:

1.  Maccaferr i  -  Woven galvanl -sed steel  wi re

which can be coated with PVC for added

protect lon in  sal t  water  condl- t ions.

2.  Weldnesh or  Gr idweld -  t l igh tensi le

galvanised steel  wLre mesh,  e lect r ica l ly

welded at  each intersect ion.  The mesh can

be PVC coated.

3.  Net lon -  Corros ion res is tant  heavy duty

p las t i c  mesh .

Gablons have been used in a variety of coastal defence

works including groynes, revetments' sea walls and

reta in lng wal ls .  The type most  wldely used is

probably the "Maccaferri" gabion and the "Reno"

matt resses,  the la t ter  belng a Maccaferr i  gablon whose

depth,  compared to width and length,  is  snal l '

Gablons are most often used on sand beaches but can

also be ef fect ive on shingle beaches,  prov id ing they

are only subjected to occaslonal  wave act ion '  I f  they

are placed within the intertidal zorLe, movement of

either the beach or the fi l l  naterial can rapidly

abrade the p last ic  coat , ing and accelerate corros ion '

Ilowever, there are a number of sites on the north-Itest

coas! of England where gabions are being used on

shingle beaches,  a l though wi th a l in i ted l i fe

13



4.1 Revetoents

sea wal ls

and

expectancy.  In  these areas the gabions requi re

regular  Lnspect ion and mainLenance.

Gabions depend for  thel r  s t rength on the retent ion of

a large number of smal1 rocks within an enclosing

mesh.  I f  the f i l l  is  not  t ight ly  packed,  \ tave act ion

causes excessive flexing of the mesh which in turn

leads to breaking of the plastic coating and damage to

the galvanised sur face,  and the ensuing corros ion can

cause breaking of the wlre-

Regular  moni tor ing and repal r  ls  essent ia l ,  especia l ly

where gabions are subjected to beach movement or wave

act iv iEy.  I t  is  usual ly  posslb le to repai r  the mesh

type gabion quickly by rewiring if the damage is

local ised.  Unless baskets are repai red quick ly '

however, broken wires can unravel and become an

amenity hazard.

"Maccaferr i "  gablons are f lex ib le and therefore can

adjust  to  moderate beach prof i le  changes wi thoul

st , ructura l  danage.  The more r ig id galvanlsed wire

gabions, such as "Gridweld" and "Weldnesh" have been

used less extensively  in  the foreshore zone'  For  th is

reason one can be less cer la in about  thei r  per formance

in th is  envi ronment .  I t  ls  l ike ly ,  however,  that  wi th

these types only ninor beach changes could be

acconmodated without structural damage.

Revetments usually consist of an armoured facing laid

on a prepared slope. They can be designed to

dissipate wave energy gradual ly so that relat lvely

light unlts can be used to withstand wave impact

fo rces .  For  reasons  o f  s tab i l i t y ,  gab ion  mat t resses

are usual ly laid on slopes no steeper than 1:1 and

genera l l y  fa r  f la t te r  ie  l :3  to  l :4 .  Adequate  toe
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protect ion and anchorage musE also be provided because

of the danger of upllft of rhe armour layer and scour

at  the toe.  Another  factor  to  be borne in n lnd is

that  gablons are less stable on steep shlngle and

coarse sand beaches than on f laE sand beaches.  On

steep beaches wave energy ts  absorbed over  a

re lat ive ly  narrow breakwater  zone,  hence the beach

mater ia l  wi l l  be more agi tated and the gabions subject

to more at t r i t ion.  At  nany UK s i tes revetments on

shingle beaches have become severely danaged in one or

t rdo years.  Once ser ious damage begins to take p lace

at tempt,s  are of ten made to protect  danaged l ids by

paEching wi th concreEe or  grout ing wi th b i tumen.  On

most  s i tes v is i ted where b i tumen was used for  repai r '

penetrat ion of  the grout  was poor and the b i tumen

tended to spal l  o f  under hydrostat ic  pressure '  more

of ten than not  tear ing the gabion wire in  the

p r o c e s s .

At  the east  end of  Chesi l  Beach,  a system of  gabion

matt resses (both Maccaferr i  and Weldnesh tyPe) were

insta l led in  1981 as a three layer  b lanket  over  the

beach  c res t  ( see  P la te  4 ) .  Bo th  l oca l  beach  pebb les

and Port land "capstone" rock were used as f l l l

mater ia l  whi le  some of  the Maccaf fer i  gabions had a

l in ing of  Net lon p last ic  mesh to prevent  unders ized

f i l l  f ron being drawn out  by wave act ion.  The

matt resses are s i tuated on the beaeh crest  above the

level  of  wave act iv i ty  dur ing normal  t ides.  The

baskets are st i l l  ln  good condi t ion 5 years af ter

construcLion alt,hough some local damage has occurred

t ,o the Net lon l in ing.

At  Branciater  on the Norfo lk  coast  (see Plate 5) ,  a

s loping revetment  consisEing of  a "Net lon"  mat t ress

and lncorporat lng "Tensar"  shor t  s tub groynes (Tensar

is  another  type of  p last ic  mesh manufactured by

"Net lon"  ) ,  was bui l t  in  1981 to Protect  the seaward
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4.2  Groynes

face of  eroding sand dunes.  This was an exper iment  Eo

determine the usefu lness of  p last ic  as compared wi th

t ,he "Maccaferr i "  type gabion.  When the baskets were

belng f l l led f rom the top by nachine the fabr ic  became

stretched and holes were punched through the cages '

The baskets therefore had to be hand f i l led to ensure

that  they kept  thel r  shape.  I {ence,  a l though eheaper,

th is  type of  revetment  requi res more at tent ion than

one nade of  p last ic  coated metal  gabions '

Few of  the gabion sea wal ls  bui l t  to  date are

subjected to h igh levels of  wave act iv i ty .  Those that

are have shown a high level of danage due to wire

co r ros ion ,  e t c .  I ns tab i l i uy  i s  o f t en  a  se r i - ous

problem, espeeia l ly  on steep shingle beaches,  where

gabion baskets tend to over turn in  a seaward d i rect i -on

as a resul t  o f  fa l l ing beach levels.  As wl th

revetments,  the ef fect ive use of  gabions for  sea wal l

construct ion,  even ln moderate levels  of  wave act iv i ty

is  not  easi ly  achieved.  Despi te the shor t  l i fe  of

these st ructures,  gabions are somet imes used ln

preference to convent ional  sea wal ls  because of  thei r

l ow  cap l t a l  cos t .  I t  i s  d l f f l cu l t  t o  assess  the  eos t

benef l t  o f  these st ructures because of  thei r

"uncer ta ln"  deslgo l i fe .  General ly ,  they aPpear to be

mos t  e f f ec t i ve  as  sho r t  t e rn  (5  yea rs  o r  l ess )

p ro tec t , i on .

There are several advantages when using gabions as

groynes. They are f lexible and so conform to minor

sett lement.  They are also permeable and thus wave

energy absorbing. Individual gabion boxes can be

instal led fair ly quickly beEween t ides. At Old

Hunstanton, Norfolk,  (Plate 3) Angl ian Water have

instal led "Maccaferr i"  groynes to trap wind blown

sand. They have also incorporated a low gablon sea

wal l  to sEabi l ise sand dunes at che rear '  The system,
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4.3  Reta in ing  na l l s

built on a wide sandy shore on the eastern edge of Ehe

Wash.  was i -nsta l led in  s tages sEart ing about  15 years

ago In i t ia l ly  i t  compr ised 21 gabion groynes 24

metres long and 25 netres apart  together  wi th 500

metres of  revetment .  This  system has proved

successfu l  and was extended sout ,h-westward in  1975,

and  aga in  i n  1978 .

Disadvantages,  some of  which have been stated ear l ler '

are basket  deter iorat lon due to abrasion of  the PVC

coat ing,  vandal ism and the need for  good compact ion of

the rockf i l l .  Gablons are f lex ib le so in  a wave

environment, they uay work their way into the beach

unless sui table foundat ion is  prov ided.

Both the f lex ib le "Maccaferr i "  type PVC coated gabion

and the rigld "Weldnesh" or "Gridweld" type can be

bu i l t  w i t h  s l op ing ,  ve r t i ca l  o r  s tepped  faces .  S ince

these st ructures are permeable,  problems wl th water

run of f  for  example are considerably reduced.  At

Overst rand in Norfo lk  for  example,  "Weldmesh" gabions

(see  P la te  6 ) ,  we re  used  to  s tab i l i se  a  c l i f f  s l i p  and

regrade i ts  seaward face.  The c l i f f  face was

protected wi th 12 rows of  gabions la id at  an angle of

45 degrees.  Bui l t  in  1966,  the 245 gabLon wal l

cont inues to be ef fect , ive.  An inspect ion in  1983

showed only minor corrosion had taken place and the

baskets were generally in good condition although one

or two were hal f  empty,  posslb ly  the resul t  o f  the

rockf i l l  sp l i t r ing in to smal ler  p ieces and being

washed out  by run of f .
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REVETMENTS

This chapter marks a change ln presentation from a

descr ipt ion of  one par t . icu lar  type of  mater ia l  to  a

more general resum6 of various innovatlve forms of

revetment armouring.

Ltghtweight revetments are now being widely used

instead of  the more t radi t ional  forms of  shore

protectLon.  Coasta l  defences such as massive sea

wal ls  wi l l  cont inue to be used to protect  urban

frontages,  but  in  rura l  areas,  par t lcu lar ly  where the

coast l lne is  not  subject  to  severe wave act iv i ty ,

s lgni f icant  savings can be made by us ing a l ternaLive

forms of  protect ion.

Many new revetment designs have been developed in

recent  years us lng mater ia ls  as widely d i f ferent  as

asphalt and scrap tyres. Probably the most innovative

and one of the more promising types now in use is the

pre-cast  in t ,egrated concrete b lock system (Plates 7,

B and 9) .  Wich th is  system indiv idual  b locks are

connected by cable or  wi re to form a mat '  The cables

not  only  a l low large mats '  say 6n x 2m, Eo be la id

quick ly  but  a lso form an integra l  par t  of  the

sEructure by spreading wave induced forees or  indeed

set t lement  loads over  a wide area.  Cabl ing a l lows

relat ive ly  l ight  b locks to rJ i thstand wave forces s ince

upl i f t  pressures are d is t r ibuted by tension forces

over a wide area of  mat .  One d isadvantage of  these

syscems ls that cables need to have a high tensile

st rength and a lso have to wi thstand wear and tear

caused by block uovements or vandalism' Some nylon

ropes are a lso prone to degradat ion by UV l ight '  A lso

one serious mainlenance problem is that of repair to

the sublayer if any settlement or leaching takes

p Iace .
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The qual i ty  of  the concreEe ln some of  the mat t ress

types has been poor,  leadlng to abraslon and chipptng

and hence loss of  b lock s ize.  Despl te such drawbacks

th ls  type of  revetment  has the advantage of  being

re lat ive ly  cheap and l t  can be insta l led rapld ly .

There are a lso many nel t  in ter lock lng b lock systems

both of  impermeable or  perneable design.  One such

tyPe,  the Sebloc is  shown in Plate 11.  Many have only

been tested under low to moderate l rave energy

condl t l ,ons.  Many concrete b lock unl ts  re ly  on

f r l c t l on ,  i n te r l ock ing ,  o r  Ln te r - connec t l on  be tween

ad jacen t  modu les  f o r  s tab i l i t y .  Des lgn  i s  o f t en  based

on exper ience wl th other  s ln i lar  b locks or  on

extrapolat ion of  ex is t lng formulae such as the I ludson

equa t i on .

A t  p resen t ,  t he re fo re ,  we  have  l nsu f f i c l en t

l -nformat ion to judge the re lat lve mer i ts  of  one type

of  concrete b lock system agalnst  another .  We would

refer  the reader to Volume 4 in  th ls  ser ies,  whlch

lnc ludes a descr lpt ion of  nany of  the designs on the

markeE today.

In general  there are c lear  advantages ln us ing

revetment ,  syst ,ems which are f lex ib le,  move en uaase

under wave inpact  and are designed to spread loading

over a wlde area.  In ter lock ing uni ts  such as the

Wal l ingford b lock,  for  example,  are so shaped that

d isplacenent  of  an lndiv idual  b lock 1s counter-acted

by the restra in ing weight  of  surrounding ones.  The

degree of  ln ter lock ing ls  such that  even i f  one uni t

is  broken and d isplaced the revetment  remains

I kn i t t ed '  t oge the r .

Ship lap type lnter lock ing b locks

used in estuar ies where they can

I lowever,  most  only  have over laPs

edges,  hence there ls  a EendencY

(P la te  10 )  a re  w lde l y

be  ve ry  e f f ec t l ve .

on t l to  adjo in ing

for  then to roEate
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diagonal ly.  Once a srnal l  degree of displacement has

taken place, f lne mater lal  wi l l  tend to inf i l l  the

gaPs. Pernanent separat ion of the overlap then Eends

to  make the  b locks  less  s tab le .  Th ls  type  o f

revetment wi l l  not necessari ly fol low changes in the

level of  the sub-layer and spanning of cavi t ies can

occur.  Despite such drawbacks we have seen many

s t ruc tures  o f  th ls  type  ln  es tuar ia l  cond l t ions  where

they have had a long design l l fe.

Tongue and groove blocks usual ly have connect l ,ons on

oppos l te  s ides .  Wtch  some des lgns  the  shor t  s ides

lnter lock whl le the long sides just butt  against each

other.  Because the blocks are normal ly laid in str lps

from t.he revetment toe upwards, dl f ferent ial  movement

between adjoining str ips can cause stresses on the

underly ing f l l ter which may then result  ln loss of

f i1 l .  This type of blockwork also tends to br idge

cavlt les or holes and makes the armour surface appear

nore r igid than i t  ls.  Thus damage to the sublayer is

not always evident by lnspect lon of the revetment

face. Tongue and groove Shiplap type blocks are

effect ive Ln low to moderate wave energy condit ions.

Stabi l l ty of  most types of bloek can be inproved by

aspha l t  g rou t ing  (see P la te  L2) .  When coo led ,  the

grout has a hlgh elast ic nodulus, hence under short

period loading i t  ls able to withstand wave lmpact

fo rces .  I t  a lso  has  a  very  h igh  v iscos i ty ,  a l low ing

the revetment to adjust to sublayer sett lement.  In

the Netherlands, asphalt  grout ing ls a widely used

technlque for reducing the maintenance of stone

pitched revetments. However,  most of the revetments

uslng grouted blockwork have been constructed in areas

of low to moderate wave act lv l ty.  (Al ternat ively a

revetment can be constructed of loose stone which can

be al lowed to adjust to changes in wave act iv i t .y,  see

P l a t e  1 7 . )
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Asphalt lc mLxtures have been used much more wldely in

the Netherlands than ln the Unlted Klngdon. Detal ls

of a wlde var iety of structures using asphalt  mlxes

can be  found in  a  repor t  (Ref  6 )  on  a  v ls iL  to  Ho l land

and Belglun. For exanple, Flxtone, a patented name

for a gap graded stone asphalt ic mix has been found to

form a good revetment mater ial  due to i ts ease of

cons t ruc t lon  and i t s  hydrau l l c  charac ter ls t i cs  (good

wave run  up  d iss lpa tLon,  e tc ) .

Dense gap-graded stone asphalt  has also been used in

the Netherlands. At the port  of  I jnutden i t  forms a

protect ive layer to the core of two massive

breakwaters. Asphalt  has also been used as a grout to

s tab l l i se  and pro tec t  s tone armour ing  on  the  norEh

breakwater at the entrance to the Rotterdam water lday,

I look of Hol land. This forn of grout lng appears

suitable for areas subjeet to cont inuous wave act lv i ty

espec ia l l y  as  l t  can  be  la in  be low the  water  l ine .

Asphalt ic concrete when laid as a membrane over rock

or sand f i l l  a lso appears to have potent ial  as a

revetment  mater ia l .  In  l lo l land ,  i t  i s  w ide ly  used fo r

dam or dyke protect lon above the water l lne, whl le

grouted stone aprons give a htgher level of  protect ion

against wave act ion.

A revetment incorporat ing a gap graded stone toe and

an asphalt lc concrete upper apron has been recent ly

c o n s t r u c t e d  a t  P r e s t a t y n ,  N o r t h  W a l e s  ( P 1 a t e  1 3 ) .

There is an asphalt ic concrete sloping revetment

(P la te  14)  a t  Por thcawl ,  South  Wales .  No ser ious

construct lon problems were encountered with ei ther

deslgn and both structures are performing wel l  to

date. The revetment at Porthcawl is subject ro

At lanEic  r raves .  I t  p ro tec ts  a  ver t l ca l  concre te  sea

wal l  which was formerly being abraded very rapidly by

beach pebb les .  The aspha l t l c  concre te  sur face  by
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cont ras t .  l s  res l l ien t  to  some degree.  I t  has  a lso

been des lgned w i th  a  re la t i ve ly  f la t  s lope so  as  to

minimise wave lmpact forces. We consider that i t

shou ld  be  care fu l l y  mon i to red  to  ascer ta in  l t s  des ign

l l fe under what.  are extremely harsh envLronmental

c o n d l t l o n s .

Sand-asphalt  is a mixture of sand wlth some 3 to 57" of.

b l tumen.  I t s  use  shou ld  perhaps  be  resLr ic ted  to

areas  o f  low wave ac t lv i t y .  I t  l s  a  re la t i ve ly  "weak"

mix, but can provide an effect lve and rapld nethod of

stabl l is lng the core of sand or earth enbankments. I t

can also be used as a f l l ter layer to heavier

armourLng.

Over - f i l l i ng  the  vo ids  in  a  sand f i l l e r  resu l ts  Ln

what is commonly referred t .o as sand nast ic.  The

composit lon of sand mast lc can vary wlthin wide l imits

and hence the mater ial  can be put to var ious uses. I t

has been used as a grout or la id ln mattress form for

toe protect lon under wat.er.  hle feel  that the range of

uses for this mater ial  has not perhaps been ful ly

explored.

In summary therefore the fol lowlng revetment types

appear to have potent ial  as open coast defence:

1 .  Aspha l t i c  reve tments  -  Th is  fo rm o f

protect lon has already proved a versat i le

de fence.  Mixes ,  lnc lud ing  la rge  aggregate ,

can be used in open coast si tuat lons as

prl-mary armouring. Those ltlth a htgh

proport lon of f lne aggregate or sand are

more approprlate as secondary armouring or a

f i l ter mater ial .  There are many designs

inc lud ing :

(a )  a  pa ten ted  m ix  o f  gap  g raded ' s tone

keyed together  wl th asphal t .  This
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form of  proEect ion has however Yet

to be fu l ly  proven on the oPen

c o a s t ;

(b )  s tone  aspha l t ,  a  dense  gap  g raded

mlx conta in ing stone'  sand,  f ines

and b i tumen.  This can be used as

pr inary protect lon to revetmenls

ut i l is lng an aggretate which would

unstable wi thout  the asphal t lc

b indlng medium; and

(c )  aspha l t l c  conc re te  us lng  a  m ix tu re

of  s tone,  sand f ines and b i tumen

wlth a voids rat io  of .  3  to 67

af ter  conpact , ion;

(d)  sand asphal t ,  a  mix of  6% bl tunen

and the rest  sand,  is  usefu l  as a

f i l t e r .

2 .  Cab le  l i nked  conc re te  b locks  cons t ruc ted  as

matt . resses a lso have a p lace ln  areas of

moderate nave act iv l ty .  They are re lat lve ly

cheap to insta l l  and fo l low minor  changes in

revetment  prof l le .  I lovever ,  ex is t ing

deslgns could perhaps be lmproved by

increasing b lock s ize and bet ter  qual l ty

eon t ro l  o f  t he  conc re te .

3 .  T i rube r  reve tmen ts  (P la te  16 )  a re  bu i l t

largely  on exper lence and increased

ef f lc lency could undoubtedly be obta lned by

a more carefu l  design.  This is  an area

whlch requl res fur ther  s tudy s ince there are

la rge  sCre tches  o f  coas t l i ne  p ro tec ted  by

t lmber revetnents which Ln many cases are

not  per forn lng to thel r  fu l l  potent ia l .
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4. Gabions and gabion mattresses have been used

successful ly on the upper parts of sandy

beaches. Regular maintenance of such

s t ruc tures  is  essent ia l  as  fa l lu re  can be

r a p i d .

5. Many of the f lexlble inter locking block

deslgns which rely on interblock connect lons

have been used success fu l l y  in  es tuar ies .

Such designs may be appl icable to coastal

s l tua t lons  by  lnc reas ing  the  b lock

d imens lons .  Upper  des ign  l im i ts  ln  te rms o f

wave heights for many of these block types

are not yet determined.
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BREAIC{ATERS

(FLOATING AT{D

oFFSEORE)

Because of  the large t ida l  range and the severe wave

condi t ions that  can occur  on rnost  par ts  of  the UK

coast ,  emergenL breakwaters and submergent  breakwaters

(s i l ls )  are general ly  cost ly  and have therefore not

been widely used. Indeed most of the breakwaters and

sil ls which have been revl-ewed in our rePorts \tere

bui l t  abroad,  in  semi-shel tered waters and in areas of

low t ida l  range.  They were a l l  o f  modest  proport ions

belng typ ical ly  l -2  metres h igh and p laced in about  I

xoetre of  water  at  h igh t ide.

The ruajor i ty  of  of fshore breakwaters in  the l lK are

very large and expensive and even so provide only

par t ia l  protect ion against  r raves.  For  example,  on the

Wirra l  coast  an of fshore breakwater  which is  about  50

uetres wide and 6 metres h igh provides added

protect ion against  wave at tack ( in  conjunct ion wi th

on-shore defenees) .  Sin i lar ly  at  Rhos-on-Sea (Plate

13)  an of fshore breakwater  protects an ex is t ing sea

wal l  agalnst  f loodlng.  I t  is  our  opin ion that  cost

wi l l  inh ib i t  the bul ld ing of  such st rucEures to

provide protect ion for  open beaches a l though they nay

become more widely used as addi t ional  defence in

par t , icu lar ly  severe problem areas '

Offshore breakwaters reduce wave energy by breaking

and by ref lect ion-  The energy which is  t ransmit ted

shorewards is  redis t r ibuted by dt f f ract ion '

Experience has shown that a certain degree of wave

t,ransmisslon ls required to maintain an exchange of

rdater  between the beach and of fshore '  This  is

par t icu lar ly  important  in  the case of  ameni ty  beaches '

Thus there is  therefore some scope for  construct ing

structures which are not  sur face p ierc ing and hence
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reduc ing  cons t ruc t . i on  cos t s  e  g .  s t i l l  t ype  sErucEures

as  desc r i bed  l a te r .

A number of unusual breakwaters have been tested off

the Dengie Peninsula,  Essex.  This area is  one of  sa l t

narshland subject  to  low wave condi t ions and a

moderate t ida l  range.  A ser ies of  barges have been

placed in a l ine on the lower foreshore and inf i l led.

The breakwater  system is  designed to hal t  the erosion

of  the edges of  the sal t  uarsh.  The design is

cer ta in ly  in  the low cost  category and in i t ia l  resul ts

are favourable.  The adjacent  coast l ine is  belng

moni tored regular ly  t 'o  see how ef fect ive the systeos

are in  danping wave at tack.  I t  wi l l  a lso be necessary

to determine whether  scour  becomes a ser ious problen

around the ver t ica l  s ides of  the barges.  Whi le such

designs are not  su i table for  open coast  condi . t ions,

they have eonsiderable potent ia l  for  semi-shel tered

cond i t i ons .

Si l ls  are 1ow crested breakwaEer type sEructures whlch

are nornal ly  construcEed wi th in the in ter t ida l  zone.

Their  funct ion is  to  t r ip  inc ident  waves,  whose energy

has already been reduced as a result of wave

at tenuat ion over  the inshore sea bed.  They are s l ted

wlthin the zone of wave breaking hence the water which

passes over  them usual ly  conta ins a large suspended

sediment  load.  Ef fect ive s i l l  designs a l low the

suspended sediment  to seEt le out  and bui ld  up inshore

beach  l eve l s .

Si l ls  constructed of  ar t i f ic ia l  armour uni ts  have been

tested i -n a recent .  f ie ld s tudy in  the USA. Under

conditions of low tidal range and 1ow wave activity

Ehey have proved to be capable of building up

nearshore bed levels and a moderate amount of beach

accret ion.  Scal ing up of  such uni ts  to cope wi th a

large t ida l  range and severe wave condi t ions would
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pose design problems and the st ructures would not  be

low cost .  Thei r  ef fect iveness in  t r ipp ing waves and

causing local  accret ion does however,  suggest  several

possib le uses.  Many sea wal ls  in  th is  country are

suf fer ing f ron fa l l ing beach levels and undermining of

the foundat ions.  Si l ls  of  a modest  s ize could be used

to protect  the toe of  the wal ls  wi thout  necessar i ly

changing the hydrodynamic condltions except very

local ly .  On a recent  inspect ion of  Ehe South-East

coast  i t  was not ,ed that  wave t r iPping devlces have

been incorporated in  the toe beam of  a sea wal l  in

East  Wear Bay,  Kent .  The beach scour in  f ront  of  the

sea wal l  has not  been ent l re ly  e l i rn inated but  i t  is

a lmost  cer ta in ly  less ser ious than i f  s i l ls  had not

been  used .

Floating breakwat,ers have also been examined and found

to  be  unsu i t ed  fo r  open  coas t  p ro tec t l on .  The i r

locat ion and d imensi .ons would have to be carefu l ly

determined to be ef fect ive.  Beam width would have to

be of the same order of magnitude as the incident wave

length, which for anyt,hing other than shorc ldaves

would be inord inate ly  large.  T idal  range a lso poses

logis t lca l  problens wi th respect  to  anchorage.  I^ I i th  a

large range the f loat ing breakwater  requi res a large

amount  of  chain or  cable to hold iE at  the sur face at

h igh water .  At  low t ide th is  could resul t  in  the

structure moving of f  s tat ion whi le  tak lng up the s lack

in the anchor ing cables.  Perhaps most  inh ib i t ing ts

the need for  a very st rong anchorage,  such as to be

able to to lerate wave forces whlch would be

exper ienced dur ing severe wave act , iv i ty '

27



7 GROYNES

The major i ty  of  groynes found on the coast l ine around

the UK are of  the ver t ica l ,  smooth- faced t i rnber

var iety .  They are not  ideal  for  a l l  beach types and

the nater ia l  used (usual ly  a hardwood such as

Greenheart )  ls  expensive.

In recent  years rock ( i f  avai lable local ly)  has proved

i tse l f  to  be a reasonably low eost  nater ia l .  In

Chr is tchurch Bay,  for  example,  a number of  groyne

systems have been constructed us ing rock L ipped

direct ly  onto the foreshore.  A low technology

approach was considered to be appropr iate in  th is

par t icu lar  case and no at tenpts were made to grade the

rock ,  p rov ide  f i t t e r  l aye rs  e t c  Mon i to r i ng  and

analysis of the groynes has been carried out by the

Coast  Protect ion Author i ty  and Hydraul ics Research

Lirulted. The groynes were found to absorb ldave energy

wel l  and have helped to sEabi l ise the ar t i f ic ia l ly

p laced shingle beach.  Set t lement  of  these s imply

constructed groynes has not  been a problen,  wi th the

crest  being mainta ined by t ipp ing snal1 quant i t ies of

addi t ional  rock as and when requi red.  We consider

that  a s imi lar  r low techr  approach nay a lso prove to

be possib le for  low-cosE breakwaters and s i l ls  bui l t

in  areas where a local  supply of  mater ia l  is  f reely

avai lable.
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RECOUUEI{DATIONS

FOR FURTHER

RESEARCE

The problem wlth mosE novel or low cost shore

pro tec t lon  schemes ls  tha t  the i r  per fo rmance,  because

of the lack of wel l  documenEed inforrnat lon, ls

general ly poorly understood. They are often

constructed because they are relat ively inexpenslve or

perhaps because someone else on another ptece of

coast l ine has bui l t  a slmi lar structure whlch aPpears

to  have been success fu l .

The l i fespan of many of these structures ls unknown

and Eheir  ef fecE on beach behaviour has only been

assessed qua l i ta t l ve ly .  I t  i s  essent la l  there fore  no t

to st lnt  in the design stage (each si te has l ts own

charaeEer is t l cs )  and cons ider  regu la r  mon lLor ing '

WLth economlc consideratLons upPermost ln the rnlnds of

most coastal  authori t les l t  would seem loglcal  to

closely monitor nelr  coastal  defence schemest

part icular ly those which are innovat lve designs '  A

number of schemes have recently been completed

lnvolving the use of gabions, l ightwelght concrete

blocks and asphalt lc mixea'  etc.  These need Eo be

lnspected on a regular basls and information about

thelr  performance dlsseminated widely '  This could be

carried out as a summary revlew along the lines of fhe

present rePort  but lncludlng more detal l  about

indlvidual designs. We would recommend that such a

revlew should be nade annual ly and reports offered to

al l  interested coastal  authorLt. ies. The work carr ied

out for MAFF could be publ lc ised ln the Hydraul lcs

Research bul let ins and synposia and interested part ies

could be asked to conErlbute on experience with new

d e s i g n s .

The najor i ty of data included ln

obtained fron l l terat,ure reviews

reports has been

d iscuss lons  w ich

the

and
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local  authori t les Ln the UK. Our examinat ion of the

sea defences along the coasts of l lo l land and Belgturn

proved extremely useful  and i t  is thought that wider

exchanges of data wiEh other countr ies should be

sought .
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