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FIGURES t 

Location map - Holland 

Cross-section of revetment at De Ruyter Boulevard, Vlissingen, Holland 

Section through Veersegat Dam, Holland 

Typical breakwater of the Eastern Scheld, Holland, built in 1 9 7 9  

Cross-section through closure dam at Brouwershaven, Holland 

Fixtone revetment in waterways at Rotterdam 

Ijmuiden breakwater, Holland, built 1962-67 

Breakwater at Zeebrugge, Belgium, built 1 9 7 9  

Zeebrugge Harbour, Belgium 



PLATE S : 

Vlissingen. Brick sea wall protected by a wide asphaltic concrete 
revetment. 

Vlissingen. Repairs to asphaltic concrete revetment. 

Westenschouwen. Low profile type stone groyne. 

Westenschouwen. Asphaltic protection to toe of dunes. 

Brouwersdam. Southern end. Artificial sand nourishment and dune 
development seaward of dam. 

Brouwersdam. Northern end. Asphalt grouted stone armouring, gabion 
drainage layer and flexible sand asphalt toe. 

Ouddorp. Surfacing of the landward face of the sand dyke using 
asphaltic concrete. 

Ouddorp. Asphalt grouted toe to seaward face of dyke. 

Rotterdam Waterway. Small scale bank improvements using asphalt grout 
and sand asphalt. 

aoek van Holland. North breakwater protected by asphalt grout and by a 
reef of large rocks. 

Scheveningen. Low profile basalt groyne. 

Bergen aan Zee. Dune stabilisation. 

Ijnuiden. Spur breakwater armoured with large concrete armour units. 

Zeebrugge. Concrete armour units protecting the new south breakwater. 

Zeebrugge. Construction of Fixtone revetment over a sand asphalt 
core. 





1 INTRODUCTION 
The purpose  of t h e  v i s i t  was t o  examine  neth hods of s e a  
d e f e n c e  no t  commonly used i n  t h e  Uni ted  Kingdom. I n  
p a r t i c u l a r  we were i n t e r e s t e d  i n  a s s e s s i n g  t h e  u s e  of 
bitumen i n  t h e  mar ine  environment and g a i n i n g  some 
i n s i g h t  i n t o  i t s  p o t e n t i a l  f o r  use  i n  c o a s t  p r o t e c t i o n  
works i n  t h e  United Kingdom. Bitumen has  been widely  
used i n  t h e  low c o u n t r i e s  i n  c o n s t r u c t i n g  s e a  dykes ,  
r eve tments  e t c .  e s p e c i a l l y  w i t h  t h e  r i s e  of t h e  
pet roleum i n d u s t r y  i n  t h e s e  c o u n t r i e s .  I n  t h e  Uni ted  
Kingdom, on t h e  o t h e r  hand, a s p h a l t i c  c o n c r e t e  and 
o t h e r  forms of b i tuminous  mixes have l a r g e l y  been 
r e s t r i c t e d  t o  t h e  c o n s t r u c t i o n  of pav ings  e t c .  I t s  
u s e  i n  t h e  mar ine  environment has  been p r i ~ n a r i l y  a s  a  
j o i n t i n g  medium. 

We a r e  g r a t e f u l  f o r  t h e  k ind  h o s p i t a l i t y  r e c e i v e d  
d u r i n g  our  v i s i t ,  p a r t i c u l a r l y  f ro~ i l  Messrs H Roos and 
A J Woestenenk of Bi tu tnar in  BV. We would a l s o  l i k e  t o  
thank Mr P  Broun of B i t u n a r ,  and M r  Van Dame of t h e  
M i n i s t r y  of P u b l i c  Works, Belgium f o r  showing us t h e  
c o n s t r u c t i o n  of t h e  new harbour  a t  Zeebrugge and t h e  
a d j a c e n t  s e a  d e f e n c e s .  F i n a l l y  we would l i k e  t o  thanlc 
t h e  Water D i r e c t o r a t e  of t h e  Department of t h e  
Environment f o r  making t h i s  v i s i t  p o s s i b l e .  The v i s i t  
was aade  w i t h i n  our  c o n t r a c t  PECD 7171055, concerned 
wi th  low c a p i t a l  c o s t  p r o t e c t i o n .  The o b s e r v a t i o n s  
made and c o n c l u s i o n s  drawn d u r i n g  t h i s  v i s i t  w i l l  be 
viewed i n  c o n t e x t  wi th  our  wider  s t u d i e s  and 
i n c o r p o r a t e d  i n  our  s e r i e s  of r e p o r t s  on t h e  s u b j e c t  
of low c o s t  c o a s t  p r o t e c t i o n .  

2 DESCRIPTION OF 
SITES INSPECTED 

V l i s s i n g e n  
17 September 

A f t e r  t r a v e l l i n g  o v e r n i g h t  from Sheerness  t o  
V l i s s i n g e n  ( F i g  1) we were n e t  by M r  Roos and 
proceeded t o  i n s p e c t  t h e  s e a  d e f e n c e s  a t  t h e  De Ruyter  
Boulevard west of t h e  p o r t  e n t r a n c e .  A t  t h e  s o u t h  
e a s t  end of t h e  Boulevard an a s p h a l t i c  c o n c r e t e  
revetment  was b u i l t  t o  p r o t e c t  a  v e r t i c a l  s e a  w a l l  
which had become i n c r e a s i n g l y  prone t o  over topp ing  
d u r i n g  g a l e s .  Apparen t ly  one of t h e  p r i n c i p a l  
n a v i g a t i o n  channe l s  t o  t h e  p o r t  had been moving 
towards t h e  s h o r e  caus ing  beach l e v e l s  t o  f a l l  and 
wave a c t i o n  t o  become i n c r e a s i n g l y  a  problem. During 
e x c e p t i o n a l l y  s e v e r e  s to rms  waves were h i t t i n g  t h e  s e a  
w a l l  w i t h  such f o r c e  t h a t  water  was a t  t imes  thrown up 
above roof t o p  h e i g h t .  A "hog backed" revetrnent was 
c o n s t r u c t e d  i n  f r o n t  of t h e  s e a  w a l l  i n  195819 t o  
reduce wave o v e r t o p p i n g  and f u r t h e r  d e t e r i o r a t i o n  of  
beach l e v e l s .  S i n c e  i t s  c o n s t r u c t i o n  nortnal wave 
a c t i v i t y  does no t  impinge upon t h e  v e r t i c a l  s e a  w a l l  
b u t  i s  d i s s i p a t e d  on t h e  r e v e t ~ n e n t  s l o p e .  The we t ted  



a r e a  s e e n  i n  P l a t e  1 shows t h e  h e i g h t  t o  which the  
w a t e r  l e v e l  r o s e  a t  t h e  p r e v i o u s  h i g h  w a t e r  
( a p p r o x i m a t e l y  mid-way be tween neap and s p r i n g  
t i d e s ) .  

A c r o s s - s e c t i o n  of t h e  r eve tmen t  i s  shown i n  F i g  2 .  
E s s e n t i a l l y  t h i s  c o n s i s t s  of a  sand  c o r e  covered  by an  
a s p h a l t i c  c o n c r e t e  s k i n .  The s k i n  has  two l a y e r s ,  t h e  
bo t tom one i n c l u d i n g  g r a v e l  and t h e  t o p  one c rushed  
s t o n e .  The two a s p h a l t i c  l a y e r s  a r e  bonded t o g e t h e r  
w i t h  a  b i t u m i n o u s  emul s ion .  

Below t h e  mean w a t e r  l i n e  t h e  r eve tmen t  i s  f a c e d  w i t h  
b a s a l t  b l o c k s  which a r e  a s p h a l t  g r o u t e d .  Waves a t  
t h i s  s i t e  a r e  l i m i t e d  i n  h e i g h t  by a  h o r i z o n t a l  berin 
of a s p h a l t  g r o u t e d  r u b b l e  a t  a  l e v e l  of -1.Om. (YLk'S'r 
i s  -2.05m and MHWST i s  +2.27m). A t  t h e  j u n c t i o n  w i t h  
t h e  o l d  w a l l  t h e  r eve tmen t  is a t  abou t  t h e  l e v e l  of 
t h e  h i g h e s t  r e c o r d e d  w a t e r  l e v e l  i . e .  +4.55m. 

When we i n s p e c t e d  t h e  r eve tmen t  i t  was c l e a r  from t h e  
p o s i t i o n  of t h e  t r a s h  l i n e s  t h a t  wave run  up does  
r e a c h  t h e  base  of t h e  w a l l  d u r i n g  s t o r m s ,  s e e  P l a t e  2 .  
The a s p h a l t i c  c o n c r e t e  s u r f a c e  was i n  good c o n d i t i o n ,  
a l t h o u g h  some s e p a r a t i o n  of t h e  two a s p h a l t i c  c o n c r e t e  
l a y e r s  had t a k e n  p l a c e  l o c a l l y .  Because of t h e  
r e l a t i v e  e a s e  of r e p a i r  i t  was d i f f i c u l t  t o  d e t e r m i n e  
how much wear and t e a r  t h e  s u r f a c e  had been s u b j e c t  t o  
o v e r  t h e  y e a r s .  A l so  t h e  s u r f a c e  had a  b l i n d i n g  c o a t  
of  c r u s h e d  g r a v e l .  T h i s  tended  t o  make i t  even  Inore 
d i f f i c u l t  t o  s p o t  any  r e p a i r s  t h a t  may have been [nade. 
The hand p i t c h e d  b a s a l t  s e t  on t h e  lower  p a r t  of t h e  
r e v e t a e n t  had o b v i o u s l y  been  damaged by wave a c t i o n .  
Y a i n t e n a n c e  was i n  f a c t  b e i n g  c a r r i e d  o u t  a t  t h e  t ime 
of t h e  v i s i t  ( P l a t e s  l and 2 ) .  Because  of t h e  s t a t e  
of t h e  t i d e  i t  was not  p o s s i b l e  t o  i n s p e c t  t h e  r u b b l e  
b a s e  of t h e  r e v e t m e n t .  S i n c e  t h e  r eve tmen t  has  been 
p r o t e c t i n g  t h e  s e a  w a l l  f o r  a b o u t  25 y e a r s  one would 
assume t h a t  t h e  c o a s t  p r o t e c t i o n  a u t h o r i t y  h a s  been  
s a t i s f i e d  w i t h  i t s  per formance .  Al though ou r  
a s s e s s m e n t  was q u i t e  c l e a r l y  s u b j e c t i v e ,  t h i s  t y p e  o f  
c o n s t r u c t i o n  looked  i m p r e s s i v e .  It would be u s e f u l  t o  
know more a b o u t  t h e  h i s t o r y  of ma in t enance  of t h i s  
r e v e t m e n t  and i t s  h y d r a u l i c  pe r fo rmance  from t h e  
a u t h o r i t y  r e s p o n s i b l e  f o r  c o a s t  p r o t e c t i o n  i n  t h i s  
a r e a .  We f e e l  t h a t  f u r t h e r  g a t h e r i n g  of i n f o r a a t i o n  
i s  v i t a l ,  p a r t i c u l a r l y  i n  view of t h e  f a c t  t h a t  a  n o t  
t o o  d i s s i m i l a r  scheme i s  now under  c o n s t r u c t i o n  a t  
P o r t h c a w l .  The P o r t h c a w l  r e v e t n e n t  w i l l  a l s o  need t o  
be mon i to red  c a r e f u l l y .  The per formance  of t h e s e  two 
schemes s h o u l d  i n d i c a t e  whe the r  t h i s  t y p e  of r e v e t m e n t  
i s  a  v i a b l e  a l t e r n a t i v e  t o  t h e  more t r a d i t i o n a l  
n e t h o d s  of c o n s t r u c t i o n  used  i n  t h e  Un i t ed  Kingdoz.  



At t h e  n o r t h e r n  end of t h e  De Ruy te r  Boulevard  t h e r e  
i s  a  wide sand  beach  on which t h e r e  is a  pe rmeab le  
g r o y n e  c o n s i s t i n g  of two l i n e s  of t imber  p i l e s  d r i v e n  
i n t o  t h e  beach .  Only t h e  t o p  3 0 0 m  o r  s o  of t h e  
g r o y n e  was v i s i b l e  above t h e  s and  s u r f a c e  s o  i t  was 
n o t  p o s s i b l e  t o  d e t e r m i n e  whe the r  t h e  p o l e s  were 
i n t e r c o n n e c t e d .  The g royne  was i n  good c o n d i t i o n .  
a e c a u s e  of i t s  p e r m e a b i l i t y  and low h e i g h t  t h e  g r o y n e  
d i d  no t  a p p e a r  t o  be  a f f e c t i n g  t h e  beach  a d v e r s e l y !  
T h e r e  was no e v i d e n c e  of d o w n d r i f t  e r o s i o n ,  no r  i n d e e d  
of  t i d a l  s c o u r  a d j a c e n t  t o  t h e  g royne  t i m b e r s .  

W e s t k a p e l l e  
W e s t k a p e l l e  i s  a  v i l l a g e  some 20 hn n o r t h w e s t  of  
V l i s s i m g e n ,  on t h e  west  c o a s t  of t h e  i s l a n d  of 
Walche ren ,  s e e  F i g  l. As a  r e s u l t  of bombing r a i d s  
p r i o r  t o  t h e  l i b e r a t i o n  of t h e  i s l a n d  by t h e  A l l i e s  
d u r i n g  World War 2  a  number of r e v e t m e n t s  were b a d l y  
damaged. The wors t  damage was t o  t h e  W e s t k a p e l l e  
w a l l ,  which p r o t e c t s  t h e  most exposed  p a r t  of t h e  
i s l a n d .  Due t o  a  s h o r t a g e  of s t o n e  and t h e  u r g e n c y  
f o r  r e p a i r  much of t h e  m a t e r i a l  was r e u s e d  from t h e  
darnaged t r a d i t i o n a l  r e v e t m e n t s .  For  example ,  b a s a l t  
b l o c k s  which were t o o  damaged f o r  r e l a y i n g  a s  
b lockwork  r e v e t m e n t s  were used  t o  c o n s t r u c t  an  a s p h a l t  
g r o u t e d  r u b b l e  f a c i n g  t o  t h e  dyke a t  t h e  no r th -wes t  
c o r n e r  of t h e  i s l a n d .  The g r o u t  was "bu lked  up" w i t h  
g r a v e l  i n  o r d e r  t o  r educe  t h e  c o s t  of t h e  mix s i n c e  
l a r g e  v o i d s  i n  t h e  r u b b l e  f a c i n g  had t o  be i n f  i l l e d .  
By L947 when t h e  s i t u a t i o n  had become more no rma l ,  
p a r t s  of t h e  W e s t k a p e l l e  r e v e t m e n t  were r e b u i l t  by 
r e s e t t i n g  b a s a l t  b l o c k s  by hand and by j o i n t i n g  them 
w i t h  a s p h a l t  g r o u t .  T h i s  o p e r a t i o n  must have been  
e x t r e m e l y  l a b o u r  i n t e n s i v e  b u t  has  proved  t o  be v e r y  
l o n g  l a s t i n g  s i n c e  t h o s e  p a r t s  of t h e  j o i n t e d  b l o c k  
r e v e t m e n t  which we i n s p e c t e d  were s t i l l  i n  s e r v i c e a b l e  
c o n d i t i o n .  The s t r u c t u r e  e x h i b i t s  a d m i r a b l e  q u a l i t i e s  
o f  workmanship,  however t h i s  t y p e  of c o n s t r u c t i o n  i s  
l a b o u r  i n t e n s i v e  and d r e s s e d  b a s a l t  s t o n e  i s  I J ~  no 
means cheap ,  s o  t h e  method i s  u n l i k e l y  t o  be a n  
economica l  form of s e a  d e f e n c e  today .  

T h e r e  a r e  a l s o  a  number of s h o r t ,  h i g h  c r i b  t y p e  
wooden g r o y n e s  a t  W e s t k a p e l l e  which w e  b c l i e v e  were 
o r i g i n a l l y  f i l l e d  w i t h  s t o n e .  T h i s  presurnab1:y h a s  now 
been  Lost  and t h e  g r o y n e s  remain  a s  two rows of 
v e r t i c a l  wooden p i l e s .  With t h e  l o s s  of f i l l  t h e  
g r o y n e s  a r e  now s t r u c t u r a l l y  l e s s  t h a n  sound and  
r e q u i r e ,  we would t h i n k ,  c o n t i n u a l  ma in t enance .  (The  
g r o y n e s  a t  V l i s s i n g e n  were s i m i l a r  i n  d e s i g n  b u t  
p r o j e c t e d  l e s s  above  t h e  mean beach  l e v e l  and  hence  
were  ' l e s s  p rone  t o  damage.) Because  of t h e  s t a t e  of 
t h e  t i d e  i t  was no t  p o s s i b l e  t o  a s s e s s  whe the r  t h e  
g r o y n e s  f r o n t i n g  t h e  b a s a l t  b l o c k  reve t rnent  were 
h a v i n g  any  e f f e c t  on t h e  l i t t o r a l  reg ime.  I n  t h e  
embayment i m m e d i a t e l y  t o  t h e  s o u t h  of t h e  r e v e t m e n t  



t h e r e  were two long low groynes of a  s i m i l a r  d e s i g n ,  
bu t  which appeared t o  be t r a p p i n g  sand more 
e f f e c t i v e l y  t h a n  t h e  s h o r t e r  h igh  groynes .  

The Dutch A u t h o r i t i e s  a r e  i n  t h e  p rocess  of b u i l d i n g  
up t h e i r  c o a s t a l  de fences  a long  t h e  e n t i r e  c o a s t  t o  
t h e  l e v e l  of t h e  D e l t a  p r o j e c t .  Th i s  means t h a t  t h i s  
a r e a  w i l l  be r e - i n s t a t e d  i n  t h e  n e a r  f u t u r e  ( t o  t h e  
e x t e n t  of demol ishing houses behind t h e  o r i g i n a l  
revetment  t o  make space  f o r  t h e  e n l a r g e d  s e a  
d e f e n c e s ) .  It would be worth  keeping i n  touch w i t h  
t h e s e  developments i f  only  t o  moni tor  t h e  performance 
and type  of t h e  new c o a s t a l  p r o t e c t i o n .  

Veersega t  Dam 
The Veersegat  dam is s i t u a t e d  a t  t h e  n o r t h  end of 
Walcheren and forms a  connec t ion  t o  t h e  i s l a n d  of 
Noord-Beveland. It i s  one of t h e  main dams of t h e  
D e l t a  p r o j e c t  which was begun a f t e r  t h e  d i s a s t r o u s  
1953 w i n t e r  f l o o d .  The aim of t h e  p r o j e c t  i s  t o  
s t r e n g t h e n  t h e  s e a  de fences  of t h e  coun t ry  and t o  
s h o r t e n  t h e  c o a s t l i n e  of t h e  s o u t h e r n  p a r t  of I lo l land.  
Veersega t  dam c o n s i s t s  e s s e n t i a l l y  of a  c o r e  of sand ,  
dredged from t h e  a d j a c e n t  s e a  bed,  wi th  an a s p h a l t i c  
c o n c r e t e  s k i n ,  s e e  F ig  3 .  The s u r f a c e  has been 
"b l inded"  by app ly ing  a  course  of s h e l l s  and f i n e  
g r a v e l  and r o l l i n g  t h e s e  i n  w h i l e  t h e  a s p h a l t i c  
s u r f a c e  was s t i l l  ho t .  The dam was f i n i s h e d  i n  t h e  
l a t e  f i f t i e s  and a  wide sand beach and dunes were 
e s t a b l i s h e d  t o  t h e  seaward by a r t i f i c i a l  nourishment.  
A s  f a r  a s  we can t e l l  t h e  c o n c r e t e  s u r f a c e  has  n o t  
been exposed t o  wave a c t i o n ;  i t  shows l i t t l e  s i g n  of 
d e t e r i o r a t i o n .  

O o s t e r s c h e l d e  B a r r i e r  
1 8  September 

The s torm s u r g e  b a r r i e r  between t h e  i s l a n d s  of 
Noord-Beveland and Schouwen-Duiveland i s  now n e a r i n g  
complet ion.  Two a r t i f i c i a l  i s l a n d s  have been 
c o n s t r u c t e d  a t  t h e  mouth of t h e  O o s t e r s c h e l d e  
i n c o r p o r a t i n g  a  s h i p  l o c k  on t h e  l a r g e r  of t h e  two, t o  
a l l o w  a c c e s s  from t h e  h i n t e r l a n d  t o  t h e  North Sea. 
Three  deep water  channels  s e p a r a t e  t h e s e  two i s l a n d s  
from t h e  s h o r e l i n e  and they a r e  des igned t o  remain 
open t o  t i d a l  f low excep t  d u r i n g  e x c e p t i o n a l l y  h igh 
t i d e s .  S i x t y  f i v e  p r e f a b r i c a t e d  c o n c r e t e  p i e r s  have 
now been p laced  i n  t h e  t h r e e  channe l s  and massive 
s t e e l  g a t e s  w i l l  be suspended and when n e c e s s a r y  s l i d  
v e r t i c a l l y  down on to  a  s i l l  beam connec t ing  each p i e r .  
The s o u t h e r n  of t h e  two i s l a n d s ,  N e e l t j e  J a n s ,  
i n c l u d e s  a  dock complex on i t s  s h e l t e r e d  e a s t e r n  f a c e ,  
a  s h i p  l o c k ,  a  power p l a n t  and t h e  c o n t r o l  c e n t r e  f o r  
t h e  o p e r a t i o n  of t h e  g a t e s .  A number of harbour  arms 
and j e t t i e s  i n  t h i s  v a s t  complex a r e  of b i tuminous  
c o n s t r u c t i o n .  The f a c i n g s  t o  t h e  reve tments  i n c l u d e  
a s p h a l t i c  g rou ted  S ton-e, a s p h a l t i c  c o n c r e t e  and 



Fixtone laid in situ and in mattress form (see 
glossary). A typical section of one of the 
breakwaters is shown in Fig 4. All these revetments 
are of recent construction. They will be subject to 
varying degrees of exposure, facing both into the 
North Sea and into the more sheltered waters of the 
Eastern scheldt. The whole island is to be a 
showpiece of Dutch engineering expertise. It should 
not, therefore, prove to be difficult to obtain 
details of the performance of the various types of 
revetment from the Rijkwaterstaadt who will be 
maintaining these defences. 

Westenschouwen 
The south-west facing coastline of the island of 
Schouwen-Duiveland has a number of basalt groynes 
which have clearly been in place for several decades, 
see Plate 3. These groynes cross a wide sand 
foreshore and appear to be partially arresting 
littoral drift which in this area is in a net 
north-west to south-east direction. Because of their 
low profile they do not appear to have trapped large 
quantities of sand but seem to have been effective in 
maintaining stable beach levels. The dunes are 
protected by a sloping asphaltic concrete revetment 
with a toe of grouted stone, see Plate 4. The 
asphaltic concrete is beginning to show signs of 
deterioration. Further north-west, where the dunes 
face the open sea and where the foreshore increases in 
width beach protection consists of groynes but the 
dunes are unprotected. Attempts are being made (by 
means of brushwood fencing) to make good wind induced 
erosion. Erosion is slight and the dune stabilization 
measures stand a fair chance of success. 

At the approaches to the bridge connecting the 
artificial island to Shouwen-Duiveland there is also 
asphaltic revetment protection, but of recent 
construction. It consists of an upper slope and 
horizontal berm made of asphaltic concrete with a 
grouted stone apron down to beach level. These 
revetments are as yet undamaged. 

Brouwersdam 
This is an enormous and impressive dam which is 
essentially a sand dyke covered with a skin of 
asphaltic concrete, see Fig 5 and Plate 5. The 
seaward toe of the dam is protected by a wide grouted 
stone revetment with gabions set into the toe for 
drainage (Plate 6). The dam connects the islands of 
Schouwen-Duiveland and Goeree-Ovevflakkee. Here 
again, as at Veersegat there is a belt of sand dunes 
on the seaward face. The belt is not continuous but 
where it disappears the foreshore is nevertheless wide 
and very flat and hence shelters the dam against 
severe wave activity. The toe of the dam is in very 



good c o n d i t i o n  some 15 y e a r s  a f t e r  being b u i l t ,  
a l t h o u g h  exposure  t o  wave a t t a c k  i n  t h i s  a r e a  i s  n o t  
s e v e r e .  (The t o e  of t h e  dam being l m  above mean s e a  
l e v e l . )  A t  t h e  t ime of our  v i s i t ,  sand was be ing  
t r a n s f e r r e d  from s o u t h  t o  n o r t h  through a  permanently 
i n s t a l l e d  pumping sys tem ( P l a t e  5 ) .  The l e n g t h  of t h e  
dam is  about  7km and t h e  d i s t a n c e  t h a t  t h e  sand was 
be ing  pumped was of a  s i m i l a r  o r d e r  of magnitude.  

Ouddorp 
The promontory a t  t h e  wes te rn  e x t r e m i t y  of 
Goeree-Ovevflakkee c o n s i s t s  of a  narrow sand dune b e l t  
which has been e r o d i n g  f o r  s e v e r a l  c e n t u r i e s .  S ince  
t h e  middle  of t h e  n i n e t e e n t h  c e n t u r y  t h e  f o r e s h o r e  h a s  
been groyned i n  an  a t t e m p t  t o  reduce e r o s i o n  and a  
number of l o n g ,  low p r o f i l e  groynes  can be found i n  
t h i s  a r e a .  The r a t e  of l i t t o r a l  t r a n s p o r t  of sand on 
t h e  upper f o r e s h o r e  appears  t o  be q u i t e  l a r g e  bu t  t h e  
groynes  a r e  too  low t o  t r a p  t h i s  e f f e c t i v e l y .  There  
a r e  a  number of ve ry  wide sand b a r s  and g u l l i e s  whose 
a l ignment  s u g g e s t s  a  n o r t h e r l y  n e t  d r i f t  of sand a long  
t h i s  f r o n t a g e .  

The s e a  d e f e n c e s  i n  t h i s  a r e a  a r e  being upgraded and 
a n  a s p h a l t i c  c o n c r e t e  revetment i s  being c o n s t r u c t e d  
over  a  sand c o r e ,  s e e  P l a t e  7. For p r o t e c t i o n  a g a i n s t  
wave a t t a c k  d u r i n g  t h e  c o n s t r u c t i o n  s t a g e  a  l i n e  of 
temporary bunds were b u i l t  some d i s t a n c e  t o  t h e  
seaward.  S h o r t l y  be fo re  our  v i s i t  t h e  bunds were 
over topped by wave a c t i o n  a l t h o u g h  no damage, a s  f a r  
a s  one could t e l l ,  was done t o  t h e  revetment .  The 
a r e a  w i l l  c l e a r l y  be s u b j e c t e d  t o  wave a t t a c k ,  u n l e s s  
mass ive  sand nourishment i s  c a r r i e d  o u t  on t h e  
f o r e s h o r e .  The performance of t h e  a s p h a l t  g r o u t e d  
s t o n e  a t  t h e  t o e  of t h e  revetment  ( P l a t e  8 )  w i l l  be 
w e l l  worth moni to r ing  i n  f u t u r e  y e a r s .  

Rotterdam Harbour 
A number of b i tuminous  reve tments  l i n e  t h e  c a n a l s  t o  
t h e  s o u t h  of t h e  main Rotterdam waterway. These 
i n c l u d e  r e v e t ~ n e n t s  of s t o n e  g rou ted  wi th  a s p h a l t ,  sand 
a s p h a l t  berms and r u b b l e  mound reve tments  
i n c o r p o r a t i n g  a  l a y e r  of F ix tone  above t h e  mean water  
l i n e ,  s e e  F ig  6 .  Most of t h e s e  have been c o n s t r u c t e d  
i n  t h e  l a s t  7-8 y e a r s .  Although our t o u r  of t h e s e  was 
b r i e f  we n e v e r t h e l e s s  o b t a i n e d  a  s t r o n g  impress ion  
t h a t  bitumen i n  one form o r  a n o t h e r  i s  used 
e x t e n s i v e l y  f o r  p r o t e c t i n g  banks i n  i n l a n d  waterways 
i n  t h i s  p a r t  of Hol land.  We were s t r u c k  by t h e  e a s e  
w i t h  which t h i s  m a t e r i a l  can be used f o r  upgrading 
e x i s t i n g  c a n a l  p r o t e c t i o n ,  c o n s t r u c t i n g  f e a t u r e s  such 
a s  a c c e s s  ramps, berms and walkways f o r  p u b l i c  use .  
P l a t e  9 shows how e a s i l y  a  berm can be c o n s t r u c t e d  
u s i n g  sand a s p h a l t ,  and t h e  t o e  of t h e  berm p r o t e c t e d  
by a s p h a l t  g rou ted  s t o n e .  



Hoek van  Ho l l and  
19 September 

Xoek van klol land (Hook of H o l l a n d )  is  on t h e  n o r t h  
s i d e  of t h e  e n t r a n c e  t o  Ro t t e rdam Harbour .  We 
i n s p e c t e d  t h e  n o r t h  b r e a k w a t e r ,  a  r u b b l e  mound 
s t r u c t u r e  which h a s  been e x t e n d e d  i n  r e c e n t  y e a r s .  
The landward  end has  a  c o n c r e t e  "promenade" w i t h  a  
wave r e t u r n  w a l l  on t h e  n o r t h  f a c e .  The s u r f a c e  
l a y e r s  of r o c k  on b o t h  t h e  n o r t h e r n  and s o u t h e r n  f a c e s  
of t h e  o l d e r  p a r t  of t h e  s t r u c t u r e  were a s p h a l t  
g r o u t e d  a b o u t  1 0  y e a r s  ago .  On t h e  exposed  n o r t h  f a c e  
of t h e  b r e a k w a t e r  t h e r e  i s  added p r o t e c t i o n  i n  t h e  
fo rm of a  r e e f  of l a r g e  s t o n e s  l a i d  p a r a l l e l  t o  t h e  
b r e a k w a t e r  a x i s ,  s e e  P l a t e  10 .  T h i s  r e e f  c a u s e s  waves 
t o  b r e a k  and r e d u c e s  t h e  amount of wave o v e r t o p p i n g  
i n t o  t h e  n a v i g a t i o n  c h a n n e l .  L a r g e  s c a l e  d r e d g i n g  h a s  
t a k e n  p l a c e  i n  t h e  a p p r o a c h e s  t o  t h e  h a r b o u r  and much 
of t h e  d redged  m a t e r i a l  ( s a n d )  pumped o n t o  t h e  
n o r t h e r n  beaches .  T h i s  has  accumula t ed  t o  form a  wide 
b u f f e r  zone between t h e  beach  and t h e  low l y i n g  
h i n t e r l a n d .  

The a s p h a l t i c  g r o u t  of t h e  b r e a k w a t e r  shows s u r f a c e  
d e t e r i o r a t i o n ,  b u t  i t  s t i l l  seems t o  be p e r f o r m i n g  
s a t i s f a c t o r i l y .  The seaward  end of t h e  b r e a k w a t e r  i s  
i n  r e l a t i v e l y  deep  wa te r  and  wave a t t a c k  i s  s u c h  t h a t  
t h e  r o c k  c o r e  h a s  had t o  be p r o t e c t e d  by a rmour ing  
w i t h  v e r y  l a r g e  p r e c a s t  c o n c r e t e  cubes .  These  a r e  
randomly p l a c e d  and t h e i r  movement s u b s e q u e n t  t o  
c o n s t r u c t i o n  i s  b e i n g  mon i to red .  M o n i t o r i n g  c o n s i s t s  
of r e c o r d i n g  t h e  p o s i t i o n  of a number of t h e  b l o c k s  
which have been  p a i n t e d  s o  a s  t o  r e semble  g i a n t  d i c e !  
Presumably  t h e i r  p o s i t i o n  i s  d e t e r m i n e d  by means of 
a e r i a l  pho tog raphy .  

Scheven ingen  
Scheven ingen  i s  a  t o u r i s t  r e s o r t  n o r t h  of Hoek van 
Ho l l and  which l i e s  a t  t h e  s o u t h e r n  end of a  wide b e l t  
of sand  dunes  which e x t e n d  n o r t h w a r d s  a l m o s t  t o  Den 
H e l d e r .  T h i s  a r e a  i s  p r o b a b l y  t h e  most w i d e l y  u sed  
s t r e t c h  of c o a s t  i n  Ho l l and  s o  f a r  a s  b a t h i n g  and 
o t h e r  wa te r -based  r e c r e a t i o n a l  a c t i v i t e s  a r e  
c o n c e r n e d .  I t  h a s  a  number of towns i n c i u d i n g  
Scheven ingen ,  which r e s e m b l e  B r i t i s h  r e s o r t s ,  t h a t  i s  
t o  s a y  t h e  wide sand  beaches  a r e  groyned and a r e  
backed by c o n c r e t e  s e a  w a l l s .  A t  Scheven ingen ,  t h e  
s e a  w a l l  i s  s i t u a t e d  w e l l  up t h e  beach  and t h e  g r o y n e s  
( P l a t e  11) a r e  of t h e  low p r o f i l e  t y p e .  The impact  on 
a d j a c e n t  beaches  ( d o w n d r i f t  e r o s i o n ,  u p d r i f t  
a c c r e t i o n ,  s c o u r  i n  f r o n t  of s e a  w a l l s )  i s  much l e s s  
marked t h a n  a t  many U n i t e d  Kingdom r e s o r t s .  The 
lower  p a r t  of t h e  beach  i s  q u i t e  f l a t  and t h e  wave 
b r e a k e r  zone v e r y  wide .  S t r o n g  o f f s h o r e  c u r r e n t s  
e v i d e n t l y  d e v e l o p  and b a t h e r s  a r e  warned n o t  t o  s w i m  
i n  t h e  v i c i n i t y  of t h e  g r o y n e s .  The g r o y n e s  c o n s i s t  
e s s e n t i a l l y  of b a s a l t  b l o c k s  g r o u t e d  w i t h  a s p h a l t .  



They were f i r s t  b u i l t  i n  t h i s  p a r t  of Holland i n  1938 
and appear  t o  have been main ta ined  i n  t h i s  form e v e r  
s i n c e .  The method of c o n s t r u c t i o n  would now probably  
be p r o h i b i t i v e  i n  c o s t  and i t  i s  q u i t e  l i k e l y  t h a t  a l l  
t h e  groynes  t h a t  we have seen  i n  Holland a r e  s e v e r a l  
decades  o l d .  Groynes of t h i s  type  whi le  having an 
i n i t i a l l y  high c a p i t a l  c o s t  a r e  much cheaper  t o  
m a i n t a i n  and probably  l a s t  a  l o t  longer  than  t h e  
t r a d i t i o n a l  wooden groynes  found a long  t h e  c o a s t l i n e  
i n  t h e  Uni ted  Kingdom. 

Bergen a a n  Zee 
Bergen i s  t o  t h e  n o r t h  of Scheveningen,  nea r  t h e  
n o r t h e r n  end of t h e  wide b e l t  of sand dunes mentioned 
above. Although i t  a p p e a r s  t o  be a  s m a l l  h o l i d a y  
r e s o r t  i t  i s  obv ious ly  h e a v i l y  used i n  t h e  summer. 
Dur ing our  i n s p e c t i o n  t h e  havoc wreaked by p e d e s t r i a n s  
was being made good ( s e e  P l a t e  1 2 ) .  The t o e  of t h e  
sand dunes was being p r o t e c t e d  by a form of f a g o t t i n g  
n o t  seen  i n  t h i s  coun t ry .  It c o n s i s t e d  of clumps of 
r u s h e s  o r  d r i e d  g r a s s e s  p laced i n  rows, presumably 
w i t h  t h e  i n t e n t i o n  of t r a p p i n g  sand.  T h i s  a r e a  i s  
exposed t o  winds blowing from t h e  north-west  over t h e  
North Sea.  Judging by t h e  s t e e p  seaward f a c e  of t h e  
dune l i n e  i t  would appear  t h a t  s e t  up of t h e  water  
l e v e l  b r i n g s  wave a c t i o n  up t o  t h e  t o e  of t h e s e  dunes.  
The p r o t e c t i o n  measures appeared t o  be somewhat h a l f  
h e a r t e d  by comparison wi th  t h e  s c a l e  of t h e  e r o s i o n  
problem. 

I jmuiden 
The p o r t  of I jmuiden i s  one of major importance  i n  
t h a t  i t  a f f o r d s  d i r e c t  a c c e s s  from t h e  North Sea t o  
t h e  i n d u s t r i a l  a r e a s  of Amsterdam, v i a  t h e  Noordzee 
Cora l .  It a l s o  g i v e  a c c e s s  t o  i n l a n d  waterways 
i n c l u d i n g  t h e  v a s t  t r a c t  of wa te r  c a l l e d  I j s s e l  meer 
( t h e  Zuider  Zee) .  The b reakwate r s  a t  t h e  e n t r a n c e  t o  
I jmuiden have been extended seaward s e v e r a l  t imes  
whi le  t h e  dock complex has  expanded t o  cope wi th  t h e  
v e r y  r a p i d  growth of pet roleum r e l a t e d  i n d u s t r i e s  i n  
t h i s  a r e a .  

We were shown around t h e  s o u t h  breakwater  by Y r  
Woestenenk, Managing D i r e c t o r  of Bi tumarin  BV. Both 
t h e  n o r t h  and t h e  s o u t h  b reakwate r s  have a  c o r e  of 
r o c k ,  covered wi th  a  2.5 metre l a y e r  of heavy s t o n e  
a s p h a l t ,  s e e  Fig  7. The p l a c i n g  of t h e  a s p h a l t  was a  
major achievement by Bi tumarin  i n  t h a t  t h e  mix 
inc luded  s t o n e s  up t o  34 kg i n  weight  and t h a t  abou t  
700,000 tonnes  of t h i s  were used t o  p r o v i d e  armouring 
f o r  some 3200 met res  l e n g t h  of breakwater .  A l a r g e  
p r o p o r t i o n  of t h i s  n i x  was l a i d  underwater .  S i n c e  
t h a t  t ime t h e  b reakwate r s  have been extended seawards  
and upgraded,  and t h e  pr imary p r o t e c t i o n  on t h e  
seaward f a c e  now c o n s i s t s  of 20 - 50 ( ? )  tonne 
c o n c r e t e  cubes .  (The cube s i z e  used depends on t h e  



r e l a t i v e  exposure  t o  wave a c t i o n  a long t h e  l e n g t h  of 
t h e  b reakwate r . )  P l a t e  1 3  shows c u b i c a l  armour b l o c k s  
p r o t e c t i n g  a  spur  breakwater  on t h e  s o u t h  s i d e  of t h e  
harbour .  

Zeebrugge 
20 September 

A t  Zeebrugge we were i n t r o d u c e d  t o  M r  L V Van Damme, 
P r i n c i p a l  Engineer  f o r  t h e  M i n i s t r y  of P u b l i c  Works, 
who i s  r e s p o n s i b l e  f o r  development of t h e  p o r t  of 
Zeebrugge. We a l s o  met M r  P  Broun of Bitumar,  
Belgium, a  s i s t e r  company of Bi tumarin  BV of Holland.  
We were shown t h e  west o u t e r  harbour  breakwater  t h e  
seaward f a c e  of which i s  p r o t e c t e d  by two l a y e r s  of 
c u b i c a l  " f l u t e d "  c o n c r e t e  b locks  weighing 25-30 
t o n n e s ,  s e e  P l a t e  14. These a r e  l a i n  on heavy q u a r r y  
s t o n e ,  which i t s e l f  p rov ides  a  cover  t o  t h e  rock c o r e  
of t h e  breakwater .  The new o u t e r  harbour  a t  Zeebrugge 
i s  a  mass ive  p r o j e c t ,  wi th  t h e  o u t e r  breakwater  be ing  
schedu led  f o r  complet ion i n  1985. E q u a l l y  impress ive  
i s  t h e  nour i shed  beach between Zeebrilgge and Zwin t o  
t h e  e a s t .  Over 9  m i l l i o n  c u b i c  n e t r e s  of sand have 
been dredged o f f s h o r e  and pumped a long  a  f r o n t a g e  of 
abou t  9  k i l o m e t r e s  t o  form a  beach about  l00 metres  
wide a t  high t i d e .  U n f o r t u n a t e l y  l i t t l e  i n f o r m a t i o n  
i s  a v a i l a b l e  on t h e  performance of t h i s  beach s i n c e  
nourishment some 6 y e a r s  ago.  I t  i s  in tended  t o  
n o u r i s h  t h i s  f r o n t a g e  wi th  a  f u r t h e r  1 m i l l i o n  c u b i c  
metres  of sand i n  t h e  nea r  f u t u r e ,  and we i n t e n d  t o  
o b t a i n  d e t a i l s  about t h i s  o p e r a t i o n  i n  due course .  

I t  was a l s o  i n t e r e s t i n g  t o  s e e  t h e  use  of F i x t o n e  and 
a s p h a l t i c  c o n c r e t e  f o r  " i n n e r "  breakwater  p r o t e c t i o n  
i n  t h e  work harbour  on t h e  e a s t  s i d e  of t h e  new 
harbour  a t  Zeebrugge, s e e  F i g s  8  and 9  and P l a t e  15. 
A l l  t h e  a s p h a l t i c  p r o t e c t i o n  i s  of r e l a t i v e l y  r e c e n t  
d a t e ,  t h e  c o n s t r u c t i o n  of t h e  new harbour  having on ly  
been begun i n  1 9 7 7 .  I n  r e l a t i v e l y  s h e l t e r e d  
c o n d i t i o n s  F ix tone  appears  t o  be an a l t e r n a t i v e  t o  
r u b b l e  mound p r o t e c t i o n  and i s  probably  a  cheaper  
p r o t e c t i v e  cover ing  t h a n  say a  c o n c r e t e  o r  masonry 
revetment .  F i x t o n e  h a s  t h e  advantage of be ing  a b l e  t o  
be e a s i l y  mainta ined and q u i c k l y  c o n s t r u c t e d .  I t s  
e a s e  of use  i s  a  p o s i t i v e  advantage over  many of t h e  
t r a d i t i o n a l  methods of r e v e t t i n g  used i n  t h e  Uni ted  
Kingdom. (One must remember, however, t h a t  s i n c e  i t  
i s  permeable i t  r e q u i r e s  a  f i l t e r  t o  p reven t  t h e  
l e a c h i n g  ou t  of f i n e s . )  We f e e l  t h a t  moni to r ing  of 
t h e  newly b u i l t  F ix tone  revetment  would be u s e f u l  
s i n c e  i t  may p rov ide  an a l t e r n a t i v e  method t o  
p r o t e c t i n g  embankments, t h e  upper p a r t s  of s e a  w a l l s ,  
e t c . ,  i n  t h e  UK. 

Kno kke-He i s t 
The Be lg ian  beaches between Zeebrugge and t h e  Dutch 
f r o n t i e r  had been e r c d i n g  f o r  some y e a r s  when t h e  
d e c i s i o n  was made t o  improve e x i s t i n g  groynes  and 



b u i l d  a  t o t a l  of 25 new ones t o  t r y  and reduce t h e  
r a t e  of beach r e c e s s i o n .  The g roynes ,  of a s p h a l t  
g r o u t e d  s t o n e  s e t s ,  b u i l t  dur ing  t h e  pe r iod  1952 t o  
1950, a r e  i n  ve ry  good c o n d i t i o n  f o r  t h e i r  age .  Some 
damage has  t aken  p l a c e  where bou lde rs  have 
s u b s e q u e n t l y  been used a s  an abutment t o  t h e  s t o n e  
s e t s .  T h i s  i s  n o t  s u r p r i s i n g  i n  view of t h e  f a c t  t h a t  
maximum wave h e i g h t s  of up t o  7 me t res  have been 
observed he re .  A t  p r e s e n t  t h e  groynes  a r e  too low t o  
be e f f e c t i v e  i n  r e t a i n i n g  t h e  mass ive  a r t i f i c i a l  sand 
f i l l  and l a r g e  b o u l d e r s  a r e  being imported t o  i n c r e a s e  
t h e i r  e f f e c t i v e  h e i g h t .  

Ostende t o  Midd lek i rke  
From Ostende westwards t o  Middlekirke  p r o t e c t i o n  
a g a i n s t  encroachment by t h e  s e a  is s i m i l a r  t o  Uni ted  
Kingdom p r a c t i c e ,  t h e  de fences  c o n s i s t i n g  of s l o p i n g  
masonry o r  c o n c r e t e  w a l l s  and groynes .  The g roynes ,  
however, a r e  of t h e  low p r o f i l e  type .  They a r e  
u b i q u i t o u s  on both  t h e  Belgium and Dutch c o a s t s  and 
a l l  appear  t o  be f a i r l y  o l d .  The c o s t  of c o n s t r u c t i n g  
new groynes  of t h i s  type  must be h i g h  and t h e r e  may 
w e l l  be a  p o l i c y  t o  m a i n t a i n  such groynes  r a t h e r  than  
c o n s t r u c t  new ones.  While t h i s  v i s i t  was n o t  in tended  
a s  a n  i n s p e c t i o n  of groyne behaviour  we f e e l  t h a t  much 
could  be l e a r n t  by f i n d i n g  ou t  about  t h e  c o a s t  
p r o t e c t i o n  phi losophy i n  t h e s e  two c o u n t r i e s  w i t h  
r e s p e c t  t o  groyne des ign .  

3 CONCLUSIONS 
During t h i s  v i s i t  we were g i v e n  t h e  o p p o r t u n i t y  t o  
i n s p e c t ,  a l b e i t  b r i e f l y ,  a  wide range of c o a s t  
p r o t e c t i o n  methods and i n  p a r t i c u l a r  t h o s e  
i n c o r p o r a t i n g  a s p h a l t i c  mixes of one t y p e  o r  a n o t h e r .  
A t  some s i t e s  t h e  exposure  t o  wave a c t i o n  was s i m i l a r  
t o  t h a t  encountered on t h e  e a s t ,  s o u t h  and I r i s h  Sea 
c o a s t s  of t h e  Uni ted  Kingdom. Some schemes have been 
i n  p l a c e  f o r  two t o  t h r e e  decades and have t h e r e f o r e  
wi ths tood  t h e  t e s t  of t ime.  Other schemes which, 
a l t h o u g h  of r e c e n t  c o n s t r u c t i o n  c l e a r l y  have p o t e n t i a l  
f o r  use  i n  t h e  marine environment.  

The f o l l o w i n g  t y p e s  of a s p h a l t i c  c o n s t r u c t i o n  appear  
t o  have c o n s i d e r a b l e  promise a s  a n  a l t e r n a t i v e  t o  t h e  
more t r a d i t i o n a l  forms of c o a s t  p r o t e c t i o n  used i n  t h e  
UK. However, a t  p r e s e n t ,  s c a n t  i n f o r m a t i o n  about  
maintenance c o s t s ,  c o s t  of c o n s t r u c t i o n ,  e t c . ,  has  
been pub l i shed .  Such i n f o r m a t i o n  w i l l  need t o  be 
o b t a i n e d  b e f o r e  f i r m  g u i d e l i n e s  can be drawn up abou t  
t h e  u s e  of a s p h a l t  a s  a  c o a s t  p r o t e c t i o n  m a t e r i a l .  

Of t h e  methods of revetment  p r o t e c t i o n  examined we 
were p a r t i c u l a r l y  impressed by Bi tumar in ' s  "F ix tone" ,  
a  p a t e n t e d  mix of gap graded s t o n e  keyed t o g e t h e r  w i t h  
a s p h a l t ,  but  m a i n t a i n i n g  a  ve ry  h igh  p o r o s i t y .  
F i x t o n e  h a s  t h e  advarl tages of not  needing compaction 



and can  a l s o  be used above o r  below t h e  wa te r  l i n e .  
A s  w i t h  many o t h e r  forms of a s p h a l t i c  c o n s t r u c t i o n  i t  
r e t a i n s  i t s  v i s c o - e l a s t i c  p r o p e r t i e s  and can t h e r e f o r e  
a d j u s t  t o  minor changes i n  p r o f i l e  wi thou t  damage. 
Although we d i d  n o t  i n s p e c t  any F i x t o n e  reve tments  
s u b j e c t  t o  a  moderate  o r  s e v e r e  wave a c t i o n  we know 
t h a t  t h i s  t y p e  of p r o t e c t i o n  h a s  performed well  under 
f u l l  s c a l e  l a b o r a t o r y  c o n d i t i o n s .  The D e l f t  
H y d r a u l i c s  Labora to ry  r e p o r t  M1942, d a t e d  J u n e  1983 
and e n t i t l e d  " F i x t o n e .  S t a b i l i t y  under wave a t t a c k "  
d e s c r i b e s  t h e s e  t e s t s ,  and a l t h o u g h  they  were c a r r i e d  
o u t  u s i n g  r e g u l a r  waves t h e y  demonstra ted t h a t  a  
F i x t o n e  revetment  l a i d  a t  a  s l o p e  of 1:3  can w i t h s t a n d  
waves of up t o  2.65 m e t r e s  ( w i t h  a  p e r i o d i c i t y  of 3 t o  
5  seconds)  wi thou t  damage. Such a  revetment  a p p e a r s  
t o  have c o n s i d e r a b l e  p o t e n t i a l ,  f o r  example, a s  a  
f a c i n g  t o  t h e  upper p a r t  of a  s e a w a l l  o r  e a r t h  
embankment. Because of i t s  p o r o s i t y  a  F i x t o n e  
revetment  u s u a l l y  r e q u i r e s  t o  be l a i n  over  a  f i l t e r  t o  
p r e v e n t  l e a c h i n g  o u t  of f i n e s  from t h e  embankment 
c o r e .  F i x t o n e  i s  wide ly  used i n  t h e  Low C o u n t r i e s  a s  
revetment  p r o t e c t i o n  i n  h a r b o u r s ,  c a n a l s  and o t h e r  
semi-she l t e red  w a t e r s .  I t s  u s e  on t h e  open c o a s t ,  
where i t  w i l l  be s u b j e c t  t o  t h e  f u l l  f o r c e  of s torm 
waves, h a s  y e t  t o  be proven. 

Dense gap-graded s t o n e  a s p h a l t  h a s  been used wide ly  i n  
t h e  Ne ther lands .  A t  I jmuiden ,  f o r  example,  i t  forms a  
p r o t e c t i v e  l a y e r  t o  t h e  c o r e  of two massive  
b reakwate rs .  Asphal t  h a s  a l s o  been used a s  a  g r o u t  t o  
s t a b i l i s e  and p r o t e c t  t h e  s t o n e  armouring on bo th  
f a c e s  of t h e  n o r t h  breakwater  a t  t h e  e n t r a n c e  t o  t h e  
Rotterdam waterway a t  t h e  Hook of Hol land .  T h i s  form 
of g r o u t i n g  a p p e a r s  s u i t a b l e  f o r  a r e a s  s u b j e c t  t o  
con t inuous  wave a c t i v i t y  and can be used bo th  above 
and below t h e  wa te r  l i n e .  I ts use  need n o t  be 
r e s t r i c t e d  t o  breakwater  and s e a  w a l l  c o n s t r u c t i o n .  
For i n s t a n c e  g r o u t i n g  of r e l a t i v e l y  s m a l l  rock may 
w e l l  p rov ide  a  v i a b l e  a l t e r n a t i v e  t o  t h e  u s e  of  
c o n c r e t e  o r  t imber  g roynes  o r  heavy rock  b a s t i o n s  on 
sandy beaches .  However, i t  could  prove a e s t h e t i c a l l y  
d i s p l e a s i n g  and may t h e r e f o r e  n o t  be s u i t a b l e  f o r  u s e  
on t o u r i s t  beaches .  I t  h a s  t h e  v e r y  r e a l  advan tage  
over  r i g i d  s t r u c t u r e s  i n  t h a t  i t  can  deform o r  conform 
t o  minor s e t t l e m e n t  ( a s  a  r e s u l t  of beach scour  f o r  
example) w i t h o u t  l o s i n g  s t r u c t u r a l  i n t e g r i t y .  

A s p h a l t i c  c o n c r e t e  when l a i d  a s  a  membrane o v e r  rock 
o r  sand f i l l  a p p e a r s  t o  have p o t e n t i a l  a s  a  revetment  
form. I n  Hol land ,  a s p h a l t i c  c o n c r e t e  i s  widely  used 
f o r  dam o r  dyke p r o t e c t i o n  above t h e  wa te r  l i n e ,  whi le  
g r o u t e d  s t o n e  a p r o n s  g i v e  t h e  n e c e s s a r y  added 
p r o t e c t i o n  a g a i n s t  wave a c t i o n  below t h i s  l e v e l .  The 
revetment  a t  V l i s s i n g e n  h a s  been i n  p l a c e  f o r  some 25 
y e a r s  w h i l e  Brouwersdam i s  now some 15 y e a r s  o l d .  The 
V l i s s i n g e n  revetment  i s  more exposed than  Brouwersdam 



and has required maintenance, as can be seen in Plates 
1 and 2 of this report. The profile of the Vlissingen 
revetment was tested in the hydraulics laboratory at 
Delft using regular waves. It is now generally 
accepted that regular waves do not represent the real 
sea state at all well. The asphaltic revetment 
presently under construction at Porthcawl, South 
Wales, was tested in the laboratory using random 
waves, albeit at a small scale. In our opinion 
assessment of the hydraulic performance of asphaltic 
structures is better made from site inspection of 
structures already in existence. There are also 
"structural" problems in the design of new asphaltic 
revetments. The two course form of construction used 
at Vlissingen is not recommended and at Porthcawl the 
asphaltic concrete is being laid as a single layer. 
While there are now more efficient binders to seal 
adjoining layers, the single course construction 
avoids problems such as the intrusion of water or wind 
blown sand which can destroy inter layer cohesion. 
For fast, effective laying down and compaction of an 
asphaltic concrete surface in the temperate climate of 
Europe single layer construction where possible is 
strongly recommended. 

The use of lean sand-asphalt should perhaps be 
restricted sheltered sites or to areas of low wave 
activity. The percentage of bitumen in sand asphalt 
is usually low, of the order of 5%. It can therefore 
provide a relatively cheap means of stabilising the 
core of sand or earth embankments. It can also be 
used as a filter layer to heavier armouring. Over- 
filling the voids in the sand filler results in what 
is commonly referred to as sand mastic. The 
composition of sand mastic can vary within wide limits 
and hence can be put to various uses. It has been 
used as a grout or laid in mattress form for toe 
protection under water. We feel that the full range 
of uses for this material has not perhaps been 
adequately explored or tested under controlled 
conditions. 

In conclusion, most of the asphaltic forms of 
construction which we examined have potential for use 
in the marine environment of the United Kingdom. 
Which are effective in terms of capital outlay and 
subsequent maintenance costs remains to be seen, but 
in our opinion the use of asphaltic forms of 
construction certainly warrants more detailed study. 

It would be extremely useful to tap this source of 
expertise to enable UK contractors to make full use of 
this largely untried form (at least in this country) 
of coastal protection. 



Some asphaltic forms of construction may look a little 
harsh aesthetically but there must be some sites in 
the UK where this would not be a serious problem. On 
parts of the east coast for instance, slag from local 
steel mills has traditionally been used in coastal 
protection. This material is now getting in fairly 
short supply and as there are no natural sources 
(large rock from stone quarries, etc) close at hand, 
asphaltic protection may well prove to be a viable 
alternative to traditional construction techniques. 

4 GLOSSARY 

Asphaltic A mixture of stone, sand, fines and bitumen. It should have 
Concrete voids ratio of 3 to 6% after compaction and is then virtually 

impermeable. Used as a watertight revetment above high 
water, or as lining for dams, canals etc. Must be laid and 
compacted in the dry. 

Asphaltic 
Grout 

Fixtone 

Mastic 

A mixture of sand, fines and with bitumen in sufficient 
quantity to overfill the voids. Applied hot, by pouring or 
hand-floating into place. Stone can be added to bulk up the 
mix, i.e. when filling in large voids. 

A proprietary name for a permeable, so called "open stone" 
asphalt, developed by Bitumarin BV. The gap graded stone 
(usually 20140 mm limestone) is bonded with mastic. It is 
very much an underfilled mix and hence very permeable. 
Fixtone can be prefabricated in mattress form, and hence can 
be laid below the water line, for example, and used as 
protection against scour. Commonly used as bank protection 
in canals etc. Also used as a revetment, generally above the 
water line. 

A mixture of sand, fines and with bitumen in sufficient 
quantity to overfill the voids. It is naturally dense and 
requires no compaction. Apart from its use as a lining 
material above and below water level it is often used as a 
grout. 

Sand Asphalt A mixture of sand with some 3 to 5% of bitumen. It has a 
permeability very similar to the sand constituent. Can be 
used as a core material for reclamation bunds, as a filter, 
or as an underlayer for heavier revetment protection. 

Dense stone A gap graded mixture of stone, sand, fines and bitumen. The 
Asphalt bitumen slightly overfills the voids and hence the material 

is impermeable. First used at Ijmuiden with very large stone 
(70 kg max) for breakwater armouring. When lighter stone is 
incorporated the asphalt can be used as a grout. 











l I 

Fig 2 Asphalt ic revet ment , Flushing , Holland 





-. 
~ g .  4 Typical. breakwater of the Eastern - Scheld, Holland, built 

in 1979 
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Fig. 6 Fixtone revetment in waterways at  Rotterdam 
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