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ABSTRACT

In recent years revetments have been widely used, often replacLng more
tradLt lonal forms of shore protectLon. Maselve defences euch as concrete
sea wal ls wt l l  st t l l  cont lnue to protect urban frontages. However,  in rural
areas, particularly where the coastllne ls not subJect to aevere wave
aetivity slgnlflcant savings can be nade by using less massLve revetment
type pro tec t ion .

Prol i ferat lon of new designs has general ly outstrLpped the rate at whlch
knowledge of their behavlour under wave attack ls being dlssenlnated. Thls
report examines a wide range of revetment types, both old and new,
tdenttfytng thelr good and bad polnts, where such informatl.on is avallable.
It ldentlfies several promislng types. For example, asphaltlc revetment
constructLon has been underused ln thLs country, compared wlth its wlde
acceptance abroad. Mattreaa construct ion, conslst lng of concrete modules
ltnked by cabltng, is becomlng popular. I{owever, its effectlvenese ln open
coaat sl . tuat lons ls st l l l  open to quest ion and such forms of conatruct lon
thus need careful monitorLng. Gabion mattreseea are relatively cheap and
are used wldely,  of ten in lnappropriate locat ions. Many of the more
traditlonal sloping revetments also need reanalysis sLnce ln most instances
they have been deslgned purely on the basis of experl€DC€.

By conparlson wlth the well documented perfornance of sea ltalls that of
revetments Le poorly understood. The llfespan of many of the structurea
presently belng bullt is not known. Thelr effect on beach behavlour has
only been asseseed qualLtat lvely.  We therefore consider that regular
monltorlng of newLy constructed revetments ls essentl.al.

Thls report was wrLtten by Mr J Weleby and Mr J M Motyka from the Coaetal
Processes Sectlon of the Marltlme Englneerlng Department, Ilydraulics
Research Llntted, who ehould be contacted for further infornatlon.
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1 . 1

INTRODUCTION

Purpose
review

The Uni ted Kingdorn has a long and var ied coast l lne '

S t re t ch ing  some 9 ,700k rn  1 t  i nc ludes  s r re t ches  o f  c l i f f

and marshland,  sand and shingle beaches,  rocky shores

and  sa l t l ngs .  Sonae  pa r t s  o f  t h i s  coas t l i ne  have  been

subJec t  t o  e ros ion  o r  i nunda t i - on  by  t he  sea  fo r

thousands  o f  yea rs  buE  i r  l s  on l y  i n  recen t  t imes  tha t

man has atEempted to modi fy  naEuratr  changes.

In  t he  pas t  l i t t l e  t hough t  was  g i ven  to  t he  e f f ec t s

that  coast  protect ion works would have on adjacent

beaches .  Mass l ve  sea  wa l l s  and  g royne  sys tems
pro l l f e ra ted ,  pa r t l cu la r l y  i n  t he  V i c to r l an  e ra

leaving us wlEh a legacy of  probleus,  such as

de te r i o ra t i ng  sea  wa l l s  and  beach  i ns tab i l i t y  due  to

wave induced erosion.  In  recent  t i rnes,  engineers have

begun to take a more "sympathet ic"  approach,  hoping to

preserve the character  of  the coast  as much as

poss ib le .  Where  co r rd i t i ons  pe rm l t ,  t ypes  o f  coasEa l

p roEec t i on  a re  now be lng  t r i ed  wh i ch  i n t rude  as  l l t t l e

as  poss ib le  i n to  Ehe  ac t i ve  beach  zone .  New maEer ia l s

a re  a l so  be ing  t r i ed  and  l es ted  wh ich  a l l ow  Ehe

p ro tec t i ve  wo rks  co  b lend  w i th  Ehe  ex i s t i ng  coasEa l

geomorphology.

'  
Reve tmen t  p ro tec t i on  l s  now becomlng  more  w ide l y  used '

replac ing in  some l -nstances the more convent ional  (and

expens i ve )  re in fo rced  conc re te  sea  wa l1 .  S lop ing

revetments are usual ly  p laced on the upPer par ts  of

the beach so that  waves reaching them have usual ly

losE a good deal  of  thei r  energy by bed f r ic t ion and

wave breaklng over  the lower par ts  of  the foreshore '

Some revetments re ly  on thei r  roughness and

pe rmeab i l l t y  t o  f u r t he r  d i ss ipa te  wave  ene rgy '  0Ehe rs

are p laced aE such a shal low s lope that  wave breaking

i s  p rog ress i ve ,  w i t h  t he  wave  fo rces  d i s t r i bu ted  ove r

a wide area of  Lhe revetment  aPron.

o f  t he

In  19B I  t he  Wa te r  D i rec to ra te  o f  t he  Depa r tmenE o f  t he

Envi ronment  commissioned l lydraul ics Research L i ru l ted

( I {RL) to rev lew novel  or  low cost  methods of  shore

p ro tec t l on  and  assess  Ehe i r  po ten t i a l  f o r  use  on  the

open  coas t l i ne  o f  t he  Un i ted  K ingdom '

Th i s  i s  t he  f ou r th  i n  a  se r l es  o f  r epo r t s  and  fo r

ear l ier  rev lews cover lng novel  mater ia ls  such as scrap

ty res ,  f ab r l c  con ta ine rs  and  gab lons ,  see  Re fs  46 ,  47

and  71 .  Th l s  repo r t  d i f f e r s  f r om the  o the rs  i n  t ha t

1 t  concen t ra tes  on  one  pa r t l cu la r  t ype  o f  s t ruc tu re

and  i den t l f i es  t he  va r i ous  ma te r i a l s  used  i n  i t s

c o n s t r u c t t o n .



L .2 D e f i n i t i o n  o f
s t ruc tu re  t ype

Beeause  o f  i t s  shee r  s l ze  t h i s  repo r t  has  a l so  had  ro
be  sepa ra ted  i n to  two  vo lumes .  The  tex t ,  f i gu res  and
plates are ln  th is  volume, whl le  the summary sheets,
g l v i n g  d e t a i l s  o f  s i t e  l n s t a l l a t i o n s ,  a r e  L n  a
sePara te  vo lume  (Append i x  2 ) .

The  a in  o f  t h i s  repo r t  i s  t o  b r i ng  t o  t he  a t t en t i on  o f
t he  coas ta l  eng lnee r  many  nove l  des igns  cu r ren t l y
be lng  marke ted .  Wh i l e  some  gene ra l  gu ide l i nes  f o r
des ign  a re  i nc luded ,  t h i s  i s  no t  Ehe  ma ln  pu rpose  o f
t he  s tudy .  The re  i s  howeve r  a  l iEe ra tu re  rev iew
avai lable f rorn HRL which deals wi th design methods for
perrneable and lmpermeable concrete b lock revetments.
( R e f  5 7  )

I t  shou ld  be  bo rne  i n  m ind  tha t  many  o f  t he  s t ruc tu res
descr ibed have not  been widely used,  and indeed nany
have  no t  been  tes ted  i n  t he  UK  coas ta l  env i ronmen t .
The repor t  therefore seeks to h ighl tght  rather  than
recommend systems which would appear to have potent ia l
f o r  U K  c o n d i t i o n s .

A  reve tmen t  i s  a  f ac ing  o r  a rmour ing  cons i s t i ng  o f  an
a rmour  l aye r ,  an  unde r l y i ng  f i l t e r  and  a  p ro tec t i ve
toe,  so p laced that  i t  protects an embankment  f rom
eros ion  by  cu r ren t  o r  wave  ac t i on .  The  su r face  a rmour
laye r  i s  secu red  to  a  su i t ab l y  p repa red  face  o f  an
exist ing embankment ,  dune or  upper beach in order  to
s t a b l l i s e  L t s  s e a w a r d  f a c e  e f f e c t i v e l y .  I t  1 s
suppo r ted  and  p ro tec ted  a t  t he  t oe  and  p rov ided  w l th
adequa te  d ra lnage .

The re  seems  to  be  no  p rec i se  d i s t i nc t l on  be tween
revetmenEs and sea-wal ls  and of t .en the same type of
s t ruc tu re  i n  ano the r  l oca t i on  bea rs  a  d i f f e ren t  name.
A  reve tmen t  i s  essen t l a l l y  a  f ac ing  to  an  ex i s t i ng ,
usual ly  s loplng,  embankment  to both reta in and protect
the f i l l  and i ts  per formance depends to an exten!  on
the  ma te r ta l  on  wh i ch  l t  i s  l a i d .  A  sea  wa l l  on  t he
o the r  hand  i s  usua l l y  a  coas t  p ro tec t i on  s t ruc tu re  i n
iEs  own  r i gh t .  To  save  any  con fus ion ,  a  sho r t
g lossa ry  o f  t e rms  i s  l nc luded  l n  Sec t l on  9 .  A l so
inc luded in the sunmary sheets in  Appendlx 2,  are
s t ruc tu res  re fe r red  to  as  bu l kheads .  A  bu l khead  i s
an Amer ican Eerm for  a reta in ing wal1 whose secondary
purpose is  to protect  the upland against  damage f rom
wave  ac t i on ,  ( hence  the  reason  fo r  i t s  i nc lus ion ) .
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2 . L

REVETUENT
APPMISAL

Revetment
P r o E e c t i o n
Genera l

The re  a re  bas i ca l l y
p rob lem o f  sho re l i ne

Ehree  ways  to  dea l  w i t h  che

e r o s  i o n :

1 .

2 .

3 .

armour ing  by  means  o f  a  reve tmen t ,  sea -wa l1 ,

e t c .  t o  p ro tec t  t he  sho re  d i rec t l y  f r om wave

a c t i o n ,

reducing the force of  the incoming ldaves or
reduc ing  t i da l  cu r ren ts  by  some  fo rm o f
o f f s h o r e  s t r u c t u r e ,  ( R e f  1 0 ) t

moving Ehe waves seaward,  away f rom the
vu lne rab le  pa r t s  o f  t he  sho re l i ne  by

widening the foreshore by beach
nour ishment  or  by groyning"

In  many  cases  o f f sho re  b reakwa te rs  canno t  be  j us t i f i ed

on  the  g rounds  o f  h i gh  cap i t a l  cos t .  They  can  a l so

in te r rup t  t he  l i t t o ra l  sed imen t  supp l y  by  reduc ing  the

wave  t ranspo r t i ng  capac i t y .  Thus  b reakwa te rs  can

somet imes  cause  excess i ve  acc re t i on  i n  t he i r  l ee  and

e ros ion  downdr i f t  o f  t he  s t ruc tu re .

Beach  nou r i shmen t  i s  now becoming  fa i r l y  w ide l y  used

as  a  f o rm  o f  sho re  p ro tec t i on /enhancemen t .  I t  i s ,

however,  cost ly  and the widened beach may requi re

regu la r  ma in tenance .  Wh i l e  nou r i shmen t  i s  des i rab le

f rom more than one v iewpoint ,  i t  does have the

d i sadvan tage  o f  no t  be ing  a  Pe rmanen t  so lu t i on  t o  a

coas t  p roEec t i on  p rob lem.

Sea  wa l l s  have  fo r  many  yea rs  been  used  as  a
rpe rmanen t r  so lu t i on  bu t  i n  t he  l ong  te rm the i r  e f f ec t

on  the  beach  i t se l f  can  be  such  as  t o  cause  se r i ous

and somet imes i r reparable damage.  Revetments can be

cons ide red  s im i l a r  t o  sea  wa l l s .  They  p rov ide  a  f i xed

type  o f  p ro tec t i on  bu t  t he i r  e f f ec t  on  ad jacen t

beaches  i s  l ess  se r i ous  because  they  abso rb  a

p ropo r t i on  o f  t he  i nc iden t  I dave  ene rgy .

R e v e t m e n t s  c a n  b e  c l a s s i f i e d  a s  e i t h e r  f l e x i b l e t

sem i - r i g i d  o r  r i g i d .  F lex ib le  a rmour ing  such  as

qua r r ys tone  rubb le  o r  even  gab ions  can  cope  eas i l y

w i t h  a n y  d i f f e r e n t i a l  s e t t l e m e n t  a n d  s t i l l  r e t a i n  i t s

a rmour ing  fac i l i t y .  A  sem i - r i g i d  a rmour  l aye r  such  as

in te r l ock ing  conc re te  b locks  can  to le ra te  m ino r

d i s to r t i on  bu t  excess i ve  movemen t  may  resu l t  i n  b lock

d i sp lacemen t  w i t h  t he  poss ib i l i t y  o f  r eve tmen t



f a i l u r e .  R i g i d  s t r u c t u r e s  s u c h  a s  r e i n f o r c e d  c o n c r e t e

s labs  may  be  damaged  and  fa i l  comp le te l y  unde r
d i f f  e r e n t i a l  s e t t l e m e n t .

Reve tmen ts  shou ld  be  bu i l t  on  re la t i ve l y  gen t l e  s l opes

w i th  say  2  t o  4  me t res  o f  r un  fo r  eve ry  1  me t re  o f

r ise to make the armour ing stable and Eo prevent  to

e ros  i  on .

The embankment  usual ly  requi res grading Eo PrePare an

adequa te  f ounda t i on  f o r  t he  a rmour  l aye r .  I t  i s  no t
no rma l  p rac t i ce  t o  use  reve tmen ts  t o  P ro tec t
m a r g i n a l l y  s t a b l e  s l o p e s .  I n  s u c h  a r e a s ,  w h e r e  s o i l

i ns tab i l i t y  i s  a  p rob lem,  heav ie r  t ypes  o f  s t ruc tu res
s h o u l d  b e  c o n s i d e r e d .

The  roughness  o f  t he  a rmour ing  can  d i ss ipa te  t o  a
la rge  ex ten !  t he  ene rgy  o f  i ncoming  waves ,  m in im is ing
fo resho re  scou r ,  wh i l e  a l so  reduc ing  wave  runup  and

ove r topp ing .  A l so ,  r eve tmen ts  w i t h  a  h igh  po ros i t y

can  a t t r ac t  a  beach  o f  f i ne r  ma te r i a l  a t  t he i r  t oe .

A  rev iew  o f  r eve tmen t  sys te rns  i s  pa r t i cu la r l y  re levan t
a t  p resen t  s i nce  a  w ide  va r i eEy  o f  a rmoured  fac ings

are non being developed.  Much of  the low ly ing

coas t l i ne  o f  Eng land  and  Wa les  (ne fs  33  and  69 )  i s
p ro tec ted  by  one  fo rm o f  reve t t i ng  o r  ano the r  so  t he re

a re  l a rge  sav ings  to  be  made  by  e f f ec t . i ve  f o rms  o f

cons t ruc t i on .

I n te r - connec t i ng  f l ex ib le  conc re te  b lock  sys tems
are  becoming  fa i r l y  popu la r .  Coas ta l  eng inee rs  a re

a l so  beg inn ing  to  show in te res t  i n  t he  w ide r
app l i ca t i on  o f  b i t um inous  comPounds  wh ich r  t oge the r

w i th  rock ,  sand ,  s tone  o r  agg rega te  a re  u t i l i sed

e x t e n s i v e l y  i n  E u r o p e  a n d  e s p e c i a l l y  i n  l l o l l a n d .  T h i s

l a t t e r  f o rm  o f  reve tmen t  p ro tec t i on  i s  rev iewed  i n

S e c t i o n  3 . 3  ( s e e  a l s o  R e f  4 8 ) .

Geo tex t i l e  f ab r i cs  a re  a l so  becoming  w ide l y  used .

U s e d  m a i n l y  a s  s e c o n d a r y  p r o t e c t i o n  a s  f i l t e r  c l o t h

between the embankment  and i ts  sur face armour ing they

are easy to lay and can be used to complement  or

supp lan t  t he  t r ad i t i ona l  f i l t e r  l aye rs  o f  g rave l  t
sand ,  s tone ,  e t c .  They  have  a l so  been  used  i n  some

coun t r i es  as  p r imary  p ro tec t i on  a l t hough  th i s  i s  no t

poss ib le  i n  t he  UK  wave  env i ronmen t .  De ta i l s  o f  some

geo tex t i l e  f ab r i cs  a re  g i ven  i n  Append i x  1 .

As  the  na tu re  and  comp lex i t y  o f  coas ta l  p ro tec t i on

p rob lems  va ry  w ide l y  w i t h  l oca t i on ,  i t  wou ld  no t  be

feas ib le  t o  spec i f y  exac t l y  t he  t ype  o f  a rmour ing  to

s u i t  a  p a r t i c u l a r  s i t e .



2 .2 Revetment
rnater ia ls

What  we have presented in th ls  rev iew is  a broad

descr ipt ion of  many of  the var lous tyPes of  protect ive

fac ing ln  common use today,  specl fy ing where possib le

the design fundamentals ,  locat ion,  p lacement

techn tques ,  pe r fo rmanee  e t c .  Th i s  i n fo rma t i on  i s  i n

the forn of  summary sheets which can be found ln

Appendix 2 (separate volurne) .

Reve tmen ts ,  as  w i t h  o the r  f o rns  o f  coas ta l  p ro tec t i on ,

can be designed to t r t i thstand the severesE l ike ly

cond l t i ons .  I l oweve r ,  t h l s  i s  ra re l y  economic '  The

va r i ous  cons t ra ln t s  wh i ch  a f f ec t  one ' s  cho i ce  a re

desc r l bed  l n  such  tex t  books  as  "Sea  De fence  and  CoasE

Pro tec t l on  Works "  by  Tho rn  and  Rober t s  (Re f  65 )  '  The

Shore  P ro tec t i on  l " l anua l  (Re f  21 )  a l so  t akes  a

comprehenslve look at  design pracEice.  Some general

des ign  aspec ts  a re  a l so  g i ven  he re  i n  Sec t i on  4  '  As

ment ioned ear l ier ,  design guidel ines can be found in

the I IRL repor t  No SR 54 (Ref  57) .  This  g lves a number

of  s tabi l i ty  cr iEer la for  perrueable and " imperrueable"

conc re te  b locks  as  we l l  as  desc r i b i ng  the  hyd rau l i c

per formance of  some of  the b locks current ly  in  use '

A wide range of  nater la ls  have been used to construct

reve tmen ts .  They  i nc lude :

( a )

( b )
( c )
( d )
( e )
( f )
(e)
( h )
( i )
( i )
( k )
( 1 )
( n )

B l tumen ( in  con junc t ion  w l th  o ther
rnate r ials )
Br lcks
Cement  mor ta r  mix  ( in  fabr lc  conta iners )
C lay
Concre te  ( in -s i tu  o r  as  p re-cas t  b locks)
Geotex t  i1  es
Res in  ( ln  con junc t ion  w i th  o ther  mater ia ls )
Rock
Rubber tyres
Rubb le  (concre te ,  aspha l t ,  b r icks ,  e tc )
Soi l  cernent
Stee l  (usua l ly  in  sheet  P t le  fo ro)
T l raber  (e l ther  as  p l les ,  c r ibworks ,
breas tworks ,  o r  s la t ted  reve tments )

In Ehe wave environment experienced around the UK

coast l i -ne ,  geotex t l , les ,  res ln ,  rubber  ty res  and so i l

and cement  a re  genera l l y  no t  su l tab le ,  wh i le  fabr ic

contaLning sand or cement should be used only in

she l te red  waters  o r  a t  the  upper  l lm i t  o f  the  t ida l
zorle.

Of the revetment  tyPes ment loned above,  t lmber and

rubble are widely used.  I^ Ihere readi ly  avai lable,

rubble or  quarry s tone can a lso make economical



reve tmen ts .  B i t umen  can  a l so  be  used  e i t he r  as  a
g rou t i ng  med ium o r  i n  con junc t i on  w i th  agg regaEe  to
fo rm a  pav ing  su r face .

2 .3  Reve tmen t
perrneabi  I  i ty

A l t hough  reve tmen t  f ac ings  come in  a  va r i e t y  o f
m a t e r i a l s ,  s h a p e s  a n d  d e s i g n s  t h e y  f a l 1  n a t u r a l l y  i n t o
one  o f  two  ca tego r i es :

Permeabl  e

Th i s  t ype  o f  a rmour ing  i s  usua l l y  f l ex ib le ,  hav ing  an

"open"  p ro tec t i ve  l aye r  enab l i ng  rda te r  t o  f l ow  i n  and
ou t  o f  t he  s t ruc tu re .  I t  i s  usua l l v  i n  t he  f o rm  o f
d i s c r e t e  e l e m e n t s ,  i n c l u d i n g

1 .  dumped  o r  p laced  rock ,  s tone  o r  rubb le ,
which are the most  common type of
p r o t e c t i o n ,

2 .  gab ions  used  i n  baske t  o r  ma t t ress  f o rm  and
f i l l e d  w i t h  r o c k  o r  s t o n e .

3 .  conc re te  b locks  wh i ch  a re  i nd i v i dua l l y
p re -cas t .  They  can  be  i n  t he  f o rm  o f
i n t e r l o c k e d  o r  i n t e g r a t e d  m a t t r e s s e s  o r  o f
f r e e  s t a n d i n g  u n i c s ,

4 .  s t o n e  l a y e r s  g r o u t e d  w i t h  ' r u n d e r - f i l l e d "

a s p h a l t  t o  a l l o w  p e r m e a b i l i t y ,

5 .  f ab r i c  con ta ine rs  f i l l ed  w i t h  sand  o r  sand -
cemen t  morEar  ( sandbags ,  Longa rd  tubes ,
e t c ) ,  w h i c h  c a n  b e  c o n s i d e r e d
semi -pe rmeab le ,

6 .  a s p h a l t i c  m a t e r i a l s  s u c h  a s  F i x t o n e ,  a
pa ten ted  gap -g raded  aspha l t - s tone  ba tch  m ix
( s e e  G l o s s a r y ) .  T h e s e  a r e  a l s o  p e r m e a b l e .

I t  i s  usua l  f o r  pe rmeab le  reve tmen ts  t o  i nco rpo ra te  a
f i l t e r  ( see  Append i x  1 )  cons i s t i ng  o f  one  o r  more
I a y e r s  o f  s t o n e  a n d / o r  a  g e o t e x t i l e  f a b r i c .  T h i s  i s
needed  no t  on l y  t o  p reven t  t he  l each ing  o f  f i nes  f r om
with in the embankment  but  a lso to act  as a sub-base
p r o t e c t i o n .  F i l t e r s  a l s o  a c t  t o  r e l i e v e  h y d r o s t a t i c
pressure f rour  wi th in the embankment .

O the r  t ypes  o f  pe rmeab le  s t ruc tu res  i nc lude  wooden
breas tworks ,  e i t he r  o f  s l op ing  o r  ve r t i ca l
cons t ruc t i on ,  and  somet imes  w i th  an  open  s la t t ed
f ramework  t o  enab le  beach  ma te r i a l  t o  pass  th rough ,
a c c r e t e  b e h i n d  i t  a n d  s t a b i l i s e  a  c l i f f  t o e .  T h e s e
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are  w ide l y  used  and  a re  o f t en  emp loyed  to  p ro tec t  so f t

c l i f f s ,  s a n d  d u n e s ,  e t c .  S o l i d  P o s t s  a r e  n o w  b e i n g

manu fac tu red  f rom syn the t i c  ma te r i a l s  ( recyc led

p las t i cs )  wh i ch  a re  c l a imed  to  be  ve ry  nea r l y  ro t  and

co r ros ion  p roo f .  These  wou ld  aPPear  t o  be

pa r t i cu la r l y  use fu l  i n  s i t ua t i ons  f o r  examp le  whe re

the  reve tmen t  i s  regu la r l y  immersed  i n  wa te r .  Apa r t

f r om the i r  r es i s tance  to  chemica l  a t t ack  t hey  wou ld  no

d o u b t  b e  ' r i n d i g e s t i b l e "  t o  m a r i n e  b o r e r s .  C o n s i s t i n g

main ly  of  polymer products they can be machined wi th

woodwork ing  too l s  and  the  cos t  ( i n  Ju l y  1984 )  o f  a

pos t  0 . lm  x  0 .1m x  3 rn  f o r  examp le  wou ld  be  abou t

f . 8 .00 .  We  know o f  on l y  one  l oca t i on  t o  da te  whe re

they  a re  cu r ren t l y  i n  use  (as  g roynes )  i n  a  mar ine

envi ronment .

Impermeable

Th i s  t ype  o f  p ro tec t i on  gene ra l l y  P reven ts  wa te r  f r om

f tow ing  th rough  the  sub laye rs r  so  t ha t  hyd ros ta t i c
p ressu res  have  to  be  re l i eved  by  d ra inage  ou t l e t s .

Impermeab le  reve tmen ts  a re  usua l l y  cons t ruc ted  o f :

1 .  C o n c r e t e  s l a b s  e i t h e r  j o i n t e d  o r  u n j o i n t e d ,
l a i d  i n - s i r u  o r  p r e - f a b r i c a t e d .

Conc re te  o r  s tone  b locks  bu t ted  to  each

o the r  and  j o i n ted  w i th  e i t he r  b i t umen  o r

sand /cemen t  mor ta r .

3 .  B r i c k w o r k  o r  b a s i c  c o n s t r u c t i o n  b l o c k s
usua l l y  ove r l apped  o r  l a i d  i n  he r r i ngbone

fash ion  and  g rou ted  i n  p lace  w i th in
p re fo rmed  pane l s .

Cemen t  o r  ove r - f i 1 l ed  b i t umen  g rou ted  s tone

o r  r o c k .

5 .  R o l l e d  a s p h a l t i c  c o n c r e t e .

6 .  C lay  banks  w i th  no  P ro tec t i on  o the r  t han

pe rhaps  a  g rassed  su r face .

I t  has  been  found  (Re f  73 )  t ha t  c l ose  f i t t i ng  b locks

on an impermeable foundat ion are more stable than

t h o s e  p l a c e d  o n  a  p o r o u s  f i l t e r  l a y e r .  T h e  l i m i t e d

in f l ow  o f  wa te r  due  to  t he  c lose  f i t  o f  Lhe  b locks  and

the  sho r t  du ra t i on  o f  t he  wave  impac t r  can  be  read i l y

accommodated by qui te smal l  movements away f rom the

imperv ious foundat ion.  I , then l i f t ing of  ind iv idual

p la in  b locks  was  obse rved ,  t he  movemen t  was  sma l l  and

Ehe  res t ra in t  r equ i red  to  ho ld  t hem in  p lace  was  no t

,
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l a rge .  t ^ l hen  p laced  on  a  pe rmeab le  f ounda t i on  such
b locks  may  be  moved  by  i n te rna l  wa te r  p ressu res .

I n  t he  f o l l ow ing  chap te r  va r i ous  reve tmen t  t ypes  a re
examined .  These  i nc lude  i n te r l ock ing  b locks  wh i ch  can
be  pe rmeab le  o r  impermeab le ,  depend ing  on  des ign  t ype .
In teg raEed  o r  ma t t ress  t ype  b locks  a re  a l so  examined ,
a l l  o f  w h i c h  a r e  p e r m e a b l e ,  r e q u i r i n g  a  f i l t e r  c l o t h
b e n e a t h .  F i n a l l y  s i n g l e  b l o c k  s y s t e m s  a r e  d e s c r i b e d .
These  a re  he ld  i n  p lace  by  t he i r  we igh t  o r  by  g rou t i ng
to  each  o the r .  They  can  be  e i t he r  pe rmeab le  o r
impermeab le  aga in  acco rd ing  to  des ign .
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3 .1

REVET}IENT TYPES

Pre-cas t
concrete armour
u n i t s

ConcreLe b lock work,  both unconnecEed and
inter lock ing,  is  a popular  form of  revetment
p ro tec t i on  bo th  i n  Eu rope  and  A tne r i ca .  I t s  re la t i ve l y
low overal l  cost  has st lmulated in terest ,  coupled wi th

the fact  that  the qual i ty  of  concrete b locks has
lnproved in recen!  t , imes as has the ef f lc iency of  the

manu fac tu rLng  p rocess .  The  un i t s  a re  f a i r l y  easy  to

lns ta l l ,  w l t h  t he  a id  o f  a  c rane  o r  d rag l i ne .  Fo r  t he
ma t t ress  ( l n teg raued )  t ype ,  l ay ing  and  i ns ta l l a t i on  i s
not  general ly  labour in t .ensive a l though a spreader bar
i s  requ i red  to  l ay  t he  ma t t . r ess  i n  pos i t i on .  The
lay ing of  che smal ler  unconnected b locks may be more
labour in tenslve,  but  nany are 1 lght  enough to be able
to be la id by hand.

Many d i f ferent  k inds of  revetment  b lock are in  current
use  buE  the re  a re  t h ree  bas i c  t ypes :

Inter lock lng -  InEer lock i -ng can be in  p lan,  as in

the case of  the Armor loc system (see page 11)  where

the  un i t s  a re  he ld  t oge the r  by  dove - ta i l  j o i n t s .

There are a lso armour uni ts  which in ter lock in

e leva t i on  e .g .  sh ip lap  t ype  j o i n t l ng .  (F igs  3  &  4 )

Integrated - Blocks which are connected by cable
o r  w i re  t o  f o rm  a  ma t .  I n  some  des igns  the  cab les  a re

used to g ive an even lay ing of  the mat .  In  others

cables form an integra l  parE of  the st . ructure and are

used  co  w l ths tand  damage  ( i . e .  by  sp read ing  wave
lnduced  fo rces  o r  se t t l eoen t  ove r  a  w ide  a rea ) .

Free b locke -  Placed abut t ing one another  in  a

prepared panel  or  bay and somet ines bonded together

w l th  cemen t  o r  b i t u rnen  (P la te  l 0 ) .

I t  has  t o  be  sa id  t ha t  t he  na jo r i r y  o f  Ehese  t ypes  o f

armour ing are not  su i table in  s i tuat ions wi th a severe

wave c l imate.  However,  they wi l l  normal ly  wi thstand

lord to moderaEe wave act iv i ty .  For  example,  a sect ion

of  in tegrated type Petraf lex and Armorf lex revetment

has  been  i ns ta l l ed  sou th  o f  Huns tan ton  i n  t he  Wash

EsEuary,  see summary sheet  7 (Volume 2) .  I lere wave

heights are l lmi ted by the extensive of fshore sand

banks.  Bui l t  in  1984 the revecment  is  being moni tored

by l lydraul ics Research Ltd on behal f  o f  the l " l in is t ry

of  Agr lcu l ture,  F isher ies and Food.  I t  would appear

f rom these inspect ions that  wave forces are absorbed

more on Ehe wooden p i led toe than on the revetment

s lope  i t se l f .  Th i s  reve tmenE i s  t he re fo re  l i ke l y  t o



rema in  run tes ted r  un t i l  t he  a rea  i s  exposed  to
ex t reme ly  h igh  t i de  l eve l s  comb ined  w i th  s t rong  wave
a c t  i o n .

Ano the r  reve tmen t  o f  s im i l a r  des ign  was  i ns ta l l ed  on
the  Nor th  Wa les  coas t  a t  L l anddu las  t o  p ro tec t  a  was te
t i p ,  see  summary  shee t  9 .  Th i s  has  w i ths tood  wave
act ion for  a number of  years a l though damage is  now
tak ing  p lace  because  o f  d i f f e ren t i a l  se t t l emen t  due  to
l o s s  o f  b a c k  f i l l  ( s e e  P l a t e  8 ) .

S tab i l i t y  o f  conc re te  b locks  depends  on :

1 .
2 .
3 .

t h e  i n t e r l o c k  d e s i g n .

e a c h  b l o c k .

The  s i ze  o f  t he  b lock  i s  l im i t ed  by  t he  we igh t  o f
pane l  t ha t  can  be  l i f t ed  and  p laced  w i thou t  damage
wh ich  i n  t u rn  l i r n i t s  t he  i n te r -b lock  f r i c t i on .  The
idea l  e l emen t  i s  one  tha t  can  fa i l  s t ruc tu ra l l y  and
be  removed  by  wave  ac t i on  w i thou t  caus ing  p rog ress i ve
fa i l u re  o r  damag ing  ad jacen t  un i t s .

Our  rev iew  has ,  howeve r ,  r evea led  ve ry  f ew  gene ra l
des ign  equa t i ons ,  t he  cho i ce  o f  t ype  and  s i ze  o f  b l ock
be ing  l a rge l y  based  on  expe r i ence .  A  rev iew  by
McCar tney  (ne f  +Z )  i n  1976  p rov ides  some compar i son
be tween  d i f f e ren t  reve tmen t  t ypes  bu t  does  no t  i nc lude
the  more  recen t  b lock  des igns .  Because  o f  t he  l ack  o f
des ign  gu ide l i nes  one  has  to  seek  the  manu fac tu re r r s
adv i ce  on  the  me thod  o f  cons t ruc t i on ,  f i l t e r  t ype ,
e t c ,  once  the  t ype  o f  b l ock  i s  chosen .  Some
manu fac tu re rs  advoca te  f i l l i ng  t he  i nLe rs t i ces  w i t h
loose  g rave l .  Th i s  reduces  f l ex ing  and  thus  poss ib le
d i sp lacemen t  o f  t he  unde r l y i ng  f i l t e r  ma te r i a l  bu t
i n c r e a s e s  t h e  r i s k  o f  r a r c h i n g r .  I t  s h o u l d  a l s o
reduce  fa t i gue  and  deg rada t i on  by  u l t r a - v i o le t  l i gh t
o f  t he  syn the t i c  cab les  whe re  these  a re  f i t t ed  t o  ho ld
t h e  b l o c k s  i n  p l a c e  a s  a  m a t t r e s s .  G r a v e l  o r  s o i l
w i l l  bo th  wash  ou t  i n  a  modera te  t o  h igh  wave
envi ronment .

Des ign  cha r t s  re la t i ng  wave  he igh t  t o  sys tem we igh t
a re  ava i l ab le  f r om reve tmen t  b lock  manu fac tu re rs  and
Wise  (Re f  77 )  g i ves  deve lopmen t  pa rame te rs  f o r  a
number  o f  i n teg ra ted  f l ex ib le  reve tmen t  sys tems .  Such
cha r t s  shou ld  be  used  w i th  cau t i on  as  t h i s  t ype  o f
reve tmen t  des ign  i s  s t i l l  i n  a  s tage  o f  i n fancy .

E f fec t i veness  o f
S i ze  and  we igh t .
F r i c t i on  be tween
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3.1 . r In te r lock ing
s ing le  layer
sys tems

These are probably the most  common systems in use

today .  The  b locks  a re  gene ra l l y  squa re  o r  rec tangu la r

i n  shape ,  hav ing  e i t he r  sh ip lap  ( see  F igs  3  and  4  and

P la te  1 )  o r  t ongue  and  g roove  j o i n t i ng  ( see  F ig  1  and

summary  shee t  10 ) .

The tongue and groove type connect ion can be e i ther

w e d g e  s h a p e d ,  b u l 1  n o s e d  o r  c i r c u l a r .  S t a b i l i t y

depends  l a rge l y  on  we igh t  and  the  s t reng th  and

du rab i l i t y  o f  t he  i n te r l ock .  Bo th  sh ip lap  and  tongue

and  g roove  t ypes  have  been  tes ted  i n  t he  l abo ra to ry .

Us ing  regu la r  waves ,  t . he  Coas ta l  Eng inee r i ng  Resea rch

Cen t re  (CERC)  i nves t i ga ted ,  on  a  s l ope  o f  I  i n  2 ,  hand

p roduced  sh ip lap  b locks  we igh ing  68kg  and  mach ine

p roduced  bu l l  nosed  tongue  and  g roove  b locks  we igh ing

34kg .  The  resu l t s  a re  g i ven  by  J  V  t l a l l  i n  Re f  31 .

Fo l l ow ing  th i s  i n i t i a l  ces t i ng  t he  shape  o f  t he  t ongue

and  g roove  b lock  was  mod i f i ed  t o  a l l ow  more

f l e x i b i l i t y  ( s e e  F i g  1 ) .  S m a l l e r  s c a l e  t e s t s  ( 1  i n

24 )  have  been  conduc ted  a t  I IRL ,  de ta i l s  o f  wh i ch  a re

g i v e n  i n  R e f s  3 7  &  7 4 .  R e f e r e n c e  3 7  d e s c r i b e s  f i e l d

t r i a l s  w i t h  b l o c k s  0 . 4 6 m  s q u a r e  b y  0 . 1 5 m  t h i c k  w i t h  a

d iagona l  ove r l ap  o f  0 .08 rn  i n  wh i ch  the  b locks

w i ths tood  waves  up  to  1 .2n  be fo re  be ing  l i f t ed  and

pe rmanen t l y  d i sp laced .  Th i s  gave  a  b lock

t h i c k n e s s  l w a v e  h e i g h t  r a L i o  o f  1 ; 8 .

I n tended  fo r  use  where  the  wave  c l ima te  i s  no t  seve re  t
i n te r l ock ing  b locks  a re  usua l l y  l a i d  i n  pane l s  and  the

end  b locks  secu red  by  conc re t i ng  i n .

The  advan tages  o f  t h i s  t yPe  o f  b l ock  a re :

( a )  t h e y  c a n  b e  l a i d  b y  s e n i - s k i l l e d  l a b o u r ;
(b )  t hey  have  the  ab i l i t y  t o  f l ex  and  thus

to le ra te  some  deg ree  o f  se t t l emen t ;
( c )  t hey  a re  no t  j o i n ted  w i th  mor ta r  so

hyd ros ta t i c  p ressu res  a re  no re  eas i l y

r e l e a s e d  I
(d )  t hey  can  be  l i f t ed  and  rep laced  i f  damaged t

a l though how easi ly  would depend upon the

type  o f  i n te r l ock .

The d isadvantages of  both ship lap and tongue and

g roove  t ypes  a re  Eha t :

(a )  t hey  canno t  adequa te l y  f o l l ow  l a rge  changes

in  t he  sub - l aye r .  The  tongue  and  g roove

type  wou ld  t end  to  b r i dge  a  ho le  benea th  and

fa i l  w i t hou t  wa rn ing l
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(b )  sand  o r  g rave l  can  ge t  be tween  the  i n te r l ock
nak ing  i t  i ne f f i c i en t l

( c )  e x t e n s i v e  s e t t l i n g  l e a d s  t o  b l o c k  s e p a r a t i o n
and  makes  the  sh ip lap  j o i n t i ng  i ne f f i c i en t ;

( d )  repa i r s  t o  t . he  unde r l aye r  cou ld  be  a
p rob lem;

(e )  ano the r  weakness  i n  t he  sh ip lap  b locks  i s
tha t  t i l t i ng  abou t  t he  d iagona l  i s  poss ib le .
Once  th i s  occu rs  ma te r i a l  can  bu i l d  up  i n
the  j o i n t s  caus ing  pe rmanen t  d i sp lacemen t
a n d  e v e n t u a l l y  f a i l u r e ;

( f )  s h i p l a p  j o i n t s  a r e  p a r t i c u l a r l y  v u l n e r a b l e
i f  t he  b locks  a re  l a i d  w i t h  t he i r  ove r l aps
fac ing  seaward  as  t hey  can  then  be  l i f t ed  by
the breaking wave.

Few gene ra l  des ign  c r i t e r i a  a re  ava i l ab le  f o r  t h i s
t ype  o f  p ro tec t i on ,  t he  gu ide l i nes  be ing  based
gene ra l l y  on  expe r i ence ,  suppo r ted  i n  some  i ns tances
b y  m o d e l  i n v e s t i g a t i o n s ,  s e e  R e f  5 7 .  I n  a l l  c a s e s ,
the  t ype  o f  sub - l aye r  and  i t s  pe rmeab i l i t y ,  t oge the r
w i th  t he  pe rmeab i l i t y  o f  t he  f i l t e r  and  the  b locks
themse lves ,  a re  impor tan t  f ac to rs  i n  t he  ove ra l l
pe r fo rmance  o f  t he  reve tmen t  i t se l f .

The  fo l l ow ing  a re  a  se lec t i on  o f  t he  t ypes  o f  b l ocks
which are no\{  manufactured:

ART,TORLOC

Produced  by  N i co lon  BV  o f  Ho l l and ,  t h i s  p re -cas t
c e l l u l a r  t y p e  c o n c r e t e  b l o c k  i s  u s u a l l y  i n s t a l l e d  o n  a
w o v e n  f i l t e r  f a b r i c .  I t  i s  s u i t a b l e  f o r  s h e l t e r e d
r4 ta te rs  on l y  and  des igned  fo r  a reas  where  access  fo r
heavy  veh i c l es  i s  imprac t i cab le  o r  whe re  the  sma l l
s i ze  o f  t he  sea  de fence  i ns ta l l a t i on  rende rs  heavy
equipment  uneconomic.  Sui table for  hand lay ing,  they
a re  manu fac tu red  as  s i ng le  b locks ,  t he i r  dove ta i l
con f i gu ra t i ons  a l l ow  f t ex ib i l i t y  i n  t he  l ong i t ud ina l
and  t ransve rse  p lane .  I n te r l ock ing  occu rs  i n  p lan
on l y ,  howeve r ,  so  t he re  i s  t he  poss ib i l i t y  o f  b l ocks
be ing  l i f t ed  ou t  by  wave  i nduced  p ressu res .

B l o c k  d a t a : 301.5rnm x 403um and 100nm thick
Weight  -  14kgs  each =  150kg/m2 o f
sur face  area

App l  i ca t ion : We know of no si tes where this
na ter ia l  has  been used on  the  open
c o a s t .
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CONTROL BLOCKS

These are s ln i lar  to  the standard bul ld ing

cons t ruc t . i on  b lock  desc r i bed  i n  Sec t i on  3 .1 .3 ,  excepE

that  proErusions a long the edges provlde tongue and

groove inter lock ing ( in  p lan)  between b locks (see Fig

1) .  In format ion on these can be obta ined f rom Ref  22

and in the suumary sheets in Appendix 2 (Volune 2) '

These b locks are of  ce l lu lar  construct ion and are

being used as revetuent  protect ion a long the banks of

Lake  Supe r i o r ,  USA to  comba t  c l i f f  e ros ion  resu l t i ng

fron d l rect  r tave at tack.  There are no large water

level  f luctuat l ,ons in  the Great  Lakes (uaximum

seasona l  f l uc tua t i on  i s  0 .8n )  and  the  g rea tes t  p rob len

ls damage caused by wind induced waves (maximum wave

he igh ts  app rox  1 .5n ) .

B lock  da ta : 400mm x 200nrn x 20Omn thick (small)
400mn x 300nn x 200mm thick ( large)

Weight - not known

App l i ca t i on :

DOUBLE WEDGE

Por t  l . I ing ,  Lake Super lo r ,  Wiscons in ,
USA

These are of  Czechoslovakl -an design and are heavy

unLts which are seE al ternacely as rows and columns
(see  P la te  9 ) .  They  re l y  on  the i r  mass  and  the i r

over lap for  srabi l i ty .  They have been used at

Fe l i xs towe  co  p ro t . ec t  l ow  c l i f f s  aga lns t  wave  a t t ack .

App l i ca t i on :

GRASSBLOCK

Fe l l xs towe ,  Su f fo l k .  See  P la re  9 .

Produced by Landscape Grass (Concrete)  L in i ted,  Ehese

p re -cas t .  conc re te  un i t s  come  i n  a  range  o f  s i zes .

Grassblock 103 avai lable wi th e i ther  a sol id  or  open

maEr l x .  I t  has  sh ip lap  t yPe  i n te r l ock ing  ( i ' e '  i n  t he

ve r t i ca l  p l ane ) .

I t  is general ly recommended that the sol id matr ix
block be underlain by 10-20nrn of sand f i l l .  These
blocks are current ly being used by Angl ian Water Ln

Nor f  o lk .

Grassblock 103 - 406mn x 406mn x
103rom thick

Block  da ta :
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Weight - 24kgs

App l ica t ion :  Burnham Overy ,  Nor fo lk  (open mat r ix ) ,
1 9 7 9 .
S h e e r n e s s ,  K e n t  ( s o l i d  r n a t r i x )
1982 I  1984.

LOK.GARD

A precas t  concre te  b lock  deve loped and pa ten ted  by  the
Coasta l  Research  Corpora t ion  o f  G len  Burne,  Mary land
USA.

These tongue and groove type in te r lock ing  b locks  have
been used in  Amer ica  on  T i lgham Is land,  Mary land where
they  were  ins ta l led  a long 244m o f  shore l ine  as  a  1  in
2  s lope reve tment .  Deta i l s  o f  th is  reve tment  a re
given by Mohl and Brown (Ref 44) and McCartney (Ref
42) .  I t  i s  spec i f ied  tha t  the  des ign  must  incorpora te
b o t h  f i l t e r  a n d  t o e  p r o t e c t i o n .  P r o t o t y p e  s c a l e  t e s t s
have a lso  been car r ied  ou t  on  th is  type  o f  b lock  by
H a l l  ( R e f  3 1 ) .

B lock  da ta :  580mrn ( top)  and 630run (bo t ton)  long
by 220nm wide and 140mm thick

W e i g h t :  3 4 k g s

A p p l i c a t i o n :  T i l g h a u r  I s l a n d ,  M a r y l a n d ,  U S A

SCAN.GABIONS

Produced by Scan Gabions A/S of  Copenhagen i t  is
t e r m e d  a  ' r f l e x i b l e  s l a b "  s y s t e m .  T h e y  c o n s i s t  o f
r e i n f o r c e d ,  c e l l u l a r  c o n c r e t e  b l o c k s  w h i c h  a r e
in te r - l ockab le  on  fou r  s i des  to  g i ve  a  con t i nuous
c o n s t r u c t i o n .  S p e c i f i e d  f o r  u s e  a s  c o a s t a l
p ro tec t i on .  They  cao  a l so  be  l i nked  one  on  top  o f  t he
o the r  t o  g i ve  two  o r  more  l aye rs  t h i ckness .  Ce I l u l a r ,
t o  a l l o w  t h e  r e l i e f  o f  h y d r o s E a t i c  u p l i f t  p r e s s u r e ,
t h e y  a r e  n o r m a l l y  l a i d  o n  a  s u i t a b l e  f i l t e r .  D e s i g n e d
fo r  use  i n  i naccess ib le  a reas  they  can  be  p roduced
in  a  va r i e t y  o f  d i f f e ren t  s i zes  we igh ing  f rom 55kgs  up
to 4 tons and up to 2000nm x 2000mm x 600rnm th ick.

B lock  da ta :  S tanda rd  s i ze  500mm x  500mm x  150nm
th i ck

We igh t  -  60kgs  ( s tanda rd  s i ze )

App l i ca t i on :  S i t es  no t  known  i n  t h i s  coun t r y .
Ju t l and ,  Denmark  1982

I 4



SEBLOC

A pa ten ted  conc re te  b lock  a rmour ing  p roduced  by  RBS
Brook l yns .  Deve loped  f  r on  the  r rDy tap ' r  b l ock  w i t h  a
sh ip lap  t ype  j o i n t  a l ong  the  l onge r  s i de  ( see

G l o s s a r y ) .  I t  i s  d e s i g n e d  f o r  u s e  p r i m a r i l y  a s
coas t .a l  r eve tmen t  p ro tec t i on  a l t hough  Ehe
manu fac tu re rs  s ta t . e  Eha t  "Seb loc  shou ld  on l y  be  used
in  t he  ' b reak ing  wave '  s i t ua t i on .  I t  i s  no t  des igned
to  w i t hs tand  unb roken  head -on  impac t " .  The  reve tmen t
s lope  shou ld  no t  exceed  1  i n  3  when  used  on  the
e x p o s e d  c o a s t .  I t  i s  a  s o l i d  i n t e r l o c k i n g  p r e - c a s t
b l o c k ,  f a c t o r y  p r o d u c e d  f o r  u s e  a s  a  f l e x i b l e
reve tmen t .  i n  coas ta l  wa te rs  as  we l l  as  i n  more
s h e l t e r e d  a r e a s  s u c h  a s  e s t u a r i e s ,  d o c k s ,  m a r i n a s ,
e t c .  T h e  b l o c k s  a r e  l a i d ,  d r y - j o i n t e d ,  s i n g l y  w i t h i n
a  pane l l ed  a rea  hav ing  toe  capp ing  and  pane l  beams .
Seb loc  un i t s  can  a l so  i nco rpo ra te  a  i r ave  ene rgy
d i s s i p a t o r  i f  r e q u i r e d .  T h e s e  b l o c k s  s t a n d  p r o u d  o f
t he  reve tmen t ,  hence  reduc ing  wave  run  up  ( see  P la te
1 1 ) .  G e n e r a l l y  u s e d  o n  s l o p e s  o f  1 : 6  o r  s h a l l o w e r .

RBS Brook l yns  a l so  p roduce  r tDy tap r ' ,  a  pa ten ted
i n t e r l o c k i n g  s o l i d  b l o c k ,  a s  w e l l  a s  " D y m e x "  a n
i n t e r l o c k i n g  c e l l u l a r  t y p e  b l o c k .  N o r m a l l y  b o t h  t y p e s
are used for  ear th bank protect ion above normal  rdater
l eve l s  i n  cana l s  and  es tua r i es .  The  Dymex  b locks  can
be  cove red  ove r  w i t h  so i l  and  seeded  bo th  f o r  added
p r o t e c t i o n ,  a n d  f o r  a e s t h e t i c  p u r p o s e s .

B l o c k  d a t a : Seb loc  558mn x  278mm.  Th i ckness
ranges  f rom 125nn  to  200mm p la in ,
225mm to 30Omm diss ipator

W e i g h t s z  4 4  t o  8 3 k g s  ( l a r g e r / h e a v i e r

b locks  manu fac tu red  i f  r equ i red ) .

S o u t h s e a ,  H a n t s  ( s e e  P l a t e  1 1 )A p p l i c a t i o n :

SEIPLAP

Perhaps  the  fo re runne r  o f  t he  i n te r l ock ing  impermeab le
b lock  sys tem,  i n t roduced  by  t he  Ken t  R i ve rs  Ca t . chmen t
B o a r d  i n  t h e  l a t e  1 9 4 0 r s .  T h i s  h a s  t h e  s i m p l e s t  f o r m
o f  i n te r l ock  and  i s  des igned  fo r  hand  p lacemen t .  Used
ex tens i ve l y  a long  the  Ken t  coas t  f r om the  ea r l y  1950 ' s
o n w a r d s ,  t h i s  t y p e  i s  s t i l l  i n  u s e  t o d a y .  B a s i c a l l y
i t  cons i s t s  o f  s l abs  j o i ned  one  to  t he  o the r  (as  shown
in  F ig  3  and  P la te  1 )  and  o f f se t  t o  p rov ide  a
mechan i ca l  i n te r l ock  w i ch  ad jacen t  b locks ,  t hus  g i v i ng
two  way  i n te r l ock ing .  The  b locks  a re  l a i d  i n
s tagge red  fash ion  (o f t en  on  a  t h i n  l aye r  o f  weak
conc re te )  i n  pane l s  and  cons t ra ined  by  t oe  capp ing  and
end  beams .  The  pe r i phe ra l  b l ocks  a re  some t imes
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conc re ted  i n  and  some b locks  a re  made
h o l e  t o  a l l o w  t u b u l a r  s t e e l  s t a k e s  t o
th rough  fo r  added  ancho rage .  P la te  2
sh ip lap  reve tmen t  a t  Pe t t ,  Sussex .

B l o c k  d a t a : 380mrn x 380rnm x 150 or

w i t h  a  c e n t r a l
be  d r i ven
shows  a  t yp i ca l

200mm th ick

Weight :  not  known

Appl  i ca t ion : S h e e r n e s s .  K e n t

S e e  a l s o  G r a s s b l o c k  ( a n o t h e r  f o r m  o f  s h i p l a p  b l o c k ) .

N o t e :  S h i p l a p  b l o c k s  u s e d  i n  t h e  U S A  ( s e e  R e f  3 0 )
range in s ize f rom 200nm by 400mm x 500mm to 910rnm by
910mm x 360arm and weigh f rorn 34 to 726kgs.  Cost  is
c la imed  to  be  502  l ess  t han  r i p rap .

SVEE.BLOCK

These  nea r - cub i ca l  shaped  conc re te  b locks  a re  pa ten ted
by  R  Svee  o f  t he  Techn i ca l  Un i ve rs i t y  o f  No rway .  They
have openings normal  to the revetment  face to
f a c i l i t a t e  E h e  r e l i e f  o f  h y d r o s t a t i c  p r e s s u r e s .
Conce i ved  i n  t he  ea r l y  1960 ' s  t hey  have  been  sub jec ted
t o  e x t e n s i v e  m o d e l  t e s t s  ( s e e  R e f  6 1 )  b u t  h a v e  n o t ,  a s
far  as we know, been used on the open coast  as
reve tmen t  p ro t . ec t i on .

They  a re  des igned  to  be  c lose l y  packed  i n  con t i nuous
rows  ( see  F ig  1 ) ,  t he  b locks  o f  any  one  row
in te r l ocked  to  p reven t  any  i nd i v i dua l  b l ock  f r om be ing
fo rced  ou t  o f  t he  l aye r  w i t hou t  mov ing  seve ra l  b l ocks
in the same rohr .  However,  there appears to be no
in te rconnec t i on  be tween  ad jo in ing  ro rds .

TERRAFIX

A pa ten ted  t rapezo ida l  shaped  b lock  deve loped
i n i t i a l l y  f o r  u s e  i n  t h e  I ' l i t t e l l a n d k a n a l ,  W e s t
Germany ,  (Re f  32 ) .  The  sys tem cons i s t s  o f  two
comp lemen t i ng  componen ts ,  a  non -woven  geo tex t i l e
f i l t e r  l a y e r  o v e r l a i d  b y  p r e - c a s t  i n t e r l o c k i n g
conc re te  b locks .  These  a re  mou lded  w i th  con i ca l  pegs
a t  t he  f r on t  and  ma tch ing  ho les  a t  Ehe  rea r  ( see  F ig
1 ) .  T h e  b l o c k s  a r e  i n t e r l o c k e d  a n d  l a i d  a s  m a t t . r e s s e s

by 'a  c rane  and  sp reade r  ba r .  I n  use  s ince  the  ea r l y
1970 ts  i n  cana l s  and  \da te rways  as  bank  p ro tec t i on .
Mode l  s tud ies  have  been  ca r r i ed  ou t  t o  i nves t i ga te  t he
res i s tance  o f  t h i s  reve tmen t  sys tem aga ins t  h i gh
cu r ren t  ve loc i t i es  and  v tave  a t t ack .

The makers are not  known to us a l though Erosion
Con t ro l  P roduc ts  o f  Wes t  Pa lm  Beach ,  F lo r i da
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manufacture them ln the USA. Referred to ln  a paper
g i ven  a r  rhe  1984  P IANC Con fe rence  (Re f  32 ) .

B lock  da ta : NV12 type - 660mm x 140mur x 120mrn
thick

W e i g h t :  2 3 k g s .

TRI-LOCK

A re la t l ve l y  new fo rn  o f  e ros ion  con t ro l  sys tem f rom
Ardon Internat ional  designed and patenued in the USA'
i t  coupr ises t rdo in ter lock ing concreEe comPonents
roughly t r iangular  ln  shape,  a lock b lock and a key

block.  Each component  is  keyed lnto two others ln
j lg-saw pr tzz le fashion.  The b locks are la id on a
sul table f i l ter  fabr ic  and have holes Ehrough which Eo

thread cable i f  requi red.  The system can be hand
assernbled or  pre- fabr icated on the f l l ter  and la id as

a  ma t t ress .  Th i s  b lock  p ro tec t i on  i s  des igned  fo r
waterways,  dra lnage channels and r iver  embanknenLs.

The only daEa we have is  ln  the forn of  a pronot ional
pamph le t .

B lock  he igh t :
Modu les :
l l e i gh t :
S tanda rd  ma t :

0 .1  t o  0 .3m
0 .4  o r  0 .Bm
156 to 439ke/n2
1 .4  t o  2 .1n  w ide ,  up  t o  14 .6n  l ong

Appl lca t lons :  Not  known.

I{ALLINGFORD BLOCK

A pre-cas t  fu l l y  in te r lock lng  concre te  un i t  des lgned
at  Hydrau l i cs  Research  L imi ted ,  l {a l l ing ford  (Ref  73) .
Each b lock  when p laced d iagona l ly  ln  pos i t ion ,  i s
symmetr ical ly restrained from vert ical  movement by the
two b locks  on  e i ther  s ide ;  these in  tu rn  be ing
weighted down by the one at each end. I t  ls designed
to protect enbankments against wave attack on slopes
Ehat do not exceed about 1 in 4. The blocks, shown in
FLg 2 ,  can  a lso  be  la id  on  s teeper  s lopes .  A  repor t
(Ref  74)  on  mode l  tes ts ,  recommends thac  b lock
thickness should not be less than one sixth of the
breaking wave height.

The dimensions and proport ions of a l^Ial l ingford block
can be var ied to sui t  di f ferent clrcumstances of wave
he igh t ,  foundat ion  s tab i l i t y  and method o f
cons t rucL ion .  DLmens lons  g iven be low are  fo r  a  smal1
block that could be used ln si tuat ions where maximum
wave he igh ts  do  no t  exceed 1 .8n .
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Block data:  Overal l  d imensions -

300mn x 600nur x 150wn thick
( s e e  a b o v e ) .

App l i ca t i on :  F ie ld  t r l a l s  on  the  W i r ra l  Pen insu la ,
at  Leasowe Bay.

I{ESSEX BLOCK

A pre-cast  concret ,e b lock manufactured by Landscape
Grass  (Conc re te )  L im i red .  O f  " sh ip1ap"  t ype  des ign ,
i t  in ter locks both la tera1ly and longi tudinal ly  and
Ls normal ly  p laced by hand wi th in concrete edging
str ips and on a prepared base so as to form a panel led
revetment . .  These sol id  b locks,  shown ln Ftg 3,  have
been used as revetment  protect ion by the Wessex I ' Ia ter
Au tho r i t y .

Block data: tr ' Iessex 380nm x 380nur x 150nrn thick

Weight :  not  known

Appl lcat ions:  Kingston Seymour,  Somerset
Tidal  defences on the River  Thames.

3 . L . 2  I n t e g r a t e d
slngle layer
armour uni ts

Th i s  t ype  o f  sys tem eons i s t s  o f  " co lumns"  and  " rows"

of  preformed concrete b locks l lnked Eoget .her  by cable
rope or  wi re or  a l ternat ive ly  secured to a specia l
type of  f l l ter  nat  by epoxy res in.  Blocks can a lso be
l lnked longi tudinal ly  by cable and inter locked
latera l ly .  WlEh a l l  these rypes the armour ing is  both
f lex ib le and pervLous,  the b locks being of  ce l lu lar
construct ion.  A typ ical  revetment  us ing Dycel l  b locks
ls  shown ln Plate 6.

The cabl lng,  which is  threaded through specia l  duct ing
ln  t he  b locks ,  i s  an  a ld  t o  rap id  p lac ing  o f  t he  ma ts .
I t  a lso connects the mats together  ln  the la tera l
d i recc lon whi le  the cable ends or  loops are used for
anchor ing.  This prevent ,s  progressive b lock
displacenent .  Wear and tear  on Ehe cables would seem
to be a weak point  in  the design and where synthet ic
f i b res  a re  used  they  can  be  sub jec t  t o :

(a)  degradat ion,  due to exposure to u l t ra
v lo le t  l i gh t ;

(b)  fa t igue due to cont inuous f lex ing and
chaf ing caused by wave aet ion;

(c)  abraslon by the beach rnater ia l ;
(d)  vandal isn ln  that  they can easi ly  be severed;
(e)  exposure to chemical  at tack in  a mar ine

envi ronmenE.
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The  work ing  l i f e  o f  any  cab le  i s  ve ry  d i f f i cu l t  t o

p red i c t ,  depend ing  no t  on l y  on  the  t ype  o f  r naEer ia l

used  and  the  b locks  t o  wh i ch  i t  i s  a t t ached ,  bu t  a l so

on  the  wave  c l ima te  and  the  beach  ma te r i a l .  W ise  (Re f

77 )  sugges ts  a  wo rk ing  l i f e  o f  50  yea rs  f o r  some

des igns .  Th i s  i s  based  on  r i ve r  and  cana l  usage t

h o w e v e r ,  a n d  t h e  l i f e s p a n  w i l l  c l e a r l y  b e  f a r  l e s s  o n

the  coas t .  One  way  to  p ro long  the  l i f e  and  g i ve  added

s t a b i l i t y  t o  t h e  s t r u c t u r e  i s  t o  f i l l  t h e  b l o c k

in te rs t i ces  w i t h  g rave l  o r  i f  ou t  o f  r each  o f  no rma l

wave  ac t i v i t y ,  t o  g rass  t he  reve tmen t  f ace .

T h e  f o l l o w i n g  a r e  a  s e l e c t i o n  o f  t h e  t y P e s  o f  b l o c k s

which are novr  manufactured:

ACZ-Del ta

Th i s  des ign  was  deve loped  by  ACZ Mar ine  Con t rac to rs  BV

o f  l l o l l a n d .  I t  i s  b a s i c a l l y  a  g e o t e x t i l e  f i l t e r

f ab r i c  on to  wh i ch  rec tangu la r  b locks  o f  t r unca ted
py ran id  shape  a re  f o rmed  i n  he r r i ngbone  fash ion .

Connec t i on  be tween  b locks  and  f i l t e r  i s  by  po l yam ide

co rds  woven  i n to  t he  f i l t e r  f ab r i c  w i t h  l oops  a t  t he
po in t . s  whe re  the  conc re te  b locks  a re  t o  be  fo rmed .

The  l oops  a re  he ld  up r i gh t  wh i l e  t he  conc re te  i s

pou red  i n to  a  mou ld  p laced  on  the  ma t .  The  comp le ted
mat  i s  t r anspo r ted  Eo  the  s i t e  and  p laced  by  c rane  and

spreader onto a gravel  bed.  The gaps between the

b locks  a re  t hen  f i l l ed  w i t h  c rushed  g rave l  t o  p reven t

deg rada t i on  o f  t he  f i l t e r  by  UV  l i gh t  and  to  i nc rease

the  ove ra l l  s tab i l i t y  o f  t he  reve tmen t .  One

d i sadvan tage  .o f  t h i s  t ype  o f  p ro tec t i on  i s  t he

d i f f i c u l t y  i n  r e p a i r i n g  a  d a m a g e d  f i l t e r  c l o t h .

P roEo type  tes t s  have  been  ca r r i ed  ou t  i n  t he
Ne the r l ands  and  fo rm the  bas i s  o f  a  pape r  by  P i l a r czyk
(Ref  54)  whi le  another  type of  ACZ Del ta mat  is

d i s c u s s e d  b y  D o r e ,  B a r t e l s  &  S c h u i t  ( R e f  2 5 ) .  U s e d

on l y ,  as  f a r  as  we  know,  as  bank  p ro tec t i on  i n  r i ve rs

and  cana l s  and  fo r  bo t tom Pro tec t i on  on  the  Eas te rn

Sche ld t  S to rm Surge  Ba r r i e r  i n  t he  Ne the r l ands .

B l o c k  d a t a : 200mm x 400mrn (base)r 155mm x 355mm
(top)  x  160mm th ick

W e i g h t :  1 9 O k g  l m 2  o f  s u r f a c e  a r e a

No coas ta l  app l i ca t ion  known.App l  i ca t ion :

ARilORFLEX

In t roduced onto the European market  in

USA,  t hese  mach ine -compressed  conc re te
L982,  f rom the
b l o c k s ,  w h i c h
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c a n  b e  e i t h e r  c e l l u l a r  o r  s o l i d ,  a r e  s h o w n  i n  F i g  6 .
l , larketed here by MMG Erosion Contro l ,  they are l inked
l o n g i t u d i n a l l y  b y  p o l y e s E e r  o r  s t a i n l e s s  s t e e l  c a b l e s
a n d  l a t e r a l l y  b y  t h e i r  i n t e r l o c k i n g  ( i n  p l a n )  p r o f i l e ,
t o  f o rm  a  f l ex ib le  and  pe rmeab le  ma t ,  usua l l y  6m x
1 .2m o r  6m x  2 .4m.  The  ma ts  a re  t r anspo r ted  to  t he
s i t e  a n d  p l a c e d  o n  a  w o v e n  g e o t e x t i l e  f i l t e r  u s i n g
sp reade r  beams .  They  a re  bu t ted  toge the r  and  l i nked
l a t e r a l l y  b y  t h e i r  c a b l e s .

S u i t a b l e  f o r  s h e l t e r e d  o r  s e m i  s h e l t e r e d  c o a s t a l
rda te rs ,  t hey  can  be  cove red  w i th  g rave l  t o  enhance
s tab i l i t y  and  ancho red  a t  t op  and  toe .  Add i t i ona l
anchor ing can be made wi th screw anchors through the
mat .  A rmor f l ex  a l so  supp l y  i nd i v i dua l  b l ocks ,  t hese
be ing  i n te rconnec ted  by  spec ia l  p l as t i c  p ins .  l , l eckman
a n d  S c a l e s  ( R e f  7 0 )  g i v e  d e s i g n  g u i d e l i n e s  a n d  d e t a i l s
o f  m o d e l  t e s t s .

Recommendat ions  on  des ign  can be  ob ta ined f rom the
manufac turers ,  bu t  a  coup le  o f  hydrau l i c  po in ts  f rom
the above tes ts  a re  wor th  ment ion ing :

( a )  S l o p e

(b )  Wave
a c t i o n

B l o c k  d a t a -  330mm x 300mm x 90 or 120mm thick

Weigh t  -  15  t o  25  kgs  dep^end ing  on  t ype
1 5 0  t o  2 5 0  k g / m '  s u r f a c e  a r e a
depending on type

F i l t e r  r ecommended  -  woven  geo tex t i l e .

App l i ca t i on  -  Heacham,  No r fo l k ,  (A rmor f l ex  180 ) ,  1984
on  the  eas te rn  sho re  o f  The  Wash .

H o 1 l a n d ,  E s s e x ,  ( A r m o r f l e x  1 5 0 )  1 9 8 4
a b o v e  s e a - w a l l  ( i n  s p l a s h  z o n e ) .

L landdu las ,  C lwyd (Arnor f lex  180)  L984,
s e e  P l a t e  8 .

Ly tha rn  S t  Annes ,  Lancs ,  (A rmor f l ex  150 )
1 9  8 4 .

Summary sheets 7 and 9

a  I  i n  3  s l ope  was  found  to  be  the  mos t
s t a b l e  o f  t h o s e  t e s t e d

The greatest  damage for  a g iven wave
h e i g h t  w i l l  o c c u r  w i t h  t h e  s t e e p e s t
\daves.
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PEf,RAFLEX

A  f l e x i b l e  s y s t e m  d e s i g n e d  i n  t h e  U S A  ( i n  1 9 7 9 )  a n d

marketed in  the UK by Ardon Internat ional .  The

f a c t o r y  m a d e  c e l l u l a r  c o n c r e t e  b l o c k s  ( s e e  F i g  6 ) ,  a r e

l i n k e d  b y  a  r e c t a n g u l a r  n e t  o f  ' p a r a l l e l  f i b r e '

po l yes te r  ropes  runn ing  l a te ra l l y  and  l ong i t ud ina l l y

th rough  p las t i c  l i ned  condu i t s  i n  each  b lock ,  t o  f o rm

mats normal ly  2.4m wide and up to 12m long.  Laid on a

p repa red  s lope  by  c rane  and  sp reade r  ba r ,  t he  ma ts  a re

unde r l a in  by  a  syn the t i c  f i l t e r ,  bu t t ed  toge the r  and

secu red  to  each  o the r  by  f as ten ing  the  p ro t rud ing

cab les  t oge the r  us ing  c r i nped  a lum in ium fe r ru les .

Long i t ud ina l  connec t i on  may  a l so  be  made  i n  a  s im i l a r

manner.  Anchorage requi rements vary considerably

depend ing  upon  s i t e  cond i t i ons .

Des ign  cha r t s  a re  ava i l ab le  based  on  l a rge  sca le  mode l

tes t i ng  ca r r i ed  ou t  i n  t he  USA.  Du r i ng  these  tes t s  t
a  Pe t ra f l ex  ma t  7m x  3 .5m was  l a i d  on  a  1  i n  3  s l ope

and  sub jec ted  to  bo th  regu la r  and  random waves .  (See

R e f e r e n c e  6 8 ) .

The b locks come
wh ich  a re  no ted

B l o c k  d a t a ( a )  T y p e  H 9 1 8 2 4
220mrn thick

457mm x 610mm

i n  seve ra l  s i zes  and  we igh ts  some  o f

b e  1 o w .

3 .1 .3 S i n g l e  b l o c k
sys tems

( b ) Type 1141212 & I t5l2L2 - 305mm x
305rnm x 100 & 155run thick

weighr 14 kg (H4I2L2)

F i l t e r  t y p e  - l roven or non ldoven geotext i le
spec i f ied  accord ing  to  so i l  t ype  and
suppl ied or approved by Ardon

I lun tsp i l  1 ,  Somerse t  ( type  (a )  )  ,
s e e  P l a t e  7
H e a c h a m ,  N o r f o l k  ( t y p e  ( b ) ) t

A p p l i c a t i o n  -

Summary sheets 7 and 8.

Th i s  t ype  d i f f e r s  f r om the  o the rs  i n  t ha t  t he  b locks

a re  unconnec ted  and  su r face  f r i c t i on  f o r ces  keep  them

in  p lace  (a l t hough  i n  many  cases  the  gaps  be tween  each

b l o c k  a r e  g r o u t e d  t o  e n h a n c e  s t a b i l i t y ) .

When  so l i d  b locks  a re  used ,  t he  reve tmen t  f ace  i s

v i r t ua l l y  imper rneab le ,  w i t h  t he  dange r  t ha t

hyd ros ta t i c  p ressu res  can  bu i l d  up  i f  t he  b locks  a re
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la id on a permeable sub layer.  To combat thls,  they
can be laid on an lmpermeable embankment such as clay.
Alternat ively permeabi l i ty can be increased by
choos lng  ce l lu la r  type  b locks .  The s tab i l i t y  o f  these
types of blocks under wave act ion ls reported on by
Wht l lock  in  Reference 74  and tes t  resu l ts  on  the
dif ferent block systems are given by McCartney in
Reference 42 .

ANGLIAI,I BLOCK

This is a sol id block recent ly introduced by Landscape
Grass  (Concre te)  L in i ted .  I t  has  a  square  base and is
tapered to al1ow for grout lng with concreEe or asphalt
m i x .

A  per fo ra ted  concre te  b lock  1s  a lso  produced by  th is
company. I t  ls square ln plan with holes dr i l led at
in te rva ls  to  a l low the  re lease o f  hydros ta t i c
pressures. These blocks are normal ly used above the
high water l ine usual ly Co protect earth embankments.

Block data (a) Angl ian blocks -  380nm x 38Ornm x
L27 or 88nm thick

(b) Perforated blocks -  600mn x 600rnm
x 60nn thick

Weights -  not  known

Appl lcat ion (a)  not  known
(b)  t lda l  defence on River  Thames

ERCO BLOCK (GOBr BrOCK)

A concrete block patented by Erco Systens of New
Or leans ,  USA.  (A lso  know as  the  Gob l  b lock . )  I t  can
have e lcher  s t ra igh t  o r  beve l led  s ides  w l th  a  ra ised
cobble l ike top and with vert ical  holes to al low the
re lease o f  hydro-s ta t i c  p ressures  (see F ig  7  and P la te
3).  Erco blocks can be ei ther hand placed and bolted
together  o r  g lued to  f l1 te r  c lo th  s t r lps .

They are used as
on1y, we thlnk,
h e i g h t ,  1 . 0 n ) .

revetment protect lon in the USA but
in sheltered areas (nax design nave

There are several  s l te descr ipt ions given in the
summary sheets in Appendix 2 whlch also glve detai ls
of a larger block of this type cal led Jumbo blocks.
These are also normal ly bonded to a f i l ter c loth
car r ie r  s t r ip .  Fur ther  descr ip t ions  can be  found in
Reference 22. Inf l l l ing the blocks with sand or
gravel Lncreases revetment stabi l l ty.
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Block data Individual Erco block 200mm x 200mm x
100sun thick

l { e i g h t  -  6 . 3  k g s  ( s t r a i g h t  s i d e d )
-  5 . 4  k g s  ( l e v e 1  s i d e d )

Ind i v i dua l  Jumbo  b locks
600mm x 400mm x 150mm thick

We igh t  -  52 .2  kgs

App l i ca t i on  (a )  E rco  b locks  -  Lake  Pon tcha r t ra in ,
Fon ta inb leau  S ta te  Pa rk ,  Lou i s i ana ,
USA

(b )  E rco  ma t  -  Lake  Pon tcha r t ra in ,
Fon ta inb leu  S ta te  Pa rk ,  Lou i s i ana ,
USA

(  c  )  e f  so  be ing  tes ted  by  Wessex  l , I a te r
Au tho r i t y ,  Somerse t .

( a )  C o U i  b l o c k  -  1 l o 1 l y  B e a c h ,  L o u i s i a n a ,
USA

(e )  Junbo  b lock  -  Lake  Pon tcha r t ra in ,
Fon ta inb leau  S ta te  Pa rk ,  Lou i s i ana ,
USA

Summary  shee ts  3 ,  4  and  6 .

No te :  Th i s  t ype  o f  b l ock  i s  now though t  t o  have  been
d i s c o n t i n u e d .

BASALTON BLOCKS

Deve loped  i n  t he  Ne the r l ands ,  t hese  conc re te  p r i sms
are  based  on  the  shape  o f  che  na tu ra l  basa l t  b l ocks .
This impermeable type armour ing is  for  use where
se t t l emen t  i s  no t  expec ted .  P roduced  i n  va r i ous  s i zes
a n d  w e i g h t s ,  t h e y  a r e  t a p e r e d  s l i g h t l y  t o  a l l o w  f o r
g r o u t i n g  ( s e e  F i g  8 ) .  N o r m a l  D u t c h  p r a c E i c e  i s  t o
unde r l ay  t he  b locks  w i th  0 -60mn d ia  g raded  s tone  abou t
300nm th i ck .  Tes ted  a t  t he  De l f t  l l yd rau l i cs
Labo ra to ry  (Re f  24 ) .

ESSBX BLOCK

A p re -cas t  conc re te  b lock  des igned  o r i g i na l l y  f o r  use
in  es tua r i es  and  fo r  s i t es  w i t h  l ow  to  modera te  l dave
c o n d i t i o n s .  N o r m a l l y  a s p h a l t  j o i n t e d ,  t h e s e
f r e e - s t a n d i n g  b l o c k s ,  s h o w n  i n  F i g  9  a n d  P l a t e  2 ,  a r e
in  use  a t  Pe t t  Leve l  on  the  Eas t  Sussex  coas t .  A t
Pe t t ,  a  t r do -s tage  reve tnen t  e ras  i n  a  re la t i ve l y  seve re
wave  c l ima te  so  the  l ower  s l ope  b locks  a re  l a rge r .  I n
es tua r i a l  cond i t i ons  t he  b locks  a re  usua l l y  s rna l l  and
for  moderate rdave c l iurates such as at  Reculver  in
Ken t ,  380mm cubed  b locks  we re  emp loyed .  These  were
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p laced  by  hand
R e f  4 9  ) .

B l o c k  d a t a :

and aspha l t  jo in ted

(a) 305mm x 305nm
( s tandard )

(b) 610mm x 610rnn
(c )  305mm x  305mm
(d) 380mm x 380mm
(e) 380rnm x 380nur

Weights -  not known

a f t e r  p r i n i n g  ( s e e

115nrn thick

20Omm
305rnul
15Omm
380mm

T h e  b l o c k s  i n  u s e  a r e  a s  f o l l o w s :

( a )  P e t t  L e v e l  s e a - w a l
(b )  Pet t  Leve l  sea-wa l
( c )  T e n d r i n g ,  E s s e x  -
( d )  T e n d e r i n g ,  E s s e x  -
(e )  Recu lver ,  Kent

x
x
x
x

1  -  u p p e r  s l o p e ,  s e e  P l a t e  2
I  -  l ower  s l ope
seaward  s lope

back  s lope

I.IONOSLAB (TURFBLOCK)

A  c e l l u l a r  p r e - c a s t  c o n c r e t e  b l o c k  p r o d u c e d  b y  G r a s s
Pave rs  L im i ted  o f  Roya l  Oak  M ich igan ,  USA.  Des igned
p r i na r i l y  as  pav ing  fo r  ca r  pa rks ,  t he  b locks  a re
c o n s t r u c t e d  w i t h  s l o t s  t o  a l l o w  f o r  f i l l i n g  w i t h  s o i l
and  seed ing  (F ig  7 ) .  I n  t h i s  i ns tance ,  as  t he  summary
shee t  i n  Append i x  2  shows ,  t he  b locks  \ de re  used  i n  an
a t temp t  t o  reduce  c l i f f  e ros ion  on  the  sho re  o f  Lake
Super io r ,  l l i s cons in ,  USA (Re f  22 ) .  The  b locks  a re
des igned  fo r  hand  p lacemen t  on  a  f i l t e r  w i t h  t he  l ong
a x i s  p a r a l l e l  t o  t h e  s h o r e l i n e .

A l t hough  p robab l y  use fu l  i n  a  ve ry  she l t e red  l oca t i on
they can not  be recommended for  coasta l  defence
aga ins t  s to rm \daves  and  t i da l  f l uc tua t i ons  because
the i r  i n te r l ock ing  depends  on  f r i c t i on  a lone .

B l o c k  d a t a : 600rnn x 400mn x 115mn thick

Weight :  approx  45  kgs

F i l te r :  non-woven geotex t i le

App l ica t ion :  Lake Super io r ,  Wiscons in ,  USA,  L978

Summary sheet 11.

SEABEE

A pa ten ted  hexagona l  conc re te  b lock  sys tem in t roduced
in  Aus t ra l i a  some  yea rs  ago .  These  p re -cas t  b locks
range in weight  f rom 4kgs to 4 tonnes !  Used wi th some
success  i n  Aus t ra l i a  and  desc r i bed  i n  de ta i l  by  B rown
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3 .2 Fabr i  c
conta iners

i n  Re fs  14  and  15 .  Rea l l y  more  o f  an  a rmour  b lock

than  reve tmen t  p ro tec t i on  wh i ch  the  manu fac tu re rs  hope

to  use  i n  a  w ide  range  o f  wave  cond i t i ons .  I r  i s  no t

thought  that  there are any current ly  in  use in  the

UK.  They  a l so  manu fac tu re  sma l l e r  un i t s  f o r  "1  o r  2

m e t r e  w a v e s " .  T h e s e  t h i n - w a l l e d  m u l t i - c e 1 1  u n i t s  a r e

ex t ruded  f rom c lay  as  " ce ram ic  Seabees t t  f o r  use  as

sho re l i ne  p ro tec t i on .

STANDARD CONSTRUCTION BLOCK

A  c e l l u l a r  c o n c r e t e  b l o c k  u s e d  i n  t h e  U S A  b u t  n o t ,  a s

fa r  as  i s  known ,  i n  t h i s  coun t r y .  They  a re  p laced  by

hand ,  bu t ted  toge the r  on  a  f i l t e r  c l o th  w i t h  che
ho l l ow  fac ing  upward  and  w i th  t he  l ong  s ide
p e r p e n d i c u l a r  t o  t h e  s h o r e l i n e  ( s e e  F i g  7 ) .  T h e y
have ,  as  f a r  as  we  know,  on l y  been  used  as  l akes ide

p ro tec t i on .  The  summary  shee t  on  mode l  t es t s  i n

Append i x  2  shows  tha t  b lock  d i sp lacemen t  can  occu r

w i th  wave  he igh ts  o f  on l y  1 .3m and  w i th  f a i l u re

occu r r i ng  a t  \ r r ave  he igh ts  i n  excess  o f  1 .65 rn .  Th i s

t ype  o f  p ro tec t i on  wou ld  t he re fo re  s tand  l i t t l e  chance

i n  U K  c o a s t a l  c o n d i t i o n s .

B l o c k  d a t a : 400rnm x 200mm or 300mrn x 200mm thick

W e i g h t :  1 5 k g

Lake Pontchar t ra in ,  Lou is ianar  USA
Stuar t  &  Jensen Causeway,  F lo r ida  USA

A p p l  i c a t i o n :

Summary sheet 1.

These  i nc lude  the  sand -bag  and  the  Longa rd  tube r  see

suomary  shee ts  20  to  23 .  Fo rmed  o f  syn the t i c  f ab r i c

and sewn into bag or  tube shape they are f i l led on

s i t e  w i t h  sand  o r  a  l ean  sand -cemen t  m ix .  When  used

to  f o rm  a  reve tmen t  f ac ing  they  a re  usua l l y  l a i d  on  a

p repa red  s lope ,  some t i ues  on  a  f i l t e r  c l o th  and  then

connected back in to the embankment .

A  nove l  f o rm  o f  dune  toe  p ro tec t i on  was  t r i ed  i n

Auck land ,  New Zea land  i ' n  1979 .  Sand  f i l l ed  f ab r i c

tubes  cove red  w i th  an  ancho red  f i l t e r  we re  i ns ta l l ed
just  beneaEh the sand at  h igh water  mark at  the foot

o f  t h e  d u n e s .  A l t h o u g h  n o t  w h o l l y  s u c c e s s f u l ,  i t  w a s

deemed  use fu l  as  a  sho r t  t e rm  measu re  and  w i ths tood

s to rm nave  a t t ack  i n  Feb rua ry  1980 .  (Re f  78 )

We know of  only  one s i te  in  th is  country where they

h a v e  b e e n  t r i e d  ( s a n d  b a g s  a t  E c c l e s  i n  N o r f o l k ,  s e e

P l a t e  1 7  )  .
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Common modes  o f  f a i l u re  i nc lude :

l .  d i sp lacemen t  o f  t he  sma l l e r  t ypes  by  wave
a c t i o n ,

2 .  damage  to  a l l  t ypes  by  f l oa t i ng  deb r i s  o r
vanda l  i sm ,

3 .  deg rada t i on  o f  ma te r i a l  due  to  exposu re  t o
u l t r a  v i o l e t  r a y s ,

4 .  l oss  o f  i n te r -bond ing  be tween  cemen t  f i l l ed
bags  due  to  se t t l emen t .

Va r i ous  me thods  have  been  t r i ed  t o  ove rcome these
p rob lems .  Longa rd  Eubes  fo r  i ns tance ,  have  been
coa ted  w i th  a  sand -epoxy  res in ,  ( a l t hough  th i s  does
no t  appea r  t o  de te r  vanda l s ) .  0n  one  s i t e  i n  t he  USA
a  Longa rd  tube  was  encased  w i th in  an  a lum in ium shea th .
This was badly damaged and had to be removed as i t
posed  a  dange r  t o  ba the rs .

Fo r  more  i n fo rna t i on  see  Re f  47  i n  t h i s  se r i es  o f
rev iews  wh ich  cove rs  sand  o r  mor ta r  f i l l ed  f ab r i c  bags
(Re f  47 ) .  The re  i s  a l so  a  w ide  range  o f  t ex t  books
and  pape rs  cove r i ng  the  use  o f  geo tex t i l es ,  i nc lud ing
t h o s e  b y  P i l a r c z y k  ( R e f  5 4 ) ,  H a l 1  ( R e f  2 9 ) ,  R a n k i l o r
( R e f  5 8 )  a n d  c h a r l r o n  ( R e f  2 0 ) .

I nc luded  a l so  i n  t h i s  repo r t  bu t  no t  i n  Re f  47 ,  i s  a
fab r i c  f ype  ma t t ress ,  known  as  a  P ro f i x  ma t .  Th i s
fo rn  o f  p ro tec t i on  i s  i n  use  i n  cana l s  i n  t he
Ne the r l ands .  We  know ve ry  l i t t l e  abou t  t h i s  rna te r i a l
bu t  l i ke  t he  o the r  f ab r i c  t ypes ,  we  doub t  t ha t  i t
wou ld  s tand  up  to  coas ta l  cond i t i ons .

FABRIFORU

Fabr i f o rm  i s  manu fac tu red  by  Dowse t t  P repak t  (UK)  L td .
These  fab r i c  ma t t resses  cons i s t  o f  two  i n te rwoven
laye rs  o f  s i ng le  and  doub le  l aye r  f i l t e r  c l o th .  The
c lo th  i s  l a i d  on  a  g raded  reve tmen t  s l ope  and  f i l l ed
w i t h  c o n c r e t e .  T h e  m a t t r e s s ,  u s u a l l y  a b o u t  1 . 6 5 m
wide ,  i s  l a i d  up  and  down  the  s lope  and  i n te r l ocked  to
ad jo in ing  pane l s .  When  f i l l ed  i t s  nomina l  t h i ckness
i s  abou t  100mm,  and  i t  i s  used  p r i nc ipa l l y  i n
she l t e red  rda te rs .  I n  more  exposed  a reas ,  conc re te
reve tmen ts  up  to  500mm th i ck  have  been  cas t .  A  repo r t
on Fabr i form protect ion (Ref  36)  in  November 1982
compares  i t s  pe r fo rmance  aga ins t  o the r  t ypes  o f
reve tmen t  p ro tec t i on .

I n  exposed  l oca t i ons  i t  i s  f aced  w i th  rock  o r  p re -cas t
conc re te  a rmour ing .  I t  i s  no t ,  howeve r ,  t hough t

2 6



su i t ab le  i n  i t s  p resen t  f o rm ,  t o  $ t i t hs tand  a  coas ta l

wave  c l ima te .  One  advan tage  w i th  t h i s  t ype  o f

cons t ruc t i on  i s  t ha t  i t  can  be  l a i d  and  f i l l ed  unde r

rda te r .

LONGARD TUBES

These  two  p l y  f ab r i c  t ubes  a re  used  as  g roynes  and

o f f sho re  s i l l s  as  we l l  as  reve tmen ts .  I n  Denmark ,

a  s t ruc tu re  cons i s t i ng  o f  t h ree  1 .0m d ia  t ubes  s tacked

in  py ram id  fash ion  and  100n  l ong  was  l a i d  pa ra l l e l  t o

the  con tou rs  o f  a  sand  beach  above  the  wa te r l i ne .

P laced  abou t  15  yea rs  ago  on  the  Thybo ron  Ba r r i e r

Beach on the North Sea coast  we have not  as yet  been

ab le  t o  f i nd  any  i n fo rma t i on  as  t o  i t s  subsequen t
pe r fo rmance .

Longard tubes are pumped fu l l  o f  beach sand which is

i n j ec ted  as  a  s l u r r y .  They  need  some fo rm o f  Eoe

p ro tec t i on  t o  p reven t  scou r  o the rw ise  Ehey  w i l l  t end

to  ro11 .  They  a re  a l so  vu lne rab le  t o  damage  by

v a n d a l i s m  o r  f l o a t i n g  d e b r i s .

Seve ra l  i ns ta l l a t i ons  have  been  t r i ed  i n  t he  USA

mos t l y  on  the  Grea t  Lakes  and  the  resu l t s  a re

summar i sed  i n  Append i x  2 .  More  de ta i l s  a re  g i ven  i n

V o l  2  i n  t h i s  s e r i e s .  T h e r e  a r e  a l s o  t e s t s  b e i n g

carr ied out  in  I ta ly  on a number of  Longard tube

i n s t a l  l a t i o n s .

PROFIX

A  s a n d  f i l l e d ,  f l e x i b l e ,  s y n t h e t i c  m a t t r e s s  d e v e l o p e d

in  t he  Ne the r l ands  by  Z inkcon  In te rna t i ona l  BV  and

used  as  p ro tec t i on  i n  r i ve rs  and  cana l s '  The  ma t t ress

i s  cons t ruc ted  by  sew ing  toge the r  two  l aye rs  o f

po l yp ropy lene  f i l t e r  c l o th  t o  f o rm  a  se r i es  o f  po rous

long i t ud ina l  t ubes  wh ich  a re  t hen  f i l l ed  on  s i t e  w i t h

sand  i n  t he  f o rm  o f  s l u r r y .  The  top  o f  t he  ma t t ress

can  then  be  cove red  w i th  a  f e l t  l aye r  t o  de te r

deg rada t i on  by  u l t r a  v i o l e t  l i gh t ,  and  to  encou rage

vegetat ion.  Exper iences wi th th is  type of  embankment

protect ion are g iven by Tutuar ima and van Wi jk  in  Ref

6 7 .  C l e a r l y  t h i s  n a t t r e s s  i s  n o t  s u i t a b l e  f o r  t h e

mar ine envi ronment  in  i ts  present  form.

SAND BAGS

As  reve tmen t  p ro tec t i on  t hey  can  be  e i t he r  s tacked  i n

py ran id  f o rm  and  back f i l l ed ,  o r  l a i d  b lanke t  f ash ion

on  an  embankmen t  s l ope .  Tes ted  a t  seve ra l  s i t es  i n

the  USA and  one  i n  t he  UK  (a t  Ecc les ,  No r fo l k )  whe re

sand -cemen t  bags  were  i n  use  bo th  as  a  sea -wa l l  and  as

sand  dune  p ro tec t i on r  see  P la te  17 .  The  sea -wa l I  a t
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Ecc les  i s  cu r ren t l y  be ing  rep laced  by  a  conven t i ona l
conc re te  one  a f t e r  a t  l eas t  f ou r  decades  o f  use .

A  sand -cemen t  mor ta r  i n  t he  ra t i o  o f  abou t  10  to  1  i s
recommended  as  t he  fab r i c  bags  de te r i o ra te  f a i r l y
rap id l y  and  i f  f i l l ed  w i t h  sand  the  s t ruc tu re  wou ld  o f
c o u r s e  q u i c k l y  c o l l a p s e .

Seve ra l  examp les  o f  sea -wa l1s  bu l kheads ,  o r  reve tmen ts
are descr ibed in the summary sheets in  Appendix 2 and
rev iewed  i n  Vo lume  2  o f  t h i s  se r i es  (Re f  47 ) .  I t  i s  a
h igh l y  l abou r  i n tens i ve  f o rm  o f  cons t ruc t i on  bu t  can
be  use fu l  as  t eopo ra ry  p ro tec t i on .

STABILEN(A

Th is  i s  a  po l yes te r  f ab r i c  t ha t  i s  s t rong  enough  Eo  be
u s e d  a s  a n  a l t e r n a t i v e  t o  t h e  t r a d i t i o n a l l y  u s e d
f a s c i n e  m a t s .  I t  h a s  b e e n  u s e d  f o r  s i l t  s c r e e n s ,
b i t u m e n  b a g s ,  f i I l e d  f o u n d a t i o n  m a t s ,  g r o u t  c u s h i o n s
and  g rave l  t ubes  on  the  j us t  comp le ted  Eas te rn  Sche ld t
P ro jec t  i n  t he  Ne the r l ands .  I t  i s  manu fac tu red  by
Enka  Indus t r i a l  Sys tems  o f  l l o l l and  and  supp l i ed  i n  t he
UK by  MMG Eros ion  Con t ro l .

App l i ca t i ons :  B lue  Ancho r  Bay ,  Somerse t
M i l f  o rd  on  Sea .  I l an t s  .

3 . 3  B i t u m e n
B i tum inous  m ixes  a re  w ide l y  used  i n  t he  Bene lux
coun t r i es  and  Ho l l and  i n  pa r t i cu la r .  Ove r  t he  l as t
t h i r t y  o r  f o r t y  yea rs  many  techn iques  have  been
deve loped  i n  t he  app l i ca t i on  o f  b i t um inous  m ix tu res  i n
a  number  o f  i npo r tan t  coas t  p ro tec t i on  schemes .  As
Ehe Dutch have no stone quarr ies they have to augment
impor ted  a rmour  s tone  and  a l so  t o  u t i l i se  d redged  sand
a n d  g r a v e l .  T h i s  a l l o w s  t h e  u s e  o f  s m a l l e r  s t o n e s
than  wou ld  o the rw ise  be  poss ib le .

Aspha l t  g rou t ing  reduces  the  main tenance cos t  o f
convent iona l  s tone p i tch ing  by  improv ing  the  s tab i l i t y
o f  f r e e  s t a n d i n g  s t o n e s .  I t s  e f f e c t i v e n e s s  i s
enhanced because when coo led  the  grou t  has  a  h igh
e las t ic i t y  modu lus  when sub jec ted  to  sharp  load ings
such as  wave a t tack  wh i le  re ta in ing  a  h igh  v iscos i ty
enab l ing  i t  to  accept  modera te  se t t lement .  Fu l1
grout ing does, however,  oake the revetment impermeable
w h i c h  w i l l  a l t e r  i t s  p r o p e r t i e s  p o s s i b l y  l e a d i n g  t o
excess ive  hydros ta t i c  p ressures  i f  used on  the  wrong
s u b - b a s e .

Another form is known as pattern grout where the
i n t e r s t i c e s  b e t w e e n  t h e  s t o n e s  a r e  f i l l e d  t o  b e t w e e n
50 and 70 id  o t  the i r  vo lume.  Th is  i s  sa id  to  be  the
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op t i na l  f l gu re  t o  es tab l i sh  pe rmeab i l i t y  bu t  na in ta in

s tab i l i t y .  The  p r l nc ip les  o f  pa t te rn  g rouE ing  a re

der ived (see Ref  23)  par t ly  as the resul t  o f  nodel

t es t s .  P ro t , o t . ype  resu l t s  con f i rm ing  the  tes t s  a re
given by Wenstenenk in Ref .  72.

A deta i led repor t  on a v is i t  to  l lo l land and Belg iurn to

inspect  some of  these Eypes of  sea defence is  g iven in

Ref  48.  A usefu l  reference book on b i tumen in

hydraul ic  engineer ing ldas produced in 1959 by

Baron W F von Asbeck (Ref  6) .  This  has s ince been

rev i sed  and  upda ted  (Re f  62 ) .  I t  wou ld  seem tha t  t he

design of  b i tuminous aprons is  s t i l1  based largely on

exper ience so i t  is  c lear  that  specia l is t  advice

should be sought  on a l l  aspects of  deslgn.

An  aspha l t l - c  reve tmen t ,  bu i l t  l n  1958 -1959  ( see  Re f  6 )

at  Vl iss ingen,  l lo l land and designed by the Del f t

I lydraul ics LaboraEory,  ls  shown in F ig 13.  Al though

i t  requi res regular  mainEenance i t  has had a long

d e s i g n  l l f e .

In the USA there are very few c i t ,ed examples.  In  the

Shorel ine Erosion Contro l  Programme (Ref  22)  there was

on l y  one  f i e l d  i ns ta l l a t i on ,  on  the  sho res  o f  t he

GreaE Lakes,  where asphal t  mast ic  was used as shore
protect ion and then only to seal  the voids ln  a rubble

mound  g royne .  Th ts  s t ruc tu re  i nc iden ta l l y  f unc t i oned

very wel l  a l though Lt  was noted that  the h igh cost  of

the asphal t  mast ic  at  current  pr ices made i t

uneconomical  as a t  vo id sealantr  .

In  t ,he UK, b l tuninous compounds for  coasta l  protect ion

are no!  widely used,  a l though of  la te Ehey seem to be

c rea t i ng  Ln te res t .  Von  Asbeck  baek  i n  t he  l a te  1950 rs

quotes several  UK s i tes where b i tumen in one form or

another  had been used.  They inc lude asphal t  jo inted

ragstone p l tch ing a long the Thanes Estuary and at

Ho l l and  on  the  Essex  coas t .  S i t es  whe re

asphal t - jo inted concrete b locks are used as reveEment

p roLec t i on  l nc lude  Canvey  I s l and  ( see  P la te  4 ) ,

Fe l i xs towe  ( see  P la te  5 )  and  a t  Pe t t  Leve l ,  Sussex '

Asphal t  grouted stone revetments were a lso constructed

around t,hat t iue on the Lincolnshi-re coast and in

W e s s e x .

Slnce then,  three major  sea defence schemes have been

bu i l t  i n  t h l s  counEry  a t  Ca i s te r  on  Ehe  Nor fo l k  coas t

and more recent ly  at  Por thcawl ,  Glamorgan and

PresEa tyn ,  C lwydd .  A t  Ca i s te r  on  Sea ,  j us t  no r th  o f

Great  Yarmouth,  a ser ies of  s torms'  conbined wi th

t i da l  su rges  i n  1978 ,  reduced  a  350m sec t i on  o f  ve ry

old concrele sea-wal l  to  rubble.  I t  was decided to

rep lace  the  co l l apsed  sec t i on  w i th  a  s l op ing  reve tmen t

of  mast ic  grouted l imestone rock and a f lex ib le '
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hor i zon ta l  sand  mas t i c  t oe .  The  toe  was  l i nked  to  t he

reve tmen t  by  a  po l yp ropy lene  ma t ,  and  des igned  to  f l ex
unde r  t he  expec ted  beach  l eve l  va r i a t i on .
Un fo r tuna te l y ,  du r i ng  a  pe r i od  o f  beach  l ower ing ,
remnants of  o ld sea defences became exposed,  damaging
the  f l ex ib le  t oe .  The  f l ex ib le  ma t  l cas  subsequen t l y
rep laced  by  a  t r enched  s tone -g rou ted  toe .  The  scheme
has  fa red  we l l  s i nce  th i s  mod i f i ca t i on  was  unde r taken ,
s e e  P I a t e  1 2 .

A t  Po r thcaw l ,  on  t he  sou th  coas t  o f  Wa les ,  an
aspha l t i c  conc re te  reve tmen t  has  been  cons t ruc ted
in  f r on t  o f  t he  ex i s t i ng  ve r t i ca l  sea -wa l1 .  The
reve tmen t  p ro f i l e  was  des igned  to  a l l ow  i ncoming  waves
to break on i ts  seaward face,  the wave energy
d i s s i p a t i n g ,  t o  a  l a r g e  e x t e n t ,  o n  t h e  ' h o g s  b a c k r
s l o p e ,  s e e  P l a t e s  1 4  t o  1 5 .  T h i s  p a r t i c u l a r  a r e a  i s
exposed  to  A t l an t i c  swe l l  and  damage  to  t he  o r i g i na l
sea -wa l l  was  so  seve re  t ha t  i t s  s tee l  r e i n fo rc ing  had

become exposed .  The  new reve tmen t r  bu i l t  on  t he  l i nes
o f  an  ex i s t i ng  scheme a t  V l i ss ingen  i n  Ho l l and  ( see

Re f  48 )  i s  t he  f i r s t  o f  i t s  k i nd  i n  t he  UK  and  i t s
pe r fo rmance ,  wh i ch  i s  be ing  ca re fu l l y  mon i to red  shou ld
g i ve  an  i nd i ca t i on  o f  t he  v i ab i l i t y  o f  t h i s  t ype  o f

st ructure in  a UK envi ronment .

The th i rd revetment  has just  been completed at
P res ta t yn ,  i n  No r th  Wa les .  l l e re  a  comprehens i ve
scheme of  sea wal l  renewal  and foreshore management
w i l l  ex tend  ove r  seve ra l  yea rs .  The  f i r s t  s tage  was
the  demo l i t i on  o f  450n  o f  a  rap id l y  de te r i o ra t i ng  30
yea r  o ld  conc re te  sea  wa l l  and  rep lacemen !  w i t h  a  much
less  s teep  reve tmen t .  The  reve tmen t  i s  o f  open  s tone
aspha l t ,  700mm th i ck  l a i d  a t  a  g rad ien t  o f  1  i n  4 .

Above  th i s  i s  an  ap ron  o f  aspha l t i c  conc re te ,  300mm
th i ck  w i t h  a l so  a  1  i n  4  s l ope .  Topp ing  th i s  smoo th
upper revetment  is  a pre-cast  concrete ldave return
wa l1 .  O f f sho re  s i gn i f i can t  wave  he igh ts  can  reach  6m
in  th i s  a rea  w i th  a  p red i c ted  t i da l  r ange  o f  8 .4n
( s p r i n g s )  a t  L i v e r p o o l .

We  see  no  reason  why  aspha l t i c  reve tmen ts  such  as

these  shou ld  no t  be  success fu l  i n  t he  UK  o the r  t han
pe rhaps  because  o f  cos t .  B i t umen  i s  expens i ve  and
s p e c i a l i s e d  p l a n t  h a s  t o  b e  s i t e d  f a i r l y  c l o s e  t o  t h e

in tended  s t ruc tu re .  I t  has ,  howeve r ,  d i s t i nc t

advantages over  randomly p laced stone in that  i t

becomes  much  more  s tab le  bu t  s t i l l  r e ta ins  a  ce r ta in
f l e x i b i l i t y .  I t  c a n  a l s o  b e  r e p a i r e d  f a i r l y  q u i c k l y

and in cer ta in c i rcumstances asphal t ic  compounds can

be  p laced  unde r  wa te r ,  t hus  avo id ing  the  need  fo r

co f fe r  dams .
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As w i th  most  o ther  s t ruc tu res  r  regu la r  inspec t ion  and

main tenance is  most  impor tan t .  Methods  o f  repa i r  a re

g iven in  Ref  62 .

Des ign  methods ,  based on  mode l  tes ts  a t  Ehe De l f t

I t ydrau l i cs  Labora tory  a re  g iven by  T  A W in  Ref  62 '

Th is  g ives  adv ice  on  how to  de termine the  necessary

th icknesses  requ i red  fo r  a  par t i cu la r  reve tment  as

we l l  as  o ther  use fu l  in fo rmat ion .

3 .4 Gab ions
Now a  w ide l y  used  fo rm o f  sho re  P ro tec t i on r  gab ions

a re  f u l l y  r l v i ewed  i n  Vo lume  3  o f  t h i s  se r i es  (Re f

71 )  and  examp les  g i ven  i n  summary  shee ts  15  to  19

i n c l u s i v e .

G a b i o n s  f a 1 1  b a s i c a l l y  i n t o  t h r e e  c a t e g o r r e s :

Maccaferr i  type -  can be in  e i ther  box or

ma t t ress  f o rn  and  a re  cons t ruc ted  f rom ga l van i sed

s tee l  w i re ,  I t oven  i n to  a  mesh  and  coa ted  w i th  PVC

fo r  added  p ro tec t i on .

I { e lded  t ype  -  aga in  supp l i ed  i n  e i t he r  box  o r

ma t t ress  i o t t ,  t hey  a re  made  up  f rom h igh  tens i l e

s t e e l  w i r e  e l e c t r i c a l l y  w e l d e d  a t  e a c h

in te rsec t i on ,  ga l van i sed  and /o r  PVC coa ted '

P las t i c  t yPe  -  cons t ruc ted  f rom co r ros ion

res i s tan t , -  t t eavy  du ty  p las t i c  mesh  and  supp l i ed  i n

e i t he r  box  o r  ma t t ress  f o rm .

T h e  m a t t r e s s  t y p e r  f i l l e d  w i t h  s m a l l  r o c k s  o r  c o b b l e s ,

a re  usua l l y  p laced  ove r  a  f i l t e r  on  a  p rePared  and

d ressed  s lope .  Box  t ype  gab ions  a re  no rma l l y  s tacked

in  s tagge red  fash ion  aga ins t  an  embankmen ! ,  usua l l y

w i th  a  gab ion  ma t t ress  as  t oe  p ro tec t i on '

The  advan tages  and  d i sadvan tages  o f  gab ion  reve tmen ts

a re  desc r i uea  i n  de ta i l  i n  vo lume  3  men t i oned  above .

One obvious advantage however is  that  a gabion

s t rucLu re  can  be  bu i l t  w i t hou t  t he  use  o f  heavy

mach ine ry .  Kamphu is  (ne t  39 )  d i scusses  the

pe r fo rmance  o f  va r i ous  gab ion  s t ruc tu res  cons t ruc ted

in the somewhat  shel tered waters of  the Great  Lakes of

No r th  Amer i ca .

GABIONS . UATTRESS

The  Macca fe r r i  t ype  rReno r  ma t t resses  a re  poss ib l y  t he

most  common tyPe i t  , t " "  today.  They are box gabions

whose  dep th ,  compared  to  w id th  and  l eng th ,  i s  sma l l '

I nd i v i dua l  cages  a re  w i red  toge the r  t o  f o rm  the

mat t ress .  Ca re  needs  to  be  taken  when  s i t i ng  t h i s
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form of revetment protect lon as wave act lon w111 tend
to move the rock or cobble f i l l ,  causing internal
abrasion and leading to the destruct lon of the wire
cages in a short  space of tLme. Also on steep slopes
they are not part lcular ly stable unless securely
anchored as the rock f l11 tends to migrate downhi l l .

Bi tumen grout ing is sometimes used in an at. temPt to
stabi l ise the f i l l  a l though good penetrat ion ls
dtf f lcul t  to achieve and the bi tuninous skin tends to
spal l  of f  under hydrosLat ic pressure, sometlmes
tearlng away the PVC coat ing in the process.

For  e f fec t i ve  p ro tec t lon  the  type  o f  f i l te r  fabr lc
used beneath this relat lvely thin armouring must be
careful ly considered and adequaEe toe protect ion must
a lso  be  g lven so  as  to  p revent  up l l f t .

Gablon mat.s are general ly too thin to wlthstand wave
attack ln al l  but a rnl ld cl imaLe.

App l ica t ion : Oak l larbour,  Washington, USA
Ches i l  Beach,  Por t , land ,  Dorse t
Bur ry  Por t ,  Dy fed ,  Wales

(See also the summary sheets ln Appendtx 2).

GABION - BOXES

Norrnal ly square or rectangular ln shape and usual ly
stacked against an embankment ln staggered fashlon to
form a revetment/retalning wal1. The gablons nost
general ly used in inter-t ldal  areas are the Maccaferr i
t yPe.

Box gabions are aval lable ln a var lety of s izes and
are assembled on si t ,e where they can be f l l led with
rock or stone, the l id wlred on and the baskets wlred
together to form the deslred structure shape. For
siLes whlch are out of reach of normal wave act iv l ty '
the welded type of cage is often used. This type of
revetment is not normal ly constructed in the
lnter-t idal  zone due to the abrasive act ion of the
beach mater lal  and the forces lmposed on the baskets
by  wave ac t ion .  Cor ros ion  by  sa l t  water  a lso  a f fec ts
both Ehe Maccaferr i  and the welded type gabions.

App l ica t lon : Overstrand, Norfolk (retaining wa1l
uslng the welded type gablon) for
example

(See summary sheets ln Appendix 2.)
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GABIONS - PLASTIC

(a)  Geocel l  -  a  cel lu lar  type mat t ress made

fron h igh tensi le  p last ic  gr ids ak in to a

ser ies of  open toP boxes or  a gabion

mat t ress  w i t hou t  l i ds .  La id  on  a  s tone

blanket ,  each box is  par t ly  f t l led wi th

stones.  Heavier  armour ing can then be used

to complete the f t l l ing.  This design is

c lear ly  not  su i table in  the in ter t ida l  zone

where wave motlon would soon enpty the

c a g e s .

(b)  Net lon type -  h igh tensi le  p last ic  forned

l ike a convent ional  gabion.  They have been

used above the h igh water  l lne in  several

p laces around the coast .  We could not

recoumend thei r  use where they are subject

to wave act ion.

App l i ca t i on :  B rancas te r ,  No r fo l k  (b )  t ype

A n d e r b y ,  L i n c s .  ( S e e  P l a t e  2 1 . )

(See sunmary sheet  15 in  Appendlx 2) .

3 . 5  R o c k
The qual i ty  of  Ehe rock armour ing is  most  lnoporEant

and is  usual ly  tested in  accordance wi th Br i t ish

S tanda rd  BS  812 ,  f o r  aPpa ren t  re la t i ve  dens l t y '  wa te r

absorpt ion,  aggregaEe lmpact  va lue '  percentage f ines,

soundness and i ts  aggregate abrasion value.  I f

several  sources of  su i table stone are avai lable,  then

igneous rock should be chosen as l t  is  general ly  nore

durable.  For  a more deEai led descr ipt lon of  the use

of  rock in  revetment  design,  see I IRL repor t  SR 11

( R e f  5 ) .

The advantages of  a randonly p laced stone st rucEure

inc lude :

(a)  a rough sur face layer  which reduces wave

run-up by d iss ipat ion of  wave energy;

(b)  f lex ibt l l ty  and the abi l l ty  to  conforn to

se t t l emen t ;

(c)  s l ructura l  in tegr i ty  mainta ined even i f

danaged when designed ProPer lY;

(d)  minor  damage easi ly  repai red,  prov ided the

under layers are not  exPosed;

(e)  easy Eo construcE and nornal ly  requi r lng a

smal l  labour force.
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ROCK I.AYERS

h l i t h  t h i s  t ype  o f  p ro tec t i on  t he  a rmour ing  i s  g raded ,
w i th  t he  l aye rs  o f  s tone  becoming  l a rge r  f r om the
embankment  core outwards.  Armour s tones forming the
outer  layers of  the st ructure must  be large enough to
w i ths tand  the  expec ted  wave  fo rces  w i th  l i t t l e  o r  no
movemen t  ( see  Re fs  63  and  65 ) .  The  co re  i s  some t imes
p ro tec ted  by  p lac ing  a  geo tex t i l e  f i l t e r  f ab r i c
be tween  i t  and  the  f i r s t  r ock  l aye r .  P rocedu res  fo r
se lec t i ng  t he  requ i red  s tone  we igh ts  can  be  found  i n
books  such  as  t he  Sho re  P ro tec t i on  Manua l  (ne t  Z t )  o r
t he  C IR IA  repo r t  (Re f  63 ) .

Rock  reve tmen ts  a re  used  w ide l y  a round  the  coas ts  o f
t he  wo r ld  i nc lud ing  the  UK and  o f t en  p rov ide  an
economic  so lu t i on  whe re  rock  i s  ava i l ab le  l oca l l y .

RIPRAP

One  o f  t he  s imp les t  f o rms  o f  p ro tec t i on ,  and  can  be  o f
a lmost  any form of  rock processed f rom a quarry and
u s e d  a s  a  p r o t e c t i v e  l a y e r  o r  f a c i n g .  I t  i s  u s u a l l y
randomly p laced on an embankment  to prevent  eros ion or
scou r .  The  th i ckness  o f  t he  p ro tec t i ve  l aye r  shou ld
be  a t  l easE  tw i ce  the  th i ckness  o f  t he  50  pe rcen t  rock
s i ze .  A  gu ide  to  des ign  i s  g i ven  i n  a  va r i e t y  o f
books  and  pape rs ,  i e  Tho r rapson  and  Shu t t l e r  (Re f  63 ) ,
Muir  l , lood and Fleming (nef  49) ,  Thorn and Roberts  (nef

65 )  and  the  Sho re  P ro tec t i on  Manua l  (Re f  21 ) .

Quar rys tone  b locks  can  be  i nd i v i dua l l y  p laced  and
e i t he r  keyed  i n to  p lace  by  sma l l e r  s tone  wedges  o r
j o i n ted  by  aspha l t  g rou t .  A t  t l i nehead ,  l a rge  cobb les
g leaned  f rom the  fo resho re  we re  p laced  on  a  p repa red
embankment  to form a revetment  on the backshore.
La rge  qua r r i ed  rock  was  p laced  i n  a  t r ench  a t  t he
toe  and  appea rs  t o  be  pe r fo rm ing  sa t i s fac to r i l y
re ta in ing  the  cobb les  i n  p lace .

The cost of  the types of armouring mentioned
wi l l  depend on  the  d is tance be tween the  s i te
neares t  supp ly  source .

App l ica t ion :  Minehead,  Somerset  (see  p la te
Don i fo rd ,  Somerse t .
West  Bay ,  Dores t
Chr is tchurch  Bay ,  Hants

above
and the

22)

RUBBLE

At numerous si tes around the country protect ion
cons is ts  o f  rubb le  wh ich  can be  o f  rock  or  s tone
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f r a g m e n t s ,  b r o k e n  c o n c r e t e ,  b r i c k ,  a s p h a l t ,  e t c .  I t

i s  n o t  a e s t h e t i c a l l y  p l e a s i n g  a n d  w o u l d  c l e a r l y  b e

unsu i t ab le  on  an  amen i t y  beach .  I t  can ,  howeve r ,  be  a

cheap form of  emergency or  temPorary Protect ion.  I t

i s  some t imes  j us t  t i pped  as  a  \ dasEe  ma te r i a l  and

g rou ted  i n to  p lace  by  ready  m ixed  conc re te .

App l i ca t i on :  Sho rehamr  Sussex

STONE PITCEING

U s u a l l y  u s e d  i n  s h e l t e r e d  o r  p a r t i a l l y  s h e l t e r e d

env i ronmen ts ,  s tone  p i t ch ing  cons i sEs  o f  r egu la r

shaped stones p laced on the c lay face of  an embankment

and keyed by wedge shaped rocks dr iven between the

s t o n e s .  I t  w o u l d  b e  o f  l i t t l e  u s e  i n  a  c o a s t a l

env i ronmen t  as  one  d i sp laced  b lock  cou ld  l ead  to  Ehe

co l l apse  o f  t he  who le  f ac ing .

S tone  p i t ch ing  can  have  the  gaps  f i l l ed  w i t h  aspha l t

or  cement .  This  type of  revetment  is  in  use on the

I s l e  o f  S h e p p e y  ( R e f  6 5 ) .  I t  h a s  a l s o  b e e n  w i d e l y

used  i n  t he  Bene lux  coun t r i es  whe re  l a rge  s tone  i s  no t

r e a d i l y  a v a i l a b l e .

T h i s  f o r m  o f  p r o t e c t i o n  i s  a e s t h e t i c a l l y  p l e a s i n g  a n d

can  have  a  l ong  l i f espan ,  espec ia l l y  when  ha rd

ma te r i a l  i s  used .  I t  does  requ i re  more  ca re fu l
p lacemen t  t han  many  o the r  f o rms  o f  cons t ruc t i on  and  i s

ra the r  l abou r  i n tens i ve  f o r  p resen t  day  usage .

3 . 6  T i m b e r
A  ma te r i a l  used  ex tens i ve l y  i n  coas ta l  s t ruc tu res r  Ehe
mosE popu la r  t ype  be ing  the  rg reenhea r t r  va r i e t y .

Va r i ous  reve tmen t /p ro tec t i ve  s t ruc tu res  a re  i n  cu r ren t

use  and  they  i nc lude :

Tinber revetnents - numerous examples of this type

of  s t . ructure can be seen on the coast  of  the UK as

beach  p ro tec t i on ,  see  P la te  18 .  Such  reve tmen ts  have

a l s o  b e e n  u s e d  t o  p r o t e c t  e r o d i n g  c l i f f s  ( P l a t e  1 9 )

and  the  seaward  face  o f  sand  dunes  (P la te  20 ) .  Some

des igns  d i f f e r  f r om the  no rma l  reve tmen t  i n  t ha t  t hey

a re  f r ee -s tand ing ,  and  usua l l y  cons t ruc ted  a t  t he  t oe

o f  t he  c l i f f  o r  dune .  I ' I i t h  a  usua l  s l ope  o f  abou t  40 "

t h e y  c a n  b e  o p e n  s l a t t e d  ( e i t h e r  v e r t i c a l l y  o r

h o r i z o n t a l l y )  t o  a I l o w  f i n e  b e a c h  m a t e r i a l  t o  s e t t l e

out  behind them. The space between the c l i f f  and the

reve tmen t  can  be  back f i l l ed .  I f  t he  reve tmen t  s l ope

i s  made  s teepe r  wave  re f l ec t i on  can  be  a  p rob lemt

scou r i ng  the  beach  i n  f r onE  o f  t he  s t ruc tu re .

Tinber  cr ibsork -  th is  is  a permeable,  box sect ion

s t ruc tu re ,  no rma l l y  p laced  pa ra l l e l  t o  and  away  f rom

35



3 .7 Other  types

t he  t oe  o f  an  e rod ing  c l i f f ,  and  somet imes  f i l l ed  w i t h
la rge  s tones  o r  conc re te  b locks .  An  examp le  o f  t h i s
t ype  can  be  seen  a t  l ' l undes ley  i n  No r fo l k .

T inber  breastwork -  th is  looks somewhat  l ike a
sho re -pa ra l l e l  g royne  w i th  ve r t i ca l  k i ng  pos ts  and
h o r i z o n t a l  s l a t s .  G e n e r a l l y  d e s i g n e d  t o  p r o t e c t  t h e
toe  o f  e rod ing  c l i f f s .  Re la t i ve l y  i l npe rmeab le
al though water  can get  through the wooden p lanking
somet imes  caus ing  damage .  No t  su i t ab le  f o r  sand
beaches  and  no t  i dea l  f o r  sh ing le .

T inbe r  pos t i ng  -  t hese  a re  a  se r i es  o f  pos t s  se t
i n  l i nes  pa ra l l e l  t o  t he  sho re  and  ac t i ng  as  l ow
permeab le  sc reens .  O f ten  used  on  sh ing le  beaches l
no t  pa r t i cu la r l y  e f f ec t i ve  on  sand  beaches  excep t  as
sand  fenc ing .

Fo r  more  de ta i l s  o f  t he  gene ra l  use  o f  t imbe r  i n  a
coas ta l  s i t ua t i on ,  t he  reade r  i s  re fe r red  Eo  t l es te r
(Re f  34 ) ,  o l i ve r  and  B rown  (Ree  5 t )  o r  TRADA (Re f

66 ) .

A  w ide  range  o f  o the r  l ow  cos t  me thods  o f  sho re
p ro tec t i on  have  been  t r i ed  i n  recen t  yea rs  i n  No r th
Amer i ca ,  whe re  l a rge  a reas  o f  t he  coas t l i ne  i s  i n
p r i va te  ownersh ip .  A  manua l  g i v i ng  de ta i l s  o f  many  o f
these st ructures rdas prepared by the US Corps of
Eng inee rs  and  pub l i shed  i n  1981  by  Mo f fa t t  and  N icho l
(Re f  22 ) .  Cons t ruc ted  p r i nc ipa l l y ,  bu t  no t  a lways ,  i n
she l t e red  rda te rs ,  t hese  s t ruc tu res  i nc lude  many
designs bui l t  on the shores of  the Great  Lakes where
the i r  ma in  p rob lem i s  c l i f f  o r  b l u f f  e ros ion  caused  by
wave  ac t i on .

A  w ide  va r i e t y  o f  ma te r i a l s  have  been  t r i ed  and  t . he
more  ' ou t  o f  t he  o rd ina ry r  i nc lude :

Soi l  cement
Conc re te  p ipe  ' nam i  r i ngs '
Bu i l d i ng  b locks
Sc rap  t y res
S t e e l  f u e l  b a r r e l s
Cor ruga ted  me ta l  p i pes ,  and
v a r i o u s  f o r m s  o f  n a t t i n g  ( n y l o n ,  f i b r e - g l a s s ,  s t e e l ,
a l u m i n i u m ,  w o o d ,  e t c ) .

A  se lec t i ve  number  o f  t hese  nove l ,  i f  no t  e f f ec t i ve ,
nethods of  protect ion are g iven in the summary sheets
in Appendi-x  2.  Those using scrap tyres and fabr ic
con ta ine rs  a re  desc r i bed  i n  ou r  p rev ious  rev iews  (ne fs

46  and  47  respec t i ve l y ) .
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FUEL BARRELS

Ins ta l l ed  as  bo th  g roynes  and  reve tmen ts  on  the
wes te rn  coas t  o f  A laska  i n  t he  Chukch i  Sea .  Used

c h i e f l y  b e c a u s e  o f  t h e i r  a v a i l a b i l i t y ,  c h e a p l y ,  i n

ve ry  l a rge  quan t i t i es ,  t hey  we re  se t  i n  doub le  rows  on

the  beach  and  f i l l ed  w i t h  beach  sh ing le .  They  p roved

to  be  qu i t e  e f f ec t i ve  a l t hough  fu r t . he r  mon i to r i ng  i s

needed  to  de te rm ine  the  e f f ec t  o f  r us t i ng  on  the i r

1  i f e s p a n .

They  a re  no t  aes the t i ca l l y  p leas ing  howeve r  and  the i r

use  i s  l i n i t ed  t o  A rc t i c  reg ions  because  o f  t he i r

proneness to rust  in  more temperate zones as the
s u m m a r y  s h e e t s  i n d i c a t e  ( s e e  a l s o  R e f  2 2 ) .

D a t a : 5 5  g a l l o n  s t e e l  f u e l  d r u m s  ( d i s c a r d e d

by  the  o i l  i ndus t r y )  bo l t ed  t oge the r

to  f o rm  d iaph ragms  i n  wh i ch  to

encou rage  acc reE ion .

A p p l i c a t i o n :

NAI,TI RINGS

Kotzebue ,  A laska  r  USA

Used  on l y ,  as  f a r  as  we  know,  on  Ehe  sho res  o f  Lake
Super io r ,  M ich igan ,  USA,  t hese  pa ten ted  sho r t  sec t i ons

o f  c o n c r e t e  p i p e ,  w e r e  p l a c e d  v e r t i c a l l y ,  d i r e c t l y  o n

t o  a  f i l t e r  c l o t h ,  o v e r l y i n g  a n  0 . l m  t h i c k  s a n d
bedd ing  l aye r .  The  reve tmen t  s l ope  was  1  i n  10  and
the  r i ngs ,  p laced  s ide  by  s i de  we re  des igned  to

accrete sand and prevent  wave uPrush f rom eroding the

c l i f f  f ace .  The  reve tmen t  was  no t '  as  t he  sunmary

s h e e t s  i n d i c a t e ,  e n t i r e l y  s u c c e s s f u l .  M o d e l  t e s t s

were  ca r r i ed  ou t  i ' s  L973  p r i o r  t o  t he  p ro to t yPe

i n s t a l l a t i o n .  T h e  r e s u l t s  o f  t h e s e  t e s t s  a r e

summar i sed  by  McCar tney  i n  Re f  42 .  Because  o f  t he i r

shape  they  can  be  suscep t i b l e  t o  ab ras ion  and  damage

in anyth ing but  a sandy envi ronment .

E a r t h  f i l l e d  c o n c r e t e  p i p e s  s i m i l a r  t o  N a m i  R i n g s  ( o l d

c u l v e r t  p i p e s )  h a v e  a l s o  b e e n  t r i e d  a t  B e a c h  C i t y t

Texas  on  the  Gu l f  o f  Mex i co .  The  pe r fo rmance  o f  t h i s

t ype  o f  p ro tec t i on  was  no t  good r  see  Re f  22 .

D a t a : Narni Rings - 760mm dia, 300mur high and
8 0 m m  t h i c k .  ( S e e  F i g  1 2 ) .

l le igh t :  12Okgs

L i t t l e  G i r l ' s  P o i n t ,  L a k e  S u P e r i o r ,
USA

App I  i  ca t ion :
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910 to 2290mrn dia, 1200mm or so long.

Weigh ts :  var ious .

SCRAP TIRES

This type of coastal  protect ion ls reviewed in Volume
1 of thls ser ies. Since that study a new design has
been lnstal led as a revetment at Inverness.
Constructed as a bund containing over 201000 old
ty res ,  l t  Ls  be lng  u t l l l sed  to  rec la im a  sec t lon  o f
land inside Inverness Eirth where there are maxlmum
estirnated wave heights of about 2m. The revetment,
placed at r ight angles to the shorel ine, conslsts of a
fair ly steep enbankment wlth large anchor tyres but l t
into the core and l inked to snal ler hor izontal ly
placed tyres at the revetment face by polypropylene
rope. One slde wal l  was cut out of  each tyre to al low
for f l l l lng with compacted gravel.  The rest of  the
bund is t .d" , rp with around 10r000n3 of sandy gravel.
The reve tment  i s  2 .85n h tgh  and 340m long.

A somewhat simi lar forn of protect lon rdas tested at
Oak l larbour,  l , Iashington, USA, where gravel f i l led
rubber tyres were stacked on posts. In this case the
gravel f i l l  washed out of the tyres, the tyres
col lapsed and the backf i l l  was washed out.

Other types of scrap tyre proEect lon Lnvolve bolt ing
the tyres together atd/ot inJect lng sand-cemenL
mortar.  These experiments were not,  ent i rely
success fu l ,  see  Vo lume 1  (Ref  46)  o f  th is  ser ies  and
Ref  22 .

Const ruc t lon :

Cu lver t  p lpe :

D a t a :

C o s t :

SOIL CEUENT

1974,  each r ing  cos t ing  $8 ,  overa l l
revetment cost $16 per square metre

Inverness  s i te

f 6 8 , 0 0 0  -  1 9 8 4 .

Used ln the USA as s lope protect lon on daus,  so l l
cement  s t r ips are made up of  between 7 and 15 per  cent
cement  wi th soi l  or  beach sand as aggregate.  Usual ly
compacted in layers and formed in s tepped fashlon.

The cement  and sol l  can be mixed on s i te  or  at  a
centra l  p lant  and requi re more cement  when used wi th
beach sand lack lng f lnes.  Toe protect ion would be
needed to avold set t lement ,  cracking,  loss of  bond,
etc.  We know of  no coasta l  s l te  ln  the UK where th is
t ype  o f  p ro tec t l on  i s  cu r ren t l y  i n  use .
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McCar tney  (nee  +Z )  g i ves  an  es t ima ted  des ign  \ l ave

he igh r  f o t  ze ro  damage  as  a round  1 .5  t o  2m.

D e t a i l s  o f  t h i s  t y p e  o f  p r o t e c t i o n  i s  a l s o  g i v e n  i n
W i l d e r  a n d  D i n c h a k  ( R e f  7 5 ) .
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4 REVET}IEf,T
DESIGN

4 . L  G e n e r a l  c r i t e r i a
The elements common to most revetment types include:

( a )  A  s u i t a b l e  f o u n d a t i o n  o r  c o r e .

(b )  Su r face  l aye r  o f  a rmour ing .

( c )  F i l t e r  o f  r o c k  o r  f a b r i c .  T h i s  b e i n g  n e e d e d
no t  on l y  as  bedd ing  fo r  t he  su r face
armour ing but  a lso as a means of  prevent ing
leach ing  o f  t he  co re  ma te r i a l  t h rough  the
a rmour ing .  The  hyd rau l i c  des ign  o f  t he
f i l t e r  l aye r  i s  t he re fo re  j us t  as  impor tan t
( a n d  p r o b a b l y  m o r e  d i f f i c u l t  t o  a s s e s s )  a s
the  des ign  o f  t he  su r face  l aye r .

(d )  Toe  p ro tec t i on  and  ancho rage  i s  necessa ry  t o
g i ve  s tab i l i t y  t o  t he  l ower  pa r t  o f  t he
reve tmen t ,  wh i ch  i s  usua l l y  t he  a rea
sub jec t  t o  t he  g rea tes t  hyd rodynamic  f o r ces .
A l so ,  i t  he lps  t o  p reven t  up l i f t  and  washou t
o f  t he  l ower  bedd ing  l aye r .

(e )  P ro tec t i on  o f  t he  f l anks  t o  p reven t  poss ib le
i s o l a t i o n  o n  a n  e r o d i n g  c o a s t l i n e .

( f )  P ro tec t i on  o f  t he  rea r  f ace  o f  t he  reve tmen t
aga ins t  ove r topp ing ,  e t c .

There are,  however,  many instances where revetments in
ru ra l  a reas ,  cons i s t  o f  l i t t l e  more  than  an  a rmour
laye r  l a i d  d i rec t l y  on  the  embankmen t  co re .

There are many books which provide guidel ines on
hyd rau l i c  and  s t ruc tu ra l  aspec ts  o f  des ign .  These
inc lude  the  Amer i can  r sho re  P ro tec t i on  Manua l r  ( ne t
2L ) .  A  cu r ren t  HRL  l i t e ra tu re  rev iew  o f  conc re te
b locks  a l so  p rov ides  gu ide l i nes  i n to  t he  des ign  o f
f r ee  s tand ing  a rmour  un i t s  ( see  Re f  57 ) .
Un fo r tuna te l y ,  r epo r t s  gene ra l l y  a re  unab le  t o  g i ve
gu idance  on  the  cos t /bene f i t  aspec ts  o f  des ign  and  on
the  env i ronmen ta l / amen i t y  i ssues .  Howeve r ,  t h i s  i s
no t  su rp r i s i ng  s i nce  such  fac to rs  a re  s i t e  spec i f i c
and  t ime  dependen t  ( i . e .  t he  cos t  depend ing  on  the
marke t  va lue  o f  ma te r i a l s  a t  t he  t ime  o f
c o n s t r u c t i o n ) .

The  pa rame te rs  wh i ch  need  to  be  es tab l i shed  a re :
4 . 2  D e s i g n  a s p e c t s
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(a )  Wave  exposu re .  The  des ign  wave  he igh t  and
pe r i od ,  t he  t ype  o f  wave  ene rgy  spec t rumt
E h e  d i r e c t i o n a l i t y  o f  w a v e  a t t a c k  e t c .

( b )  T i d a l  c o n d i t i o n s .  T i d a l  c o n d i t i o n s
inc lud ing  the  s ta t i s t . i ca l  occur rence o f
e x t r e m e  t i d a l  l e v e l s ,  s u r g e s r  e t c .

( c ) Beach  cha rac te r i s t i cs  and  the
character is t ics of  the eobankment  on which
the  reve tmen t  i s  t o  be  l a i d .

The  des ign  rdave  cond i t i ons  can  be  ana l ysed  us ing
p ro to t ype  wave  da ta  o r ,  a l t e rna t i ve l y ,  p red i c t i on  can
be  made  f rom c l ima t i c  reco rd ings .  A  dec i s i on  needs  to
be made as to whether  some degree of  over topping can
b e  t o l e r a t e d .  W a v e  a n d  t i d a l  a n a l y s e s  a s  w e l l  a s
s t ruc tu ra l  cons ide raE ions  w i l l  de te rm ine  wha t  t he
l i f espan  o f  t he  reve tmen t  i s  l i ke l y  t o  be .  A  ve ry
use fu l  a i d  i n  t he  des ign  p rocess  i s  t he  examina t i on  o f
a l t e rna t i ve  des igns  us ing  hyd rau l i c  o r  numer i ca l
mode ls .  I l yd rau l i c  rnode l s  have  t rad i t i ona l l y  been  used
to  assess  the  s tab i l i t y  o f  r eve tmen t  a rmour  un i t s ,  t he
volume of  wave over topping under g iven hydrodynamic
cond i t i ons  and  a l so  t he  e f f ec t  o f  che  s t ruc tu re  on  the
a d j a c e n t  c o a s t l i n e ,  o n  b e a c h  l e v e l s  i n  f r o n t  o f  t h e
reve tmen t ,  e t c .  Recen t  advances  i n  numer i ca l
m o d e l l i n g  a l l o w  o n e  t o  a s s e s s  t h e  e f f e c t  o f  s t r u c t u r e s
on  ad jacen t  beaches .

Expe r imen ts  on  the  a r t i cu la ted  un i t s  have  no t  been
carr ied out  to  such a degree that  one could comPare
Ehe  hyd rau l i c  pe r fo rmance  o f  d i f f e r i ng  t ypes  o f
reve tmen t .  Mode l  t es t s  have  been  ca r r i ed  ou t  on
Armor f l ex  ma t t i ng  (ne t  Z0 )  wh i ch  show,  no t
su rp r i s i ng l y ,  t ha t  wave  t ype  i s  an  impor t . an t  f ac to r .
I t  was found that  p lunging waves have a s igni f icant
e f f ecE  on  the  deg ree  o f  e ros ion  and  tha t  t he  des ign
condi t ions should take in to account  the maximum \dave
s t e e p n e s s  l i k e l y  t o  o c c u r  a E  t h e  s i t e "  O t h e r  m o d e l
t e s t s  a r e  g i v e n  b e l o w ,  t o g e t h e r  w i t h  r e f e r e n c e s :

Refs 7 and
Re f  25
R e f  6 7
R e f s  1 ,  2 t
42,  52 and
Re fs  73  and
Re f  30
Re fs  14  and

70

L3  2L ,  22 ,  35 ,
63

74

I5

1 .
2 .
3 .
4 .

5 .
6 .
7 .

Armor f lex  oa t t ress
LCZ -  De l ta  mat t ress
P r o f i x  m a t t r e s s
Riprap

W a l l i n g f o r d  b l o c k
Sh ip lap  type  b lock
Seabee b lock

Pred i c ted  t i da l  r anges  can  be  found  i n  t he  Admi ra l t y
T ide  Tab les  wh i l e  obse rved  t i da l  cond i t i ons  can  be

ob ta ined ,  f o r  ce r ta in  a reas ,  f r om the  l oca l  counc i l  o r
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4 .3 Mode I  I  ing

reg iona l  \ r a te r  aucho r i t y .  The  Ins t i t u te  o f
Oceanog raph i ca l  Sc iences  can  a l so  ana l yse  su rge
c o n d i t i o n s  e t c .

Compu te rs  a re  i nc reas ing l y  be ing  used  to  s to re  beach
i n f o r m a t i o n .  T h i s  c a n  b e  a n a l y s e d  s t a t i s t i c a l l y  t o
de te rm ine  the  l i ke l i hood  o f  unde rscou r ,  t he  magn i tude
o f  beach  l eve l  va r i ac ion  tha t  one  i s  l i ke l y  t o
encoun te r  i n  a  g i ven  t imespan  e t c .  Nuue r i ca l  mode ls
o f  beach  p lan  shape  evo lu t i on  a re  now w ide l y  used  to
assess  the  changes  tha t  a re  l i ke l y  t o  t ake  p lace ,  f o r
examp le ,  a t  t he  j unc t i on  be tween  a  t t so l i d t r  r eve tmen t
a n d  a  s o f t  c o a s t l i n e  a d j a c e n t l y .  I t  m a y  a l s o  b e
necessa ry  t o  cons ide r  r {a te r  ve loc i t y  on  the  f ron t
s lope ,  i n  Ee rms  o f  beach  scou r  po ten t i a l ,  r i l ave
re f l ec t i on  and  impac t  p ressu res l  t hese  be ing  common ly
t e s t e d  u s i n g  h y d r a u l i c  m o d e l s .

To  pe r fo rm we l1 ,  f r om a  hyd rau l i c  v i ewpo in t ,  t he
reve tmen t  shou ld  be :

( a )  s t a b l e  u n d e r  t h e  a c t i o n  o f  w a v e s / t i d a l
c u r r e n t s ,

(b)  rough and permeable to reduce wave run-up
a n d  r e f l e c t i o n ,

( c )  f l ex ib le  enough  to  ad jus t  t o  m ino r
se t t l emen t  and  scou r .

Mode l  t es t s  shou ld  g i ve  t he  ans rde rs  t o  some  o f  t hese
ques t i ons  bu t  t he re  a re  oEher  f ac to rs  wh i ch  can  on l y
be  reso l ved  by  f i e l d  mon i to r i ng  o f  ex i s t i ng  s t ruc tu res
e g  s o i l  s t a b i l i t y ,  a p r o n  d e f o r m a t i o n  a n d  s t r u c t u r a l
wea r  and  tea r .

P h y s i c a l  m o d e l l i n g  i s  a  u s e f u l  a i d  f o r  a s s e s s i n g  t h e
comp lex  i n te rac t i on  be tween  s t ruc tu re  and  ad jacen t
sediment  movement.  I ' todels can be very usefu l  in
a s s e s s i n g  t h e  d i f f e r e n c e s  o f  a n  a r m o u r  l a y e r t s
pe r fo rmance  fo r  d i f f e ren t  pe rmeab le  l aye rs .  P rob lems
can  a r i se ,  howeve r ,  when  sma l l  sca le  node l s  a re  used .
Owen  and  Summers  (ne f  S : )  sepa ra te  t hose  aspec ts  o f
hyd rau l i c  pe r fo rmance  and  b lock  s tab i l i t y  t ha t  may  be
adequa te l y  mode l l ed  i n  sca le  t es t s  and  t . hose  fo r  wh i ch
p ro to t ype  sca le  t es t i ng  i s  rno re  app rop r i a te .  Owen  and
Summers  a l so  cons ide r  t he  f eas ib i l i t y  o f  p ro to t ype
tes t i ng  and  make  p roposa l s  comb in ing  tes t i ng  i n  bo th
labo ra to ry  and  i n  t he  f i e l d  t o  enab le  p roduc t i on  o f
des ign  gu ide l i nes  f o r  i n te r l ock ing  o r  i n teg ra ted
conc re te  b lock  f l ex ib le  a rmoured  reve tmen ts .

Labo raEory  t es t s  o f  some  t ypes  o f  p l aced  b lock
reve tmen ts  a re  cove red  by  L indenbe rg  (ne f  41 ) ,  and  den
Boer ,  Ken te r  and  P i l a r czyk  (Re f  9 ) ,  wh i l e  Kos tense  and
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4 .4 Toe  p ro tec t i on

d e n  B o e r  ( R e f  4 0 )  d i s c u s s  s c a l e  e f f e c t s  o f  r n o d e l l i n g
b lock  sys tems .  They  conc lude  tha t  t es t s  w i t h
u n d i s t o r t e d  s c a l e s  o f  u p  t o  1  t o  1 0  p r o b a b l y  g i v e
a c c e p t a b l e  r e s u l t s .  T h e y  a l s o  a n a l y s e  r e s u l t s  o f  1  t o
25  tes t s  and  cons ide r  t ha t  t he  sca le  i n  t hese  mode ls
i s  t o o  s n a l l ,  e s p e c i a l l y  f o r  p o r o u s  b l o c k  s y s t e m s
where  su r face  tens ion  needs  to  be  taken  i n to  accoun t ,
The  sca l i ng  l im i t s  a re  no t  de f i ned  be tween  Ehese  two
c a t e g o r i e s .

A l t hough  many  o f  t he  more  recen t  b lock  des igns  have
been  tes ted  i n  t he  l abo ra to ry ,  ve ry  f ew  have  been
mon i to red  i n  t he  f i e1d .  The  on l y  p ro to t ype  da ta  f ound
in  t h i s  rev iew  (wh i ch  a re  i n  t he  l ow  cos t  caEegory )
was  i n  a  pape r  by  P i l a r czyk  (Re f  54 )  bu t  t h i s  was  fo r
r e v e t m e n t s  i n  a  s h i p p i n g  c a n a l .

M a t e r i a l s  i n c l u d i n g  g r a v e l ,  r i p r a p ,  p l a c e d  b l o c k s  a n d
va r i ous  ma t t ress  t ypes  o f  p ro tec t i on  have  been  tes ted
in  t he  l a rge  f l u rne  i n  Ho l l and  and  the  resu l t s
pub l i shed  by  t he  De l f t  Hyd rau l i cs  Labo ra to ry  (Re fs  9 ,
4 0 ,  5 6  a n d  6 0 ) .

Many  s tud ies  such  as  t h i s  have  a l so  been  ca r r i ed  ou t
a t  t lRL  and  pub l i ca t i on  l i s t s  a re  ava i l ab le  f r om ou r
marke t i ng  depa r tmen t .

Spec ia l  cons ide ra t i on  mus t  be  g i ven  to  t he  p ro tec t i on
o f  t he  reve tmen t  t oe  s i nce  th i s  zone  has  d i f f e ren t
des ign  requ i remen ts  t han  the  uppe r  s l ope .  Th i s  pa r t
o f  t he  reve tmen t  i s  sub jec t  no t  on l y  t o  hyd rau l i c
fo rces  bu t  a l so  t he  chang ing  beach  l eve l s  and  ab ras ion
and  scou r .

Toe  scou r ,  t he  mos t  common  p rob lem,  i s  caused
p r i nc ipa l l y  by  wave  b reak ing  and  the  consequen t  wave
run-up and run-down on the embankment  leads Eo erosion
a t  t he  beach  i n te r face .  Th i s  i s  agg rava ted  by  wave
re f l ec t i on  f r om s teep l y  s l op ing  embankmen t  f aces .  I n
gene ra l  t he  f l a t t e r ,  r oughe r  and  more  pe rmeab le  t he
reve tmen fs  su r face .  t he  l esse r  i s  t he  f o resho re
e r o s i o n .

The re  a re  seve ra l  ways  i n  wh i ch  one  can  p ro tec t  t he
toe of  a revetment .  Probably the mosE commonly used
fo rm o f  p ro tec t i on  i s  t he  cu t -o f f  wa l  1 .  I t  can  be
used  no t  on l y  t o  p ro tec t  t . he  reve tmenE when  s to rm and
wave  ac t i on  have  l owered  the  fo resho re  bu t  a l so  t o  ac t
as  t he  bo t tom pane l  i n  wh i ch  the  b locks  a re  con ta ined
and  to  ensu re  t ha t  t he  a rmour ing  does  no t  sh i f t
seaward  unde r  \ . r ave  ac t i on .  P i l es  can  be  o f  t imbe r ,
s tee l  o r  conc re te  and  the i r  wo rk ing  l i ke  w i l l  depend
u l t ima te l y  on  the  ab ras i ve  qua l i t y  o f  t he  beach
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matet ia l  and the degree of  sa l t  l r ta ter  corros ion.
S tee l  and  t imber  can  be  coa ted  to  p rov ide  p ro tec t i on .
Th i s  t ype  o f  s t ruc tu re  can  be  d i f f l cu l t  t o  repa i r  and
i s  usua l l y  a l l owed  to  de te r l o ra te  un t i l  r ep laced .

Deta i ls  about  var ious forms of  pt l lng can be found ln
the fo l lowing references and inc lude:

S tee l  -  Re f  45
Tlrnber  -  Refs 34,  51 and 66
C o n c r e t e  -  R e f s  3 ,  4 ,  4 3  a n d  7 6 .

Other  forms of  t .oe protect ion are descr lbed by Thorn
and  Rober t s  (Re f  65 )  and  i n  t he  Sho re  P ro tec t i on
Manua l ,  Vo lume  I I  (Re f  21 ) .  McCarEney  (Re f  42 )  a l so
gives deta i ls  and recommendat ions whlch inc lude:

(a )  us ing  f l ex lb le  ap rons  wh ich  w i l l  ad jus t  t o
the beach prof i le

(b)  bury lng the toe to a depth greater  than the
maximum l ike ly  beaeh lower ing

(c )  we igh t i ng  t he  reve tmen t  t oe  w l th  rubb le ,
rocks ,  e t c .  Th i s  no t  on l y  reduces  beach
e ros lon  bu t  enhances  the  s tab i l i t y  o f  t he
embankment  core agal ,nsc s l id ing etc.

(d )  cu t -o f f  wa1 l s  as  desc r i bed  above r l nc lud ing
re in fo rced  conc re te  p i l es  o r  reEa in ing
wa l l s  t o  p reven t  t oe  scou r .

(e )  an  o f f sho re  s i l l  des igned  to  t r ap  sand
between i t  and the revetment  toe.

Flnal ly ,  a  general  ru le-of - thurnb maxim to determlne
the amount  of  toe scour below the naEural  bed can be
found  i n  t he  Sho re  P ro tec t l on  Manua l  (Re f  2 f ) .  I t  can
be taken as about equal to the height of the maxlmum
unbroken wave that  can be supported by the or ig lnal
dep th  o f  wa te r  a t  t he  Eoe  o f  t he  s t ruc tu re .

4 .5  Ancho rage
Toe design should prov ide good stabl11ty and prevent

col lapse by undermining and scour.  Many manufacturers
wi l l  prov ide recommendat ions on anchorage requi rements
whlch may a lso inc lude sui table wood or  metal  s takes
or  dr iven ground anchors.  Ardon Internat ional  who
manufacture the in tegraLed f lextb le b lock system
"Pe t ra f l ex " ,  gene ra l l y  sugges t  a  des lgn  wh lch
incorporates a steel  tube or  bar  pre-cast  ln to a
heade r  beau  o r  l oca ted  l n - s l t u .  I n  add i r i on ,  t hey
have developed a pre-cast  anchor ing and panel
connect i .ng b lock which can be located at  the toe end
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o f  a  pane l  sys ten  o r  w i t h i n  t he  pane l  i t se l f  a l l ow ing

add i t i ona l  ancho rs  t o  be  p laced  as  necessa ry .  Th i s  i s

exp la ined  more  fu l l y  by  Tux fo rd  i n  Re f  58 .  I n teg ra ted
sys tems  a re  usua l l y  ancho red  by  bu ry ing  the i r  uppe r
and  l ower  ends  i n  t r enches  o r  he ld  i n  p lace  by  sc rew
ancho rs .

I f  a  subs tan t i a l  cu t -o f f  t oe  i s  p rov ided r  t hen  hooks
o r  ba rs  aE tached  Eo  the  reve tmen t  b lock  pane l s  can  be

b o l t e d  o r  w e l d e d  t o  i t .  S i m i l a r l y r  a t  t h e  t o p  o f  t h e
embankmenE,  i f  a  wave  re tu rn  wa l l  o r  a  conc re te  ap ron

i s  i nco rpo ra ted ,  t hen  the  sys tem can  be  a t t ached  o r

embedded  i n to  t h i s .

O t h e r  b l o c k  s y s t e m s  a r e  s t a b i l i s e d ,  e i t h e r  b y  t h e i r
own  we igh t ,  by  i n te r l ock  w i t h  each  o the r  and /o r  by

dr iv ing stakes through the armour and into the

embankment  beneath.
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5 SUU}TARY OF
FINDINGS ANI)
RECOUI.{ENDATIONS

1.  The  h igh  cos t  o f  E rad i t i ona l  f o rms  o f  coas t
protect ion has led to the development  of  many new
reve tmen t  des igns  i n  recen t  yea rs ,  espec ia l l y
those  us ing  p re -cas t  conc re te  un i t s .  These  may
r e l y  o n  f r i c t i o n ,  i n t e r l o c k i n g ,  a n d / o r
i n te r - connec t i on  be tween  ad jacen t  modu les  f o r
s tab i l i t y .  Some new reve tmen t  t yPes  have  no t
been  tes ted  e i t he r  i n  t he  l abo raEory  o r  i n  t he
f i e l d .  D e s i g n  i s  o f t e n  b a s e d  o n  e x p e r i e n c e  w i t h
o the r  s im i l a r  b l ocks  o r  on  ex t rapo la t i on  o f
formulae such as the l ludson equat . ion.  The same
can  be  sa id  f o r  o the r  f o rms  o f  r eve tmen t
p ro t . ec t i on  such  as  aspha l t i c  rn i xes ,  whe re  aga in
des ign  c r i t e r i a  a re  f ew .

2.  Of  the many designs that  we have examined,  we
cons ide r  Eha t  t he re  i s  po ten t i a l  i n  t hose
reve tmen t  sys tems  wh ich  a re  f l ex ib le ,  move  en
masse  unde r  wave  impac t  and  a re  des igned  so  tha t
l oad ing  i s  sp read  ove r  a  w ide  a rea .  I n te r l ock ing
un i t s  such  as  t he  I , Ja l l i ng fo rd  b lock ,  f o r  examp le ,
a re  so  shaped  tha t  d i sp lacemen t  o f  an  i nd i v i dua l
b lock  i s  coun te r -ac ted  by  che  resEra in ing  we igh t
o f  t he  su r round ing  ones .  The  deg ree  o f
i n te r l ock ing  shou ld  be  such  tha t  even  i f  one
un i t  i s  b roken  and  d i sp laced  the  reve tmen t
r e m a i n s ' k n i E t e d r  t o g e t h e r .

3 .  S h i p l a p  b l o c k s  a r e  w i d e l y  u s e d  i n  e s t u a r i e s
where  t . hey  can  be  pa r t i cu la r l y  e f f ec t i ve .
I lowever,  most  only  have over laps on two adjo in ing
edges ,  hence  the re  i s  a  t endency  fo r  t hem to
ro ta te  d iagona l l y .  Once  a  sma l l  deg ree  o f
d i s p l a c e m e n t  h a s  t a k e n  p l a c e ,  f i n e  m a t e r i a l  w i l l
t end  to  i n f i t l  t he  gaps  and  make  the  b locks  l ess
s tab le .  Th i s  t ype  o f  r eve tmen t  w i l l  no t  a lways
fo l l ow  changes  i n  t he  l eve l  o f  t he  sub laye r  and
spann ing  o f  cav i t i es  can  occu r .

4 .  Tongue  and  g roove  b locks  usua l l y  have  connec t i ons
on  oppos i t e  s i des .  W i th  some  des igns  the  sho r t
s i des  i n te r l ock  wh i l e  t he  l ong  s ides  j us t  bu t t
aga ins t  each  o the r .  Th i s  g i ves  sE reng th  i n  t he
p l a n e  o f  t h e  s l o p e  b u t  n o n e  p a r a l l e l  t o  i t .
Because  the  b locks  a re  no rma l l y  l a i d  i n  s t r i ps
f rom the  toe  upwards ,  d i f f e ren t i a l  movemen t
be tween  ad jo in ing  s t r i ps  can  cause  sEresses  on
the  unde r l y i ng  f i l t e r  wh i ch  may  resu l t  i n  l oss  o f

f i l l .  The  tongue  i s  a l so  a  po in t  o f  weakness
s ince  i t  i s  no !  no rma l l y  re in fo rced .  Movemen t .  o f

t he  pane l s  can  a l l ow  pebb les  t o  be  t rapped  i n  t he
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i n te r l ocks  and  th i s  can  l ead  to  ch ipp ing  o f  t he
conc re te  so  t ha t  i n  t ime  the  deg ree  o f  i n te r l ock
i s  reduced .  Th i s  t ype  o f  b l ockwork  t ends  to
b r i dge  cav i t i es  o r  ho les  and  makes  the  a rmour
su r face  appea r  more  r i g i d  t han  i t  i s .  Thus
damage  to  t he  sub laye r  i s  no t  a lways  ev iden t  by
inspec t i on  o f  t he  reveEmen t  f ace .

Many  o f  t he  non - i n te r l ock ing  b locks  now on  the
marke t  a re  des igned  p r imar i l y  f o r  she l t e red  a reas
such  as  cana ts  and  r i ve r  banks .  I n  o rde r  t o
ach ieve  good  b lock  t o  b lock  f r i c t i on ,  t he  p lan
a rea  to  dep th  ra t i o  needs  to  be  sma l l .  Thus
upg rad ing  these  des igns  fo r  i nc reased  wave
exposu re  i s  l i ke l y  t o  l ead  to  l a rge  b lock
d inens ions ,  wh i ch  w i l l  t ake  many  des igns  ou t  o f
t h e  r l o w  c o s t r  c a t e g o r y .

One method now being used to improve the
s t a b i l i t y  o f  s m a l l  b l o c k s  i s  t h e  a d d i t i o n  o f
cab les  t h readed  th rough  the  b locks .  Such
m a t t r e s s e s  c a n  b e  r e l a t i v e l y  s i m p l e  t o  i n s t a l l .
Cab l i ng  a l l ows  l i gh t  b l ocks  t o  be  used  to
w i t h s t a n d  w a v e  f o r c e s ,  s i n c e  u p l i f t  p r e s s u r e s
e tc ,  a re  d i s t r i buEed  ove r  a  w ide  a rea  o f  ma t .
One  d i sadvan tage  o f  t hese  sys tems  i s  t ha t  t he
cab les  need  to  have  a  h igh  tens i l e  s t reng th  and
a l so  have  to  e r i t hs tand  wear  and  tea r  caused  by
block movements or  indeed vandal ism. Some nylon
ropes  a re  a l so  p rone  to  deg rada t i on  by  UV  l i gh t .
One  se r i ous  ma in tenance  p rob lem i s  t ha t  o f  r epa i r
t o  t he  sub laye r  i f  se t t l emen t .  o r  l each ing  t . akes
p  l ace  .

The  qua l i t y  o f  t he  conc re te  i n  ma t t ress  b locks
can  be  poo r .  Th i s  can  be  de t r imen ta l  i n  two
\ {ays ;  f i r s t l y  beach  ma te r i a l  can  qu i ck l y  scou r
the  b lock  f ace  and  second l y  when  the  sub  base
se t t l es  and  a l l ows  the  b locks  t o  j am aga ins t  each
o the r  t hey  can  eas i l y  become ch ipped  o r  c rack .

Despi te these drawbacks th is  type of  revetment  is
r e l a t i v e l y  c h e a p  a n d  c a n  b e  i n s t a l l e d  r a p i d l y .
We  wou ld  recommend  Eha t  de ta i l ed  mon i to r i ng  o f
such  reve tmen ts  be  ca r r i ed  ou t  t o  de te rm ine  the
des ign  l i f e  o f  such  s t ruc tu res  unde r  va ry ing  wave
e x P o s u r e s .

S t a b i l i t y  o f  i n d i v i d u a l  b l o c k s  c a n  a l s o  b e
improved  by  aspha l t  g rou t i ng  o f  t he  i n te rb lock
spaces .  When  coo led ,  an  aspha l t i c  g rou t  has  a
h igh  e las t i c  modu lus ,  hence ,  unde r  sho r t  pe r i od
load ing  i t  i s  ab le  t o  w i t hs tand  wave  impac t
f o r c e s .  I t  a l s o  a c t s  a s  a  p l a s t i c  m a t e r i a l  w i t h

6 .

7 .
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a  ve ry  h igh  v i scos i t y  unde r  p ro longed  l oad ing ,
hence  i t  a l l ows  Ehe  reveEmen t  t o  ad jus t  t o
s u b l a y e r  s e t t l e m e n t .  I n  t h e  N e t h e r l a n d s ,  a s p h a l t
g rou t i ng  has  p roved  to  be  a  su i t ab le  t echn ique
fo r  reduc ing  the  ma in tenance  o f  s tone  p i t ched
revetments.  I loweverr  most  of  the revetments
us ing  g rou ted  b lockwork  have  been  cons t ruc ted  i n
es tua r i es  and  a reas  o f  l ow  to  modera te  wave
ac t i v i t y .  Un t i l  such  reve tmen ts  a re  mon i to red  i n
more  ha rsh  cond i t i ons  i t  i s  d i f f i cu l t  t o
e x t r a p o l a t e  t h e i r  u s e f u l n e s s  f o r  a r e a s  o f
modera t .e  o r  h igh  wave  ac t i v i t y .

8 .  Aspha l t i c  m ix tu res  have  been  used  much  more
w ide l y  i n  t t r e  Ne the r l ands  than  i n  t he  Un i ted
K ingdom.  Fo r  examp le ,  F i x tone r  a  pa ten ted  name
fo r  a  gap  g raded  s tone  aspha l t i c  m ix  has  been
found  to  f o rm  a  good  reve tmen t  ma te r i a l  i n  i n l and
wa te rways  and  cana l s  ab road .  I t s  use  i s
p resen t l y  be ing  ex tended  fo r  i nne r  ha rbou r
p r o t e c t i o n ,  s e e  P l a t e  1 3  a n d  m i g h t  a l s o  b e
su i t ab le  f o r  uppe r  embankmen t  p ro tec t i on  on  open
c o a s t s .  I t  i s  s a i d  t o  b e  a b l e  t o  r e s i s t  c u r r e n t s
up to 6m/s and wave heights of  at  least  two
met res .  Because  o f  i t s  pe rmeab i l i t y  i t  r equ i res
a  f i l t e r  Eo  p reven t  l each ing  o f  t he  sub laye r .
F i x t o n e  c a n  a l s o  b e  p r e f a b r i c a t e d  o n  a  s u i t a b l e
f i l t e r  c l o th  and  the  ma t t ress  wh i ch  i s  f o rmed  can
be  l a i d  unde r  r {a te r .  I t  has  been  used  i n  t h i s
fo rm as  Eoe  p ro tec t i on  aga ins t  t i da l  scou r .  A
th i ck  ma t t ress  l aye r  wou ld  be  needed  Eo  g i ve  t oe
p ro tec t i on  aga ins t  wave  a t t ack ,  and  c lea r l y  Ehe re
i s  a  poss ib i f i t y  o f  r up tu re  o f  Ehe  fab r i c  unde r

these  cond i t i ons .  A l t hough  Ees ts  have  been
c a r r i e d  o u t  a E  f u l l  s c a l e  i n  t h e  D e l f t  H y d r a u l i c

Labo ra to ry  l a rge  wave  f l ume ,  t he  uppe r  des ign
l i r n i t s  f o r  Eh i s  Eype  o f  ma te r i a l  a re  as  ye t

unde  f  i ned .

9 .  Aspha l t i c  conc re te  reve tmen ts  have  been  w ide l y
used  i n  t he  Ne the r l ands ,  bu t  i n  cond i t i ons
somewhat  less severe than those on the UK
coas t l i ne .  Recen t l y r  a  reve tmen t  l das  cons t ruc ted
a t  Po r thcaw l  i n  an  a rea  sub jec t  t o  A t l an t i c

waves .  I t  p ro tec t s  a  nea r  ve r t i ca l  conc re te  sea

wa11  wh ich  was  fo rmer l y  be ing  ab raded  ve ry

rap id l y  by  beach  pebb les .  The  aspha l t i c  conc re te

su r face  i s  res i l i en t  t o  some  deg ree .  I t  has  been

d e s i g n e d  w i t h  a  r e l a t i v e l y  f l a t  s l o p e  s o  a s  t o

m in im ise  wave  impac t  f o r ces .  We  cons ide r  t ha t

t h i s  reve tmen t  shou ld  be  ca re fu l l y  non i t o red  to

asce r ta in  i t s  des ign  l i f e  unde r  wha t  a re  ve ry
ha rsh  env i ronmen ta l  cond i t i ons .
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10.  A f ie ld programme has been conducted by the US
Army Corps of  Engineers (wi t t r  the pr ivate land
owner in  n ind)  in to var ious methods of  low cost
sho re  p ro tec t i on  f o r  a reas  o f  l ow  to  modera te
wave  ac t i v i t y  and  gene ra l l y  a  sma l l  t i da l  r ange .
Rubble revetments were ef fect ive and were a good
method  o f  d i spos ing  l a rge  quan t i t i es  o f  bu i l d i ng
ma te r i a l ,  bu t  on  an  open  coas t  t he  t i pp ing  o f
rubb le  i s  unaccep tab le  f r om an  amen i t y  v i ewpo in t .
The  g r i nd ing  down  o f  bu i l de rs  rubb le  by  regu la r
w a v e  a c t i o n  i s  a l s o  l i k e l y  E o  p o l l u t e  t h e  b e a c h .
t r Ie  would not  recommend th is  form of  protect ion
excepE  as  an  emergency  measu re ,  f o r  examp le ,
where breaching of  a revetment  or  beach r idge is
imminen t .  Unde r  such  cond i t i ons  t . he  rubb le
shou ld  be  g rou ted  to  keep  i t  i n  p lace .

G a b i o n s  c a n  b e  u s e d  s u c c e s s f u l l y  u n d e r  r e l a t i v e l y
low wave energy condi t ions,  and in the UK they
can  be  used  as  a  Eempora ry  p ro tec t i on  o r  as
permanent  works on the upper par t  of  sand beaches
where the baskets can become covered and
p ro tec ted  w i th  w ind  b lown  sand .

1 2 .  T h e  u s e  o f  s y n t h e t i c  f a b r i c  c o n t a i n e r s  f i l l e d
w i t h  s a n d  i s  d e s c r i b e d  i n  a n  e a r l i e r  r e p o r t . .
P resen t l y  a l l  t ypes  o f  f ab r i c  con ta ine rs  a re
suscep t i b l e  t o  damage  by  wave  bo rne  deb r i s ,  by
vanda l i sm,  o r  by  rup tu re  due  to  d i f f e ren t i a l
se t t l emen t ,  ea r th  p ressu res  e t c .  We  wou ld  no t .
recommend thei r  use except  as emergency works.
Fab r i c  con ta ine rs  can  be  f i l l ed  w i t h  a  mor ta r  m ix
to  make  fa i r l y  robus t  s t ruc tu res ,  bu t  i n te rb lock
bond ing  i s  usua l l y  l ess  t han  pe r fec t .  The  cos t
o f  f i l l i ng  such  con ta ine rs  w i t h  weak  cemen t  may
we l l  t ake  such  s t . r uc tu res  ou t  o f  Ehe  l ow  cos t
c a t e g o r y .

1 3 .  T h e  u s e f u l n e s s  o f  s c r a p  t y r e s  i n  c o a s t a l
revetmenEs is  by no means proven and we have
rese rva t i ons  abou t  t he i r  e f f ec t i veness  i n  t he
in te r t i da l  zone .  Ex tens i ve  l abo ra to ry  and  f i e l d
s tud ies  w i l l  be  needed  be fo re  t h i s  ve ry  read i l y
ava i l ab le  ma te r i a l  can  be  used  fo r  comba t t . i ng
sho re l i ne  e ros ion .

14.  Our rev iew shows that  many new revetment  designs
are being brought  onto the market ,  many of  which
a re  un tes ted  p r i o r  t o  manu fac tu re .  We  wou ld
recommend  EhaE  ex i s t i ng  f i e l d  i ns ta l l a t i ons
shou ld  be  mon i to red  be fo re  l a rge  sca le  p ro jec t s
o f  t h i s  t ype  a re  unde r taken .  Many  t rad i t i ona l
des igns  a re  based  l a rge l y  on  expe r i ence  a t  a
p a r t i c u l a r  l o c a t i o n .  I n  s e v e r a l  i n s t a n c e s  i t  h a s
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been found that  reveEments which appeared Eo work

we l l  a t  one  s i t e  p roved  to  be  unsuccess fu l  a t

o the rs .  The re  i s  much  scoPe ,  t he re fo re ,  f o r

re f i n i ng  ex i s t i ng  des igns  and  mak ing  them more

c o s t  e f f e c t i v e .  T h e r e  i s  s c o p e  f o r  b o c h  f i e l d
mon i t . o r i ng  and  tes t i ng  i n  t he  l abo ra to ry  t o
i np rove  ex i s r i ng  des igns .
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coNcl.usroNs
This rev iew has h ighl ighted a number of  revetment

des igns  wh ich  show p rom ise  as  a  f o rm  o f  coas ta l
de fence .  We  do  no t  i n tend  to  g i ve  an  exhaus t i ve  l i s t
o f  a l l  s u c h  s E r u c t u r e s  h e r e .  H o w e v e r ,  t h e  f o l l o w i n g

types  pa r t i cu la r l y  appea r  t o  have  po ten t i a l  as  open

c o a s t  d e f e n c e :

1.  Aspha l t i c  reve tments  -  Th is  fo rm o f  p ro tec t ion  has
a l ready  proved a  versa t i le  de fence.  There  are  many
d e s i g n s  i n c l u d i n g :

(a )  a  pa ten ted  m ix  o f  gap  g raded  s tone  keyed
t o g e t . h e r  w i t h  a s p h a l t  c a l l e d  r F i x t o n e r .  T h i s
fo rm o f  p ro tec t i on  has  howeve r  ye t  t o  be  fu l l y
p roven  on  the  open  coas t ;

(b )  s tone  aspha l t ,  a  dense  gap  g raded  m ix
con ta in ing  s t . one ,  sand ,  f i nes  and  b i t umen l
and

( c )  a s p h a l t i c  c o n c r e t e  u s i n g  a  m i x t u r e  o f  s t o n e i
sand  f i nes  and  b i t umen  w i rh  a  vo ids  ra t i o  o f  3
to  67 "  a f t e r  compac t i on .

Sand  aspha l t  wh i l e  no t  o f  t he  same du rab i l i t y ,  i s
use fu l  as  a  f i l t e r  o r  embankmen t  co re  p ro tec t i on .

Cab le  l i nked  conc re te  b locks  a re  use fu l  i n  a reas  o f
modera te  wave  ac t i v i t y .  They  a re  re la t i ve l y  cheap
to  i ns ta l l  and  cope  w i t . h  m ino r  changes  i n  reve tmen t
p ro f i l e .  Howeve r ,  i t  i s  t hough t  t ha t  ex i s t . i ng
des igns  cou ld  be  improved  by  i nc reas ing  b lock  s i ze
and  improv ing  the  qua l i t y  con t ro l  o f  t he  conc re te .

T i rnbe r  reve tmen ts  a re  bu i l t  l a rge l y  on  expe r i ence .
Inc reased  e f f i c i ency  cou ld  undoub ted l y  be  ob ta ined
by  a  more  ca re fu l  des ign .  Th i s  i s  an  a rea  wh ich

requ i res  f u r t he r  resea rch  s ince  the re  a re  I a rge

s t re t ches  o f  coas t l i ne  p ro tec ted  by  t i r nbe r
revetments which in  many cases are not  per forming

t o  t h e i r  f u l l  p o t e n t i a l .

Rock  reve tmen ts  a re  w ide l y  used  i n  a reas  where  th i s
m a t e r i a l  i s  e a s i l y  a v a i l a b l e .  M a n y  s t r u c t u r e s  a r e

based  pu re l y  on  pas t  expe r i ence  and  a  " l ow- tech "
des ign  app roach .  P rov id ing  such  sEruc tu res  a re

ma in ta in .bd  and  repa i red  a f t e r  s to rm damage ,  t he re

seems  l i t t l e  need  fo r  expens i ve  and  comp l i ca ted

des ign  me thods ,  f o r  examp le ,  i n  ru ra l  a reas  o r

a reas  o f  l ow  r i sk .

Gab ions  and  gab ion  ma t t resses  have  been  used
s u c c e s s f u l l y  o n  t h e  u p p e r  P a r t s  o f  s a n d y  b e a c h e s .
Regu la r  ma in tenance  o f  such  s t ruc tu res  i s  essen t i a l

a s  f a i l u r e  c a n  b e  r a p i d .
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6 .  M a n y  o f  t h e  f l e x i b l e  b l o c k  d e s i g n s  w h i c h  r e l y  o n
in te rb lock  connec t i ons  have  been  used  success fu l l y
i n  e s t u a r i e s .  S u c h  d e s i g n s  m i g h t  b e  a p p l i c a b l e  t o
coas ta l  s i t ua t i ons  by  i nc reas ing  the  b lock
d imens ions .  Uppe r  des ign  l i r n i t s  i n  t e rms  o f  wave
heighLs for  many of  these b locks are not  known.
These  des igns  wou ld  requ i re  mode l  o r  f i e l d  t es t i ng
to  deEerm ine  the i r  pe r fo rmance .
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9 GLOSSARY OF
TERT.iS

A r t i c u l a t e d  H a v i n g  j o i n t s .
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p l a c e d  r o c k ,  s t o n e ,  b r o k e n  c o n c r e t e ,
e t c . ,  t o  a c t  a s  p r o t e c t i o n  t o  a  c l i f f
E o e .

Fasc ine  Bund les  o f  b rushwood  bound  toge the r
ma t t ress  t o  make  a  f ounda t i on  ma t  t o  p ro t . ec t

the F* o!  a 9ha_1gel  against  eros ion.
*::;tr;- d\. j,li} rfirAc;

I nEeg ra ted  Jo ined  toge the r  by  cab le ,  r ope  o r
w i r e .

I n te r l ocked  In t . e r -mesh ing  o r  key ing  i n  o f  ad jacen t
b l o c k s  .

O v e r f i l l e d  I n  t h i s  c o n t e x t ,  a  o a s t i c  a s p h a l t
p o u r e d  h o t  o n t o  r o c k s ,  e t c .  t o
pene t ra te  f u l l y  and  ac t  as  an
impermeable ruatr ix .

Re t i cu la ted  D iv ided  i n to  mesh  l i ke  compar tmen ts

R e v e t m e n t  A  f a c i n g  o f  s t o n e ,  c o n c r e t e ,  e t c . r  t o
protect  an embankment  or  shore
s t ruc tu re  aga ins t  e ros ion  by  wave
a c t i o n  o r  c u r r e n t s .

Riprap

Rubb Ie

Broken s tone or  bou lders  p laced
compact ly  o r  i r regu la r ly  on  an
embankmenE for protect ion against wave
a c t i o n  o r  c u r r e n E s .

An accumula t ion  o f  rough rock  or  s tone
f ragments  can a lso  be  o f  b roken
c o n c r e t e ,  b r i c k ,  a s p h a l t  e t c .

S e a - w a l l  A  c o a s t a l  w a l l . b u i l t  E o . p r o v i d e
p ro tec l ron  aga rns t  e ros ron  o r
f  l ood ing .

6 1



S h i p l a p

S l a t t e d
revetment

U n d e r  f i t l e d
mix

An in te r lock ing  type  b lock  (see F ig
1 ) .

A f ree  s tand ing  s t ruc tu re  p laced  i n

f ron t ,  bu t  seaward  o f  a  c l i f f  f ace  Eo

break the brunt  of  wave act ion and to

a l l ow  beach  na te r i a l  t o  acc re te  beh ind

i t .

I n  t h i s  con tex t  i t  i s  usua l l y  a  l ean
pe rmeab le  sand -aspha l t  m ix .  The  sand
g ra ins  a re  cove red  w i th  a  t h i n  f i l n  o f

b i t umen  g i v i ng  i t  a  vo id  pe rcen tage  o f

a round  40%.
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10 ADDRESSES
ACz Delts l tats -  (concrete f l l led fabr ic nattresses)

ACZ Marine Contractors BV
Gorinchem
The Netherlands

Arnorflex & Arnorloc - (integrated and interlocking
concrete block systens)

M M G Erosion Control  Systems
l later loo House
Kings Lynn
Norfolk PE30 lPA

Tel:  0553'774423

Petraf lex -  ( integrated concrete block systems)

Ardon Internat ional Lini ted
14 St Johns Road
Tunbridge Wells
Kent
TN4 9NP

Tel :  0892-36f33

Scan-Gablone - ( tnter locking concrele slabs)

Scan-Gabions A/S
TagensveJ 83D
2200 Kobenhavn N
Denmark

Te l :  Dennark  01-8342f9

Seabeee - (hexagonal free standing concrete and
ceramic armour units)

Seabee Developments
179a Kfunbolton Road
Bedford
MK41 8DR

Tel:  0234 47840

Sebloc, Dytap, ngg* and Dycel -  ( integraElng and

systems)

RBS Brooklyns Limited
RevetmenE Divislon
5 Nor th  S t ree t
Taunton
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Somerset TA1 lLH

T e  I  :  0 8 2 3 - 5 1 4 5 1

Landscape Grass -  ( f ree standing and
in te r  1  ock ing
c o n c r e t e  b l o c k s )

Landscape Grass  (Concre te)  l ta
Walker l louse
22 Bond St ree t
Wakef ie ld  WFI  2QP

Tel :  0924-374818

Longard  Tubes -  ( fabr ic  sand or  mor ta r  f i l l ed  tubes)

A ldek  A/S
T h o r s l u n d s v e j  7
P O Box 190
DK 5100 Odense C
Denmark

Macaferr i  Gabions - ( f lexible wire mesh type)

River  and Sea Gabions (London) Ltd
2  Swa l l ow  P lace
London
l{ lR 8SQ

Te l :  0 l - 629 -8528

Gridweld Gabions - (serui  r ig id welded type)

G K N Gridweld Engineering
Woodhouse Lane
I.Iigan
I,JN6 7NS

Tel :  0942-4407L

Netlon Gabions and Linmat -  (plast ic mesh and
tubing )

Net lon  L i rn i ted
Civ i l  Eng ineer ing  Dept
M i I l  H i l l
Blackburn
BB2 4PJ

Te1: 0254-62431

Tensar  -  (geoce l l  mats  aod mat t resses)
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Net lon  L imi ted
K e I l y  S t r e e t
B lackburn
Lancs BB2 4PJ

Te l :  0254-6243L

Fabr ipak t  Fabr i fo ro  -  ( fabr ic  mat t resses  f i l l ed  w i th
mor ta r )

Dowset t  Prepak t  L imi ted
Market Flat Lane
S c o t t o n
Knaresborough
North Yorkshire NG5 9JA

Tel:  0423-86406I

Co lc re te  Grout ine  -  ( ins i tu  concre te)  and
f f i (concre te  w i th in  fabr ic  mats )

Co lc re te  L i rn i t ed
Bryant  l louse
S t rood
Roches te r
Kent
l.{82 3EN

Mono  B locks  -  ( i n te r l ock ing  conc re te  b locks )

Mono Concrete L imi ted
Ep ic  House
Lower  t l i l l  S t ree t
Le  i  ces  t e r
LEl  3SI{

Gob ima t  -  ( conc re te  b locks  bonded  to  f i l t e r  f ab r i c )

These are no longer manufactured here

PeEqwqb -  (syn the t ic  geoEext i les )

ICI  F ib res
Geotex t i le  Group
Pontypool
Gwent NP4 OYD

T e l :  0 4 9 5 5 - 5 7 7 2 2

Lot rak  -  (geotex t i le  p roduc ts )

Don & Low plc
P O B o x 5 4
South l,Iard Road

65



Dundee
DDI  9JQ

Te l :  0382 -27311

Enkamat  -  ( geo tex t i l e  ma t t i ng )

M M G Eros ion  Cont ro l  Svs tems
Water loo t louse
Kings Lynn
Nor fo lk  PE30 IPA

T e l :  0 5 5 3 - 7 7 4 4 2 3

Stab i lenka -  ( fabr ic  rna ts )

M M G Eros ion  Cont ro l  Sys tems
! ' later loo l louse
Kings Lynn
N o r f o l k  P E 3 0  1 P A

T e l :  0 5 5 3 - 7 7 4 4 2 3

Propex -  (geotex t i le  fabr ic )  &
Geoweb -  (p las t i c  g r id  conf inement  sys tem)

Ardon In te rna t iona l  L in i ted
P  O  B o x  1 1 1
Tunbr idge lJe11s
Kent TN4 9NI,l

T e l :  0 8 9 2 - 3 6 1 3 3

Ter ram & F i l t ran  -  (geotex t i le  fabr ics )

I  C  I  F ib res  (Geo tex t i l e  Group )
Pontypool
Gwent
NP4 OYD

Te l :  04955 -57722
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Modif ied 'Tongue ond Groove'btock

Cont ro l  b locks

'Terrof  ix '  btocks

'Svee'btocks
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m

Stepped type

'Wof f  [e '  type

W

Fig 1 Concrete revetment blocks ( interlocking )
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Fig 2 The'Wott ingford' btock ( intertocking system)
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200 mm
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l n te r lock ing  concre te  b lock
(  sh ip top  des ign  )

Fig 3 The 'Wessex' btock ( intertocking system)



Concrete

Fig /1 Interlocking concrete block revet ment



Concrete

Tongue ond Groove jo in ted t
concrete blocks

MSL 'r----'\
Originot beqch prof i le

Stone toe protection

Crushed s tone

Golvon ised onchor  rods  o t
regu lor  intervols

Fig 5 Typicot 'Tongue ond Groove' concrete btock
revet ment
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'Armorf  [ex '  btock
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120 mm
*

'Petrqf lexr(H-512)
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Fig 6 Concrete revet ment blocks ( integroted system)
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'Free '  rectongu lor  b locks

Cetlutor type btock

'Gob i '  b lock

'Jumbo'  b lock

'Monostqb'  or '  Turf  btock'

Fig 7 Concrete revetment btocks ( f ree stonding)
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Fig 9 The 'Essex' btock (f  ree-stonding )



380 mm

Heovier  'Essex '  type btock for  exposed s i tes

Nort hern Seo
stond ing )

Fig 10 wo [[ type ' Essex ' block ( f ree



Stone r ip- rop 600mp

Concrete

Grovet btqnket 300mm
MSL

Fig 11 Typicot 'Rip - rop' revetment



--T---
300mm

I

'Nqmi '  r ing

600mm

730 mm

Fig 12 Concrete revet ment btock ( Nove t type )
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Fig 13 Asphol t ic  revetment,  Ftushing, Hol tond
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APPENDIX 1

F i l t e r  d e s i g n





Fi l te rs

Aggregate

APPENDIX 1
F i l t e r  Des ign

Re l i e f  o f  wa te r  p ressu res  and  the  p reven t i on  o f  so i l

l oss  i s  impor tan t  i n  any  s t ruc tu re  and  pa r t i cu la r l y  i n

a  reve tmen t  wh i ch  depends  fo r  i t s  success  on  the

s tab i l i t y  o f  t he  embankmen t  co re .  F i l t e r s r  p lay  a

la rge  ro le  he re  and  can  be  desc r i bed  as  a  t r ans i t i ona l

l aye r  o f  sand ,  g rave l ,  sma l l  s tones  o r  f ab r i c  (o r  a

combinat ion of  these)  p laced between the embankment

and  i t s  p ro tec t i ve  a rmour ing .  I t s  pu rpose  i s  a l so  t o

d i s t r i bu te  t he  we igh t  o f  t he  p ro tec t i ve  a rmour ing  and

keep  se t t l emen t  down  to  an  acceP tab le  l eve1 .

The  success  o r  f a i l u re  o f  a  reve tmen t  may  we l l  depend

u p o n  t h e  c o r r e c t  s e l e c t i o n  o f  f i l t e r  m a t e r i a l .  O f

l a t e ,  g e o t e x t i l e  f i l t e r s  a r e  b e c o m i n g  m o r e  p o p u l a r .

These  a re  f ab r i cs ,  usua l l y  u rade  up  o f  syn the t i c

f i b res ,  and  des igned  fo r  a  va r i e t y  o f  d i f f e ren t

sub -so i l  and  a rmour ing  sys tems ,  t he  ma in  a t t r ac t i on

be ing  the  e l im ina t i on  o f  a  se r i es  o f  s tone 'o r  sand

laye rs  wh i ch  need  ca re fu l  ( and  t i r ne  consuming )  l ay ing '

I t  t t r e re fo re  makes  a  cons t ruc t i on  qu i cke r ,  eas ie r  and

cheape r  The  des igne r  usua l l y  wo rks  ou t  t he  g raded

agg rega te  f i l t e r  r equ i remen ts  and  then  se lec t s  i f

a p p r o p r i a t e ,  a  s u i t a b l e  e q u i v a l e n t  f i l t e r  f a b r i c  f r o m

da ta  p rov ided  by  t he  f i l t e r  manu fac tu re rs .

Wh i Ie  t he  chosen  f i l t e r  w i l l  i nco rpo ra te  t he  co r rec t

h y d r a u l i c  c h a r a c t e r i s t i c s ,  i t  w i l l  a l s o  b e  n e c e s s a r y

to  ensu re  t ha t  i t  has  an  adequa te  s t ruc tu ra l  s t reng th '

Thus ,  i t  may  requ i re  a  cush ion ing  l aye r  so  p laced  to

p reven t  damage  to  t he  f i l t e r  by  angu la r  po in t  l oads .

F i l t e r  f ab r i c  i s  no t  gene ra l l y  compa t i b l e  w i t h  heavy

cons t ruc t i on  and  t racked  veh i c l es .

I t  i s  r e c o g n i s e d  t h a t  g e o t e x t i l e s  u s e d  a s  f i l t e r s  a r e

no t  a  panacea  fo r  a l l  f ounda t i on  p rob lems  and  tes t s

have shown that  a dynamic envi ronment  canr  in  some

i n s t a n c e s ,  e f f e c t  a n  u n a c c e p t a b l e  h e a d  l o s s  a c r o s s

them leading to rupEure of  the membrane.  A compar ison

o f  g rave l  and  c lo th  f i l t e r s  i s  g i ven  by  Dunham and

Bar re t t s  (Re f  26 )  who  a l so  g i ve  de ta i l s  o f  p l acemen t '

T h i s  f o r m  o f  f i l t e r  h a s ,  i n  t h e  p a s t r  c o n s i s t e d  o f

ma te r i a l s  such  as  sand ,  g rave l  o r  sma l l  s tone  o r  a

comb ina t i on  o f  t hese .  They  a re  i nd i v i dua l l y  l a i d  on  a

p a r t i c u l a r  s u b - s o i 1  f o l l o w i n g  g e n e r a l  g u i d e l i n e s  l a i d

down  by  Te rzagh i ,  o r  f r om re fe rence  books  such  as  t he

US Arny  Co rps  o f  Eng inee rs ,  Sho re  P ro tec t i on  Manua l
( R e f  2 1 ) .  G u i d e l i n e s  f o r  s p e c i f i c  r e v e t m e n t  d e s i g n



1 .

2 .

i . e .  r i p r a p ,  a r e  a v a i l a b l e  i n  C I R I A  r e p o r t  N o  6 1  ( R e f
63) ,  wr i t ten  by  Thompson & Shut t le r

There  a re  two  ma in  d i sadvan tages  when  us ing  agg rega te
f i  I  t e r s  ;

G ranu la r  ma te r i a l  wh i ch  i s  i n tended  Eo
s t a b i l i s e  t h e  s u b - s o i l  w h i l s t  a l s o  a l l o w i n g
pe rmeab i l i t y  wou ld  no rma l l y  have  to  be  l a i n
a s  q u i t e  a  t h i c k  l a y e r .

The  f i ne r  pa r t i c l es ,  unde r  con t i nuous  wave
ac t i on ,  t end  to  ge t  v i r t . ua l l y  washed  ou t
rnak ing  the  l aye r  l ess  e f f i c i en t  a f t e r  a
number of  years.

The  t ype  o f  f i lEe r  se lec ted  w i l l  depend  on  the
embankmen t  g rada t i on  and  the  a rmour ing  cha rac te r i s t i c
o f  t he  p ro tec t i ve  reve tmen t .  I t  w i l l  obv ious l y  depend
ve ry  sE rong l y  on  the  i nc iden t  wave  cha rac te r i s t i cs .
F i l t e r s  a r e  l a i d  i n  s u c c e s s i v e l y  c o a r s e r  l a y e r s
s ta r t i ng  f r om Ehe  ( f i nes t )  unde r l y i ng  ma te r i a l  wh i ch
should be capable of  reta in ing the embankment  core.
The  ou te r  ( coa rse r )  l aye r  mus t  be  s tab le  unde r  t he
p reva i l i ng  open  bounda ry  cond i t i ons  wh i l e  t he
in te rmed ia te  l aye rs  w i l l  depend  upon  the  s i ze  o f  t he
unde r l y i ng  ma te r i a l .  Wh i l s t  i t  r nay  p rove  to  be
adequa te  unde r  ' no rma l  rdave  a t t ack r  t he  f i l t e r  may
become da rnaged  unde r  excep t i ona l l y  seve re  s to rms .
Once th is  happens i t  may be necessary to remove the
a rmour  l aye r  and  re -g rade  the  f i l t e r  l aye r  o r  l aye rs .

The  use  o f  syn the t i c  f i l t e r  f ab r i cs  has  i nc reased
s ign i f i can t l y  i n  recen t  yea rs .  The re  i s  now a  w ide
va r i e t y  o f  woven  o r  non - rdoven  fab r i cs  ava i l ab le ,  t he
ma jo r i t y  o f  wh i ch  a re  made  f rom po l ymer  p roduc ts  i . e .
p o l y e s t e r .  p o l y m i d e ,  p o l y e t h y l e n e ,  p o l y p r o p y l e n e  a n d
po l yac ryn i t r i l e .  The  p rope r t i es  o f  t he  va r i ous
f a b r i c s  v a r y ,  b u t  t h e i r  b a s i c  f u n c t i o n  i s  t o  s e p a r a t e ,
f i l t r a te  when  necessa ry  and  re in fo rce .  W i th  p rope r
i ns ta l l a t i on  t hey  can  p rov ide  secu r i t y  aga ins t  t he
loss  o f  r e ta ined  ma te r i a l  i n  a  more  pos i t i ve  manner
t h a n  w o u l d  b e  p o s s i b l e  w i t h  a n  a g g r e g a t e  t y p e  f i l t e r .
They  a l so  have  tens i l e  s t reng th .

The re  a re  d i sadvan tages  howeve r ,  and  these  i nc lude :

D e t e r i o r a t i o n  u n d e r  u l t r a - v i o l e t  l i g h t
( b i o - d e t e r i o r a t i o n ) .

Geotext i les



2 .  Leakage  due  to  i nadequa te  ove r l ap  o f
a d j o i n i n g  f i l t e r  s h e e t s

3 .  Ab ras ion  by  beach  ma te r i a l  o r  by  t he  co re
m a t e r i a l .

4 .  Dec rease  i n  pe rmeab i l i t y  i n  t he  l ong  Ee rm,
d u e  t o  c l o g g i n g  o f  t h e  p o r e s  o f  t h e  f i l t e r
c  I  o t h .

S y n t h e t i c  f a b r i c s  c a n  b e  w o v e n ,  k n i t t e d ,  w e l d e d  o r
spun -bonded ,  t he  t ype  mos t  app rop r i a te  depend ing  on
the composi t ion of  the embankment  and the type of
a rmour ing  requ i red .  Fo r  more  i n fo rua t i on  on  th i s
s u b j e c t  t h e  r e a d e r  i s  r e f e r r e d  t o  R a n k i l o r  ( n e f  S g ) .






