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ABSTRACT 

A l i t e r a t u r e  review haa been conducted i n t o  the  design gu ide l ines  f o r  

concre te  block revetments i n  a c o a s t a l  environment. Both permeable and 

r e l a t i v e l y  impermeable a t ruc tu rea  have been conaidered, but no account haa 

been taken of cabl ing  o r  in t e r lock ing  of the  blocks. The var ious  hydraul ic  

loading mechaniama have been out l ined .  

Expreasiona intended t o  allow the  c a l c u l a t i o n  of wave preasures and f o r c e s  

a r e  preaented. However, many of these  a r e  i n  a  form unaui table  f o r  design 

work, based a s  they a r e  on empir ica l  c o e f f i c i e n t s  with l i t t l e  f i rm 

j u a t i f i c a t i o n .  

The r epor t  l is ts  a  number of s t a b i l i t y  c r i t e r i a  f o r  both the  p r o t e c t i v e  

o u t e r  l a y e r  and the  f i l t e r  layera  of c o a s t a l  revetmenta. The hydraul ic  

performance is a l s o  diacueeed. Recommendations a r e  made f o r  f u r t h e r  work, 

i n  the  form of model a tudiea ,  t o  improve both the  q u a n t i t y  and q u a l i t y  of 

the  a v a i l a b l e  design guidel ines .  
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t h e  f i l t e r  l a y e r s  is a s  i m p o r t a n t  t o  t h e  l o n g  term 
s t a b i l i t y  o f  t h e  r e v e t m e n t  as is t h e  d e s i g n  o f  t h e  
p r o t e c t i v e  s u r f a c e  l a y e r s .  

Impe rmeab l e  r e v e t m e n t  f a c i n g s  g e n e r a l l y  p r e v e n t  t h e  
f l o w  of  water t h r o u g h  t h e  s t r u c t u r e .  They a r e ,  
t h e r e f o r e ,  u n s u i t a b l e  f o r  u s e  o n  p e r m e a b l e  s o i l s  
u n l e s s  d r a i n a g e  o u t l e t s  and  f i l t e r  u n d e r l a y e r s  a r e  
p r o v i d e d  t o  r e l i e v e  t h e  i n t e r n a l  h y d r o s t a t i c  
p r e s s u r e s ,  which  would o t h e r w i s e  s e v e r e l y  s t ress  t h e  
s t r u c t u r e .  The s u c c e s s  of  any  impe rmeab l e  r e v e t m e n t  
f a c i n g  must  depend  on  i t s  a b i l i t y  t o  p r e v e n t  e r o s i o n  
of  t h e  s u b s o i l  d u e  t o  t h e  f i n e s  b e i n g  washed o u t .  On 
e x p o s e d  c o a s t a l  s i t e s  w i t h  a w ide  v a r i a t i o n  i n  w a t e r  
l e v e l s  and  on  dam f a c e s  s u b j e c t  t o  r a p i d  drawdown i t  
may well  p r o v e  i m p o s s i b l e  t o  r e c o n c i l e  t h e  need  For  
a d e q u a t e  d r a i n a g e  w i t h  t h e  i m p e r m e a b i l i t y  of  t h e  
s t r u c t u r e .  T h e r e f o r e  r e v e t m e n t  f a c i n g s  impe rmeab l e  t o  
wave a c t i o n  a r e  n o t  c o n s i d e r e d  f u r t h e r  i n  t h i s  
r e v i e w .  

1 . 2  E x t e n t  o f  r e v i e w  
T h i s  r e v i e w  a i m s  t o  draw t o g e t h e r  and  summar ise  t h e  
a v a i l a b l e  knowledge  on  t h e  d e s i g n  OF c o n c r e t e  b l o c k  
c o a s t a l  r e v e t m e n t s  w i t h  r e g a r d  t o  t h e i r  s t a b i l i t y  and 
h y d r a u l i c  p e r f o r m a n c e .  A l t h o u g h  t h e  t h e o r e t i c a l  
c o n s i d e r a t i o n s  are l i m i t e d  t o  ' l o o s e '  b l o c k  r e v e t m e n t s  
w i t h o u t  e i t h e r  i n t e r l o c k  o r  c a b l i n g ,  t h e  i n f l u e n c e  o f  
t h e s e  f a c t o r s  on  t h e  s t a b i l i t y  of  t h e  r eve t rnen t  is 
q u a n t i f i e d  where  p o s s i b l e .  No m e n t i o n  i s  made of  t h e  
d e s i g n  of t o e  beams o r  of  a n c h o r a g e s  Fo r  t h e  r e v e t m e n t  
s t r u c t u r e ;  i t  i s  however  a n t i c i p a t e d  t h a t  t h i s  t o p i c  
w i l l  be  c o v e r e d  i n  a  f u r t h e r  r e p o r t .  As p r e v i o u s l y  
s t a t e d ,  s t r i c t l y  impe rmeab l e  r e v e t m e n t  f a c i n g s  h a v e  
n o t  b e e n  c o n s i d e r e d ;  r e l a t i v e l y  low p e r m e a b i l i t y  
s t r u c t u r e s  c o m p r i s i n g  of  t i g h t l y  F i t t e d  c o n c r e t e  
b l o c k s  a r e ,  however ,  i n c l u d e d .  D i s t i n c t i o n s  a r e  drawn 
b e t w e e n  r e v e t m e n t s  s i t e d  on  p e r m e a b l e  and  impe rmeab l e  
s u b s o i l s ,  and  t h e  d e s i g n  c r i t e r i a  f o r  f i l t e r  l a y e r s  
a r e  a l s o  r e v i e w e d ,  b u t  o n l y  t o  t h e  e x t e n t  t o  which  
t h e y  a p p l y  t o  c o a s t a l  r e v e t m e n t s .  

D u r i n g  t h e  c o u r s e  o f  t h i s  r e v i e w  i t  q u i c k l y  became 
a p p a r e n t  t h a t  a v a r i e t y  of  d i E f e r e n t  measu re s  of  wave 
h e i g h t  ( i e  a maximum and  s i g n i f i c a n t  h e i g h t  f o r  random 
waves and  a r e g u l a r  wave h e i g h t )  had been  u sed  
t h r o u g h o u t  t h e  r e l e v a n t  l i t e r a t u r e .  However,  i n  many 
cases, t h e  p a r t i c u l a r  m e a s u r e  o f  wave h e i g h t  u sed  was 
n o t  e x p l i c i t l y  d e c l a r e d .  Thus ,  i n  t h i s  r e p o r t ,  where  
a wave h e i g h t  was c l e a r l y  d e f i n e d  i t  i s  s o  u s e d ,  
however  where  t h e r e  i s  u n c e r t a i n t y  a b o u t  a p a r t i c u l a r  
measu re  of  wave h e i g h t  i t  i s  d e f i n e d  i n  t h i s  r e p o r t  as 
H ,  a n o m i n a l  d e s i g n  wave h e i g h t .  



1.3 O u t l i n e  of r e p o r t  
The h y d r a u l i c  l o a d i n g  mechanisms f o r  r eve tments  under 
wave a c t i o n  a r e  reviewed i n  Chap te r  2. P a r t i c u l a r  
r e f e r e n c e  i s  made t o  q u a s i - s t a t i c  p r e s s u r e  d i f f e r e n c e s  
and t o  wave impact l o a d s  on s loped  revetments .  
Chap te r  3 p r e s e n t s  c u r r e n t  d e s i g n  formulae  f o r  both  
t h e  p r o t e c t i v e  armour l a y e r  and t h e  f i l t e r  u n d e r l a y e r s  
of c o n c r e t e  b lock reve tments .  Methods of improving 
t h e  s t a b i l i t y  a r e  b r i e f l y  reviewed, and, where 
p o s s i b l e ,  an  e s t i m a t e  of t h e  p o t e n t i a l  s t a b i l i t y  g a i n  
i s  g i v e n .  The h y d r a u l i c  performance of c o n c r e t e  b lock  
c o a s t a l  r eve tments  is c o n s i d e r e d  i n  Chapter  4. The 
l i m i t e d  number of r e f e r e n c e s  concern ing  t h e  wave 
run-up, o v e r t o p p i n g  and r e f l e c t i o n  c h a r a c t e r i s t i c s  of 
t h e s e  s t r u c t u r e s  a r e  reviewed and t h e  a v a i l a b l e  d a t a  
compared t o  t h a t  f o r  impermeable revet lnents .  
T e n t a t i v e  c o r r e c t i o n  f a c t o r s  f o r  c o n c r e t e  b lock  
reve tments  a r e  sugges ted .  Chap te r  5 draws t o g e t h e r  
t h e  c o n c l u s i o n s  a r i s i n g  from t h i s  review. 
Recommendations a r e  made f o r  f u r t h e r  r e s e a r c h  
f o l l o w i n g  which d e t a i l e d  d e s i g n  g u i d e l i n e s  may be 
f o r m u l a t e d .  

2 HYDRAULIC WADING 
CONDITIONS 

2.1 General  
The p r i n c i p a l  f o r c e s  on c o a s t a l  r eve tments  a r e  those  
due t o  t h e  a c t i o n  of waves. These waves may be 
b r o a d l y  c l a s s i f i e d  i n t o  two c a t e g o r i e s ,  t h a t  i s  
l o c a l l y  g e n e r a t e d  wind waves and d i s t a n t l y  g e n e r a t e d  
s w e l l  waves. The h e i g h t  of l o c a l l y  g e n e r a t e d  waves 
depends p r i n c i p a l l y  upon, 

a )  t h e  wind speed 

b) t h e  d u r a t i o n  f o r  which i t  has  been blowing 

c )  t h e  e f f e c t i v e  f e t c h  l e n g t h  o v e r  which i t  a c t s  

d )  t h e  average  d e p t h  of wa te r  over  t h a t  f e t c h  

e )  t h e  p r e - e x i s t i n g  s e a  s t a t e .  

The h e i g h t  of s w e l l  waves a l s o  depends on t h e s e  
p a r a m e t e r s  but  measured a t  t h e  d i s t a n t  l o c a t i o n  a t  
which t h e  waves were g e n e r a t e d ,  and a t  a l l  
i n t e r m e d i a t e  p o i n t s  on t h e i r  r o u t e  t o  t h e  c o a s t .  Over 
l o n g  d i s t a n c e s  s w e l l  waves a r e  s u b j e c t e d  t o  two 
g r a d u a l  changes ,  t h a t  i s  a l o s s  of h e i g h t  and a n  
i n c r e a s e  i n  wave p e r i o d .  T h i s  i n c r e a s e  i n  p e r i o d  i s  
of p a r t i c u l a r  importance  f o r  c o n c r e t e  b lock  
r e v e t m e n t s ,  where t h e  s t a b i l i t y  is  s t r o n g l y  dependent  
on wave p e r i o d .  



As waves  p r o p a g a t e  f rom d e e p  t o  s t ~ a l l o w e r  w a t e r  t h e y  
a r e  s u b j e c t  t o  a  number o f  e f f e c t s  wh ich  r e s u l t  i n  t h e  
waves  b o t h  s t e e p e n i n g  and s w i n g i n g  round  t o  a p p r o a c h  
t h e  c o a s t  more n o r m a l l y .  T h i s  s t e e p e n i n g  of  t h e  waves  
i n c r e a s e s  up t o  a c r i t i c a l  l i m i t  a t  wh ich  t h e  waves 
b r e a k .  F o r  waves  b r e a k i n g  on  a  s l o p e  s e v e r a l  
d i f f e r e n t  b r e a k e r  t y p e s  c a n  be d i s t i n g u i s h e d  d e p e n d i n g  
upon t h e  wave s t e e p n e s s  and  t h e  g r a d i e n t  o f  t h e  s l o p e .  
T h e s e  are s p i l l i n g ,  p l u n g i n g ,  c o l l a p s i n g  and  s u r g i n g  
b r e a k e r s .  T h e s e  b r e a k e r  t y p e s  w i l l  d i f f e r  b o t h  i n  
t h e i r  e n e r g y  d i s s i p a t i o n  c h a r a c t e r i s t i c s  and  i n  t h e  
f o r c e s  t h e y  e x e r t  upon t h e  s l o p e .  The b e h a v i o u r  o f  
s u c h  b r e a k e r  t y p e s  is d i s c u s s e d  by many a u t h o r s .  F o r  
f u r t h e r  d  1s t h e  i n t e r e s t e d  r e a d e r  is r e f e r r e d  t o  
P e r e g r i n e  

2 . 2  E x t e r n a l  l o a d i n g  
The  s t a b i l i t y  o f  a  c o n c r e t e  b l o c k  r e v e t m e n t  i s  
d e p e n d e n t  upon b o t h  t h e  c h a r a c t e r i s t i c s  o f  t h e  
r e v e t l n e n t  and  upon t h e  l o a d s  a p p l i e d  t o  i t .  S i n c e  t h e  
r e v e t m e n t  may f a i l  by e r o s i o n  of  i t s  f i l t e r  l a y e r s  
u n d e r  medium b u t  f r e q u e n t l y  o c c u r r i n g  l o a d s ,  a s  w e l l  
a s  by d i r e c t  e x c e s s i v e  l o a d i n g ,  p a r t i c u l a r  i m p o r t a n c e  
s h o u l d  be a t t a c h e d  t o  t h e  f r e q u e n c y  of  o c c u r r e n c e  of  
s p e c i f i c  l o a d s  a t  s p e c i f i c  l o c a t i o n s  OII t h e  s t r u c t u r e .  
T h e s e  l o a d s  a r e ,  howeve r ,  d i f f i c u l t  t o  q u a n t i f y  and  
f o r  h y d r a u l i c  l o a d i n g ,  a t  l e a s t ,  are s u b j e c t  t o  a  
number of v a r i a b l e s :  

- wave h e i g h t s  and  p e r i o d s  

- a n g l e  o f  wave a t t a c k  

- t y p e  and  l o c a t i o n  of  b r e a k i n g  wave 

- g r o u p i n g  of  waves  

- wave run-up  

- t i d a l  l e v e l s  

- c u r r e n t s  

~ t e p h a n ( ~ )  c o n s i d e r s  t h a t  t h e r e  a r e  two main 
c a t e g o r i e s  o f  wave l o a d i n g  on  r e v e t m e n t s :  

a )  s h e a r  f o r c e s  t a n g e n t i a l  t o  t h e  s l o p e  p roduced  by  
wave run-up/run-down 

b )  c o m p r e s s i v e  f o r c e s  n o r m a l  t o  t h e  s l o p e  p roduced  
by wave i m p a c t  l o a d i n g s  and  q u a s i - s t a t i c  p r e s s u r e  
e f  f e c t s  

p i l a r c z y k ( ' )  g o e s  f u r t h e r  t h a n  t h i s  and  i d e n t i f i e s  



e i g h t  s e p a r a t e  l o a d i n g  mechanisms  f o r  c o n c r e t e  b l o c k s  
u n d e r  wave a c t i o n .  T h e s e  mechanisms are shown 
s c h e m a t i c a l l y  i n  F i g u r e  1 and  o u t l i n e d  below.  

Mechanism 1: - A f t e r  t h e  wave h a s  b r o k e n  and  t h e  wave 
run-up h a s  r e a c h e d  i t s  maximum l e v e l ,  t h e  w a t e r  o n  t h e  
s l o p e  s t a r t s  t o  f l o w  back  u n d e r  t h e  i n f l u e n c e  of  
g r a v i t y .  D u r i n g  t h i s  p h a s e  t h e  p r e s a u r e s  o n  t h e  
r e v e t m e n t  are r e d u c e d .  I f ,  howeve r ,  t h e  r e v e t m e n t  is 
h y d r a u l i c a l l y  rough  t h i s  r e t u r n  f l o w  may r e s u l t  i n  
s e c o n d a r y  d r a g ,  i n e r t i a  and l i f t  f o r c e s .  

Mechanism 2:- D u r i n g  t h e  r e t u r n  f l o w  s t a g e  w a t e r  may 
p e n e t r a t e  be tween  t h e  b l o c k s  i n t o  t h e  f i l t e r  l a y e r s .  
S i n c e  t h e  wave run-up i s  g e n e r a l l y  g r e a t e r  t h a n  t h e  
wave draw-down, r e l a t i v e  t o  t h e  s t i l l  w a t e r  l e v e l ,  
s e e p a g e  i n t o  t h e  r e v e t m e n t  c a n  t a k e  p l a c e  o v e r  a 
l a r g e r  a r e a  t h a n  s e e p a g e  o u t  of  t h e  r e v e t m e n t .  
C o n s e q u e n t l y ,  t h e r e  is  a n  i n c r e a s e  i n  t h e  p h r e a t i c  
l e v e l  w i t h i n  t h e  f i l t e r  l a y e r s ,  and  t h r o u g h  t h i s  a n  
i n c r e a s e  i n  t h e  u p l i f t  p r e s s u r e s  on  t h e  r e v e t m e n t .  
T h i s  e f f e c t  is ,  however ,  d e p e n d e n t  upon t h e  r e l a t i v e  
p e r m e a b i l i t y  o f  t h e  c o n c r e t e  b l o c k  l a y e r  a n d  t h e  
f i l t e r  l a y e r s ,  and  upon t h e  geome t ry  of  t h e  r e v e t m e n t .  
I t  i s  a l s o  c u m u l a t i v e  f o r  a  number o f  waves .  

Mechanism 3:- A s  t h e  f o l l o w i n g  wave a p p r o a c h e s  t h e  
s l o p e  a g e n e r a l  i n c r e a s e  i n  t h e  p r e s s u r e s  on  t h e  s l o p e  
o c c u r s .  T h e s e  p r e s s u r e s  may t h e n  be  t r a n s m i t t e d  
t h r o u g h  t h e  f i l t e r  l a y e r  i m m e d i a t e l y  i n  f r o n t  of  t h e  
wave r e s u l t i n g  i n  a n  i n c r e a s e  i n  u p l i f t  p r e s s u r e s  
b e n e a t h  t h e  r e v e t m e n t .  T h e s e  u p l i f t  p r e s s u r e s  w i l l ,  
howeve r ,  o n l y  o c c u r  o v e r  a l i m i t e d  a r e a  i m m e d i a t e l y  
a d  j o i n i n g  t h e  wave f r o n t .  

Mechanism 4:- P r i o r  t o  t h e  wave b r e a k i n g  t h e r e  a re  
a l s o  c o n s i d e r a b l e  c h a n g e s  o c c u r r i n g  i n  t h e  waves '  
i n t e r n a l  v e l o c i t y  f i e l d  as t h e  s t r e a m l i n e s  s t a r t  t o  
c u r v e  upwards .  T h e s e  c h a n g e s  c a n  r e s u l t  i n  a 
r e d u c t i o n  of  p r e s s u r e s  above  t h e  r e v e t m e n t  w h i c h ,  i n  
t u r n ,  w i l l  l e a d  t o  a n  i n c r e a s e  i n  t h e  p r e s s u r e  
g r a d i e n t  a c r o s s  t h e  s t r u c t u r e .  

Mechanism 5:- I f  t h e  wave b r e a k s  on  t h e  s l o p e  i t  
w i l l  c a u s e  a n  i m p a c t  l o a d i n g ,  wh ich  w i l l  r e s u l t  i n  a  
s e v e r e ,  b u t  s h o r t - l i v e d  i n c r e a s e  i n  p r e s s u r e .  T h i s  
i n c r e a s e  i n  p r e s s u r e  c a n  be  t r a n s m i t t e d  t h r o u g h  t h e  
f i l t e r  l a y e r s  l e a d i n g  t o  t h e  o c c u r r e n c e  o f  
n e a r - i n s t a n t a n e o u s  u p l i f t  p r e s s u r e s  b e n e a t h  t h e  
r e v e t m e n t .  

Mechanism 6:- A f t e r  t h i s  s h o r t  l i v e d  phenomenon 
t h e r e  i s  a s u d d e n ,  l a r g e  i n c r e a s e  i n  p r e s s u r e  a s  a 
r e s u l t  o f  t h e  mass of  t h e  wave f a l l i n g  b a c k  o n t o  t h e  
s l o p e .  T h i s  p r e s s u r e  may p r o p a g a t e  t h r o u g h  t h e  f i l t e r  
l a y e r s ,  j u s t  i n  f r o n t  o f  t h e  p o i n t  where  t h e  wave 



broke,  a g a i n  l e a d i n g  t o  t h e  occur rence  of u p l i f t  
p r e s s u r e s  on t h e  revetment .  

Mechanism 7:- Subsequent  t o  t h e  mass of t h e  wave 
s t r i k i n g  t h e  revetment  t h e r e  Inay be a  l a r g e  r e d u c t i o n  
i n  p r e s s u r e s  on t h e  s l o p e ,  even t o  the  e x t e n t  of 
n e g a t i v e  p r e s s u r e s  ( i e ,  below a tmospher ic )  occurring. 
T h i s  phenomenon can  be a s c r i b e d  t o  t h e  o s c i l l a t i o n s  of 
t h e  a i r  pocket  e n c l o s e d  w i t h i n  t h e  b r e a k i n g  wave. The 
e x t r e m e l y  low p r e s s u r e s  g e n e r a t e d  may i n  t h e ~ n s e l v e s  be 
r e s p o n s i b l e  f o r  t h e  f a i l u r e  of t h e  revetment  a s  a  
r e s u l t  of t h e  g r e a t l y  i n c r e a s e d  p r e s s u r e  g r a d i e n t  
a c r o s s  i t .  

Mechanism 8:- A f t e r  t h e  wave has  broken run-up a g a i n  
t a k e s  p l a c e .  Dur ing t h i s  l a s t  s t a g e  p r e s s u r e s  on t h e  
revetment  i n c r e a s e .  There  a r e ,  however, no c r i t i c a l  
c o n d i t i o n s  provided t h a t  t h e  s l o p e  i s  smooth and 
b l o c k s  have no t  been p a r t l y  r a i s e d  a s  a  r e s u l t  of 
p r e v i o u s  p r e s s u r e  e f f e c t s .  

( 8 )  The Dutch "Guide t o  Concre te  Dyke Revetments" , 
(CUR-VD) conc ludes  t h a t  l o a d l n g  mechanisms 2 and 3 
( q u a s i - s t a t i c  p r e s s u r e  d i f f e r e n c e s ,  and p r e s s u r e s  due 
t o  t h e  approach ing  wave f r o n t )  a r e  of p a r t i c u l a r  
impor tance  t o  t h e  s t a b i l i t y  of l o o s e  b lock  reve tments .  
CUR-VB a l s o  emphasises  t h a t  t h e  l o a d i n g  mechanisms 
l i s t e d  above canno t  be c o n s i d e r e d  s e p a r a t e l y ,  and 
combina t ions  of t h e s e  mechanisms w i l l  occur  and may be 
r e s p o n s i b l e  f o r  f a i l u r e  of t h e  revetment .  

2 .3  q u a s i - s t a t i c  
p r e s s u r e  
d i f f e r e n c e s  

The D e l f t  H y d r a u l i c s  and S o i l  l l echan ics  l s b o r a t o r l e s  
have j o i n t l y  developed a  mathemat ica l  model f o r  
revetment  s t a b i l i t y  under q u a s i - s t a t i c  p r e s s u r e  
d i f f e r e n c e s .  Th i s  model i r i e f l y  repor teq8Py den  
Boer,  Ken te r  and P i l a r c z y k t g P  and by CUR-VB . The 
model, a l t h o u g h  c la imed t o  be a b l e  t o  cope w i t h  a l l  
t h e  q u a s i - s t a t i c  phenomena d e s c r i b e d  i n  S e c t i o n  2 . 2 ,  
h a s  s o  f a r  on ly  proved r e a s o n a b l y  s u c c e s s f u l  i n  
p r e d i c t i n g  pore p r e s s u r e s  f o r  mechanisms 2 and 3. I t  
h a s ,  however, demons t ra ted  t h a t  t h e  r e l a t i v e  
p e r m e a b i l i t y  between t h e  p r o t e c t i v e  s u r f a c e  l a y e r  and 
t h e  u n d e r l y i n g  f i l t e r  l a y e r s  i s  of g r e a t  importance  t o  
t h e  o v e r a l l  s t a b i l i t y  of t h e  reve tment .  It i s  
sugges ted  t h a t  t h i s  r e l a t i v e  p e r m e a b i l i t y  may b e s t  be 
e x p r e s s e d  i n  terms of a  n o t i o n a l  seepage l e n g t h ,  h, 
a s  

k  # h = s i n  a (bD F) 
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c o n s e r v a t i v e  d e s i g n  a p p r o a c h .  However,  i n  t h e  
d e r i v a t i o n  of  t h e  f o r m u l a  no a c c o u n t  was t a k e n  of  t h e  
e f f e c t s  of f r i c t i o n ,  r e l a t i v e  s u r f a c e  l a y e r f f i l t e r  
l a y e r  p e r m e a b i l i t i e s  o r  of  t h e  f i l t e r  l a y e r  t h i c k n e s s .  
F u r t h e r m o r e  t h e  f o r m u l a  i s  o n l y  a p p l i c a b l e  t o  
q u a s i - s t a t i c  p r e s s u r e  l o a d i n g s  and  d o e s  n o t  i n c l u d e  
l o a d i n g s  d u e  t o  wave i m p a c t  p r e s s u r e s .  

Blaauw e t  a1 ( l 1 )  p r e s e n t  a  v e r y  s i m i l a r  f o r m u l a  f o r  
t h e  d e s i g n  of  r e v e t m e n t s  on  i n l a n d  wate rways : -  

H = c o s  a n KI 
where  K I  i s  a n  e m p i r i c a l  c o e f f i c i e n t  d e p e n d i n g  upon  

f r i c t i o n / i n t e r l o c k  be tween  b l o c k s  and  upon 
t h e  p o r o s i t y  of  t h e  r e v e t m e n t  

F o r  s h i p  waves s u g g e s t e d  v a l u e s  o f  K are 0.2  f o r  f r e e  
b l o c k s  and  0 .15  f o r  b l o c k s  w i t h  t h e  j o i n t s  i n f i l l e d  
w i t h  g r a v e l .  A l t h o u g h  t h e  fo rmu la  s u p p o s e d l y  i n c l u d e s  
t h e  wide r a n g i n g  p e r m u t a t i o n s  of F r i c t i o n  and  
p e r m e a b i l i t y  w i t h i n  a s i n g l e  c o e f f i c i e n t ,  i t  d o e s  n o t ,  
b e i n g  d e v e l o p e d  For  s h i p  waves ,  i n c l u d e  t h e  e f f e c t s  of  
wave p e r i o d .  I n d e e d ,  n  o f  t h i s  f o r m u l a  w i t h  
t h a t  d e v e l o p e d  by P i l a r c z y k  compaff8? i n d i c a t e  t h a t  Blaauw'  S 

f o r m u l a  i s  v a l i d  o n l y  f o r  o n e  p a r t i c u l a r  v a l u e  of t h e  
I r i b a r r e n  number ( I r  = 1 . 2 5 ) ,  and  c a n n o t ,  t h e r e f o r e ,  
be  c o n s i d e r e d  a p p l i c a b l e  t o  r e v e t m e n t s  s u b j e c t  t o  wind 
a n d f o r  s w e l l  waves.  

2 .4  Wave i m p a c t  
l o a d i n g  

R e s e a r c h  i n  West Germany by ~ t e ~ h a n ( ~ ) ,  and  Boe lke  a n d  
~ e l o t i u s ( l ~ )  h a s  t e n d e d  t o  c o n c e n t r a t e  on t h e  wave 
i m p a c t  l o a d i n g  of  r e v e t m e n t s  r a t h e r  t h a n  on  
q u a s i - s t a t i c  p r e s s u r e  d i f f e r e n c e s .  S t e p h a n ,  i n  a  
series o f  model  t e s t s ,  q u a l i t a t i v e l y  c o n s i d e r e d  t h e  
d i s t r i b u t i o n  of p r e s s u r e s ,  r e s u l t i n g  f r o m  wave 
i m p a c t s ,  For a v a r i e t y  o f  d i f f e r e n t  r e v e t m e n t  
c o n s t r u c t i o n s .  T h e s e  p r e s s u r e  d i s t r i b u t i o n s  a r e  g i v e n  
i n  F i g u r e  2. I n  t h e  case of  c l o s e d  ( s o l i d )  
r e v e t m e n t s ,  p r e s s u r e s  g e n e r a t e d  by t h e  i m p a c t  s h o c k  
l o a d i n g  c a n  be  t r a n s m i t t e d  t h r o u g h  t h e  p r o t e c t i v e  
s u r f a c e  l a y e r  v i a  e x i s t i n g  c r a c k s .  T h e s e  p r e s s u r e s  
may t h e n  r e s u l t  i n  u p l i f t  f o r c e s  on t h e  r e v e t m e n t  
i t s e l f  ( F i g  2 a ) .  C o n c r e t e  b l o c k  r e v e t m e n t s  are l o a d e d  
i n  a  similar way, however  i n  t h i s  c a s e ,  t h e  a d j a c e n t  
j o i n t s  w i l l  h a v e  a r e l i e v i n g  e f f e c t ,  ( F i g  2 b ) ,  t h e  
e x t e n t  of  wh ich  d e p e n d s  on  t h e  i n t e r b l o c k  bond ing .  I f  
t h e  b l o c k s  are v e r t i c a l l y  bonded ( F i g  2 c )  t h e r e  w i l l  
be a n  i n i t i a l  dampening  o f  t h e  s h o c k  p r e s s u r e s  a s  t h e y  
p e n e t r a t e  t h e  r e v e t m e n t .  A d j a c e n t  j o i n t s  w i l l  n o t ,  
howeve r ,  be a b l e  t o  r e l i e v e  t h e  p r e s s u r e s  t o  t h e  
e x t e n t  t h a t  would o c c u r  w i t h  b l o c k s  w i t h o u t  i n t e r l o c k  
and  t h e  p r e s s u r e s ,  a l t h o u g h  less ,  would be  d i s t r i b u t e d  



over a  l a r g e r  a r e a  ( i . e . ,  t o  more b l o c k s ) .  For  any 
b lock  revetment  t h e  d i s t r i b u t i o n  of shock p r e s s u r e s  i s  
l a r g e l y  dependent upon t h e  s i z e  of t h e  b l o c k s ,  the  
wid th  of t h e  j o i n t s  and t h e  p a t t e r n  of t h e  a p p l i e d  
p r e s s u r e  f i e l d  produced by t h e  wave a c t i o n .  1f the  
s p a c i n g  between t h e  j o i n t s  i s  t o o  s m a l l ,  a d d i t i o n a l  
shock p r e s s u r e s  may be t r a n s m i t t e d  through a d j a c e n t  
j o i n t s  r e s u l t i n g  i n  a  s u p e r i m p o s i t i o n  o f  t h e  
d e t e r m i n a t i v e  u p l i f t  f o r c e s  ( F i g  2g) .  F i l t e r  l a y e r s  
a r e  a l s o  p a r t i c u l a r l y  impor tan t  t o  t h e  t r a n s m i s s i o n  of  
shock p r e s s u r e s ,  and p r e s s u r e  d i s t r i b u t i o n s  w i l l  be 
d i f f e r e n t  f o r  homogeneous s u b - s o i l s  w i t h o u t  f i l t e r  
l a y e r s  ( F i g  2 d ) ,  f o r  s u b - s o i l s  w i t h  f a b r i c  f i l t e r s  
( F i g  2 e ) ,  and f o r  g r a n u l a r  f i l t e r s  ( F i g  2 f ) .  

The d e g r e e  of shock p r e s s u r e  l o a d i n g  from wave impac t s  
a p p e a r s  t o  be p a r t i c u l a r l y  dependent upon t h e  s l o p e  of 
t h e  reve tment ,  which t o g e t h e r  wl th  t h e  wave s t e e p  
d e t e r m i n e s  t h e  b r e a k e r  type .  Boelke and R e l o t i u s  ?f 99 
c a r r i e d  ou t  a  s e r i e s  of model t e s t s  on s l o p e s  of 
d i f f e r e n t  i n c l i n a t i o n  and concluded t h a t  a  1 : 3  s l o p e  
e x p e r i e n c e d  t h e  h i g h e s t  and most f r e q u e n t  shock 
p r e s s u r e s  from wave impact l o a d i n g .  They a l s o  found 
t h a t  f o r  s l o p e s  l y i n g  between 1:4  and 1:6, t h e  shock 
p r e s s u r e s  occur red  i n  a n  a r e a  from O.hHs below s t i l l  
wa te r  l e v e l  t o  0.3Hs above s t i l l  wa te r  l e v e l ,  wliere Hs 
i s  t h e  s i g n i f i c a n t  wave h e i g h t .  On t h e s e  s l o p e s  t h e  
maximum f requency  occur red  0.5Hs below s t i l l  wa te r  
l e v e l .  On s l o p e s  f l a t t e r  than 1 : 3  t h e  shock p r e s s u r e s  
were found t o  be reduced by the  dampening e f f e c t  of 
t h e  r e t u r n i n g  w a t e r  from t h e  p r e v i o u s  wave. 

A s i m i l a r  t r e n d ,  hal low s l o p e s  S observed by 
Gres lou  and Montaz f9147 and W h i l l o c k t l ' ~ ,  t h e  l a t t e r  
a l s o  o b s e r v i n g  t h a t  t h e  maxi~num u p l i f t  p r e s s u r e  due t o  
wave impacts  o c c u r s  t below t h e  impact a r e a .  
Boelke and R e l o t i u s  ("5 a l s o  c a r r i e d  o u t  f i e l d  t e s t s  
t o  c o n f i r m  t h e i r  model r e s u l t s .  From t h o s e  t e s t s  they  
concluded t h a t  t h e  random phenomenon of shock p r e s s u r e  
impac t s  was b e s t  d e s c r i b e d  by a  Gauss ian log-normal 
d i s t r i b u t i o n .  

For s l o p e s  s t e e p e r  t h a n  1:1, F u h r b o t e r  ( l 7 )  deve loped  
t h e  f o l l o w i n g  e q u a t i o n  f o r  t h e  rnaxitnum shock p r e s s u r e ,  
P,,,, due t o  wave impacts :  

wliere v  i s  v e l o c i t y  a c t i n g  normal t o  t h e  s l o p e ,  
d e f i n e d  a s :  

and yb  i s  d i s t a n c e  from b r e a k e r  c r e s t  t o  bed 



n  i s  s l o p e  i n c l i n a t i o n  

c i s  v e l o c i t y  of sound i n  w a t e r  

a is  s h o c k  p r e s s u r e  number, = (r . 
EL i s  mean e l a s t i c i t y  of a i r  

E i s  e l a s t i c i t y  of w a t e r  

R i s  h y d r a u l i c  r a d i u s  of impac t  a r e a  

D, i s  a r e p r e s e n t a t i v e  t h i c k n e s s  of t h e  
i n c l u d e d  a i r  c o n t e n t  

p i s  d e n s i t y  of w a t e r  

By making s e v e r a l  s i m p l i f y i n g  a s s u m p t i o n s  and  u s i n g  
d a t a  o b t a i n e d  f rom a  s t u d y  of jet  i m p a c t s  on s l o p e s ,  
F u h r b o t e r  t h e n  r educed  e q u a t i o n s  2 . 4  and  2.5  t o :  

where H B  i s  t h e  b r e a k i n g  wave h e i g h t .  

A similar e q u a t i o n  i s  p r e s e n t e d  i n  t h e  Du tch  
p u b l i c a t i o n  "The u s e  of  a s p h a l t  i n  h y d r a u l i c  
e n g i n e e r i n g " ,  ( l 8 )  

where  H is a nominal  wave h e i g h t  

g  i s  a c c e l e r a t i o n  d u e  t o  g r a v i t y  

q  i s  a n  e m p i r i c a l  f a c t o r  r e l a t i n g  t o  s l o p e  

T h i s  e q u a t i o n  h a s  a much s i m p l e r  d e r i v a t i o n  t h a n  t h o s e  
o f  F u h r b o t e r .  However, t h e  e f f e c t  o f  t h e  s l o p e  i s  
a c c o u n t e d  f o r  p u r e l y  by a n  e m p i r i c a l  f a c t o r  which may 
be  p a r t l y  d e p e n d e n t  upon t h e  test  c o n d i t i o n s  u n d e r  
which  i t  was o b t a i n e d .  T y p i c a l  v a l u e s  f o r  q a r e  g i v e n  
below: 

S l o p e  4  

I n  g e n e r a l  t h e  v a l u e 6  g i v e n  by t h e  Dutch  t e n d  t o  c o v e r  
t h e  s l o p e s  most  commo~ily used i n  c o a s t a l  r e v e t m e n t s .  
However, i t  may be  p o s s i b l e  t o  d e r i v e  a s i n g l e  s l o p e  



f u n c t i o n  a p p l i c a b l e  t o  bo th  s t e e p  and s h a l l o w  s l o p e s  
by c o m p a r i n g e q u a t i o n s  2.6 and 2.7 .  T h i s  y i e l d s ,  

Values f o r  t h e s e  two s l o p e  c o e f f i c i e n t s  a r e  p l o t t e d  
a g a i n s t  s l o p e ,  t a n  a, i n  F i g u r e  3. Although a 
p o s s i b l e  l i n e - o f - b e s t - f i t  i s  shown, Inany more v a l u e s  
a r e  needed,  p a r t i c u l a r l y  f o r  s l o p e s  s h a l l o w e r  t h a n  
1: 1, b e f o r e  t h i s  t r e n d  can be conf i rmed.  

I t  shou ld  be emphasised t h a t  bo th  e q u a t i o n s  2.6 and 
2.7 a r e  r e l a t i v e l y  unproven; t h e y  canno t  t h e r e f o r e  be 
recommended f o r  d e s i g n  purposes .  Indeed,  
s u b s t a n t i a l l y  more r e s e a r c h  i s  r e q u i r e d  b e f o r e  t h e  
shock p r e s s u r e s  r e s u l t i n g  from wave impact  c a n  be 
e s t i m a t e d  w i t h  any c o n f i d e n c e .  

2.5 I n t e r n a l  
s t a b i l i t y  of 
revetment  

The i n t e r n a l  s t a b i l i t y  of a  revet lnent ,  t h a t  i s  t h e  
s t a b i l i t y  of i t s  f i l t e r  o r  under l a y e r s ,  i s  v i t a l l y  
i m p o r t a n t  t o  t o v e r a l l  performance of t h e  s t r u c t u r e .  
Indeed Stephant') conc ludes  t h a t  damage t o  reve tments  
r e p e a t e d l y  o c c u r s  because of t h e  i n a d e q u a t e  d e s i g n  of 
f i l t e r  l a y e r s ,  none more s o  t h a n  i n  t h e  c a s e  of 
c o n c r e t e  b lock  s t r u c t u r e s  l y i n g  on f a b r i c  f i l t e r s .  

The manner i n  which waves c o n s t i t u t e  a  d i r e c t  e x t e r n a l  
l o a d  on a  r eve tment ,  a s  w e l l  a s  an  i n d i r e c t  i n t e r n a l  
l o a d ,  v i a  wave induced pore p r e s s u r e s ,  has  a l r e a d y  
been d i s c u s s e d .  However, t h i s  i n t e r n a l  l o a d i n g  can 
a l s o  a c t  d i r e c t l y  on t h e  f i l t e r  l a y e r s  and,  i f  s e v e r e  
enough, can l e a d  t o  e r o s i o n  of t h e  f i l t e r  l a y e r s  and 
hence t o  t h e  f a i l u r e  of t h e  revetment  i t s e l f .  The 
mechanism f o r  t h i s  f a i l u r e  l i e s  w i t h  t h e  e x c e s s  pore 
p r e s s u r e s ,  w i t h i n  t h e  f i l t e r  l a y e r s ,  r e s u l t i n g  from 
t h e  p h r e a t i c  s u r f a c e  be ing  unab le  t o  immediate ly  
f o l l o w  any sudden lower ing  of t h e  e x t e r n a l  water  l e v e l  
(wave run-up/run-down). These e x c e s s  p r e s s u r e s  w i l l  
r e s u l t  i n  t h e  g e n e r a t i o n  of h y d r a u l i c  g r a d i e n t s  i n  
t h r e e  s e p a r a t e  d i r e c t i o n s :  

a )  a l o n g  t h e  revetment  

b )  up and down t h e  revetment  s l o p e  

c )  p e r p e n d i c u l a r  t o  t h e  s l o p e  

Of t h e s e ,  t h e  h y d r a u l i c  g r a d i e n t  a l o n g  t h e  revetment  
i s  p r i m a r i l y  due t o  o b l i q u e  wave a t t a c k  and i s  of 
minor importance  t o  t h e  s t a b i l i t y  of t h e  s t r u c t u r e .  
The remaining g r a d i e n t s ,  however, i f  they  exceed 
c r i t i c a l  v a l u e s ,  can  c a u s e  slumping and e r o s i o n  of t h e  



f i l t e r  l a y e r s .  These  c r i t i c a l  v a l u e s  are d i s c u s s e d  
f u r t h e r  i n  S e c t i o n  3.3. 

Blaauw e t  a1 ( l1 )  a t t e m p t e d  t o  e s t a b l i s h  a  r e l a t i o n s h i p  
be tween  t h e  i n t e r n a l  f i l t e r  l o a d s  and  t h e  e x t e r n a l  
wave l o a d l n g ,  by u s l n g  b o t h  n u m e r i c a l  and p h y s i c a l  
mode l s ,  and  p r o t o t y p e  measu remen t s .  The most  
s a t i s f a c t o r y  p r a c t i c a l  measure  f o r  t h e  i n t e r n a l  
h y d r a u l i c  g r a d i e n t s  was t h u s  found  t o  be t h e  p r o d u c t  
o f  t h e  wave run-down ( f rom maximum run-up t o  maximum 
draw-down) and  t h e  ra te  o f  t h a t  run-down. A v a r i e t y  
o f  r e v e t m e n t  s e c t i o n s  we re  t e s t e d ,  b o t h  w i t h  and  
w i t h o u t  u n d e r l a y e r s .  The r e s u l t s  of t h e s e  tes ts  
i n d i c a t e d  t h a t :  

a )  t h e  down s l o p e  h y d r a u l i c  g r a d i e n t ,  b e n e a t h  t h e  
g e o t e x t i l e ,  on a  c o n c r e t e  b l o c k / g e o t e x t i l e  
r e v e t m e n t  c a n  be  r educed  by a p p r o x i m a t e l y  30% i f  
a g r a n u l a r  f i l t e r  i s  i n c o r p o r a t e d  i n t o  t h e  
s y s t e m  

b )  p e r p e n d i c u l a r  h y d r a u l i c  g r a d i e n t s  are l i t t l e  
a f f e c t e d  by t h e  p r e s e n c e ,  o r  a b s e n c e ,  of f i l t e r  
u n d e r l a y e r s  

c )  t h e  p e r p e n d i c u l a r  h y d r a u l i c  g r a d i e n t ,  by r e d u c i n g  
t h e  e f f e c t i v e  g r a i n  w e i g h t  d u r i n g  p e r i o d s  of 
upward f l o w ,  is t h e  p r i n c i p a l  f a c t o r  c o n t r i b u t i n g  
t o  t h e  l o s s  of u n d e r l a y e r  s t a b i l i t y  

P r o t o t y p e  measurements  ( l1 )  g e n e r a l l y  c o n f i r m e d  t h e s e  
observations. However, t h e y  a l s o  i n d i c a t e d  t h a t  f o r  a  
c o n c r e t e  b l o c k  r e v e t m e n t  w i t h  a j o i n t  w i d t h  of less 
t h a n  0.5mm, t h e  u p l i f t  p r e s s u r e s ,  w i t h  a g r a n u l a r  
f i l t e r ,  were a p p r o x i m a t e l y  60% g r e a t e r  t h a n  t h o s e  
o c c u r r i n g  on t h e  same r e v e t m e n t  w i t h o u t  a g r a n u l a r  
f i l t e r .  Thus ,  t h e r e  i s  a c o n f l i c t  be tween  i n t e r n a l  
and  e x t e r n a l  s t a b i l i t y .  The p r e s e n c e  of a g r a n u l a r  
f i l t e r  b e n e a t h  a c o n c r e t e  b lock  r e v e t m e n t  may i n c r e a s e  
u p l i f t  p r e s s u r e s  b u t ,  a t  t h e  same t i m e ,  i t  r e d u c e s  t h e  
t r a n s v e r s e  (down s l o p e )  h y d r a u l i c  g r a d i e n t .  I t  would 
seem t h e r e f o r e ,  t h a t  t h e  d e s i g n  o f  any  r e v e t m e n t  may 
u l t i m a t e l y  need t o  be a co~npromise  be tween  t h e  
d i f f e r l n g  r e q u i r e m e n t s  f o r  i n t e r n a l  and  e x t e r n a l  
s t a b i l i t y .  

3 STABILITY DESIGN 
CRITERIA 

3.1 G e n e r a l  
As h a s  a l r e a d y  been  ~ n e n t i o n e d ,  t h e  s t a b i l i t y  of a 
c o n c r e t e  b l o c k  r e v e t m e n t  d e p e n d s  upon t h e  p e r f o r m a n c e  
of b o t h  i t s  o u t e r  p r o t e c t i v e  l a y e r ,  and f i l t e r  l a y e r .  
Among t h e  f a c t o r s  t h a t  w i l l  i n f l u e n c e  t h i s  s t a b i l i t y  
are:- 



a )  t h e  h y d r a u l i c  l o a d s  

3 .2  C o n c r e t e  b l o c k  
s t a b i l i t y  
c r i t e r i a  

b )  t h e  w e i g h t  a n d l o r  d i m e n s i o n s  of  t h e  b l o c k s  

c )  f r i c t i o n  be tween  b l o c k s  and  f i l t e r  l a y e r ,  a n d  
be tween  a d j a c e n t  b l o c k s  

d )  c o m p r e s s i v e  f o r c e s  i n  t h e  p l a n e  of  t h e  r e v e t m e n t  

e )  t h e  r e l a t i v e  p e r m e a b i l i t y  o f  t h e  p r o t e c t i v e  
s u r f a c e  l a y e r  and  u n d e r l a y e r s  

f )  t h e  r e v e t m e n t  s l o p e  

g )  t h e  s o i l  t i g h t n e s s  and e r o s i o n  r e s i s t a n c e  o f  t h e  
f i l t e r  l a y e r s  

h )  t h e  t h i c k n e s s  o f  t h e  f i l t e r  l a y e r s  

i) a n y  i n t e r l o c k  o r  c a b l i n g  o r  a n c h o r a g i n g  o f  t h e  
s y s t e m  

With  a l l  t h e s e  v a r i a b l e s ,  i t  i s  p e r h a p s  n o t  s u r p r i s i n g  
t h a t  t h e  t h e o r e t i c a l  d e v e l o p m e n t  o f  c o n c r e t e  b l o c k  
r e v e t m e n t  d e s i g n  i s  s t i l l  i n  i t s  i n f a n c y .  I n d e e d ,  
n e a r l y  a l l  t h e  a v a i l a b l e  d e s i g n  e q u a t i o n s  a r e  b a s e d  on  
t h e  r e s u l t s  o f  s p e c i f i c  model  tests  u n d e r  p a r t i c u l a r  
c o n d i t i o n s  and a r e  n o t ,  t h e r e f o r e ,  s t r i c t l y  a p p l i c a b l e  
f o r  g e n e r a l  u s e .  However,  f a c e d  w i t h  s u c h  a  d e a r t h  o f  
r e l i a b l e  i n f o r m a t i o n ,  t h e  e n g i n e e r  h a s  l i t t l e  c h o i c e  
b u t  e i t h e r  t o  b a s e  h i s  d e s i g n  on r e a d i l y  a v a i l a b l e  
e m p i r i c a l  e q u a t i o n s ,  o r  t o  c a r r y  o u t  s c a l e d  p h y s i c a l  
model  t es ts .  T h e s e  tes ts  a re  t h e m s e l v e s  o n l y  
a p p r o x i m a t e ,  howeve r ,  due  t o  t h e  d i f f i c u l t i e s  i n v o l v e d  
i n  c o r r e c t l y  m o d e l l i n g  t h e  g e o t e c h n i c a l  a s p e c t s  o f  
r e v e t m e n t s .  

F o r  many y e a r s  t h e  d e s i g n  o f  c o n c r e t e  c k  r e v e t m e n t s  
h a s  b e e n  c l o s e l y  l i n k e d  t o  t h e  Hudson (P43 e q u a t i o n ;  
a n  e q u a t i o n  wh ich  was o r i g i n a l l y  d e r i v e d  f r o m  p h y s i c a l  
model  tests  o f  r o c k  a rmoured  b r e a k w a t e r s  u n d e r  r e g u l a r  
wave a t t a c k .  R u d s o n ' s  e q u a t i o n  g i v e s :  

whe re  W i s  t h e  w e i g h t  o f  a n  i n d i v i d u a l  a r m o u r  
u n i t  

KO i s  a n  e m p i r i c a l  s t a b i l i t y  number 

PS - P  
A i s  r e l a t i v e  b l o c k  d e n s i t y  = 

P 



ps i s  t h e  d e n s i t y  of an armour u n i t  

p  i s  t h e  d e n s i t y  of w a t e r  

H i s  a  nominal wave h e i g h t  

Indeed ,  many of t h e  d e s i g n  p r e s e n t e d  by 
m a n u f a c t u r e r s  of t h e  v a r i o u s  p r o p r i e t o r y  sys tems  a r e  
based on t h i s  e q u a t i o n ,  w i t h  t h e  sys tem w e i g h t s  
r e l a t e d  d i r e c t l y  t o  wave h e i g h t .  However, Hudson's 
e q u a t i o n  h a s  a  b a s i c  f a i l i n g  i n  t h a t  i t  t o t a l l y  
n e g l e c t s  t h e  e f f e c t  of wave p e r i o d .  Furt l iermore,  i t s  
u s e  i m p l i e s  t h a t  f o r  a  p a r t i c u l a r  r eve tment  t h e r e  i s  
j u s t  one s t a b i l i t y  number. T h i s  is  no t  s t r i c t l y  v a l i d  
and i t  has  been i n c r e a s i n g l y  recogn i sed  t h a t  because  
of t h e  i n f l u e n c e  of wave p e r i o d ,  t h e  s t a b i l i t y  of a n  
armour u n i t  i s  b e s t  d e s c r i b e d  by a  f u n c t i o n  r a t h e r  
t h a n  a  s i n g l e  number. 

P i l a r c z y k  ('O) c o n s i d e r s  t h a t  f o r  b lock  reve tments  i t  
i s  b e t t e r  t o  e x p r e s s  t h e  Hudson e q u a t i o n  a s  a  f u n c t i o n  
of b lock  t h i c k n e s s :  

= ( K ~ .  c o t  a)  113 

where D i s  t h e  b lock  t h i c k n e s s  

A comparison of t h e  r e l a t i v e  s t a b i l i t i e s  of two 
d i f f e r e n t  r eve tments  u s i n g  e q u a t i o n s  3 .1  and 3.3 i s  
c i t e d  by P i l a r c z y k  a s  proof t h a t  e q u a t i o n  3.3 g i v e s  a  
more r e a l i s t i c  r e p r e s e n t a t i o n  of b lock  s t a b i l i t y .  
However, t h i s  e q u a t i o n  s t i l l  does  no t  i n c l u d e  t h e  
i n f l u e n c e  of wave pe r iod  nor  many of t h e  o t h e r  
v a r i a b l e s  and t h e r e f o r e  needs t o  be a p p l i e d  w i t h  
c a u t i o n .  

Al though i t  is g e n e r a l l y  a c c e p t e d  t h a t  wave p e r i o d  can  
i n f l u e n c e  t h e  s t a b i l i t y  of c o n c r e t e  b l o c k  reve tments ,  
t h e  mann n  which i t  d  s o  i s  somewhat confused.  
W h i l l o ~ k ? ~ ~ ~ ,  Dorr e t  a1 9hB) and Weckmann and 
s c a l e s ( ' ) ,  a l l  a g r e e  t h a t  i n c r e a s i n g  t h e  wave p e r i o d  
r e d u c e s  t h e  wave h e i g h t  a t  which damap, 
r eve tment  beg ins  t o  o c c u r .  Lindenberg T2'y :!:ever, 
concluded from t h e  r e s u l t s  of a  s t u d y  on t h e  s t a b i l i t y  
of Armorf lex  b l o c k s ,  t h a t  t h e  revctment  W more 
s t a b l e  a t  l o n g e r  wave p e r i o d s .  P i l a r c z y k a g )  t r i e s  t o  
r e c o n c i l e  t h e s e  opposing views by c o n s i d e r i n g  t h e  
s t a b i l i t y  t o  be a  non- l inea r  f u n c t i o n  of wave p e r i o d .  
He r e p o r t s  t h e  r e s u l t s  of a  s e r i e s  of l a r g e  s c a l e  
t e s t s ,  w i t h  r e g u l a r  waves and 1 : 3  s l o p e ,  which 
r e v e a l e d  t h a t  t h e  s t a b i l i t y  f u n c t i o n  f o r  b lock  



r e v e t m e n t s ,  i n  terms of H I M  and t h e  I r i b a r r e n  number 
i s  a  g e n t l e  'U-shaped' c u r v e .  A s i m i l a r  f u n c t i o n  had  
p r e v i o u s l y  been o b s e r v e d  f o r  r i p - r a p ;  a l t h o u g h  i n  t h e  
case of r i p - r a p  t h e  minimum s t a b i l i t y  o c c u r s  a t  a  
h i g h e r  v a l u e  of t h e  I r i b a r r e n  number. 

Based on t h e s e  o b s e r v a t i o n s  P i l a r c z y k  o b t a i n e d  minimum 
s t a b i l i t y  numbers f o r  a v a r i e t y  of d i f f e r e n t  r e v e t ~ n e n t  
c o n s t r u c t i o n s .  He conc luded  t h a t :  

a )  f o r  l o o s e  b l o c k  r e v e t m e n t s  on pe rmeab le  
u n d e r l a y e r s ,  minimum s t a b i l i t y  o c c u r s  a t :  

H = 2.5 f o r  s l o p e s  r L:2 ( 3 . 4 )  

b )  f o r  l o o s e  b l o c k  r e v e t m e n t s  o n  impermeable  
u n d e r l a y e r s ,  minimum s t a b i l i t y  o c c u r s  a t :  

H  = 7  f o r  s l o p e s  L: 3  ( 3 - 5 )  

F u r t h e r m o r e ,  i n f i l l i n g  of t h e  j o i n t s  be tween b l o c k s  
w i t h  g r a v e l  c a n  i n c r e a s e  t h i s  s t a b i l i t y  by be tween 252 
and  LOO%.  It s h o u l d  a l s o  be n o t e d  t h a t  t h e s e  minimum 
s t a b i l i t y  numbers may be  p a r t l y  d e p e n d e n t  upon t h e  
b l o c k  t y p e  ( s e e  S e c t i o n  3 .4) .  

~ h i l l o c k ( ' ~ )  c a r r i e d  o u t  a series o f  model tes ts  u s i n g  
s q u a r e  b l o c k s  s u p p o r t e d  a t  d i f f e r i n g  h e i g h t s  above  a n  
impermeable  base .  Aga in  r e g u l a r  waves were  used .  
From t h e  r e s u l t s  of t h e s e  t e s t s  he  conc luded  t h a t  f o r  
r e v e t m e n t  b l o c k s  on a n  impermeable  u n d e r l a y e r  t h e  
b l o c k  t h i c k n e s s  s h o u l d  n o t  be  less  t h a n  o n e - s i x t h  o f  
t h e  wave h e i g h t .  T h i s  r e s u l t s  i n  a s t r i c t e r  c r i t e r i o n  
t h a n  t h a t  g i v e n  p r e v i o u s l y  by P i l a r c z y k .  It is ,  
however,  v e r y  s i m i l a r  t o  t h a t  s u g g e s t e d  by CUR-VB(')) 
which  recommends a l o w e r  s t a b i l i t y  l i m i t  o f ,  

f o r  l o o s e  b l o c k s  w i t h  f i l t e r  l a y e r s ,  and  

H  5 ( i e  U =  l 
H - € i s  1 

f o r  l o o s e  b l o c k s  on a  r e l a t i v e l y  impermeable  c l a y .  
However, CUR-VB t h e n  g o e s  on t o  s t a t e  t h a t  t h e  
p a r a m e t e r s  H / D  and t h e  I r i b a r r e n  number o n l y  v e r y  
p a r t i a l l y  r e p r e s e n t  t h e  f a i l u r e  ~ o e c h a n i s m s ,  and  t h a t  
g r e a t  c a r e  i s  t h e r e f o r e  r e q u i r e d  i n  t h e  a p p l i c a t i o n  o f  
t h e s e  c r i t e r i a .  

A f u r t h e r  r e s t r i c t i o n  upon t h e s e  ininimum s t a b i l i t y  
numbers is t h a t  t h e y  c a n n o t  n e c e s s a r i l y  be e x t e n d e d  t o  
s l o p e s  o u t s i d e  t h o s e  f o r  which  t h e y  were d e r i v e d .  
I n d e e d ,  where a  r a n g e  of s l o p e s  has  been  g i v e n  f o r  a  



p a r t i c u l a r  s t a b i l i t y  number, t h o s e  should  be s t r i c t l y  
adhered to .  I t  is g e n e r a l l y  agreed  t h a t  t h e  revetment  
s l o p e  i n f l u e n c e s  t h e  s t a b i l i t y  of t h e  s t r u c t u r e .  
However, t h e  a c t u a l  e f f e c t  i s  t h e  s u  t of some 
c o n t e n t i o n .  Amongst o t h e r s  Whil lock Tuxford ( 4 )  
and t h e  Dytap revetment  d e s i g n  handbook(') a l l  s u g g e s t  
t h a t  l o o s e  c o n c r e t e  b locks  more s t a b l e  on f l a t t e r  
s l o p e s .  However, P i l a r c z y k  a r g u e s  t h a t  t h e  
r e v e r s e  is  t r u e  and t h a t  i n c r e a s i n g  t h e  s l o p e  reduces  
t h e  u p l i f t  f o r c e s  and hence i n c r e a s e s  s t a b i l i t y .  
Moreover, t h e  s u p p o r t  due t o  end-loading by b locks  
l y i n g  f u r t h e r  up t h e  s l o p e  a l s o  i n c r e a s e s  a s  t h e  s l o p e  
s t e e p e n s .  I t  seems r e a s o n a b l e  t o  assume t h a t  whi le  
g r a v i t y  e f f e c t s  a r e  l e s s  a t  s t e e p e r  s I o p e s ,  t h e  
i n t e r l o c k / i n t e r b l o c k  f r i c t i o n  i s  c o n s l d e r a b l y  
i n c r e a s e d .  Thus a  s t e e p  s l o p e  revetment  may have a  
s l i g h t l y  g r e a t e r  s t a b i l i t y  than  a  shaI low s l o p e  
revetlnent b u t ,  c o n v e r s e l y ,  i t s  f a i l u r e  i s  l i k e l y  t o  be 
more a b r u p t .  I n  p r a c t i s e  revetments  a r e  g e n e r a l l y  
c o n s t r u c t e d  a t  s l o p e s  of around i : 3 ,  s t e e p e r  s l o p e s  
a r e  r a r e l y  used.  I t  i s  however c l e a r  t h a t  t h e  problem 
of t h e  revetment  s l o p e  e f f e c t  w i l l  on ly  be r e s o l v e d  by 
f u r t h e r  r e s e a r c h .  

Althougli t h i s  s e c t i o n  h a s  mainly been devoted t o  t h e  
e f f e c t s  of wave p e r i o d  and revetment  s l o p e  upon t h e  
s t a b i l i t y  of c o n c r e t e  b lock  reve tments ,  i t  h a s  t o  be 
emphasised t h a t  i t  i s  t h e  r e l a t i v e  p e r m e a b i l i t y  of the  
armour l a y e r  and under l a y e r s  t h a t  i s  t h e  o v e r - r i d i n g  
f a c t o r  i n  d e t e r m i n i n g  t h e  u l t i m a t e  s t r e n g t h  of t h e  
s t r u c t u r e ( 1 1 * 1 5 ) .  So f a r ,  however, no r e a d i l y  
a v a i l a b l e  d e s i g n  methodology h a s  been developed whlch 
t a k e s  i n t o  accoun t  t h i s  r e l a t i v e  p e r m e a b i l i t y .  

3 .3  F i l t e r  l a y e r  
s t a b i l i t y  
c r i t e r i a  

The d e s i g n  of g e o t e x t i l e  f i l t e r s  i n  s l o p  o t e c t i o n  
works h a s  b  n  w e l l  document d  y  Ingold  P295 
Faure  e t  a 1  Y5 l ' )  and C h a r l t ~ n f ; ~ ~ ! ,  a l l  of wllom 
p r e s e n t e d  d e s i g n  c r i t e r i a .  T h i s  review w i l l  t l ~ e r e f o r e  
c o n c e n t r a t e  mainly  on t h e  c r i t e r i a  r e q u i r e d  f o r  
g r a n u l a r  f i l t e r s  i n  a  c o a s t a l  environment ,  a l t h o u g h  a  
b r i e f  summary of t h e  g e o t e x t i l e  c r i t e r i a  w i l l  be 
i n c l u d e d .  

The most i m p o r t a n t  requirement  of a  f i l t e r  i n  s l o p e  
p r o t e c t i o n  works i s  t h a t  i t  should  p r o t e c t  t h e  
u n d e r l y i n g  s o i l  a g a i n s t  e r o s i o n  by waves o r  c u r r e n t s .  
Fur the rmore ,  t h e  f i l t e r  should  p r e v e n t  m i g r a t i o n  of 
t h e  s o i l  p a r t i c l e s .  I f  t h e  i n t e r n a l  f low i s  
p e r p e n d i c u l a r  t o  t h e  i n t e r f a c e  between f i l t e r  and 
s u b - s o i l ,  t h e  f i l t e r  w i l l  a lways  be s o i l  t i g h t  
p rov ided  t h a t  t h e  h y d r a u l i c  g r a d i e n t  i s  l e s s  than a  
c r i t i c a l  v a l u e .  For c o h e s l o n l e s s  s o i l s  t h i s  c r i t i c a l  
v a l u e  i s  abou t  one. Without c o h e s i v e  f o r c e s  between 



t h e  s o i l  p a r t i c l e s ,  o r  o t h e r  a d d i t i o n a l  p r e s s u r e s  due 
t o  s u r c h a r g e s ,  t h e  e q u i l i b r i u m  w i l l  be d i s t u r b e d  by 
g r a d i e n t s  i n  e x c e s s  of t h i s  c r i t i c a l  v a l u e ,  and 
movement OF t h e  s o i l  p a r t i c l e s  is p o s s i b l e .  I n  t h e  
c a s e  of u n i - d i r e c t i o n  flow, t h e  s o i l  p a r t i c l e s  may 
' a r c h '  a t  t h e  e n t r a n c e  t o  t h e  F i l t e r  p o r e s ,  t h u s  
improving t h e  s o i l  t i g h t n e s s  of t h e  F i l t e r .  Under 
such c i r c u m s t a n c e s ,  a  n a t u r a l  f i l t e r  can be Formed s o  
t h a t  f o r  s o i l  t i g h t n e s s  i t  would be s u f f i c i e n t  t o  
exc lude  on ly  t h e  l a r g e s t  p a r t i c l e s  From m i g r a t i n g  
through t h e  F i l t e r .  However, i n  p r a c t i s e ,  c o a s t a l  
r e v e t m e n t s  a r e  u s u a l l y  s u b j e c t e d  t o  c y c l i c  l o a d i n g ,  
and under t h e s e  c o n d i t i o n s  a  n a t u r a l  f i l t e r  would be 
u n l i k e l y  t o  Form. 

I F  t h e  i n t e r n a l  f low i s  p a r a l l e l  t o  t h e  i n t e r f a c e  
between F i l t e r  and s u b - s o i l ,  t h e  i t ems  of major 
importance t o  s o i l  t i g h t n e s s  a r e  t h e  h y d r a u l i c  
g r a d i e n t ,  and through t h a t  t h e  f low v e l o c i t y ,  w i t h i n  
t h e  F i l t e r .  When a c r i t i c a l  v a l u e  of t h e  g r a d i e n t  i s  
exceeded t h e  f low v e l o c i t y  i n  t h e  F i l t e r  becomes s o  
g r e a t  t h a t  t h e  base  m a t e r i a l  b e g i n s  t o  move and t h e  
s o i l  t i g h t n e s s  is l o s t .  

C U R - V B ( ~ )  g i v e s  t h e  Following requ i rements  For F i l te rs  
s u b j e c t e d  t o  s t r o n g  c y c l i c  f lows:  

a )  For g r a n u l a r  f i l t e r s  w i t h  n e a r l y  uniForm F i l t e r  
and base  m a t e r i a l s ,  

where s u b s c r i p t  ' F '  r e F e r s  t o  f i l t e r  and 
s u b s c r i p t  ' b '  t o  base ,  and d  i s  a  nominal s o i l  
p a r t i c l e  d i a m e t e r  

b) For g r a n u l a r  F i l t e r s  wi th  non-uniform p a r t i c l e s ,  

To e n s u r e  t h e  i n t e r n a l  s t a b i l i t y  of g r a n u l a r  f i l t e r s  
t h e  f o l l o w i n g  g e n e r a l  r u l e  should  be a p p l i e d :  

T h i s  r u l e  assumes t h a t  no i n t e r n a l  m i g r a t i o n  w i l l  
occur  i r r e s p e c t i v e  OF t h e  s t e e p n e s s  OF  t h e  g r a d i e n t .  
However, f o r  smal l  h y d r a u l i c  g r a d i e n t s  t h i s  c r i t e r i o n  
c a n  be eased .  I t  should perhaps be mentioned, though, 
t h a t  a t  p r e s e n t  no a c c u r a t e  v a l u e s  f o r  t h e  c r i t i c a l  
h y d r a u l i c  g r a d i e n t s  r e l a t i n g  t o  i n t e r n a l  revetment  
s t a b i l i t y  a r e  a v a i l a b l e .  

CUR-VB(') a l s o  r e p o r t s  t h a t  i n  o r d e r  t o  prevent  
b lockage of a  g r a n u l a r  F i l t e r  t h e  Following c r i t e r i o n  
should be observed: 



I n  o r d e r  t o  p r e v e n t  f i n e  p a r t i c l e s  f r om t h e  s u b - s o i l  
b e i n g  washed i n t o  t h e  f i l t e r  l a y e r  and  e v e n t u a l l y  
c a u s i n g  i n t e r n a  r o s i o n  of  t h e  s u b - s o i l ,  t h e  D y t a p  
d e s i g n  handbookt1? s u g g e s t s  a f i l t e r  c r i t e r i o n  v e r y  
s imilar  t o  t h a t  g i v e n  by CUR-VB: 

W h i l e  P a u r e  e t  p r e s e n t  t h e  e x p r e s s i o n ,  

Ue Craauw e t  a1 ( 4 2 )  p r e s e n t  r e s u l t s  and  c o n c l u s i o n s  of 
f u n d a m e n t a l  work  on  f l o w  a l o n g  and  a c r o s s  c o r e l f i l t e r  
i n t e r f a c e s  u n d e r  b o t h  s t e a d y  and  c y c l i c  f l ow .  T e s t s  
wit11 c o a r s e  s a n d s  u n d e r  c y c l i c  f l o w s  a t  p e r i o d s  a r o u n d  
1 0  s e c o n d s  ( c l o s e  t o  lmny p r o t o t y p e  s i t u a t i o n s ) ,  
r e v e a l e d  t h a t  t h e  c r i t i c a l  h y d r a u l i c  g r a d i e n t s  f o r  t h e  
o n s e t  of s a n d  t r a n s p o r t  t h r o u g h  t h e  f i l t e r  u n d e r  
c y c l i c  c o n d i t i o n s  a r e  s u b s t a n t i a l l y  l o w e r  t h a n  f o r  t h e  
s t e a d y  f l o w  s i t u a t i o n .  F o r  a s a f e  d e s i g n ,  i t  is 
recommended t h a t  i n  t h e  case o f  s t r o n g  c y c l i c  f l o w ,  

P e r h a p s  t h e  mos t  e f f i c i e n t  means of  d r a i n i n g  a  c o a s t a l  
r e v e t m e n t  i s  t o  i n c l u d e  b o t h  g r a n u l a r  and  f a b r i c  
f i l t e r s .  A l t h o u g h ,  as p r e v i o u s l y  m e n t i o n e d ,  t h e  
d e s i g n  of  g e o t e x i l e  f a b r i c s  h a s  been  w e l l  documen ted ,  
a b r i e f  summary of  t h e  c r i t e r i a  is i n c l u d e d  f o r  
c o m p l e t e n e s s :  

~ n g o l d ( ~ ~ )  p r e s e n t s  v a r i o u s  f i l t e r  c r i t e r i a  i n  terms 
of  t h e  g e o t e x t i l e  p o r e  s i z e ,  OgO,  and  t h e  c o e f f i c i e n t  
o f  u n i f o r m i t y  of  t h e  s o i l ,  U ,  whe re  U i n c r e a s e s  a s  t h e  
s o i l  becomes more w e l l  g r a d e d .  

a )  F o r  1 < U  c 5 0 ;  

b )  F o r  U < 5,  a u n i f o r m  s o i l ;  

c )  F o r  U h 5, a  w e l l  g r a d e d  s o i l ;  

b u t  '90 2 d 9 ~ b  



d )  For non cohes ive  s o i l s  c o n t a i n i n g  more than 50% 
by weight  of s i l t :  

~ u x f o r d ( ~ )  s u g g e s t s  s i m i l a r  c r i t e r i a  t o  t h e s e ,  but 
i n c l u d e s  some a d d i t i o n a l  e x p r e s s i o n s  f o r  cohes ive  
s o i l s :  

and '90 < d90b 

He conc ludes  t h a t  those  c r i t e r i a ,  i f  met, w i l l  p reven t  
e x c e s s i v e  l o s s  of t h e  s u b - s o i l  f i n e s .  However, t h e  
g e o t e x t i l e  must a l s o  be permeable enougl~  t o  p reven t  a  
h i g h  p r e s s u r e  b u i l d  up w i t h i n  t h e  s u b - s o i l .  T h i s  
r e q u i r e s  t h a t  t h e  p e r m e a b i l i t y  of t h e  g e o t e x t i l e ,  K g ,  
must be roughly f i v e  t imes  g r e a t e r  than t h e  
p e r m e a b i l i t y  of t h e  s u b - s o i l ,  Ks. 

i e ,  K g  Z 5 K, (3 .20)  

For c o a s t a l  r e v  e n t  E i l t e r s  under s t r o n g  c y c l i c  
l o a d i n g ,  CUR-VBTb7 s u p p l i e s  t h e  f o l l o w i n g  e x p r e s s i o n  
f o r  s o i l  t i g h t n e s s  of t h e  g e o t e x t i l e ,  r e g a r d l e s s  of 
t h e  f low c o n d i t i o n s :  

However, t h i s  e x p r e s s i o n  t a k e s  no account  of t h e  
g r a d i n g  of t h e  s u b - s o i l .  

3.4 The g e n e r a t i o n  of 
a d d i t i o n a l  
s t a b i l i t y  

The s t a b i l i t y  of a c o n c r e t e  b lock revetment  can be 
improved i n  a  number of ways: 

a )  by i n f i l l i n g  t h e  j o i n t s  wi th  g r a v e l  

b) by t h e  use of i n t e r l o c k i n g  b l o c k s  

C )  by c a b l i n g  t h e  b l o c k s  t o g e t h e r  i n t o  mats a n d / o r  
anchor ing  t h e  mats /b locks  down. 

The i n f i l l i n g  of t h e  j o i n t s  of c o n c r e t e  b l o c k  
reve tments  wi th  a  mix ture  of sand f i n e  g rave  
recommended by v kmann and Scales8'j,  P i l a r c z y k  t l j ?  
and Lindenberg . The e f E e c t  of t h i s  i n f i l l i n g  i s  
t o  i n c r e a s e  t h e  f r i c t i o n a l  r e s i s t a n c e  between b locks  
and hence produce a  system whose s t a b i l i t y  i s  g r e a  
than t h a t  of non g r a v e l  f i l l e d  sys tems.  P i l a r c z y k  
p r e s e n t s  r e s u l t s  f o r  a number of d i f f e r e n t  b locks  
which s u g g e s t  t h a t  t h e  use  of g r a v e l  i n f i l l i n g  c a n  
i n c r e a s e  t h e  revetment  s t a b i l i t y  by between 25% and 



100%. However, t h e  g r a v e l l s a n d  m i x t u r e  can be p a r t l y ,  
o r  even t o t a l l y ,  washed o u t  from t h e  j o i n t s  over  a  
p e r i o d  of t ime,  and any s t a b i l i t y  i n c r e a s e  must 
t h e r e f o r e  be u n c e r t a i n .  

The s t a b i l i t y  of i n t e r l o c k e d  k s  formed t h e  s u b j e c t  
of an  e x t e n s i v e  s t u d y  by Halltt9?. The rest(ytisi;f 
t h i s  s t u d y  have been p r e s e n t e d  by P i l a r c z y k  
terms of t h e  pa ramete r s  HID and t h e  I r i b a r r e n  
number. 

a )  Tongue and groove b l o c k s ,  

H / B  - 4.1 f o r  s l o p e  1:2  (3 .22)  

b) Tongue and groove b locks  w i t h  r e l i e f  s l o t  t o  
r educe  u p l i f t  p r e s s u r e s ,  

HIB = 7.3 f o r  s l o p e  1:2 (3 .23)  

c )  S h i p l a p  b locks  w i t h  s p a c e r s  t o  r e l i e v e  u p l i f t  
p r e s s u r e s ,  

HIB = 5.7 f o r  s l o p e  1:2  (3 .24)  

w h i l l o c k ( 1 6 )  a l s o  p r e s e n t e d  r e s u l t s  f o r  an  i n t e r l o c k e d  
b lock  and concluded t h a t ,  on f l a t t e r  s l o p e s ,  
H / d D  = 10 .  T h i s  i s  i n  q u a l i t a t i v e  agreement w i t 1 1  t h e  
v a l u e s  g iven  by P i l a r c z y k .  

C l e a r l y  t h e  p resence  of a  complex j o i n t i n g  sys tem 
improves s t a b i l i t y .  However, a d d i t i o n a l  measures ,  t o  
r e l i e v e  t h e  u p l i f t  p r e s s u r e s ,  a r e  r e q u i r e d ,  i f  t h i s  
e x t r a  s t a b i l i t y  i s  t o  be e x p l o i t e d  t o  t h e  f u l l .  
Fur the rmore ,  t h e  more complex t h e  b lock ,  t h e  more 
c o s t l y  and t ime consuming i t  beco~oes t o  l a y .  

Both g r a v e l  i n f i l l i n g  and i n t e r l o c k i n g  have one 
f u r t h e r  d i s a d v a n t a g e ,  t h a t  i s ,  t o  i n c r e a s e  t h e  
s t a b i l i t y  of a  revetment  by e i t h e r  of t h e s e  methods 
must n e c e s s i t a t e  a  r e d u c t i o n  i n  t h e  f l e x i b i l i t y .  I f  
t h e  f l e x i b i l i t y  of t h e  revetment  i s  reduced i t  w i l l  
have  a  tendancy t o  span v o i d s  and w i l l  t h u s  be 
s u s c e p t i b l e  t o  wave impact l o a d s .  D e s p i t e  t h e s e  
problems a  c a r e f u l l y  des igned  revetment  w i t h  e i t h e r  
i n f i l l e d  o r  i n t e r l o c k e d  b locks  can s u c c e s s f u l l y  be 
used i n  many s i t u a t i o n s  where e x t r a  s t a b i l i t y  i s  
r e q u i r e d .  

The c a b l i n g  t o g e t h e r  of l o o s e  b locks  i n t o  a  f l e x i b l e  
mat i s  f a s t  becoming a  popu la r  method of p rov id ing  
s l o p e  p r o t e c t i o n .  Such c a b l i n g  sys tems may be e i t h e r  
one o r  t w o - d i r e c t i o n a l ,  w i t h  t h e  l a t t e r  being 
p a r t i c u l a r l y  e f f e c t i v e  under ext reme c o n d i t i o n s .  The 
c a b l e ,  a l t h o u g h  a c t i n g  p r i n c i p a l l y  a s  a n  a i d  t o  
c o n s t r u c t i o n ,  may a l s o  h e l p  t o  p r e v e n t  s l o p e  f a i l u r e  



by p r o g r e s s i v e  b lock  d i s l o d g e m e n t .  However, t h e  
a c t u a l  s t a b i l i t y  i n c r e a s e  of a r e v e t m e n t  d u e  t o  t h e  
i n c o r p o r a t i o n  of a Le i s  d i f f i c u l t  t o  q u a n t i f y .  
I n d e e d ,  L indenbe rg  ( " j  makes t h e  i m p l i c i t  s u g g e s t i o n  
t h a t  s u c h  s y s t e m s  s h o u l d  be  d e s i g n e d  w i t h o u t  t h e  
c a b l i n g .  Any i n c r e a s e  i n  s t a b i l i t y  due t o  t h e  
p r e s e n c e  of t h e  c a b l e  s h o u l d  t h e n  be  viewed as a 
bonus.  P e r h a p s  t h e  most  comp +,Q? a c c o u n t  of c a b l i n g  
s y s t e m s  i s  t h a t  g i v e n  by Wise . T h i s  c o v e r s  t h e  
economics  and c o n s t r u c t i o n a l  d e t a i l s  of such  s y s t e m s  
b u t  n o t ,  u n f o r t u n a t e l y ,  t h e  s t a b i l i t y  a s p e c t s .  

3 .5  D i s c u s s i o n  on 
b l o c k  s t a b i l i t y  

I n  p r e v i o u s  s e c t i o n s  of t h i s  c h a p t e r ,  a  number of 
s i m p l e  d e s i g n  e x p r e s s i o n s  have  been  c o n s i d e r e d .  T h e s e  
h a v e  g e n e r a l l y  been  p r e s e n t e d  i n  terms of HID, a 
d i m e n s i o n l e s s  wave h e i g h t .  F l e x i b l e  c o n c r e t e  
r e v e t m e n t  s y s t e m s  are,  however,  o f t e n  s p e c i f i e d  i n  
terms of a mass p e r  u n i t  area, W / A .  T h i s  p a r a m e t e r  
may be  compared w i t h  t h e  n o t i o n a l  b lock  t h i c k n e s s  D: 

where Cl  i s  a shape  c o e f f i c i e n t  s p e c i f i c  t o  e a c h  t y p e  
of b l o c k ,  and  ps i s  t h e  mass d e n s i t y  of t h e  c o n c r e t e  
used  (kg/m 3 ) .  

The p a r a m e t e r  H / D  might  t h e n  be r e - e x p r e s s e d :  

The s t a b i l i t y  e x p r e s s i o n s  i n  s e c t i o n  3.2 above  m i g h t  
t h e n  be w r i t t e n  i n  t h e  f o l l o w i n g  g e n e r a l  form: 

where  K 1  i s  a s t a b i l i t y  c o e f f i c i e n t  c o v e r i n g  t h e  b l o c k  
and u n d e r l a y e r  p e r m e a b i l i t l e s ,  wave p e r i o d ,  s t e e p n e s s  
and s l o p e  e f f e c t s .  I t  migh t  be p o s s i b l e  t o  g e n e r a l i s e  
d e s i g n  i n f o r m a t i o n  u s i n g  t h i s  app ruach .  However, 
v a l u e s  of t h e  c o e f f i c i e n t s  are ,  as y e t ,  n o t  d i r e c t l y  
a s s e s s i b l e  i n  t h e  l i t e r a t u r e .  

4 HYDRAULIC 
PERFORMANCE OF 
REVETKENT SLOPES 

4 . 1  G e n e r a l  
C o a s t a l  s t r u c t u r e s  s u c h  a s  s e a  w a l l s  when s u b j e c t  t o  
wave a t t a c k ,  w i l l  e x p e r i e n c e  wave run-up. I f  t h e  
s t r u c t u r e  c r e s t  i s  lower  t h a n  t h e  maxi~num run-up, t h e  
s t r u c t u r e  w i l l  s u f f e r  o v e r t o p p i n g .  T h i s  may i n  t u r n  
l e a d  t o  f l o o d i n g  a n d / o r  damage t o  t h e  r e a r w a r d  f a c e  of 



t h e  s t r u c t u r e .  I n  t h e  p l a n n i n g  and  d e s i g n  of c o a s t a l  
s t r u c t u r e s ,  e s p e c i a l l y  s e a  w a l l s ,  wave run-up and  
o v e r t o p p i n g  a r e  o f t e n  t h e  two p r i m a r y  f a c t o r s  
d i c t a t i n g  t h e  c r e s t  l e v e l  o f  t h e  w a l l .  As t h e  c r o s s  
s e c t i o n a l  area and  t h e  c o s t  i n c r e a s e s  a p p r o x i m a t e l y  
w i t h  t h e  s q u a r e  of  t h e  s t r u c t u r e  h e i g h t ,  a c l e a r  
u n d e r s t a n d i n g  of  t h e  p r o c e s s e s  o f  wave run-up and  
o v e r t o p p i n g  i s  e s s e n t i a l  t o  t h e  economic  d e s i g n  o f  
s u c h  s t r u c t u r e s .  

D e s i g n e r s  o f  s e a  walls h a v e  o f t e n  a t t e m p t e d  t o  d e s i g n  
t h e  c r e s t  l e v e l  o f  t h e i r  s t r u c t u r e  h i g h  enough  t o  
p r e v e n t  o v e r t o p p i n g .  T h i s  was done  by c a l c u l a t i n g  a  
maximum run-up l e v e l  and  s e t t i n g  t h e  crest  l e v e l  a b o v e  
i t .  T h i s  d o e s ,  however ,  p r e s u p p o s e  t h a t  a maximum 
run-up l e v e l  may be i d e n t i f i e d .  Wi th  a  f u l l e r  
u n d e r s t a n d i n g  o f  t h e  random n a t u r e  o f  wind waves ,  i t  
h a s  become clear t h a t  o v e r t o p p i n g  c a n n o t  a l w a y s  be 
w h o l l y  p r e v e n t e d ,  a l t h o u g h  t h e  mean e x p e c t e d  
o v e r t o p p i n g  d i s c h a r g e  f o r  a  d e s i g n  e v e n t  may be 
r e d u c e d  t o  n e g l i g i b l e  p r o p o r t i o n s .  The d e s i g n  
a p p r o a c h  f o r  s i m p l e  sea walls i n  t h e  UK h a s  t h e r e f o r e  
r e c e n t l y  been  a l t e r e d  t o  o n e  of  d e s i g n i n g  f o r  v a r i o u s  
l e v e l s  o f  t o l e r a b l e  d i s c h a r g e  u n d e r  t h e  e x t r e  
c o n s i d e r e d ,  u s i n g  t h e  method p r o p o s e d  by Owen ~ ~ ~ y 6 ~ t ~  
T h i s  method was d e r i v e d  f rom a n a l y s i s  o f  t h e  r e s u l t s  
o f  model  t es t s  on  s i m p l e ,  and  bermed,  smooth  seawall 
s l o p e s ,  w i t h o u t  wave r e t u r n  walls. F o r  s t r u c t u r e  w i t h  
p a r a p e t  w a l l s ,  t h e  p r e d i c t i  E o v e r t o p p i n g  d l s c l i a r g e  
becomes more complex .  Owen ?913 a r g u e s  t h a t  model  
tests  a r e  needed  t o  d e t e r m i n e  t h e  h y d r a u l i c  
p e r f o r m a n c e  of  s u c h  crest  d e t a i l s .  C a l c u l a t i o n s  o f  
wave run-up l e v e l s  may t h e r e f o r e  s t i l l  be r e q u i r e d  f o r  
some p r e l i m i n a r y  d e s i g n s ,  and  f o r  f u r t h e r  a n a l y s i s  o f  
s t r u c t u r e s  of complex  form.  

Much o f  t h e  l i t e r a t u r e  c o v e r i n g  wave run-up a n d  
o v e r t o p p i n g  h a s  b  c o n s i d e r e d  r e c e n t l y  by A l l s o p ,  

Franc?3$p 
d  Hawkes and  by Gadd, P o t t e r ,  S a f i e  and  

R e s i o  . The l a t t e r  r e v i e w  however  
( W  

o r e s  t h e  
o v e r t o p p i n g  p r e d i c t i o n  method o f  Owen and  t h e  
i m p o r t a n t  work on t h e  e f f e c t  of o b l i q u e  wave a t t a c k  on 
run-up  a n q 3 g j e r t o p p i n g  T a u t e n h a i m ,  K o h l a s e  and  
P a r t e n s k y  and  n o ,  and  i s  t h e r e f o r e  l i k e l y  t o  
be  o f  r e s t r i c t e d  u s e f u l n e s s .  

A l so  o f  i m p o r t a n c e  i n  q u a n t i f y i n g  t h e  h y d r a u l i c  
p e r f o r m a n c e  o f  r e v e t l n e n t  s l o p e s  i s  t h e  d e g r e e  of  wave 
r e f l e c t i o n ,  n o t  l eas t  b e c a u s e  i n t e r a c t i o n s  be tween  t h e  
r e f l e c t e d  and  i n c i d e n t  waves c a n  l e a d  t o  a n  i n c r e a s e  
i n  t h e  r a t e  of s c o u r  o c c u r r i n g  o f f s h o r e  of  t h e  
s t r u c t u r e .  The a c t u a l  d e g r e e  of  r e f l e c t i o n  w i l l  v a r y  
w i t h  wave s t e e p n e s s  and  s t r u c t u r e  s l o p e  a n g l e ,  and  f o r  
r o u g h  a n d l o r  p e r m e a b l e  s l o p e s  w i l l  g e n e r a l l y  be 
r e d u c e d  by t h e  e f f e c t s  o f  s l o p e  p o r o s i t y  and  
r o u g h n e s s .  
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~ i m e n e z - ~ u r t o ( ~ ~ )  and by Al l sop  e t  has  
demonstra ted t h a t  t h i s  f a c t o r  is  no t  s t r i c t l y  
c o n s t a n t ,  but  v a r i e s  wi th  d i f f e r e n t  wave c o n d i t i o n s .  
However, s u i t a b l e  v a l u e s  may be s e l e c t e d  t o  b  
c o n j u n c t i o n  w i t h  t h e  method d e s c r i b e d  by Owen 
p r e l i m i n a r y  d e s i g n  purposes .  Examples of roughness 
f a c t o r s  ived  f f 9 t f ) r e g u l a r  wave t e s t s  a r  e s e n t e d  
by S t o a ( j 5 j ,  Owen and i n  t h e  Dutch code b a r .  

4.4 Wave r e f l e c t i o n s  
The i n f l u e n c e  of t h e  roughness and p e r m e a b i l i t y  of 
revetment  c o n s t r u c t i o n  on i t s  wave r e f l e c t i o n  
performance has  rece ived  l i t  a t t e n t i o n  i n  the  
l i t e r a t u r e .  Only Lindenberg F", p r e s e n t s  r e s u l t s  of 
t e s t  measurements on Armorflex, which compare c l o s e l y  
wi th  a  t f e e l  f o r  smooth s l o p e s  sugges ted  by Greslou 
and Hahe . A s l i g h t l y  more f a v o u r a b l e  comparison 
Inay be made w i t h  t h e  s imple  e x p r e s s i o n  f o r  t h e  
r e f l e c t i o n  c o e f f i c i e n t ,  K r ,  sugges ted  by ~ a t t j e s ~ ~ l ) :  

where 

t a n  a I r  = --7 
(H/Lo) 

Many of t h e  r e f l e c t i o n  measurements p r e s e n t e d  by 
Lindenberg appear  t o  l i e  below t h i s  t r e n d  l i n e .  
However, t h e s e  v a l u e s  a r e  g e n e r a l l y  measured w i t h  
s m a l l e r  waves and t h e  v a l u e s  measured f o r  l a r g e r  waves 
l i e  more c l o s e l y  t o  both t h e  sugges ted  t r e n d  l i n e s  f o r  
smooth s l o p e s .  

4 .5  Conc lus ions  
Run-up, and hence over topp ing ,  over  a  rough revetment 
s l o p e  may be l e s s  than  over  a  smooth revetment  of t h e  
same s l o p e  a n g l e .  However, t h e  s i z e  of t h e  roughness 
e lement  and t h e  e f f e c t i v e  p e r m e a b i l i t y ,  over  a  wave 
p e r i o d ,  of t h e  revetment  must r e l a t e  s e n s i b l y  t o  t h e  
i n c i d e n t  wave h e i g h t  and p e r i o d .  The block s i z e ,  and 
hence t h e  e f f e c t i v e  roughness ,  i s  normally s e t  by t h e  
minimum block s i z e  necessa ry  f o r  s t a b i l i t y ,  wi th  t h e  
a p p l i c a t i o n  of a  s u i t a b l e  f a c t o r  of s a f e t y .  T h i s  may 
o f t e n  l e a d  t o  b locks  of t h i c k n e s s  around H/5, where H 
i s  a  nominal d e s i g n  wave h e i g h t .  A t  t h i s  r a t i o  of 
b lock s i z e  t o  wave h e i g h t  t h e  roughness of most 
c o n c r e t e  revetment  systems i s  r e l a t t v e l y  low. Model 
t e s t s  r e p o r t e d  i n  t h e  l i t e r a t u r e  g e n e r a l l y  i n d i c a t e  
t h a t  any r e d u c t i o n  of run-up and hence over topp ing  
over  t h a t  f o r  a  smooth s l o p e  i s  marg ina l .  S i m i l a r l y ,  
wave r e f l e c t i o n s  a t  t h e  p r i n c i p a l  d e s i g n  wave p e r i o d s  
w i l l  depend p r i m a r i l y  on t h e  l o c a l  wave 
c h a r a c t e r i s t i c s  and revetinent s l o p e  a n g l e  and 
r e l a t i v e l y  l i t t l e  upon t h e  block s i z e  o r  shape .  



5 CONCLUSIONS AND 
RECOMMENDATIONS 

T h i s  l i t e r a t u r e  review has  i d e n t i f i e d  a  number of 
d e s i g n  f a c t o r s  of c r u c i a l  importance t o  t h e  s t a b i l i t y  
of c o n c r e t e  b lock reve tments .  Foremost amongst t h e s e  
i s  t h e  r e l a t i v e  p e r m e a b i l i t y  of t h e  p r o t e c t i v e  s u r f a c e  
l a y e r  and f i l t e r  layers. The s t a b i l i t y  of t h e  
revetment  i n c r e a s e s  a s  t h e  p e r m e a b i l i t y  of t h e  blocks  
i n c r e a s e s ,  and a s  t h e  p e r m e a b i l i t y  o r  t h i c k n e s s  of t h e  
f i l t e r  l a y e r s  d e c r e a s e .  S e v e r a l  a u t h o r s  have 
sugges ted  t h a t  t h e  most s t a b l e  c o n s t r u c t i o n  would 
c o n s i s t  of c l o s e  f i t t i n g  b l o c k s  on an impervious 
founda t ion .  However, problems then a r i s e  through 
e r o s i o n  of t h e  s u b - s o i l ,  which would otherwise be 
p r o t e c t e d  by a  f i l t e r  l a y e r .  I t  i s  t h e r e f o r e  
recommended t h a t  r e s e a r c h  be c a r r i e d  out  t o  o b t a i n  t h e  
optimum range of r e l a t i v e  p e r m e a b i l i t i e s  f o r  revetment  
s t a b i l i t y .  

The c o n t r a d i c t i o n s  between t h e  requ i rements  f o r  
f l e x i b i l i t y  and t h e  requ i rements  f o r  revettnent 
s t a b i l i t y  have been o u t l i n e d .  A revetment  wi th  a  h i g h  
d e g r e e  of i n t e r l o c k / i n t e r b l o c k  f r i c t i o n  w i l l  be inore 
s t a b l e  b u t  w i l l  have a  reduced f l e x i b i l i t y .  I t  w i l l  
t h e r e f o r e  have a  tendency t o  span v o i d s ,  which may 
r e s u l t  from s e t t l e m e n t  of t h e  u n d e r l a y e r s  a n d / o r  poor 
c o n s t r u c t i o n  p r a c t i c e ,  and w i l l  t h u s  be s u s c e p t i b l e  t o  
wave impact l o a d s .  Conversely  a  f l e x i b l e  ' l o o s e '  
b lock  system may w e l l  f o l l o w  the  c o n t o u r s  of t h e  under 
l a y e r s ,  t h u s  l e s s e n i n g  t h e  e f f e c t  of wave impact 
l o a d s ,  b u t  i n  do ing  s o  would p r e s e n t  an uneven s u r f a c e  
v u l n e r a b l e  t o  wave induced d r a g ,  i n e r t i a  and l i f t  
f o r c e s .  The s t a b i l i t y  of such a  revetment  would 
t h e r e f o r e  be reduced. It fo l lows  t h a t  t h e  embankment 
d e s i g n  and p r e p a r a t i o n  must e n s u r e  t h a t  on ly  ve ry  
s m a l l  s e t t l e m e n t s  occur .  I f  l a r g e  s e t t l e m e n t s  a r e  
a n t i c i p a t e d  b locks  a r e  perhaps  no t  t h e  b e s t  c h o i c e  of 
p r o t e c t i o n .  

Wave per iod  has  a l s o  been shown t o  have a n  i n f l u e n c e  
upon t h e  s t a b i l i t y  of revetments .  Reve t~nen ts  o f t e n  
s u f f e r  more damage a t  lower wave h e i g h t s  f o r  t h e  
l o n g e r  wave p e r i o d s  than f o r  t h e  s h o r t e r  wave p e r i o d s .  
Th is  e f f e c t  can be accounted f o r  i n  revetlnent d e s i g n  
by t h e  use  of a  minimum s t a b i l i t y  number. However, of 
more p r a c t i c a l  use t o  t h e  d e s i g n e r  would be t h e  a c t u a l  
s t a b i l i t y  f u n c t i o n s ,  r e l a t e d  t o  wave per iod .  
T h e r e f o r e ,  i t  i s  recommended t h a t ,  f o r  t h e  most 
commonly used systems,  such s t a b i l i t y  f u n c t i o n s  should 
be o b t a i n e d .  

T h i s  review has  a l s o  h i g h l i g h t e d  t h e  e f f e c t  of t h e  
revetlnent s l o p e  both upon t h e  s t a b i l i t y  of t h e  
revetment  and upon t h e  wave impact l o a d s .  It has  been 
s u g g e s t e d  t h a t  t h e  s t a b i l i t y  i s  g r e a t e r  f o r  s t e e p e r  
s l o p e s ,  however f u r t h e r  r e s e a r c h  i s  needed t o  conf i rm 



t h i s .  F u r t h e r  r e s e a r c h  i n t o  wave i m p a c t  l o a d i n g s  i s  
a l s o  recommended, a imed  a t  e x t e n d i n g  D u t c h  and  German 
work  t o  a l l  s l o p e s ,  and  a t  o b t a i n i n g  a g r e a t e r  
u n d e r s t a n d i n g  of  p r e s s u r e  d i s t r i b u t i o n s  w i t h i n  t h e  
r e v e t l n e n t .  

From a n  a n a l y s i s  o f  t h e  r e l a t i v e l y  l i m i t e d  d a t a  
a v a i l a b l e  i n  t h e  l i t e r a t u r e ,  i t  d o e s  n o t  a p p e a r  t h a t  
any  s i g n i f i c a n t  r e d u c t i o n  o f  run-up ,  o v e r t o p p i n g  
d i s c h a r g e  o r  wave r e f l e c t i o n s  o v e r  t h o s e  d e t e r m i n e d  
f o r  smooth  s l o p e s  s h o u l d  be a l l o w e d  f o r .  I n  t h e  
a b s e n c e  o f  s u i t a b l e  h y d r a u l i c  model  tests,  p r e d i c t i o n s  
o f  run-up,  o v e r t o p p i n g ,  and  r e f l e c t i o n s  s h o u l d  a s sume  
t h a t  t h e  r e v e t m e n t  acts as a smooth  s l o p e .  

A l t h o u g h  n o t  s p e c i f i c a l l y  c o n s i d e r e d  i n  t h i s  r e v i e w ,  
t h e  i n t e r l o c k i n g ,  c a b l i n g  and  i n f i l l i n g  w i t h  g r a v e l ,  
o f  r e v e t m e n t  b l o c k s  i s  r e c o g n i s e d  as a  p o t e n t i a l  means 
o f  i n c r e a s i n g  t h e  o v e r a l l  s t a b i l i t y  o f  r e v e t m e n t s .  
However,  t h e  b e h a v i o u r  o f  s u c h  complex  s y s t e m s  w i l l  
n o t  be f u l l y  u n d e r s t o o d  u n t i l  r e s e a r c h e r s  h a v e  
u n r a v e l l e d  t h e  m y s t e r i e s  o f  r e l a t i v e l y  s i m p l e ,  
d i s c r e t e  c o n c r e t e  b l o c k  s y s t e m s .  

The f i n a l ,  o v e r - r i d i n g  c o n c l u s i o n s  of  t h i s  r e p o r t  mus t  
be  t h a t  t h e r e  i s  a t  p r e s e n t  v e r y  l i t t l e  a v a i l a b l e  i n  
t h e  way oE a r e a l i s t i c  d e s i g n  me thodo logy  Eor  c o n c r e t e  
b l o c k  r e v e t m e n t s .  I i s  p o s s i b l e  t o  d e d u c e  Erom 
r e c e n t  p u b l i c a t i o n s ( ' .  'l) t h e  e x i s t e n c e  of  a 
c o h e r e n t  D u t c h  s t r a t e g i c  r e s e a r c h  programme, 
c o n s i s t i n g  of l a r g e  s c a l e  p h y s i c a l  model t e s t i n g  
combined  w i t h  m a t h e m a t i c a l  m o d e l l i n g  o f  t h e  
g e o t e c h n i c a l  a s p e c t s ,  and  aimed a t  p r o v i d i n g  d e s i g n  
g u i d a n c e  Eor  Dutch  e n g i n e e r s  c o n c e r n e d  w i t h  
r e v e t m e n t e .  E s s e n t i a l  d e t a i l s  o f  t h i s  programme d o  
n o t  however ,  a p p e a r  t o  be a v a i l a b l e .  T h e r e f o r e ,  i f  
t h e  d e s i g n  of s u c h  s t r u c t u r e s  i n  t h i s  c o u n t r y  i s  t o  be 
a n y t h i n g  o t h e r  t h a n  p r i m a r i l y  by r u l e  o f  thumb, a 
f u n d a m e n t a l  r e s e a r c h  programme must  be set up t o  
i n v e s t i g a t e  t h e  b e h a v i o u r  o f  c o n c r e t e  b l o c k  r e v e t m e n t s  
f r o m  f i r s t  p r i n c i p l e s .  
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8 GLOSSARY OF TERM 
I. CRITICAL HYDRAULIC GRADIENT: The g r a d i e n t  a t ,  

and above ,  which  movement of  t h e  m a t e r i a l  i n  
which. t h e  Elow i s  o c c u r r i n g  commences. 

EMBANKMENT: An a r t i f i c i a l  bank such  as a  mound 
o r  dyke  d e s i g n e d  t o  h o l d  back  water s o  a s  t o  
p r e v e n t  f l o o d i n g .  

FETCH: The d i s t a n c e  o v e r  w a t e r  o n  which t h e  wind 
a c t s  t o  g e n e r a t e  waves. 

FILTER LAYER: A l a y e r  of g r a n u l a r  material 
a n d / o r  a g e o t e x t i l e  l a i d  u n d e r  t h e  p r o t e c t i v e  
a rmour  l a y e r .  The f i l t e r  h a s  t h r e e  main  
E u n c t i o n s ;  (a )  E i l t r a t i o n  oE Elow a c r o s s  t h e  
s u b - s o i l / a r m o u r  l a y e r  bounda ry ,  t o  p r e v e n t  
s u b - s o i l  f i n e s  b e i n g  washed o u t ;  ( b )  d r a i n a g e  
u n d e r  t h e  a rmour  l a y e r ;  and ( c )  e r o s i o n  
p r o t e c t i o n  oE t h e  Eo rma t ion  of t h e  s u b - s o i l  due  
t o  w a t e r  m o t i o n  above  i t .  

GEOTEXTILE: S y n t h e t i c  m a t e r i a l  which  may b e  
woven o r  non-woven and u sed  as a f i I t e r  l a y e r .  

INTERLOCKING BLOCKS: The method by wh ich  
c o n c r e t e  b l o c k  engaged  w i t h  e a c h  o t h e r  by 
o v e r l a p p i n g  o r  r e c e s s i n g  one  w i t h  a n o t h e r .  

INTERNAL STABILITY: A r e v e t m e n t  may be r e f e r r e d  
t o  as i n t e r n a l l y  s t a b l e  i f  none o f  i t s  u n d e r  
l a y e r  m a t e r i a l s  s t a r t  m i g r a t i n g  due  t o  t h e  e f f e c t  
o f  a  s p e c i f i c  w a t e r  mot ion .  

OVERTOPPING: P a s s i n g  of w a t e r  o v e r  t h e  t o p  of a 
s t r u c t u r e  as t h e  r e s u l t  of wave run-up o r  s u r g e  
a c t i o n .  

REFLECTED WAVE: T h a t  p a r t  of a n  i n c i d e n t  wave 
t h a t  i s  r e t u r n e d  s eaward  when a wave i m p i n g e s  on 
a s t r u c t u r e .  

REFLECTION COEFFICIENT: The r a t i o  of t h e  h e i g h t  
of a wave r e f l e c t e d  f rom a  s t r u c t u r e  t o  t h e  
h e i g h t  o f  t h e  i n c i d e n t  wave. 

REVETMENT: The f a c i n g  l a y e r s  o r  a r m o u r i n g  
s y s t e m s  u s e d  t o  p r o t e c t  a n  embankment o r  s l o p e  
a g a i n s t  e r o s i o n  by c u r r e n t  and  wave a c t i o n .  

RIP-RAP: A l a y e r ,  f a c i n g  o r  p r o t e c t i v e  mound o f  
s t o n e s  randomly  p l a c e d  t o  p r e v e n t  e r o s i o n ,  s c o u r  
o r  s l o u g h i n g  of a  s t r u c t u r e  o r  embankment; a l s o  
t h e  s t o n e  s o  u s e d .  

RUN-UP: The r u s h  of w a t e r  u p  a  s t r u c t u r e  on t h e  



b r e a k i n g  o f  a wave. The amount  o f  run-up i s  t h e  
v e r r i c a l  h e i g h t  a b o v e  s t i l l  water l e v e l  t h a t  t h e  
r u s h  of  w a t e r  r e a c h e s .  

14. SCOUR: Removal o f  u n d e r w a t e r  material by waves  
and  c u r r e n t s ,  e s p e c i a l l y  a t  t h e  b a s e  o r  t o e  of  a  
s h o r e  s t r u c t u r e .  

15. SIGNIFICANT WAVE HEIGHT: A s t a t i s t i c a l  term 
r e l a t i n g  t o  t h e  a v e r a g e  h e i g h t  of t h e  o n e - t h i r d  
h i g h e s t  waves  of  a  g i v e n  wave g r o u p .  T h i s  is t h e  
mos t  common d e f i n i t i o n  of  wave h e i g h t  i n  random 
sea and  i s  a p p r o x i m a t e l y  e q u a l  t o  t h a t  v i s u a l l y  
e s t i m a t e d .  

16. SUB-SOIL (SUB-BASE): The f o r m a t i o n  on  wh ich  t h e  
r e v e t m e n t  s y s t e m  is  c o n s t r u c t e d .  

17. SWELL WAVES: Wind g e n e r a t e d  waves t h a t  h a v e  
t r a v e l l e d  o u t  o f  t h e  a r e a  i n  which  t h e y  w e r e  
originally g e n e r a t e d .  E x h i b i t  a  more r e g u l a r  and  
l o n g e r  p e r i o d ,  and  have  a f l a t t e r  c r e s t  t h a n  
l o c a l l y  g e n e r a t e d  waves.  

18. UNDERLAYERS: A 1 1  f o r m a t i o n s  l y i n g  b e n e a t h  t h e  
p r o t e c t l v e  s u r f a c e  l a y e r  of a  r e v e t m e n t .  
I n c l u d e s  b o t h  t h e  f i l t e r  l a y e r s  and  t h e  
sub -bas e .  

19. WAVE PERIOD: The time i n t e r v a l  be tween  two  
s u c c e s s i v e  wave c r e s t s  p a s s i n g  a f i x e d  p o i n t  
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Fig 2 Wave impact pressure distributions 
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