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WAVE FORCES ON VERTICAL WALLS: 

An Overview o f  Recent  Work w i t h  Annotated B ib l iog raphy  

PART I : INTRODUCTION 

The A i m  o f  t h i s  Report  

1 .  The g o a l  o f  t h i s  work is t o  p r o v i d e  an  a n n o t a t e d  r ev iew o f  t h e  r e c e n t  

l i t e r a t u r e  on wave f o r c e s  on a p l a n e ,  v e r t i c a l  wall. T h i s  g o a l  was changed 

s l i g h t l y  e a r l y  i n  t h e  work. Many o f  t h e  p e r t i n e n t  s t u d i e s  have  c o n s i d e r e d  a 

v e r t i c a l  wall ( u s u a l l y  a c o n c r e t e  c a i s s o n )  which rests on a rubble-mound 

b a s e .  T h i s  base  a l t e r s  t h e  wave c h a r a c t e r i s t i c s  n e a r  t h e  wall, and  hence  t h e  

induced  p r e s s u r e s  and t o t a l  f o r c e  on t h e  wall. S i n c e  s o  many i n v e s t i g a t o r s  

have  i n c l u d e d  such  a b a s e  and many a c t u a l  s t r u c t u r e s  a l s o  have  a b a s e ,  i t  was 

i n c l u d e d  i n  t h e  overview.  

2.  Some impor t an t  q u a n t i t i e s  a r e  not reviewed h e r e i n .  The u p l i f t  p r e s s u r e s  

on t h e  b a s e  o f  t h e  wall o r  c a i s s o n  a r e  n o t  d i s c u s s e d .  Also ,  s t u d i e s  o f  t h e  

slamming o f  s h i p s ,  t h e  hydrodynamics o f  which is r e l a t e d  t o  shock p r e s s u r e s  

due  t o  b r e a k i n g  waves, a r e  n o t  rev iewed.  

E a r l y  Work 

3. Some p o i n t  i n  time must be p i cked  i n  o r d e r  t o  d i v i d e  t h e  work on wave 

f o r c e s  i n t o  " e a r l y t f  and " r e c e n t " .  I n  t h i s  r e p o r t ,  t h e  paper  by Rundgren 

(1958)  was chosen  t o  be t h e  l a s t  paper  d e s c r i b i n g  " e a r l y "  work. T h i s  p a p e r  

h a s  a v e r y  tho rough  and c l e a r l y  w r i t t e n  review o f  t h e  l i t e r a t u r e  which 

a p p e a r e d  b e f o r e  t h a t  t i m e ,  and a co r re spond ing  comple te  b i b l i o g r a p h y .  More- 

o v e r ,  t h e  d e s i g n  fo rmulas  proposed i n  t h i s  paper  appea r  t o  be  t h e  las t  o n e s  

c o n s i d e r e d  f o r  i n c o r p o r a t i o n  i n t o  t h e  Shore  P r o t e c t i o n  Manual (SPM) ( 1 9 8 4 ) .  

Also ,  t h i s  pape r  d e s c r i b e s  one  o f  t h e  f i r s t  e x t e n s i v e  series o f  l a b o r a t o r y  

e x p e r i m e n t s  t h a t  were o r i e n t e d  towards  o b t a i n i n g  working d e s i g n  f o r m u l a s .  

T h i s  mode o f  a t t a c k  on t h e  wave-force problem h a s  been con t inued  by many 

o t h e r s ,  as w i l l  become c l e a r  below, 

4 .  Some g e n e r a l  comments on t h e  e a r l y  work are i n  o r d e r ,  t o  set t h e  s t a g e  

f o r  t h e  r e c e n t  work d i s c u s s e d  below. Good r ev iews  o f  t h i s  work are found i n  



t h e  p a p e r s  o f  Rundgren ( 1 9 5 8 )  and  Hudson ( 1 9 5 3 ) ,  and  t h e  books  by M i n i k i n  

( 1 9 6 3 )  a n d  Wiege l  ( 1 9 6 4 ) .  With few e x c e p t i o n s ,  t h e  f o l l o w i n g  s t a t e m e n t s  c h a r -  

a c t e r i z e  t h e  work.  F i r s t ,  t h e  " t h e o r y "  is o f t e n  r a t h e r  i n c o m p l e t e ,  a n d  is 

b a s e d  on a  L a g r a n g i a n  t r e a t m e n t  o f  t h e  h y d r o d y n a m i c s .  The water m o t i o n s  are 

r o t a t i o n a l  t h r o u g h o u t  t h e  f l u i d ,  and  t h u s  t h e  r e s u l t s  are g e n e r a l l y  a t  o d d s  

w i t h  r e c e n t  hydrodynamic  t r e a t m e n t s  o f  wave m o t i o n s .  S e c o n d ,  t h e  waves a r e  

t a k e n  t o  b e  p e r i o d i c ,  a n d  t h e  i n t r i n s i c  randomness  a s s o c i a t e d  w i t h  t h e  s e a  

s t a t e  is n e g l e c t e d .  T h i r d ,  l i t t l e  e x p e r i m e n t a l  work was d o n e .  Most o f  t h e  

e x p e r i m e n t s  t h a t  were c a r r i e d  o u t  were d o n e  t o  s t u d y  t h e  n a t u r e  o f  t h e  " s h o c k  

p r e s s u r e s "  a s s o c i a t e d  w i t h  waves b r e a k i n g  d i r e c t l y  o n  t h e  wall as  shown by 

F i g u r e  1 .  T h i s  is a n  e x c e e d i n g l y  complex s i t u a t i o n ,  a n d  h a s  n o t  y e t  y i e l d e d ,  

b a s e d  on r a t i o n a l  a n a l y s i s ,  a n  a g r e e d  upon d e s i g n  f o r m u l a .  (The e x p e r i m e n t s  

were, o f  c o u r s e ,  a l s o  hampered by t h e  l a c k  o f  s o p h i s t i c a t e d  p r e s s u r e  s e n s o r s ,  

a n d  r e c o r d i n g  e q u i p m e n t ) .  The d e s i g n  f o r m u l a s  t h a t  were u s e d  were b a s e d  o n  a 

small number o f  f i e l d  m e a s u r e m e n t s ,  some hydrodynamic  i n t u i t i o n ,  a n d  o b s e r v a -  

t i o n s  o f  f a i l u r e s  o f  a c t u a l  b r e a k w a t e r s .  T h a t  is,  t h e s e  f o r m u l a s  a r e  b a s e d  

more o n  t h e  c r e a t i v i t y  o f  t h e  i n d i v i d u a l  ( a n d  t h e  d i r e  n e e d  f o r  some method o f  

" r a t i o n a l "  d e s i g n )  t h a n  on d a t a ,  o r  on l o g i c a l ,  hydrodynamic  r e a s o n i n g .  The 

more  r e c e n t  work d e s c r i b e d  below h a s  s o u g h t  t o  r e c t i f y  t h i s  s i t u a t i o n ,  w h i l e  

k e e p i n g  i n  mind t h e  u l t i m a t e  n e e d  f o r  a  r e l a t i v e l y  s i m p l e ,  w o r k i n g  d e s i g n  

f o r m u l a .  

The lJ&ical S i t u a !  I !]I! 

5. The s i t u a t i o n  t o  which t h e  r e m a i n d e r  o f  t h i s  p a p e r s  r e fe rs ,  t o g e t h e r  

w i t h  some o f  t h e  n o t a t i o n  u s e d ,  is shown i n  F i g u r e  2 .  Note  t h a t  a  b a s e  mound 

h a s  been  added  t o  t h e  s i m p l e  v e r t i c a l  wall, as commented ea r l i e r .  The  s t a b i -  

l i t y  o f  s u c h  a b a s e  mound is d i s c u s s e d  by Tanimoto  e t  a l ,  1982.  The n o t a t i o n  

shown is c h o s e n  t o  b e  i n  a c c o r d  w i t h  t h a t  i n  t h e  SPM ( b e l o w )  when p o s s i b l e .  

6 .  The f o r c e s  o r  p r e s s u r e s  d i s c u s s e d  below w i l l  b e  t h e  a d d i t i o n a l  f o r c e s  o r  

p r e s s u r e s ,  d u e  t o  t h e  p r e s e n c e  o f  t h e  waves.  Whether  o r  n o t  t h e  no-wave 

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

t h e  s i t u a t i o n  on t h e  h a r b o r  s i d e .  The p r e s e n c e  o r  a b s e n c e  o f  a  b a s e  mound 

w i l l  b e  n o t e d  i n  e a c h  r e v i e w  g i v e n  be low.  Note  t h a t  ds is w a t e r  d e p t h  t o  t h e  

t o p  o f  t h e  base-mound a r m o r  l a y e r .  Also  D ,  H i ,  and  L are  t h e  water d e p t h ,  



wave h e i g h t ,  and wave l e n g t h  j u s t  i n  f r o n t  o f  t h e  s t r u c t u r e .  F i n a l l y ,  t h e  

small o f f s h o r e  s l o p e  m shown i n  F i g u r e  1 is o f t e n  z e r o  i n  l a b o r a t o r y  work. 

F i g u r e  1 .  A t y p i c a l  example o f  t h e  p r e s s u r e  e x e r t e d  by a b r e a k i n g  
wave on a v e r t i c a l  wall 

ARMOR LAY 'ER 

SLOPE = vn 

F i g u r e  2 .  The s i t u a t i o n  c o n s i d e r e d ,  and t h e  n o t a t i o n  used  i n  t h i s  repor t .  



PART I1 : OVERVIEWS OF RECENT WORK 

7.  The p e r i o d  a round t h e  la te  1 9 5 0 ' s  rough ly  marks t h e  t ime  when i n v e s t i -  

g a t o r s  began s e r i o u s  e f f o r t s  t o  cope w i t h  t h e  complexi ty  o f  t h e  problem. A t  

t h e  same t i m e ,  t h e  urgency  f o r  a s o l u t i o n  i n c r e a s e d ,  a s  more b r e a k w a t e r s  were 

b u i l t  i n  r a t h e r  deep  w a t e r .  Resea rch  began on s m a l l e r  p i e c e s  o f  t h e  p rob lem,  

and  most  s i g n i f i c a n t  p r o g r e s s  u s u a l l y  was ach ieved  by a r a t h e r  p r o l o n g e d  e f f o r t  

o f  a g r o u p  o f  p e o p l e .  Also,  more emphas is  was p l a c e d  on f i n d i n g  a r a t i o n a l  

b a s i s  f o r  d e s i g n  f o r m u l a s .  On t h e  o t h e r  hand ,  t h e  need f o r  a s o l u t i o n  d i c t a t e d  

t h a t  d e s i g n  f o r m u l a s  be  made a v a i l a b l e  r e l a t i v e l y  q u i c k l y ,  whether  c o m p l e t e l y  

r a t i o n a l  o r  n o t .  

8. Compared t o  e a r l i e r  work, and a t  t h e  r i s k  o f  o v e r  g e n e r a l i z i n g ,  r e c e n t  

r e s e a r c h  h a s  been c h a r a c t e r i z e d  by: 

A s h i f t  from Lagrangian  t o  E u l e r i a n  t h e o r i e s  f o r  s t a n d i n g  waves ,  
and t o  h i g h e r - o r d e r  E u l e r i a n  t h e o r i e s .  

Some e f f o r t s  t o  do s t r i c t l y  numer i ca l  work ( a l t h o u g h  t h e s e  e f f o r t s  
have  n o t  been pursued  ve ry  far  y e t ) .  

A s h i f t  from f i e l d  measurements  t o  c o n t r o l l e d  l a b o r a t o r y  work,  and  
consequen t  concern  w i t h  t h e  a p p r o p r i a t e  s c a l i n g  laws. 

D e t a i l e d  e x p e r i m e n t a l  s t u d i e s  o f  shock  p r e s s u r e s .  

E x p l o r a t o r y  s t u d i e s  o f  t h e  r e s p o n s e  o f  t h e  b reakwa te r  t o  wave 
f o r c e s .  

E x p l o r a t o r y  work on t h e  f o r c e s  e x e r t e d  by random waves. 

The f o r m u l a t i o n  o f  t ' comple te t t  models  which,  though u s e f u l ,  d o  n o t  
r e s t  on  a  r a t i o n a l  a rgument .  

The i n c l u s i o n  o f  more a d j u s t a b l e  t t c o n s t a n t s "  i n  d e s i g n  e q u a t i o n s ,  
t o  be  found u s i n g  models .  

9. The r e s u l t  o f  t h e  r e c e n t  work is a number o f  more complex f o r m u l a s ,  which 

a p p a r e n t l y  h a v e  y e t  t o  be  f u l l y  compared. Although t h e  e f f e c t s  o f  wave random- 

n e s s  h a v e  been i n c l u d e d  i n  some d e s i g n  t e c h n i q u e s ,  t h e r e  is still room f o r  

improvement .  A l so ,  most work h a s  c o n c e n t r a t e d  on t h e  f o r c e  on a wall when t h e  



c r e s t  is p r e s e n t  a t  t h e  wall. I t  is n o t  c l e a r  how t o  c a l c u l a t e  t h e  f o r c e  when 

a  t r o u g h  is a t  t h e  w a l l ,  e s p e c i a l l y  when t h e  waves a r e  b r e a k i n g .  

10. Some g roups  s t a n d  o u t  when d i s c u s s i n g  r e c e n t  work. The J a p a n e s e  work on  

v e r t i c a l - w a l l  b r e a k w a t e r s  is d i s t i n g u i s h e d  by t h e  i n t e n s i t y  and p e r s i s t e n c e  o f  

t h e  e f f o r t ,  and  t h e  volume o f  p u b l i c a t i o n  i n  E n g l i s h .  The g r o u p s  l e d  by Goda 

and Nagai  s t a n d  o u t  i n  t h i s  r e s p e c t .  U n f o r t u n a t e l y ,  t h e  E n g l i s h  p u b l i c a t i o n s  

a r e  ( u n d e r s t a n d a b l y )  compressed ,  s o  t h a t  i t  is sometimes d i f f i c u l t  t o  a s s e s s  

t h e  e x p e r i m e n t a l  t e c h n i q u e s ,  o r  t h e  r e a s o n i n g  l e a d i n g  t o  v a r i o u s  f o r m u l a s .  

Moreover ,  t h e r e  is l i t t l e  c r o s s  r e f e r e n c e ,  s o  t h a t  i t  is h a r d  t o  compare t h e  

work o f  v a r i o u s  g r o u p s .  The Scand inav ian  work a l o n g  t h e s e  l i n e s  is  a l s o  d i s -  

t i n g u i s h e d ,  most  n o t a b l y  t h a t  a t  t h e  H y d r a u l i c s  Labora to ry  a t  t h e  Swedish Royal  

I n s t i t u t e  o f  Technology,  and t h e  Danish H y d r a u l i c  I n s t i t u t e .  

1 1 .  An overv iew o f  r e c e n t  work is g i v e n  be low,  c o n s i s t i n g  o f  t a b l e s  and b r i e f  

comments. A more d e t a i l e d ,  a n n o t a t e d  b i b l i o g r a p h y  o f  a l l  o f  t h i s  work is found 

i n  Appendix A .  

E x ~ e r i m e n t s  Usinn Monochromatic Waves 

12. T h i s  work is  shown i n  T a b l e  1 .  Most o f  t h e  r e c e n t  work h a s  been o f  t h i s  

t y p e .  I t  seems t h a t  by now, e s s e n t i a l l y  a l l  o f  t h e  s t r a i g h t  fo rward  work o f  

f i r s t - o r d e r  impor t ance  h a s  been c a r r i e d  o u t ,  and t h a t  f u r t h e r  r e f i n e m e n t s  may 

be  main ly  o f  s c i e n t i f i c  i n t e r e s t .  However, few o f  t h e  r e s u l t s  have  been c a r e -  

f u l l y  compared w i t h  t h o s e  o f  o t h e r ,  s i m i l a r  i n v e s t i g a t i o n s .  The same c o u l d  be  

s a i d  a b o u t  r e s u l t i n g  d e s i g n  fo rmulas .  Such compar isons  would be a w o r t h w h i l e  

p r o j e c t .  

13. F u r t h e r  improvements w i l l  most l i k e l y  d e a l  w i th  t h e  s t a t i s t i c a l  d i s t r i b u -  

t i o n s  o f  maximum shock  p r e s s u r e s ,  f o r c e s ,  and p e r h a p s  moments, and random 

waves. The random a s p e c t  seems t o  be  t h e  major  i n g r e d i e n t  l a c k i n g  i n  t h i s  

work. 

Exper iments  Using Random Waves 

1 4 .  The l ist  o f  l a b o r a t o r y  work done u s i n g  random waves is q u i t e  s h o r t .  

However, t h i s  seems t o  be  t h e  most promis ing  method o f  a t t a c k ,  e s p e c i a l l y  i f  i t  

can  be shown t h a t  two-dimensional  random waves r e p r e s e n t  a w o r s t  c a s e  ( a s  



compared w i t h  s h o r t - c r e s t e d  waves, o r  two-dimensional  waves s t r i k i n g  a w a l l  a t  

a n  a n g l e ) .  There  a r e  undoubtedly  more random-wave r e s u l t s  by now; one  can o n l y  

hope t h a t  t hey  w i l l  appea r  i n  t h e  open l i t e r a t u r e .  I t  seems t h a t  o n l y  when one  

can  estimate t h e  'In-year shock p r e s s u r e "  ( and  t h e  a s s o c i a t e d  b reakwa te r  res- 

ponse )  can  a r a t i o n a l  d e s i g n  p rocedure  be f o r m u l a t e d .  Much more l a b o r a t o r y  

work on  s i m p l e ,  g e n e r i c  s i t u a t i o n s  (as opposed t o  s p e c i f i c  c a s e s )  on a  wide 

v a r i e t y  o f  s c a l e s  would be v e r y  u s e f u l  i n  making p r o g r e s s  t owards  t h i s  g o a l .  

The r e p o r t e d  work is on two-dimensional  waves. The p a p e r s  are:  

a .  Iwagaki e t  a 1  (1980)  (nonbreaking  waves) - 

b. Gravesen and Lundgren (1977)  ( b r e a k i n g  waves) S e e  a l s o  Goda - 
( 1985) 

F i e l d  Measurements 

15. T h i s  work is  shown i n  Tab le  2 .  ("Casual"  o r  e x p l o r a t o r y  measurements  are 

n o t  l i s t e d . )  The number o f  e f f o r t s  t o  measure wave p r e s s u r e s  on v e r t i c a l  walls 

seems t o  have  d imin i shed  i n  t h e  l a s t  few d e c a d e s ,  s a v e  f o r  v e r y  r e c e n t l y .  T h i s  

is p r o b a b l y  due  t o  a f u l l e r  a p p r e c i a t i o n  f o r  t h e  complexi ty  o f  t h e  problem,  and 

t h e  consequen t  s h i f t  t o  l a b o r a t o r y  work. As u s u a l ,  such  f i e l d  work is d i s t i n -  

g u i s h e d  by its s c a r c i t y ,  and a l s o  by t h e  weakness o f  t h e  c o n c l u s i o n s  t h a t  can  

be drawn from t h e  r e s u l t s .  The Russ i ans  seem t o  have  done some work i n  t h i s  

area (see t h e  p a p e r s  by Lappo and Zagryadskaya ( 1 9 7 7 ) ,  and by Huang and Zhao 

( 1 9 8 4 ) ;  s e e  a l s o  t h e  a r t i c l e  by P l a k i d a  i n  t h e  1965 PIANC r e p o r t ) ,  which would 

be wor th  t r a n s l a t i n g .  

16 .  I t  would seem t h a t  l a r g e  s c a l e  l a b o r a t o r y  work under  c o n t r o l l e d ,  random- 

wave c o n d i t i o n s  would be more p r o d u c t i v e  f o r  t h e  p r i c e  t h a n  f i e l d  work. 

However, t h i s  may be i m p o s s i b l e  f o r  many d i r e c t i o n a l  wave s p e c t r a .  

S t and ing  Wave Theory 

17 .  T h i s  work is  shown i n  Tab le  3 .  A s  would be e x p e c t e d ,  t h e o r e t i c a l  work on 

nonbreak ing  waves h a s  p t togressed  much f u r t h u t  I I I ' I I I  ottlet. I, I I I ~ . .  01' wavc I'UI*LL' 

r e s e a r c h .  The pressure:; due t o  two-dlmensio~~i i  l .,t,irltl I ng w a v ~  , have been c a l  cu-  

l a t e d  t o  f o u r t h  o r d e r ,  and t h o s e  due t o  waves , i ~ ~ ~ ) t ' o , ~ ( : h i n g  t h c  w , i J I  a t  ~ i r r  . ir lh:l( ,  

o t h e r  t h a n  90 d e g r e e s  t o  t h l r d  order. ( w i t h  SCJIIIC t , i t l ~c t% s u ~ p r ~ i u i n g  t ~ e u u l  t , ;)  . 1 1 1  



view o f  t h e  b e t t e r  agreement  a t  f o u r t h  o r d e r  found by Goda, it may b e  wor th-  

w h i l e  t o  e x t e n d  t h i s  l a t t e r  work t o  f o u r t h  o r d e r .  Any more a c c u r a t e  c a l c u l a -  

t i o n s  may need t o  c o n s i d e r  t h e  v a r i o u s  v i s c o u s  e f f e c t s .  

T a b l e  1 

Recent  Exper iments  Using Monochromatic Waves 

Pa rame te r  Ranges 
Wave Flume 

S t a n d i n g /  Measured He igh t  Wave Length  
Au tho r s  Breaking?  F o r c e / P r e s s u r e ?  Mound (cm) P e r i o d ( s )  (m) 

Garcia ( 1968) B P N o 2.5-9 1.5-2 20  

Goda (1972) S-B P N o 7-42 1-2 30 

Hayash i  & H a t t o r i  B P N o 10-25 2 14 
( 1958) 

Homrna & Hori  kawa B F Both 10-13 0.8-2.5 17,36 
( 1965) 

Kirkgoz  (1982) B B No 4-8 0.8-1.6 13 

L e e d e r t s e  (1961) B F No 6-18 1.9-3.3 3 3 

Massel, B 
O l e s z k i e w i c z ,  
& T r a p p  ( 1978) 

F Yes ? 1 10 

Mitsuyasu  (1962) B F No 10 1-2.5 22 

M i  t s u y a s u  ( 1 966 ) B P No 10 1.9 25 

Nagai  (1960) B P Yes 6-22 1-2 25 

Nagai  & Otsubo B P Yes 5-38 1.2-3.0 5 0  
( 1968) 

Nagai  (1969) S P No 3.5-38 1-3.5 25,60 

R i c h e r t  ( 1968) B P Yes 1-20 1.4-1 - 6  15 

Rundgren (1958) S-B P No < 4 1-2.5 24 

Takezawa (1979) S -B F No 2-23 1-2 8-30 25 

Weigel  & Maxwell B P N o ? ? 33 
Maxwell (1970) 



Table 2 

Recent Field Measurements 

Approx . 
Wall Water Pressure Breakwater Waves 

Author Type Depth ( m )  or Force? Response? Measured? 

Blackmore & Hewson Curved 1-4 P No Yes 
(1984) Reentrant 

Face 

Huang & Zhao (1984) Vertical 2-6 P No Yes 

Kuribayashi, Muraki Vertical 2-6 P Yes Yes 
& Udai (1959) 

Marchi, Rai ter i ,  Vertical 17 P No Yes 
Scars i  & Stura ( 1975) 

Table 3 

Recent Theoretical Work on Standing Waves 

Waves 
Normal 

Euler ian/ Order of to  Numerical/ 
Name Langrangian Accuracy i n  Slope Wall? Analytic 

Fenton ( 1985 E 3 No A 

E 4 Yes A Goda ( 1967 ) 

Goda (1960) E 2 Yes A 

Hsu, Tsuchiya & 
Si lves te r  (1979) 

Lappa & Zagryadskaya L 
( 1977) 

Nasser & McCorquodale 
(1976) 

3 Yes A 

(long, Yes N 
nonlinear 

waves ) 

Nichols & Hirt (1976) L - - Yes N 
(marker 
and c e l l  
method) 

Tadjbakhsh & Keller 
( 1960) 

3 Yes A 



18. I t  a p p e a r s  t h a t  t h e r e  is a significant amount o f  Russ ian  work i n  t h i s  

area ( s e e  t h e  pape r  by Lappo and Zagryadskaya) .  Again i t  would be w o r t h w h i l e  

t o  t r a n s l a t e  t h i s  work. 

19.  I t  is a b i t  s u r p r i s i n g  t h a t  t h e  p r e s e n c e  o f  t h e  b a s e  mound h a s  y e t  t o  b e  

t a k e n  i n t o  a c c o u n t .  T h i s  may be because  numer i ca l  t r e a t m e n t s  o f  t h e  problem 

( a l m o s t  c e r t a i n l y  needed h e r e )  seem r a t h e r  t e n t a t i v e  t o  d a t e .  T h i s  would seem 

t o  b e  t h e  n e x t  s t e p .  

20.  F i n a l l y ,  l i t t l e  work h a s  been d i r e c t e d  t o  d e t e r m i n i n g  t h e  r e s p o n s e  o f  a 

v e r t i c a l  wall t o  s tanding-wave p r e s s u r e s .  T h i s  is a lmos t  c e r t a i n l y  due  t o  t h e  

fact t h a t  d e s i g n  p r e s s u r e s  are u s u a l l y  a s s o c i a t e d  wi th  b r e a k i n g  waves. 

However, t h e  problem is f a r  more t r a c t a b l e  w i t h  s t a n d i n g  waves, and p robab ly  

wor th  c o n s i d e r i n g  . 
Breaking  Wave Theory 

21. T h i s  work is shown i n  Tab le  4 .  U n f o r t u n a t e l y ,  t h e  t h e o r e t i c a l  

c a l c u l a t i o n s  o f  shock  p r e s s u r e s  a r e  s t i l l  somewhat s t e r i l e ,  d e s p i t e  much 

work. The models  are c l o s e r  t o  r e a l i t y  and u s e f u l n e s s  t h a n  t h e  p i o n e e r i n g  

work o f  Bagnold, b u t  are n o t  y e t  t o  t h e  p o i n t  o f  be ing  used  i n  d e s i g n .  I t  may 

well b e  t h a t  t h e  most  t h a t  can  r e a s o n a b l y  be expec ted  is a p r e s s u r e  s c a l i n g  

law t o  u s e  i n  c o n j u n c t i o n  w i t h  l a b o r a t o r y  expe r imen t s .  The work o f  R i c h e r t  

(1974)  seem c l o s e s t  t o  be ing  u s e f u l  i n  d e s i g n .  

Tab le  4 

Recent Work on Breaking  Wave P r e s s u r e s  

Author 

Kame 1 A l g e b r a i c  t r a c k i n g  o f  impact-produced p r e s s u r e  shock waves 
( 1968) th rough  water ( a i r  cush ion  n e g l e c t e d )  

M i  t s u y a s u  Numerical  s o l u t i o n  o f  Bagnold model f o r  f i n i t e  compress ion  o f  
(1966)  a i r  c u s h i o n ,  and a i r  cush ion  w i t h  l e a k a g e  

R iche r  t Numerical  t r a c k i n g  o f  impact-produced p r e s s u r e  shock waves 
( 1974) th rough  water 

Weigel & Numerical  Model assuming t h a t  a i r  and wa te r  are un i fo rmly  mixed 
Maxwell 

( 1970) 



Breakwater  Response 

22. T h i s  work is shown i n  Tab le  5 .  The r e s p o n s e  o f  a b reakwa te r  t o  wave 

f o r c e s  d o e s  n o t  seem t o  have been s t u d i e d  b e f o r e  1958. T h i s  r e s p o n s e  is, o f  

c o u r s e ,  a c r u c i a l  s t e p  f o r  t h e  d e s i g n e r .  The main p o i n t  is u s u a l l y  whe the r  

t h e  b reakwa te r  w i l l  s l i d e  on its r u b b l e  f o u n d a t i o n ,  and pe rhaps  how f a r .  

F i n d i n g  t h e  answer e n t a i l s  c o n s i d e r i n g  t h e  i n t e r a c t i o n  o f  s l i d i n g  and r o c k i n g  

m o t i o n s  o f  t h e  b reakwa te r .  

Tab le  5 

Recent  Work on t h e  Response o f  Ver t i ca l -Wal l ed  Breakwaters  t o  Wave F o r c e s  

Breaking/  Response L a b o r a t o r y /  
Name Rubble Mound? S tand ing  Wave? Type T h e o r e t i c a l / F i e l d  

Goda ( 1974) 

Hayashi  & 
H a t t o r i  
(1961)  

Hayashi  (1963)  

Hayashi  & 
H a t t o r i  
( 1964 

I t o  (1971)  

Kirkgoz  & 
Meng i ( 1985) 

Lundgren (1969)  

Muraki (1966)  

Nagai ( 1963) 

Nagai & Kura ta  
(1974)  

Yes 

N 0 

Yes 

Yes 
and 
No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Both 

B 

Both (Random) 

B 

0 

Both 

B 

Both 

S l i d i n g  

Rocking 

S l i d i n g  

Rocking, 
S l i d i n g  

S l i d i n g  

P l a t e  
Deformation 

Rocking 

Rocking 

S l  i d  i n g  

S l  i d i n g  



2 3 .  T h i s  problem h a s  been c o n s i d e r e d  a n a l y t i c a l l y  b u t  n o t  e x p e r i m e n t a l l y ,  a t  

least  i n  any c o n t r o l l e d  s e n s e .  However, a l t h o u g h  t h e r e  a r e  a number o f  weak- 

n e s s e s  i n  t h e  a s sumpt ions  behind t h e  t h e o r i e s ,  t h e  t h e o r i e s  are a r e a s o n a b l e  

f i r s t  a t t e m p t  a t  p u t t i n g  t h e  d e s i g n  on a r a t i o n a l  b a s i s .  As a n  example,  i t  is 

n o t  c l e a r  t h a t  s l i d i n g  on an  unde rwa te r  r u b b l e  b a s e  is well u n d e r s t o o d ,  espe-  

c i a l l y  when t h e  b a s e  p r e s s u r e  is uneven because  o f  a n  a s s o c i a t e d  r o c k i n g .  I t  

would be i n t e r e s t i n g  t o  a p p l y  a known f o r c e  t o  a l a b o r a t o r y  b r e a k w a t e r ,  and 

compare t h e  r e s p o n s e  w i t h  t h e o r e t i c a l  p r e d i c t i o n s .  A good d i s c u s s i o n  o f  some 

o t h e r  d i f f i c u l t i e s  is  found i n  Lundgren (1969) ,  and t h e  comments f o l l o w i n g  

t h a t  p r e s e n t a t i o n .  



PART 111:  GODA'S MODEL FOR.PREDICTING WAVE FORCES 

I n t r o d u c t i o n  

2 4 ,  There  is a c l e a r  need t o  be a b l e  t o  p r e d i c t  f o r c e s  on v e r t i c a l  walls, 

e i t h e r  w i t h  o r  w i t h o u t  a r u b b l e  b a s e ,  w i t h  r e a s o n a b l e  a c c u r a c y .  Any g e n e r a l l y  

u s e f u l  method must s a t i s f y  s e v e r a l  c r i t e r i a .  I t  must be r e l a t i v e l y  s i m p l e  t o  

u s e ,  h a v e  some r a t i o n a l  b a s i s  ( w i t h o u t  hav ing  t o  b e  e n t i r e l y  d e r i v e d  from 

f i r s t  p r i n c i p l e s ) ,  and must cove r  many common s i t u a t i o n s .  I t  would be n i c e  t o  

have  a method which h a s  been used  f a i r l y  o f t e n  ( w i t h  a p p a r e n t  s u c c e s s ) ,  which 

h a s  s u r v i v e d  c r i t i c a l  comment i n  t h e  e n g i n e e r i n g  l i t e r a t u r e ,  and which a l s o  

h a s  some " o f f i c i a l  a p p r o v a l . "  F i n a l l y ,  t h e  model shou ld  cope  w i t h  t h e  f a c t  

t h a t  a n a t u r a l  sea s t a t e  i s  random i n  n a t u r e ,  and s h o u l d ,  a t  least  i n  t h e  s u r f  

z o n e ,  i n c l u d e  b reak ing  waves. 

25 .  Goda ' s  model is f o r  random waves. No d i s t i n c t i o n s  are made among 

nonbreak ing ,  b r e a k i n g ,  o r  broken waves. The fo rmulas  a p p l y  t o  v e r t i c a l  walls 

w i t h  o r  w i t h o u t  r u b b l e  b a s e  mounds, b u t  on ly  when t h e  wave c r e s t  is a t  t h e  

wall. The f o r m u l a s  g i v e  t h e  a d d i t i o n a l  f o r c e  due  t o  t h e  waves,  s o  t h a t  t h e  

still-water h y d r o s t a t i c  f o r c e  must be  added t o  g i v e  t h e  t o t a l  f o r c e  on t h e  

wall. The e f f e c t s  o f  d i f f r a c t i o n  and r e f r a c t i o n  are n o t  d i s c u s s e d  below, b u t  

are i n  Goda ( 1985) . 
The Geometry 

26. The geometry is shown i n  F i g u r e  3. A l l  d e p t h s  a r e  r e f e r r e d  t o  s t i l l-  

water l e v e l .  The symbols are n o t  t h o s e  o f  Goda, and are chosen  t o  c o r r e s p o n d  

t o  t h e  SPM when p o s s i b l e .  A t  t h e  wall, t h e  water h e i g h t  above s t i l l - w a t e r  

l e v e l  when a c res t  i s  present i s  R.  Note t ha t  with no base mound o r  toe  

protect ion,  D = ds. \?hen there  is  toe  protection but no base mound, 

D = D + r. The (small) bottom slope i s  m. Jus t  before encountering the  
S 

wall, t h e  d e s i g n  waves have i n c i d e n t  h e i g h t  Hi and  move a t  an a n g l e  a , w i t h  

r e s p e c t  t o  a h o r i z o n t a l  normal t o  t h e  wall. 



P r e s s u r e  D i s t r i b u t i o n  

2 7 .  For now, assume t h a t  t h e  d e s i g n  wave h e i g h t  H i  and wave d i r e c t i o n  a are 

known. The p r e s s u r e  d i s t r i b u t i o n  on t h e  wall is d e s c r i b e d  by s t r a i g h t  l i n e s  

c o n n e c t i n g  t h e  p o i n t s  A ,  B . ,  and C i n  F i g u r e s  3 and 4 .  The p r e s s u r e  v a n i s h e s  

a t  A ,  t h e  p o i n t  o f  maximum runup.  I t  is a maximum pH a t  t h e  l e v e l  o f  B ( i . e . ,  

a t  s t i l l  wa te r  l e v e l ) .  I t  t h e n  d e c r e a s e s  t o  pL a t  t h e  l e v e l  o f  C, t h e  t o p  o f  

t h e  b a s e  mound (not a t  t h e  t o p  o f  t h e  armor s t o n e  p r o t e c t i n g  t h e  mound). 

The maximum runup is 

The p r e s s u r e  pH and pL shown i n  F i g u r e  4 a r e  

p H 
= l / 2  w H i ( l  + c o s  a ) ( y ,  + y2  cos2  a )  

Here, 

Y2 is t h e  s m a l l e r  o f  e x p r e s s i o n  ( a )  and ( b )  below: 

( a )  ( b )  

and  

I n  t h e s e  d e f i n i t i o n s ,  L is t h e  d e s i g n  wavelength  a t  d e p t h  D ,  and is c a l c u l a t e d  

from l i n e a r  t h e o r y  ( e . g . ,  SPM Appendix C-1). F i n a l l y ,  t h e  new water d e p t h  Db 

is t h e  d e p t h  5 H1/3 seaward o f  t h e  wall, where H I l 3  is t h e  s i g n i f i c a n t  wave 

h e i g h t  a t  d e p t h  D .  That  is  Db = D +5 m When t h e  b reakwa te r  is i n  t h e  

s u r f  z o n e ,  t h e  c h o i c e  o f  h e i g h t  t o  b e  used  f o r  H i  w i l l  b e  based i n  p a r t  on 

sax a t  t h e  d e p t h  db .  We now t u r n  t o  e s t i m a t i n g  H i  and 



Figure  3. Geometry and n o t a t i o n  f o r  u s e  w i t h  t h e  Goda Method f o r  
e s t i m a t i n g  wave f o r c e s  on a v e r t i c a l  w a l l .  See  a l s o  F i g u r e s  1 and 4 .  

F i g u r e  4 .  The p r e s s u r e  d i s t r i b u t i o n  assumed i n  t h e  Method o f  Goda. 
See  a l s o  F igures  I and 3. 



Design Wave Height 

28. The d e s i g n  wave h e i g h t  is t h e  maximum wave h e i g h t  a t  t h e  wall. There  

a r e  many ways t o  e s t i m a t e  nea r shore  wave h e i g h t s .  I n  o r d e r  t o  be c o n s i s t e n t  

wi th  t h e  p r e s s u r e  model of  Goda given above,  wave h e i g h t s  w i l l  be  e s t i m a t e d  

u s i n g  t h e  Goda model f o r  random, breaking waves i n  t h e  s u r f  zone,  which h a s  

been found ( a g a i n  by Goda) t o  g i v e  s a t i s f a c t o r y  r e s u l t s  both  i n  t h e  l a b o r a t o r y  

and i n  n a t u r e .  

29. Godats  s h o a l i n g  model g i v e s  e s t i m a t e s  f o r  t h e  s i g n i f i c a n t  wave h e i g h t  

H1/3 and t h e  "maximumtt wave h e i g h t  sax = The u s e r  must supp ly  t h e  

s i g n i f i c a n t  o f f s h o r e  wave h e i g h t  c o r r e c t e d  f o r  r e f r a c t i o n  ( H o t ) ,  t h e  c o r r e s -  

ponding wave s t e e p n e s s  ( s  = Hot/Lo),  and t h e  bottom s l o p e  (m). Following 

Goda, t h e  o f f s h o r e  wavelength is found from 2 n Lo = g ~ 1 / 3 2 ,  where is t h e  

a v e r a g e  pe r iod  o f  t h e  h i g h e s t  t h i r d  o f  t h e  o f f s h o r e  waves, and g  is g r a v i t y .  

The q u a n t i t i e s  H o t  and T1 /3  a r e  u s u a l l y  determined from a  wave c l i m a t o l o g y ,  

and r e f r a c t i o n  theory  ( s e e  Goda (1985) and t h e  SPM). 

30. The Goda s h o a l i n g  model s p e c i f i e s  a  Rayleigh d i s t r i b u t i o n  of o f f s h o r e  

wave h e i g h t s  and a l i n e a r  p r o b a b i l i t y  o f  wave breaking a t  t h e  waves approach 

s h o r e .  I t  adds  a f r a c t i o n  of  t h e  broken-wave energy t o  t h e  smaller, unbroken 

waves. The e f f e c t s  o f  r a d i a t i o n  s t r e s s  and s u r f  b e a t  on still wate r  l e v e l  are 

taken  i n t o  accoun t .  A b e t t e r  ( b u t  s t i l l  incomplete)  d i s c u s s i o n  of t h e  

complete model is found i n  Goda ( 1985),  a long  wi th  g r a p h i c a l  r e s u l t s .  

31. Outs ide  o f  t h e  s u r f  zone,  wave breaking is n o t  impor tan t .  Here,  t h e  

wave h e i g h t  can be found by us ing  a  s h o a l i n g  c o e f f i c i e n t  K ,  d e f i n e d  by = 

K H o t ,  and found wi th  t h e  method given i n  Appendix B.  Following t h e  Goda 

model, t h i s  is always t r u e  f o r  water  d e p t h s  g r e a t e r  than Lo/5. The d e s i g n  

wave h e i g h t  Hi is then taken t o  be H i  = %,, = 1 . 8  a t  d e p t h  D .  

32.  When t h e  wal l  depth  D < L0/5, t h e  w a l l  may be i n  t h e  s u r f  zone,  and t h e  

e q u a t i o n s  f o r  H 1 i 3  and kx a r e  t h o s e  given i n  Appendix C.  Now we must 

u s u a l l y  determine H1/3 a t  d  = D ,  and then f i n d  t h e  dep th  

We t h e n  f i n d  t h e  l a r g e s t  v a l u e  o f  %ax, f o r  water  dep ths  between D and Db. 

T h i s  l a r g e s t  v a l u e  is taken t o  be  t h e  des ign  wave h e i g h t  H i .  ( T h i s  method 

d i f f e r s  from t h a t  of  Goda, i n  which %ax a t  d  = Db i s  always used as Hi .  The 



new p r o c e d u r e  seems  s l i g h t l y  more c o n s e r v a t i v e ,  e s p e c i a l l y  when t h e  w a l l  is 

n e a r  t h e  o u t e r  e d g e  o f  t h e  s u r f  z o n e .  However,  it is somewhat t e d i o u s  when 

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

33. I n  e i t h e r  c a s e ,  we mus t  f i n d  t h e  q u a n t i t y  D b ,  i n  o r d e r  t o  f i n d  t h e  

p r e s s u r e - d i s t r i b u t i o n  p a r a m e t e r  Y 2 -  
F i n d i n g  a 

34. The e s t i m a t e d  v a l u e  o f  a is  d e c r e a s e d  by 1 5  d e g r e e s  t o  a c c o u n t  f o r  o u r  

i n a b i l i t y  t o  m e a s u r e  wave d i r e c t i o n s  a c c u r a t e l y .  (However ,  it is n o t  

d e c r e a s e d  be low z e r o ) .  

T o t a l  H o r i z o n t a l  F o r c e  - No O v e r t o p p i n g  

3 5 .  The i n c r e a s e  i n  f o r c e  p e r  u n i t  d i s t a n c e  a l o n g  t h e  w a l l  d u e  t o  t h e  

p r e s e n c e  o f  t h e  waves is f o u n d  f rom t h e  p r e s s u r e  d i s t r i b u t i o n  shown i n  

F i g u r e  4: 

2  To t h i s  m u s t  b e  a d d e d  t h e  s t i l l - w a t e r  h y d r o s t a t i c  f o r c e  Fs = w ( r  + d s )  / 2 .  

Then t h e  t o t a l  f o r c e  p e r  u n i t  d i s t a n c e  a l o n g  t h e  wall is 

T o t a l  H o r i z o n t a l  F o r c e  - O v e r t o p p i n g  

36. I f  R is l a r g e  enough  t h a t  water r u n s  o v e r  t h e  t o p  o f  t h e  wall, t h e  

p r e s s u r e  d i s t r i b u t i o n  is s i m p l y  t r u n c a t e d  a t  t h i s  p o i n t .  T h a t  i s ,  pH r e m a i n s  

t h e  same,  b u t  t h e  p r e s s u r e  a t  t h e  w a l l  t o p  is  

a n d  t h e  a d d i t i o n a l  f o r c e  d u e  t o  t h e  wave is  

Fw = 1 / 2  ( p H  + p L ) ( r  + d s )  + 1 / 2 ( p H  + p T ) [ h  - d, - r l  



37. A schematic version of one way to  proceed is shown in Figure 5.  A s  

above, neglect  any e f f e c t s  of re f rac t ion  or  d i f f r a c t i o n ,  and assume tha t  you 

know Ho',  and m .  (Of course, you a l so  know ds, r ,  h ,  and D ) .  You want 

t o  est imate Fw.  Assume no overtopping. The changes t o  account fo r  over- 

topping a r e  s t r a i g h t  forward ( see  above). 

38. A s a fe ty  fac tor  of a t  l e a s t  1 . 2  has been used by Japanese engineers w i t h  

the Goda approach. The coeff ic ient  of f r i c t i o n  between concrete and a rubble 

base mound is usual ly taken to  be 0 . 6 .  

Comments 

39. Because of the arguments given i n  the introduction to  t h i s  Sect ion,  i t  

is hard not t o  regard the combined Goda shoaling and wave-force model a s  the 

best  avai lable  ( a t  l e a s t ,  fo r  random waves). However, the Draconian methods 

used t o  obtain i t  leave room fo r  improvement in the fu tu re .  For example, the 

de f in i t ion  Hma, = and the formula used to  est imate surf  beat seem 

amenable t o  improvement, a t  l e a s t  i n  terms of s t a t i s t i c a l  r e l i a b i l i t y .  Also, 

the problem of whether or  not ( o r  when) shock pressures a r e  important to 

design is not ye t  well answered. 

40 .  I t  is a l s o  f r u s t r a t i n g  tha t  one does not have easy access t o  the l a rge  

amount of data t h a t  went in to  formulas such a s  those of Goda and Nagai. 

Moreover, the ava i l ab le  l i t e r a t u r e  does not contain comparisons of da ta  to  

formulas. One has d i f f i c u l t y  following, and judging, the reasoning process in 

going from data  t o  the  r e su l t ing  design formulas, especia l ly  when the 

reasoning is somewhat i n t u i t i v e .  Thus, while it seems f a i r l y  ce r t a in  tha t  the  

Goda model given here is appropriate fo r  design use, i t  a l s o  seems t h a t  

perhaps more use could be made of the same da ta ,  and t h a t  the model could be 

improved w i t h  more da ta ,  a t  l e a s t  on the grounds of i ts s t a t i s t i c a l  c e r t a i n t y ,  

and i t s  treatment of the very high shock pressures associated w i t h  a  small 

f r ac t ion  of the breaking waves. 



Figure  5. A f lowchart  f o r  using t h e  method o f  Goda f o r  
es t imat ing  wave f o r c e s  on a v e r t i c a l  wal l  





45.  I t  may be t h a t  s m a l l - s c a l e  f i e l d  t e s t i n g  ( i n  a small l a k e )  would be a 

v i a b l e  a l t e r n a t i v e .  D i r e c t i o n a l  s p e c t r a  would b e  p r e s e n t ,  b u t  t h e  scale would 

be small enough t h a t  t h e  l a r g e  number o f  measurements needed f o r  s t a t i s t i ca l  

r e l i a b i l f t y  would n o t  be p r o h i b i t i v e l y  e x p e n s i v e .  

46. The problem o f  wave f o r c e s  on walls is b o t h  common and i m p o r t a n t .  Many 

g r o u p s  a round  t h e  work make such  measurements. I t  seems t h a t  a f i r s t  s t e p  

would be t o  c o l l e c t  a l l  a v a i l a b l e  d a t a  on u n i d i r e c t i o n a l  random tests ,  

especially in f a i r l y  generic (i. e., n o t  very s i t e  s p e c i f i c )  s i t u a t i o n s .  Such  

a of results c o u l d  t h e n  b e  u p d a t e d  o n  a r e g u l a r  b a s i s ,  and form a 

r e f e r e n c e  f o r  d e s i g n  e n g i n e e r s .  

47. D e s p i t e  e i g h t y  y e a r s  o f  t hough t  and work OII  t h i s  common d r ~ d  i m p o r t a n t  

problem,  i t  seems t h a t  t h e r e  is s t i l l  f a r  t o  g o  t o  produce  a s t a t i s t i c a l l y  

r e l i a b l e  model. The f i r s t  s t e p  i n  f u r t h e r  major  p r o g r e s s  shou ld  be  a tho rough  

compar ison  o f  p r e v i o u s l y  o b t a i n e d  d a t a .  The n e x t  s t e p  may well be s o  l a r g e  

t h a t  i t  w i l l  e i t h e r  e n t a i l  c o o p e r a t i o n  among a number o f  l a b o r a t o r i e s ,  o r  

n e v e r  be c a r r i e d  o u t  because  o f  t h e  e f f o r t  e n t a i l e d .  

48. A s l i g h t l y  mod i f i ed  v e r s i o n  o f  Goda method is p r e s e n t e d ,  a l o n g  w i t h  

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

l i e s  i n  t h e  manner i n  which t h e  d e s i g n  wave h e i g h t  is chosen .  The method 

g i v e n  h e r e  seems s l i g h t l y  more c o n s e r v a t i v e  i n  t h e  c a s e  where t h e  wall is n e a r  

t h e  o u t e r  edge o f  t h e  s u r f  z b n e ) .  The Goda method s k i r t s  t h e  problem o f  

e s t i m a t i n g  shock p r e s s u r e s  ( o r  f o r c e s )  (Goda, 1985) by d e s i g n i n g  s o  t h a t  s u c h  

p r e s s u r e s  w i l l  n o t  o c c u r .  



REFERENCES 

Bureau o f  P o r t s  and Harbors ,  M i n i s t r y  o f  T r a n s p o r t  ( J a p a n ) .  1980. " T e c h n i c a l  
S t a n d a r d s  f o r  P o r t  and Harbor F a c i l i t i e s  i n  J apan" .  ( A v a i l a b l e  from t h e  
Over seas  C o a s t a l  Area Development I n s t i t u t e  o f  J a p a n ,  3-2-4 Kasumigaseki ,  
Chiyoda-ku, Tokyo, J a p a n ) .  

Committee on C o a s t a l  Eng inee r ing  o f  t h e  Japan S o c i e t y  o f  C i v i l  E n g i n e e r s .  
1978 ( F e b ) .  " A  Look a t  C o a s t a l  Eng inee r ing  S t u d i e s  i n  J a p a n , "  J o u r n a l  o f  t h e  

, ASCE, V O ~  104, NO.  WW1, pp.  19-38. 

Goda, Y .  1985. "Random S e a s  and Design o f  Mari t ime S t r u c t u r e s , "  U n i v e r s i t y  
o f  Tokyo P r e s s ,  Tokyo, J apan .  

Hudson, R .  Y .  1953. "Random S e a s  and Design o f  Maritime S t r u c t u r e s , "  
, v o l  118,  pp. 653-685. 

. 1982 ( F e b ) .  ASCE, 
V O ~  104, NO.  WW1, pp. 19-38. 

K i m ,  Y. C .  1982 ( F e b ) .  "Coas t a l  Engineer ing  and C o n s t r u c t i o n  i n  J a p a n , "  
, ASCE, v o l  108,  No 

WWI, pp. 121-123. 

Lamb, H.  1932. "Hydrodynamics," Dover, New York. 

Min ik in ,  R .  R .  1963. "Winds, Waves and Maritime  structure^,^^, C h a r l e s  
G r i f f i n  and Co., London. 

P a u l s o n ,  B .  C .  1981 ( F e b ) .  "Coas t a l  Eng inee r ing  and C o n s t r u c t i o n  i n  J a ~ a n . "  . , 

~ o u r n a l .  o f  t h e  Waterway, P o r t ,  C o a s t a l  and o c e a n - ~ i v i s i o n ,  ASCE, v o l  107,  
NO. WW1, pp. 11-26. 

Rundgren, L .  1958. "Water Wave F o r c e s , "  B u l l e t i n  No. 54 o f  t h e  I n s t i t u t i o n  
o f  H y d r a u l i c s ,  T r a n s a c t i o n s  o f  t h e  Royal I n s t i t u t e  o f  Technology,  S tockholm,  
Sweden, No. 122. 

S h o r e  P r o t e c t i o n  Manual. 1984. 4 t h  e d . ,  2 v o l s ,  US Army Engineer  Waterways 
Experiment  S t a t i o n ,  C o a s t a l  Eng inee r ing  Research C e n t e r ,  US Government 
P r i n t i n g  O f f i c e ,  Washington, DC. 

S h u t o ,  N .  1974. "Nonl inear  Long Waves i n  a Channel  o f  V a r i a b l e  S e c t i o n , "  
C o a s t a l  E n ~ i n e e r i n g  i n  J apan ,  v o l  17,  pp. 1-12. 

Tanimoto,  K . ,  Yagyu, T . ,  and Goda, Y. 1982. " I r r e g u l a r  T e s t s  f o r  Composite  
Breakwater  Founda t ions , "  Proceedings  o f  t h e  1 8 t h  Conference  on C o a s t a l  
E n g i n e e r i n g ,  American S o c i e t y  o f  C i v i l  Eng inee r s ,  Ch. 128. 

Weigel ,  R .  L .  1964. "Oceanograpahical  Eng inee r ing , "  P r e n t i c e - H a l l ,  New 
J e r s e y .  



APPENDIX A:  AN ANNOTATED BIBLIOGRAPHY OF THE RECENT LITERATURE 



ANNOTATED BIBLIOGRAPHY OF RECENT WORK ON WAVE FORCES ON VERTICAL WALLS 

I n t r o d u c t i o n  

A l is t  o f  t h e  a r t i c l e s  i n  E n g l i s h  on t h e  t o p i c  o f  wave f o r c e s  on v e r t i c a l  

walls is g iven  below, t o g e t h e r  w i t h  a s h o r t  review o f  t h e i r  c o n t e n t .  Only 

a r t i c l es  which have  appeared  s i n c e  1958 are l i s t e d .  The r e f e r r e d  l i t e r a t u r e  

g i v e n  below is p robab ly  a lmos t  comple te .  However, some t e c h n i c a l  r e p o r t s  may 

have  been  ove r looked .  I n  a d d i t i o n ,  some a r t i c l e s  have been c i t e d  i n  t h e  

a r t i c l es  rev iewed ,  b u t  cou ld  n o t  be  o b t a i n e d  and reviewed.  These  are  l i s t e d  

a t  t h e  e n d ,  t o g e t h e r  w i t h  t h e  paper  i n  which t h e y  were c i t e d .  

0004 MRTSEM, M, A. 1957. "Model S tudy on t h e  Impact o f  Waves," 
American S o c i e t y  o 

E n g i n e e r s ,  Ch. 45. 

T h i s  is  a b r i e f  i n t e r i m  r e p o r t  on an i n v e s t i g a t i o n  o f  wave f o r c e s  on 
v e r t i c a l  and s l a n t i n g  s l u i c e  g a t e s .  I t  is inc luded  p r i m a r i l y  as a n  example o f  
e a r l y  e x p e r i m e n t a l  work o f  t h i s  t y p e ,  and as a n  example o f  Dutch work i n  t h e  
f i e l d  (much o f  which d o e s  n o t  a p p e a r  i n  t h e  r e f e r e e d  E n g l i s h  l i t e r a t u r e ) .  

0002 MRTSEN, M. A. and BFNIS, W. A.  1959. "Model I n v e s t i g a t i o n s  on Wave 
A t t a c k  on S t r u c t u r e s , "  

Although t h i s  r e p o r t  is concerned  wi th  wave f o r c e s  on curved  walls, it 
is ment ioned as an  example o f  e a r l y ,  s y s t e m a t i c  work on p r e s s u r e s  due  t o  
b r e a k i n g  waves. I t  a l s o  d e s c r i b e s  work conducted a t  t h e  Delft H y d r a u l i c s  
L a b o r a t o r y ,  much o f  which does  n o t  seem t o  have made its way i n t o  t h e  e a s i l y  
a c c e s s i b l e  E n g l i s h  l i t e r a t u r e .  

Waves a r e  g e n e r a t e d ,  by bo th  wind and a wavemaker, i n  a l a r g e  f lume .  
V a r i o u s  wave s p e c t r a  are c o n s i d e r e d ,  and t y p i c a l  p r e s s u r e  d a t a  shown. The 
c o m p l e t e  r e s u l t s  are g i v e n  i n  a s e p a r a t e  r e p o r t .  

0003 AGKEMMM, N. L. and CMEN, P. 1974. "Impact P r e s s u r e s  Produced by 
Breaking  Waves ," P 

American S o c i e t y  o f  C i v i l  Eng inee r s ,  Ch. 104. 

A f l a t  p l a t e  was dropped o n t o  a st i l l  wa te r  s u r f a c e  i n  a vacuum t a n k ,  t o  
test t h e  e f f e c t  on a n  a i r  cush ion  on t h e  r e s u l t i n g  impact  p r e s s u r e ,  The 
impac t  p r e s s u r e  was found t o  d i m i n i s h  w i t h  d e c r e a s i n g  a i r  p r e s s u r e .  T h i s  
f i n d i n g  seems t o  have  impor t an t  i m p l i c a t i o n s  f o r  t h e  models  c u r r e n t l y  used  t o  
e s t a b l  i s h  shock p r e s s u r e s .  



0004 BATI'JES, J .  A .  1982. " E f f e c t s  o f  S h o r t - C r e s t e d n e s s  on Wave Loads on  
Long S t r u c t u r e s ,  Applied Ocean Research ,  Vol. 4 ( 3 ) ,  pp. 165-1 72.  

The a u t h o r  c a l c u l a t e s  t h e  r e d u c t i o n  o f  t h e  wave f o r c e  on a v e r t i c a l  wall 
due t o  t h e  f a c t  t h a t  t h e  waves are s h o r t - c r e s t e d ,  u s i n g  l i n e a r  s p e c t r a l -  
t r a n s f e r  t h e o r y .  S p e c i f i c  r e s u l t s  a r e  o b t a i n e d  f o r  a d i r e c t i o n a l  spec t rum i n  
which ene rgy  is d i s t r i b u t e d  a c c o r d i n g  t o  t h e  c o s i n e  ( s q u a r e d )  o f  d i r e c t i o n  
from t h e  wind,  and f o r  v a r i o u s  s t r u c t u r e  l e n g t h s .  The u s e  o f  l i n e a r  t r a n s f e r  
t h e o r y  is a d e t r i m e n t  t o  t h e  u s e  o f  t h e  t h e o r y  f o r  t h e  c a s e  o f  b r e a k i n g  waves. 
However, t h e  work seems s e m i n a l ,  and w i l l  e v e n t u a l l y  have  t o  be  r e f i n e d  t o  t h e  
p o i n t  o f  b e i n g  u s e f u l  t o  d e s i g n .  

0005 BLACKMORE, P. A .  and HEUSON, P. J .  1984. "Exper iments  on F u l l - S c a l e  
Wave Impact  P r e s s u r e s , "  Vol. 8 ,  pp. 331-346. 

F i e l d  measurements o f  t h e  shock p r e s s u r e s  due  t o  waves b r e a k i n g  on a 
s l i g h t l y  c u r v e d ,  v e r t i c a l  breakwater  a r e  r e p o r t e d .  The Minik in  formula  is 
found t o  o v e r  estimate such  p r e s s u r e s  by a n  o r d e r  o f  magni tude ,  A model is 
f o r m u l a t e d ,  s t a r t i n g  from t h e  impulse-momentum e q u a t i o n  a p p l i e d  t o  t h e  water 
n e a r  t h e  wave c r e s t ,  which r e l a t e s  t h e  maximum shock p r e s s u r e  t o  t h e  rise time 
o f  t h e  p r e s s u r e - t i m e  c u r v e .  However, t h e  r e s u l t  c o n t a i n s  an  unknown 
c o e f f i c i e n t ,  A bound on t h i s  c o e f f i c i e n t  is found from t h e  p r e s s u r e  d a t a .  A 
model f o r  t h e  p r e s s u r e  d i s t r i b u t i o n  ove r  t h e  e n t i r e  wall is then  p roposed .  
T h i s  model seems a t  p r e s e n t  t o  be  based  on a r a t h e r  small amount of  d a t a .  

0006 CHAN E .  S . .  and MELVILLE. W. K. 1984. "Dee~water Breaking  Wave F o r c e s  
on S u r f a c e  ' p i e r c i n g  S t r u c t u r e s  ," o c e a n s  ' 8 4  ,' Marine ~ e c h n o i o g ~  S o c i e t y ,  
pp .  565-570. 

Some p r e l i m i n a r y  measurements o f  shock p r e s s u r e s  a s s o c i a t e d  w i t h  deep-  
w a t e r  waves b reak ing  on both  v e r t i c a l  and i n c l i n e d  p l a t e s  are r e p o r t e d .  
Although t h e  maximum p r e s s u r e  v a r i e s  g r e a t l y  from one  exper iment  t o  a n o t h e r ,  
t h e  p r e s s u r e  impulse  is r e p e a t a b l e .  There  is no d i s c u s s i o n  o f  t h e  r e l a t i o n  o f  
t h e s e  d a t a  t o  d e s i g n  c r i t e r i a ,  

0007 FEma, J. D. 1985. "Water F o r c e s  on Vertical Walls," J o u r n a l  o f  t h e  
, Vol*  I l l ,  

pp. 693-718. 

The f o r c e  and moment on a wall due  t o  waves approach ing  t h e  wall f rom 
any a n g l e  are c a l c u l a t e d ,  u s i n g  an  expans ion  t o  t h e  t h i r d  o r d e r  i n  wave 
h e i g h t .  Breaking  is n o t  c o n s i d e r e d :  t h e  waves are comple t e ly  r e f l e c t e d .  The 
r e s u l t i n g  fo rmulas  a r e  compared t o  t h e  e x p e r i m e n t a l  v a l u e s  o f  Goda and Nagai .  
The f o r m u l a s  seem reasonab ly  a c c u r a t e ,  a l t h o u g h  cumbersome. The maximum f o r c e  
p e r  l e n g t h  o f  wall is  shown t o  be  a s s o c i a t e d  w i t h  waves s t r i k i n g  t h e  wall a t  
an  a n g l e ,  r a t h e r  t h a n  w i t h  normal ly  i n c i d e n t  waves. Also,  t h e  g r e a t e s t  
o n s h o r e  f o r c e  sometimes does  n o t  o c c u r  p r e c i s e l y  unde r  a wave crest,  and t h e  
l a r g e s t  f o r c e  can  be a s s o c i a t e d  w i t h  a wave t r o u g h ,  and be d i r e c t e d  
o f f s h o r e .  I t  would seem impor t an t  t o  test  t h e s e  p r e d i c a t i o n s  i n  t h e  
l a b o r a t o r y .  



0008 FUHRBOTER, A .  1969. "Laboratory I n v e s t i g a t i o n  of  Impact Forces , "  
Symposium on Research on Wave Action,  Vol. 2 ,  D e l f t ,  pp. 1-26. 

The water  impact genera ted  by a j e t  suddenly d i v e r t e d  t o  impinge on an 
ins t rumented s t r i k i n g  a r e a  was measured, i n  an a t t e m p t  t o  s imula te  t h e  shock 
p r e s s u r e s  a s s o c i a t e d  w i t h  breaking waves wi th  a model more amenable t o  t h e o r e -  
t i c a l  t r e a t m e n t ,  and w i t h  h igher  p r e s s u r e s .  Histograms of  maximum p r e s s u r e s  
from many similar exper iments  a r e  presented.  The damping e f f e c t  o f  a t h i n  
s h e e t  o f  water  on t h e  s t r i k i n g  a r e a  is a l s o  i l l u s t r a t e d .  The exper imenta l  
r e s u l t s  a r e  compared w i t h  theory p resen ted  by t h e  same a u t h o r  i n  a p r e v i o u s  
paper .  Shock p r e s s u r e s  do n o t  seem t o  s c a l e  accord ing  t o  t h e  Froude law. 

Th i s  paper  is t y p i c a l  of t h e  r e s e a r c h  t h a t  seems t o  be needed i n  o r d e r  
t o  unders tand  wave-induced shock p r e s s u r e s .  I t  a l s o  sugges t  t h a t  much h a s  y e t  
t o  be  done t o  a c h i e v e  such a n  unders tanding,  and t o  be a b l e  t o  use  t h i s  
" r a t i o n a l "  approach f o r  des ign  ( o r  even t o  deduce t h e  a p p r o p r i a t e  s c a l i n g  
laws ) . 

0009 GARCIA, W. J .  S e p t .  1968. "An Experimental  Study o f  Breaking-Wave 
P r e s s u r e s , "  RR H-68-1, US Army Engineer Waterways Experiment S t a t i o n ,  
Vicksburg,  MS. 

Th i s  is a n i c e l y  w r i t t e n  account  o f  some exper iments  done a t  t h e  Water- 
ways Experiment S t a t i o n  t o  measure breaking-wave p r e s s u r e s  on a v e r t i c a l  wall. 
The exper imenta l  procedure  is desc r ibed  c a r e f u l l y ,  and t h e  raw d a t a  p r e s e n t e d .  
The a u t h o r  proposes  a s imple  r e l a t i o n  between shock p r e s s u r e  and o f f s h o r e  wave 
energy ,  and a v e r t i c a l  d i s t r i b u t i o n  of  maximum p r e s s u r e s  similar t o  t h a t  o f  
Minikin.  He a l s o  shows t h a t  t h e  secondary p r e s s u r e s  (and t h u s ,  f o r c e )  can b e  
d e s c r i b e d  q u i t e  w e l l  w i t h  t h e  S a i n f l o u  method. I t  would be  i n t e r e s t i n g  and 
u s e f u l  t o  t e s t  t h e s e  conc lus ions  us ing  t h e  d a t a  o f  o t h e r  shock-pressure  
i n v e s t i g a t o r s  (and v i c e  v e r s a ) .  The b ib l iography  is very  complete. 

0010 GODA, Y. 1967. "The Fourth Order Approximation t o  t h e  Pressure  o f  
Standing Waves," C o a s t a l  Engineering i n  Japan,  Vol. 10, pp. 1-11. ( S e e  
a l s o  a l a t e r  " E r r a t a "  s h e e t  f o r  Vol. 1 0 ) .  

The theory  o f  s t a n d i n g ,  monochromatic, i r r a t i o n a l  waves is developed t o  
t h e  f o u r t h  o r d e r  i n  wave s l o p e ,  and then compared t o  exper iments  performed i n  
a long wave t ank .  (There  is l i t t l e  informat ion given regard ing  t h e  e x p e r i -  
men ts ) .  S p e c i a l  a t t e n t i o n  is paid  t o  t h e  two peaks ( p e r  wave) i n  t h e  
p ressure - t ime  h i s t o r y ,  and t h e  r e l a t i o n  o f  t h i s  phenomenon t o  wave s t e e p n e s s .  

Design diagrams f o r  maximum o f f s h o r e  and onshore  wave f o r c e s  a r e  p re -  
s e n t e d .  The e f f e c t  o f  randomness of  t h e  wave t r a i n  is a l s o  considered i n  a 
p r e l i m i n a r y  f a s h i o n .  The monochromatic theory is shown t o  g i v e  r e s u l t s  
a c c u r a t e  t o  w i t h i n  25 p e r c e n t  i n  t h i s  c a s e .  

0011 GODA, Y. 1972. "Experiments on t h e  T r a n s i t i o n  from Nonbreaking t o  
Postbreaking Wave P r e s s u r e s , "  Coas ta l  Engineer ing i n  Japan,  Vol. 15, 
pp. 81-90. 



Wave p r e s s u r e s  on v e r t i c a l  w a l l s  both  wi th  and wi thou t  a r u b b l e  base  
mound were measured i n  t h e  l a b o r a t o r y ,  f o r  s e v e r a l  ( g r a d u a l l y  i n c r e a s i n g )  
i n c i d e n t  wave h e i g h t s .  The monochromatic waves were f i r s t  ( i . e . ,  f o r  small 
h e i g h t s )  s t a n d i n g  waves, then  broke a t  t h e  wall, and f i n a l l y  ( f o r  s u f f i c i e n t l y  
l a r g e  h e i g h t s )  broke b e f o r e  reaching t h e  wall. The p r e s s u r e s  e x e r t e d  on t h e  
wall were found t o  i n c r e a s e  g radua l ly  and con t inous ly  dur ing  t h i s  p rocess .  
Also ,  f o r  t h e  g e n t l e  bottom s l o p e  of  1/100 used h e r e ,  no d r a m a t i c  shock p r e s -  
s u r e s  were observed.  The presence o f  t h e  base mound was found t o  i n c r e a s e  t h e  
breaking-wave p r e s s u r e s  on t h e  w a l l .  This  paper seem t o  be  one o f  t h e  p r i n c i -  
p a l  f o u n d a t i o n s  f o r  Goda's (1974) method o f  e s t i m a t i n g  wave p r e s s u r e s  on a  
w a l l  ( i n  which method no d i s t i n c t i o n  is made between b reak ing  and non-breaking 
waves) .  

0012 GQDA, Y. 1974. "New Wave Pressure  Formulae f o r  Composit Breakwaters ,"  
Proceedings  o f  t h e  14 th  Coas ta l  Engineering Conference ,  American S o c i e t y  
o f  C i v i l  Eng ineers ,  Ch. 100. 

T h i s  is an Eng l i sh  r e n d i t i o n  o f  t h e  paper i n  which t h e  p r e s s u r e  fo rmulas  
now i n  u s e  i n  Japan f o r  breakwater des ign were f i rs t  in t roduced .  I n  t h e s e  
fo rmulas ,  no d i s t i n c t i o n  is made between breaking and nonbreaking (random) 
waves. Also,  t h e  very h i g h  shock p r e s s u r e s  encountered i n  n a t u r e  are ignored .  
T h i s  is done on t h e  b e l i e f  t h a t  one can des ign s o  t h a t  such  f o r c e s  w i l l  n o t  
occur  (and t h a t  even i f  they do,  much of  t h e  impulse w i l l  be absorbed by t h e  
e l a s t i c i t y  o f  t h e  founda t ion) .  However, Goda does p r e s e n t  methods f o r  
d e c i d i n g  whether o r  n o t  t h e s e  shock p r e s s u r e s  w i l l  o c c u r ,  i n  h i s  1985 book. 

The p r e s s u r e  formulas  c o n t a i n  f a c t o r s  which have been e v a l u a t e d  
e x p e r i m e n t a l l y .  The r e s u l t i n g  p r e d i c t i o n s  a r e  compared w i t h  a  few e x p e r i -  
ments.  However, much of  t h e  conf idence i n  t h e  formulas  stems from t h e i r  
s u c c e s s  i n  p r e d i c t i n g  t h e  s l i d i n g  f a i l u r e  ( o r  t h e  l a c k  t h e r e o f )  o f  f u l l - s c a l e  
b reakwate r s  a long  t h e  Japanese  c o a s t .  The degree  o f  s u c c e s s  is s i g n i f i c a n t l y  
g r e a t e r  than t h a t  found u s i n g  t h e  Minikin, S a i n f l o u ,  o r  H i r i o  methods. 

0013 GQDA, Y. 1985. "Random Seas  and Design o f  Maritime S t r u c t u r e s , "  
U n i v e r s i t y  o f  Tokyo P r e s s ,  Tokyo, pp. 323. 

T h i s  is a  we l l -wr i t t en  d i s t i l l a t i o n  of  a l l  o f  t h e  a u t h o r ' s  work on wave 
f o r c e s  on v e r t i c a l  walls (some o f  which is on ly  a v a i l a b l e  i n  J a p a n e s e ) .  I t  
p r e s e n t s  formulas  now used i n  Japan t o  des ign  breakwaters  wi th  v e r t i c a l  
walls. These formulas  a r e  a l s o  given i n  t h e  d e s i g n  manual "Technical  
S t a n d a r d s  f o r  P o r t  and Harbour F a c i l i t i e s  i n  Japan,  1980" ( a v a i l a b l e  through 
t h e  Overseas Coas ta l  Area Development I n s t i t u t e  o f  J a p a n ) ,  and a r e  d e s c r i b e d  
i n  S e c t i o n  I11 o f  t h i s  r e p o r t .  The 1985 Goda book is a  t r a n s l a t i o n  and 
r e v i s i o n  o f  t h e  f i r s t  e d i t i o n ,  which appeared ( i n  Japanese)  i n  1977. 

I t  is a  b i t  s u r p r i s i n g  t h a t  s o  l i t t l e  o f  t h e  o t h e r  e x t e n s i v e  Japanese  
work and proposed des ign formulas  f o r  wave f o r c e s  is d i s c u s s e d  i n  t h i s  book 
( e . g . ,  t h e  work of Nagai) .  However, t h e  Goda approach is i n t i m a t e l y  r e l a t e d  
t o  h i s  c a l c u l a t i o n s  of t h e  h e i g h t s  o f  random waves i n  and n e a r  t h e  s u r f  
zone.  T h i s  may make such comparisons d i f f i c u l t ,  

The s e r i o u s  c o a s t a l  engineer  would do wel l  t o  read Chap te r s  3 and 4  o f  
t h i s  book ( r e f e r r i n g  t o  Chapter 2 when n e c e s s a r y ) ,  b e f o r e  r e a d i n g  t h e  o r i g i n a l  
papers  which a r e  reviewed i n  t h i s  r e p o r t .  



0014 GOUDA, M. A . ,  "Hydrodynamic Wave P r e s s u r e  on Breakwa te r s , "  J o u r n a l  o f  
t h e  ASCE Waterways and Harbors  D i v i s i o n ,  Vol. 8 6 ,  1960, pp.  13-25. 

Second-order  p o t e n t i a l  t h e o r y  is used  t o  c a l c u l a t e  t h e  p r e s s u r e  on a 
v e r t i c a l  wall due  t o  s t a n d i n g  waves. The r e s u l t s  are compared w i t h  t h e  
p r e s s u r e  d i s t r i b u t i o n s  o f  Luiggi  and C a g l i  ( s e e  t h e  book o f  Minik in  f o r  a 
d e s c r i p t i o n  o f  t h e s e  d i s t r i b u t i o n s ) .  T h i s  pape r  h a s  been supe r seded  by 
s e v e r a l  o t h e r s .  For example,  see t h e  r ev iews  h e r e i n  o f  Goda (1967)  and Fenton  
( 1 9 8 5 ) .  

0015 GRAVESEN, H., AND LUNDGRrn,  H . ,  "Forces  on V e r t i c a l  and S l o p i n g  Face 
Breakwaters" ,  

T h i s  b r i e f  paper  a n a l y z e s  t h e  f o r c e s  e x e r t e d  by random, b r e a k i n g  waves 
on a l a b o r a t o r y  b reakwa te r ,  u s i n g  ext reme-value  s t a t i s t i c s .  The t e c h n i q u e  
seems w e l l - s u i t e d  t o  t h e  wave-breaking s i t u a t i o n ,  and p o t e n t i a l l y  q u i t e  
u s e f u l ,  S e v e r a l  examples a r e  shown, and t h e  e f f e c t s  o f  v a r i o u s  p a r a m e t e r s  
such  as mean wa te r  d e p t h  i l l u s t r a t e d .  However, t h e  s e n s i t i v i t y  o f  t h e  d e s i g n  
v a l u e s  (which  a r e  t h e  u l t i m a t e  p r o d u c t s  o f  t h e  a n a l y s i s )  t o  t h e  assumed 
ex t r eme-va lue  d i s t r i b u t i o n  is n o t  d i s c u s s e d .  

T h i s  method seems q u i t e  p romis ing ,  b u t  a l s o  seems t o  e n t a i l  q u i t e  a b i t  
o f  l a b o r a t o r y  t e s t i n g  f o r  each  d e s i g n  problem. Perhaps  a " c a t a l o g "  of s u c h  
r e s u l t s  c o u l d  e v e n t u a l l y  be  b u i l t  up .  Also ,  s y s t e m a t i c  work w i t h  " t y p i c a l t t  
c a s e s  would be v e r y  u s e f u l ,  i f  o n l y  t o  d e t e r m i n e  t h e  most i m p o r t a n t  
p a r a m e t e r s .  ( I t  would a p p e a r  t h a t  some measure  o f  s p e c t r a l  w id th  would be 
i m p o r t a n t ,  i n  a d d i t i o n  t o  t h e  s i g n i f i c a n t  wave h e i g h t  c o n s i d e r e d  i n  t h e  
p a p e r . )  F i n a l l y ,  i t  seems t h a t  many o f  t h e  s o p h i s t i c a t e d  t o o l s  s o  u s e f u l  i n  
s ta t i s t ica l  hydrology cou ld  a l s o  b e  used  i n  t h i s  app roach .  Moreover, 
h y p o t h e s i s  t e s t i n g  would be  s i m p l e r ,  i n  t h a t  t f l ong"  time series are r e l a t i v e l y  
e a s y  t o  o b t a i n  . 

0016 Hashirnoto, H . ,  "An Exper imen ta l  S tudy o f  I r r e g u l a r  Wave Forces  on a 
C o a s t a l  Dike",  C o a s t a l  Eng inee r ing  i n  J apan ,  Vol. 17 ,  1974, pp.  71-79. 

F o r c e s  and p r e s s u r e s  due t o  i r r e g u l a r  waves s t r i k i n g  a v e r t i c a l  wall 
w i t h  no  base  mound were measured i n  t h e  l a b o r a t o r y .  Both b reak ing  and 
s t a n d i n g  waves were used .  The spec t rum and t h e  wave-height  d i s t r i b u t i o n  were 
found t o  narrow markedly as  t h e  waves approached t h e  wall, s o  t h a t  i n  t h e  
b r e a k e r  zone t h e r e  was o n l y  a small d i f f e r e n c e  between r e g u l a r  and i r r e g u l a r  
waves. A f o rmula  similar t o  t h a t  o f  H i r o n i  is found t o  p r e d i c t  t h e  f o r c e  
q u i t e  well, when used  w i t h  t h e  s i g n i f i c a n t  wave h e i g h t ,  and t h e  c o r r e s p o n d i n g  
s i g n i f i c a n t  wave f o r c e .  

0017 Hayashi, T.,  and H a t t o r i ,  M., " P r e s s u r e  o f  t h e  Breake r  Aga ins t  a 
Vertical Wall", C o a s t a l  Eng inee r ing  i n  J a p a n ,  Vol. 1 ,  1958, pp. 25-37. 

The shock p r e s s u r e s  a s s o c i a t e d  w i t h  waves b reak ing  a g a i  st a v e r t i c a l  9 wall w i t h  no r u b b l e  mound a r e  measured ,  and c o r r e l a t e d  w i t h  U /2g,  where U is 
t h e  water v e l o c i t y  a t  impact .  S o l i t a r y  waves were used  i n  t h e  e x p e r i m e n t s .  



The r e s u l t s  showed a r a t h e r  poor c o r r e l a t i o n  between t h e  two q u a n t i t i e s ,  even  
though most  f o r m u l a s  a v a i l a b l e  a t  t h a t  time cou ld  be recast i n  s u c h  a form 
t h a t  one  would e x p e c t  a good c o r r e l a t i o n .  

0018 Hayashi ,  T . ,  and  Hattori, M . ,  " S t a b i l i t y  o f  t h e  Breakwater  A g a i n s t  
S l i d i n g  d u e  t o  P r e s s u r e  o f  Breaking  Wavestt, C o a s t a l  Eng inee r ing  i n  
J a p a n ,  Vol .  4 ,  1961, pp. 23-33. 

The f o c u s  i n  t h i s  t h i s  is  on t h e  breakwater  r e sponse  t o  t h e  f o r c e  due  t o  
a b r e a k i n g  wave, r a t h e r  t han  t h e  f o r c e  i t s e l f .  However, s u c h  c o n s i d e r a t i o n s  
must  e v e n t u a l l y  be t aken  i n t o  c o n s i d e r a t i o n  i n  d e s i g n  ( a l t h o u g h  t h i s  d o e s  n o t  
y e t  seem t o  have been  done i n  any s y s t e m a t i c  manner) .  The paper  is a p u r e l y  
t h e o r e t i c a l  a n a l y s i s  o f  t h e  rock ing  motion o f  a s o l i d  breakwater  on r u b b l e  
f o u n d a t i o n ,  which is assumed t o  be e las t ic .  The s h e a r i n g  r e s i s t a n c e  o f  t h e  
b reakwa te r  t o  s l i d i n g  is shown t o  depend on t h e  d u r a t i o n  o f  t h e  impact  f o r c e ,  
and  on t h e  n a t u r a l  p e r i o d  w i t h  which t h e  b reakwa te r  r o c k s  on t h e  f o u n d a t i o n .  
How t o  u s e  t h e  r e s u l t s  i n  an a c t u a l  s i t u a t i o n  is n o t  made c l e a r .  I t  a p p e a r s  
t h a t  t h i s  work h a s  been fo l lowed up by Goda. (See  Refe rence  4 . 1 5  i n  h i s  
book) . 

0019 Hayashi ,  T. ,  and Hattori, M . ,  "Thrus t s  Exe r t ed  Upon Composite-Type 
Breakwa te r s  by t h e  Action o f  Breaking  Wavestt, C o a s t a l  Eng inee r ing  i n  
J a p a n ,  Vol .  7 ,  1964, pp. 65-84. 

T h i s  is an  e x t e n s i o n  o f  t h e  a u t h o r s '  1961 pape r  (see above r e v i e w ) .  I n  
t h i s  p a p e r ,  t h e  a n a l y s i s  is  extended t o  c o n s i d e r  b o t h  t h e  shock and t h e  
seconda ry  p r e s s u r e s  a s s o c i a t e d  w i t h  waves b reak ing  on a v e r t i c a l  wall. Also ,  
t h e  a n a l y s i s  is a p p l i e d  t o  s e v e r a l  a c t u a l  b reakwa te r s  i n  J apan .  Breakwa te r s  
c o n s t r u c t e d  o f  h o r i z o n t a l  b locks  l a i d  a t o p  e a c h  o t h e r  a r e  a l s o  c o n s i d e r e d .  
The time h i s t o r y  and maximum v a l u e  o f  t h e  s h e a r i n g  r e s i s t a n c e  ( t o  s l i d i n g )  are 
c a l c u l a t e d .  I t  is n o t  c l e a r  why t h e  minimum v a l u e  o f  s h e a r i n g  r e s i s t a n c e  is 
n o t  a l s o  o f  i n t e r e s t .  

0020 Hayashi ,  T . ,  " V i r t u a l  Mass and t h e  Damping F a c t o r  o f  t h e  Breakwater  
During Rock ing t t ,  C o a s t a l  Eng inee r ing  i n  J apan ,  Vol. 8, 1965, pp. 105- 
117. 

The e f f e c t  o f  t h e  v i r t u a l  mass of a r i g i d  wall on t h e  r o c k i n g  caused  by 
waves b r e a k i n g  on  t h e  wall is s t u d i e d ,  assuming a t r i a n g u l a r  s h o c k - p r e s s u r e  
d i s t r i b u t i o n .  E x p r e s s i o n s  are d e r i v e d  f o r  t h e  v i r t u a l  mass and t h e  v i r t u a l  
moment o f  i n e r t i a  o f  t h e  wall, by c o n s i d e r i n g  t h e  wall r o c k i n g  i n  s t i l l  
water. However, t h e  c a l c u l a t e d  decay rate o f  r o c k i n g  is much smaller t h a n  
t h a t  a c t u a l l y  obse rved .  

0021 Hom-ma, M. , and Horikawa, K. , ''Wave Forces  Aga ins t  S e a  Walltt, 
P r o c e e d i n g s  o f  t h e  9 t h  C o a s t a l  Eng inee r ing  Conference ,  American S o c i e t y  
o f  C i v i l  E n g i n e e r s ,  Ch. 31, 1964. 



The p r e s s u r e  d i s t r i b u t i o n  due t o  broken waves s t r i k i n g  a  v e r t i c a l  w a l l  
a r e  s t u d i e d  i n  t h e  l a b o r a t o r y .  Formulas governing t h i s  d i s t r i b u t i o n  a r e  
proposed,  and then compared with f i e l d  d a t a .  See  a l s o  t h e  1965 paper  by t h e  
same a u t h o r s .  

0022 Hom-ma, M . ,  and Horikawa, K . ,  "Experimental  Study on T o t a l  Wave Force  
Agains t  Sea Wall", Coas ta l  Engineering i n  Japan ,  Vol. 8,  1965, pp. 119- 
129. 

A s imple  d e s i g n  formula proposed i n  a p rev ious  paper (1964; same 
a u t h o r s )  i s  t e s t e d  a g a i n s t  l a b o r a t o r y  measurements o f  t h e  t o t a l  f o r c e  due t o  
waves b reak ing  on a v e r t i c a l  wa l l .  Bottom s l o p e s  o f  1/15 and 1/30 were used ;  
t h e r e  was no base  mound. The average t o t a l  h o r i z o n t a l  f o r c e  ( o v e r  a f a i r l y  
wide s c a t t e r  from wave t o  wave) is p r e d i c t e d  well f o r  t h e  l a r g e  s l o p e ,  b u t  
on ly  f a i r l y  f o r  t h e  smal l  s l o p e .  The s t a t i s t i c a l  d i s t r i b u t i o n  o f  t h e  t o t a l  
f o r c e  is a l s o  d i scussed  b r i e f l y ,  a s  is t h e  a b s o r p t i o n  of  wave energy i n  t h e  
c a s e  where a p r o t e c t i v e  rubble  mound i n  f r o n t  o f  t h e  wall r i s e s  above sti l l  
wate r  l e v e l .  

0023 Huang, P . ,  and Zhao, B., "The P r o b a b i l i t y  C h a r a c t e r i s t i c s  o f  Waves and 
wave-Pressures a t  a  V e r t i c a l  Breakwater :, Proceedings  of  t h e  1 9 t h  
C o a s t a l  Engineering Conference,  American S o c i e t y  o f  C i v i l  Eng ineers ,  
Ch. 50 ,  1984. 

The p r o b a b i l i t y  d i s t r i b u t i o n s  o f  wave h e i g h t s ,  p e r i o d s ,  and p r e s s u r e s  
( a t  v a r i o u s  d e p t h s )  a r e  determined from f i e l d  d a t a  taken n e a r  and a l o n g  a 
v e r t i c a l - w a l l  breakwater.  In  shal low wate r ,  t h e  wave-height d i s t r i b u t i o n  is 
no l o n g e r  t h e  Rayleigh d i s t r i b u t i o n .  The a t t e n u a t i o n  wi th  dep th  o f  t h e  
s p e c t r a l  components of  t h e  p r e s s u r e  is a l s o  c a l c u l a t e d  (and found t o  behave 
a c c o r d i n g  t o  l i n e a r  t h e o r y ) .  A new express ion  governing t h e  e q u i l i b r i u m  range  
o f  t h e  wave p r e s s u r e  spectrum is proposed. 

0024 Ito, Y . ,  " S t a b i l i t y  of Mixed-type Breakwater", Coas ta l  Engineer ing i n  
Japan ,  Vol. 14,  1971, pp. 53-61. 

The i d e a  o f  a  "probable s l i d i n g  d i s t a n c e f f  is advanced a s  a means of 
e v a l u a t i n g  t h e  s l i d i n g  s t a b i l i t y  o f  a  composite breakwater under wave 
a t t a c k .  The method seems p o t e n t i a l l y  very f r u i t f u l .  However, t h e  
c a l c u l a t i o n s  g iven i n  t h i s  paper make r a t h e r  f a r - r e a c h i n g  assumpt ions  abou t  
t h e  s l i d i n g  and s t a t i c  f r i c t i o n  o f  c o n c r e t e  on r u b b l e ,  and c o n t a i n  a n  
a d j u s t a b l e  c o n s t a n t  ( i n  t h e  r e l a t i o n  between wave-pressure d u r a t i o n  and wave 
h e i g h t ) .  Desp i t e  t h i s  drawback, t h e  paper is semina l ,  and t h e  method seems t o  
be c a p a b l e  o f  refinement (wi th  more and b e t t e r  wave f o r c e  and r e s i s t a n c e  d a t a )  
t o  t h e  p o i n t  o f  being q u i t e  u s e f u l .  

0025 Iwagaki, Y . ,  Sakai, T., h a n o ,  T., Mae, N., and Koseki, M., 
"Experimental  Study on P r e s s u r e s  Due t o  I r r e g u l a r  Standing Waves", 

, Val. 23, 1980, 121-129. 



The p r e s s u r e s  on a v e r t i c a l  wall due  t o  random, nonbreaking  waves were 
measured a t  two water d e p t h s ,  and compared t o  t h o s e  p r e d i c t e d  by a t h i r d - o r d e r  
i r r o t a t i o n a l  t h e o r y .  Good agreement  was found when i n d i v i d u a l  waves were 
t r e a t e d  as one  o f  a n  i n f i n i t e l y  long t r a i n  o f  p e r i o d i c  waves, e s p e c i a l l y  i n  
t h e  a b s e n c e  o f  d o u b l e  peaks  i n  t h e  p r e s s u r e  trace. A l i n e a r  f i l t e r  was a l s o  
used t o  estimate t h e  p r e s s u r e  v a r i a t i o n  ( o v e r  time a t  a f i x e d  p o i n t )  from 
w a t e r - l e v e l  v a r i a t i o n s ,  and found t o  work when f i n i t e - a m p l i t u d e  e f f e c t s  are 
n o t  t o o  s t r o n g .  No compar isons  a r e  made w i t h  d e s i g n  fo rmulas .  

0026 J e n s e n ,  0. J . ,  "Breakwater  S t r u c t u r e s t ' ,  C o a s t a l  S t r u c t u r e s  ' 8 3 ,  American 
S o c i e t y  o f  C i v i l  E n g i n e e r s ,  1983, pp. 272-285. 

T h i s  is a r a t h e r  q u a l i t a t i v e  overview of t h e  e x p e r i e n c e s  o f  t h e  Danish 
H y d r a u l i c  I n s t i t u t e  w i t h  t h e  h y d r a u l i c  performance of  t h e  s u p e r s t r u c t u r e s  
b u i l t  a t o p  b r e a k w a t e r s .  While most o f  t h e  material p r e s e n t e d  is n o t  e n t i r e l y  
p e r t i n e n t  t o  wave f o r c e s ,  such  f o r c e s  on v e r t i c a l  faces and t h e i r  exceedance  
p r o b a b i l i t i e s  are d i s c u s s e d  b r i e f l y .  The pape r  is i n t e r e s t i n g  i n  t h e  p r e s e n t  
c o n t e x t  p r i m a r i l y  f o r  its b i b l i o g r a p h y ,  which c o n t a i n s  work n o t  r e f e r e n c e d  
e l s e w h e r e  (and  a l s o  n o t  r e a d i l y  a v a i l a b l e ) .  

0027 Kamel, A .  M., "Water Wave P r e s s u r e s  on S e a w a l l s  and Breakwa te r s t ' ,  RR 2- 
10 ,  U.S. Army Engineer  Waterways Experiment  S t a t i o n ,  Vicksburg ,  Miss., 
Feb. 1968. 

P r e s s u r e s  due  t o  b o t h  s t a n d i n g  and b r e a k i n g  waves are c o n s i d e r e d ,  a l o n g  
w i t h  d e s i g n  wave h e i g h t s  i n  sha l low water. However, t h e  main p a r t  o f  t h e  
pape r  is concerned w i t h  advancing  and t e s t i n g  a new and q u i t e  d i f f e r e n t  
fo rmula  f o r  e s t i m a t i n g  t h e  shock p r e s s u r e  a s s o c i a t e d  w i t h  a wave b r e a k i n g  on a 
v e r t i c a l  wall. The fo rmula  is based  on a n a l y t i c a l  c o n s i d e r a t i o n s  similar t o  
t h o s e  d e s c r i b i n g  t h e  water-hammer effect.  The measured shock p r e s s u r e s  are 
neve r  more t h a n  h a l f  t h e  t h e o r e t i c a l  v a l u e s ,  and u s u a l l y  far less than  t h a t .  
A f r equency  d iagram is i n t r o d u c e d ,  i n  o r d e r  t o  t a k e  t h i s  d i s c r e p a n c y  i n t o  
a c c o u n t  i n  d e s i g n  t e c h n i q u e s .  However, t h e  a u t h o r  f i n a l l y  c o n s i d e r s  it 
unnecessa ry  t o  d e s i g n  a g a i n s t  such  shock p r e s s u r e s  ( o r  t h e  a s s o c i a t e d  f o r c e s ) ,  
because  o f  t h e i r  s h o r t  d u r a t i o n .  M i n i k i n f s  method f o r  e s t i m a t i n g  t h e  t o t a l  
shock f o r c e  is e v a l u a t e d ,  and is c o n s i d e r e d  i n a d e q u a t e  f o r  u s e  i n  d e s i g n .  

S e e  a l s o  t h e  1970 pape r  by t h e  same a u t h o r ,  and h i s  o t h e r  1968 r e p o r t  
(RR EH-68-2). 

0028 K a m e l ,  A. M., "Shock P r e s s u r e s  Caused by Waves Breaking  Agains t  C o a s t a l  
S t r u c t u r e s " ,  RR H-68-2, U.S. Army E n g i n e e r s  Waterways Experiment  
S t a t i o n ,  Vicksburg ,  Miss., S e p t .  1968. 

Shock p r e s s u r e s  are measured by d ropp ing  a h inged  p l a t e  o n t o  a water 
s u r f a c e .  The r e s u l t s  are compared w i t h  t h e  "water-hammerft t h e o r y  d e r i v e d  b o t h  
h e r e  i n  i n  h i s  Waterways Experiment  S t a t i o n  Repor t  2-10 (1968) ,  which is a l s o  
reviewed h e r e i n .  The r a t i o s  between t h e  measured and t h e o r e t i c a l  shock 
p r e s s u r e s  are found t o  f i t  a Po i s son  d i s t r i b u t i o n .  Here, t o o ,  t h e  r e a d e r  is 
c a u t i o n e d  a g a i n s t  c o n s i d e r i n g  such  p r e s s u r e s  i n  e s t i m a t i n g  t h e  o v e r a l l  
s t a b i l i t y  o f  a mass ive  s t r u c t u r e  s u c h  as a b reakwa te r .  



0029 Kamel, A .  M. ,  "Shock P r e s s u r e  on C o a s t a l  S t r u c t u r e s " ,  J o u r n a l  of t h e  
ASCE Waterways, Harbors  and C o a s t a l  Eng inee r ing  D i v i s i o n ,  Vol. 9 6 ,  1970,  
p p .  689-699. 

T h i s  paper  is a condensed v e r s i o n  o f  t h e  two 1968 Waterways Exper iment  
S t a t i o n  Research  R e p o r t s  by Kamel ( R R  2-10, and H-68-2). S e e  t h e  r e v i e w s  o f  
t h o s e  r e p o r t s .  

0030 Kirkgoz,  M. S. ,  "Shock P r e s s u r e  o f  Breaking Waves on V e r t i c a l  Walls", 
J o u r n a l  o f  t h e  ASCE Waterway, P o r t ,  C o a s t a l  and Ocean D i v i s i o n ,  
Vol. 108,  1982, pp. 81-95. 

Monochromatic waves b reak ing  on a v e r t i c a l  wall w i t h  no  base  mound are 
s t u d i e d  e x p e r i m e n t a l l y .  The wall p o s i t i o n  is a d j u s t e d  s o  t h a t  t h e  waves e x e r t  
t h e  maximum p r e s s u r e .  M i n i k i n ' s  formula  is found t o  u n d e r e s t i m a t e  t h e  maximum 
p r e s s u r e  by up t o  a f a c t o r  of  two. The v e r t i c a l  p r e s s u r e  d i s t r i b u t i o n  is 
l i n e a r  above t h e  p o i n t  where t h e  p r e s s u r e  is a maximum, and p a r a b o l i c  below. 
The bot tom s l o p e  and t h e  breaking-wave h e i g h t  are found t o  gove rn  t h e  p r e s s u r e  
d i s t r i b u t i o n .  To t h i s  r e v i e w e r ,  t h e  c o n c l u s i o n s  o f  t h i s  q u i t e  r e c e n t  s t u d y  
s u g g e s t  t h a t  o u r  u n d e r s t a n d i n g  o f  t h e  shock p r e s s u r e s  a s s o c i a t e d  w i t h  b r e a k i n g  
waves remains  a t  a ve ry  rud imen ta ry  l e v e l .  See a l s o  Ki rkgoz ,  1983. 

0031 Kirkgoz ,  M, S., "Secondary P r e s s u r e s  o f  Waves Breaking  on Seawa l l " ,  

The secondary  p r e s s u r e s  a s s o c i a t e d  w i t h  waves b r e a k i n g  on a v e r t i c a l  
wall w i t h  no b a s e  mound are measured e x p e r i m e n t a l l y ,  and found t o  be on t h e  
o r d e r  o f  t h e  h y d r o s t a t i c  p r e s s u r e  (computed from t h e  crest p o s i t i o n ) .  S e e  
a l s o  Kirkgoz ,  1982. 

0032 Kirkgoz ,  M. S., and Mengi, Y . ,  "Dynamic Response o f  Ca i s son  P l a t e  t o  
Wave Impact" ,  J o u r n a l  o f  t h e  ASCE Waterway, P o r t ,  C o a s t a l  and Ocean 
Eng inee r ing  D i v i s i o n ,  Vol. 112, 1986, pp. 284-295. 

The breaking-wave shock p r e s s u r e s  measured and r e p o r t e d  i n  e a r l i e r  
p a p e r s  by Kirkgoz are u s e d ,  t o g e t h e r  w i t h  e l a s t i c  p l a t e  t h e o r y  and t h e  
s t a n d a r d  method o f  f i n i t e  e l e m e n t s ,  t o  c a l c u l a t e  t h e  d e f o r m a t i o n  o f  a c a i s s o n  
wall due  t o  a wave b r e a k i n g  on t h e  wall. The r e s u l t i n g  d e f l e c t i o n s  behave 
more o r  l e s s  as  e x p e c t e d .  A d e s i g n  procedure  based on s u c h  c a l c u l a t i o n s  is  
p roposed .  

0033 K j e l d s e n ,  S. P., and  Myrhaug, D . ,  "Breaking Waves i n  Deep Water and 
Wave F o r c e s " ,  
, 1979, PP. 25  

Shock p r e s s u r e s  due  t o  waves b reak ing  on a v e r t i c a l  wall i n  deep  water 
are measured i n  t h e  l a b o r a t o r y ,  i n  a n  e x p l o r a t o r y  program. The s i t u a t i o n  is 
n o t  two-dimensional:  t h e  wall d o e s  n o t  ex tend a c r o s s  t h e  e n t i r e  w i d t h  o f  t h e  



wave t a n k .  The measured shock p r e s s u r e  is found t o  vary  w i t h  t h e  t y p e  o f  
b r e a k i n g  wave. The r e l a t i o n  o f  s u c h  p r e s s u r e s  t o  t h o s e  o c c u r r i n g  i n  s h a l l o w  
water is n o t  d i s c u s s e d .  The a u t h o r s  c a u t i o n  a g a i n s t  s c a l i n g  up  l a b o r a t o r y  
d a t a  f o r  u s e  i n  n a t u r e .  

0034 K j e l d s e n ,  S. P . ,  "Shock P r e s s u r e s  From Deep Water Breaking  Waves", 
P roceed ings  o f  t h e  I n t e r n a t i o n a l  Symposium on Hydrodynamics i n  Ocean 
E n g i n e e r i n g  (Trondheim),  1981, pp. 567-584. 

C a r e f u l  measurements o f  impact  p r e s s u r e s ,  impact  d u r a t i o n s ,  and r e s u l t -  
a n t  shock  f o r c e s  due t o  deep-water  waves b r e a k i n g  on a nar row,  v e r t i c a l  p l a t e  
i n  a wave f lume are r e p o r t e d .  S p i l l i n g  b r e a k e r s  and s t e e p ,  nonbreak ing  waves 
were u s e d .  The f requency o f  o c c u r r e n c e  o f  shock f o r c e s  was found t o  be  v e r y  
h i g h .  The model l aws  f o r  " v e n t i l a t e d - s h o c k "  impact  p r e s s u r e s  d u e  t o  b r e a k i n g  
waves are d i s c u s s e d ,  and found wan t ing ;  such  p r e s s u r e s  may well be s i g n i f i -  
c a n t l y  d i f f e r e n t  i n  s a l t  wa te r  t h a n  i n  f r e s h  water. 

0035 Kur ibayash i ,  T . ,  Muraki, Y., and Udai, G . ,  " F i e l d  I n v e s t i g a t i o n  of Wave 
F o r c e s  on Breakwater" ,  C o a s t a l  Enp inee r ing  i n  J apan ,  Vol. 2 ,  1959,  
pp .  17-27. 

Nearshore  waves and t h e  r e s u l t i n g  p r e s s u r e s  on a b reakwa te r  are measured 
a t  Harbour Harbor,  Japan .  The r e s p o n s e  o f  t h e  b reakwa te r  is a l s o  measured ,  
u s i n g  a n  a c c e l e r o m e t e r .  Some t y p i c a l  d a t a  a r e  shown, c a t e g o r i z e d ,  and $is- 
c u s s e d  b r i e f l y .  The maximum shock p r e s s u r e s  are a b o u t  14-15 t o n s / m e t e r  , and 
are a s s o c i a t e d  w i t h  wave p e r i o d s  i n  t h e  r ange  7-9 seconds .  The p e r i o d  o f  
b reakwa te r  rock ing  is u s u a l l y  a b o u t  0 .2  second.  T h i s  paper  seems t o  be more 
o f  a n  i n t e r i m  r e p o r t  t han  a f i n a l ,  summary document. 

0036 Lappo, D. D . ,  and Zagryadskaya,  N. N . ,  " S t u d i e s  o f  P r e s s u r e  and Energy 
o f  S t a n d i n g  Waves", J o u r n a l  o f  t h e  ASCE Waterway, P o r t ,  C o a s t a l  and 
Ocean Eng inee r ing  D i v i s i o n ,  Vol. 103,  1977, pp. 335-347. 

A r a t h e r  involved  Lagrangian  c a l c u l a t i o n  g i v e s  t h e  p r e s s u r e s  e x e r t e d  by 
a s t a n d i n g  wave on a v e r t i c a l  wall. I t  is found t h a t  t h e  t h i r d - o r d e r  r e s u l t s  
are c l o s e r  t o  expe r imen ta l  v a l u e s  t h a n  a r e  t h o s e  o f  t h e  f o u r t h  o r d e r .  How- 
e v e r ,  no d e t a i l s  are g iven  r e g a r d i n g  t h e  expe r imen t s .  The p a p e r  g i v e s  u s  a 
somewhat narrow window on d e s i g n  t h e o r y  and p r a c t i c e  i n  t h e  USSR. One g e t s  
t h e  impres s ion  t h a t  t h e o r e t i c a l  work is r e l i e d  on much more h e a v i l y  i n  t h e  
USSR t h a n  i n  most o t h e r  c o u n t r i e s .  

0037 L e e n d e r t s e ,  J. J., "Forces  Induced by Breaking Waves on a Vertical 
Wall", T e c h n i c a l  Repor t  092,  U.S. Naval C i v i l  Eng inee r ing  L a b o r a t o r y ,  
1961. 

The t o t a l  f o r c e s  due t o  waves b reak ing  on a v e r t i c a l  wall are measured ,  
and  d i s c u s s e d  from t h e  s t a n d p o i n t  o f  impulse-momentum t h e o r y .  T h i s  t h e o r y  is 
t h e n  u s e d  t o  c o n s t r u c t  a d e s i g n  p rocedure  which t a k e s  t h e  n e t  r e s p o n s e  of t h e  
s t r u c t u r e  i n t o  a c c o u n t .  No s u g g e s t i o n s  are made on how t o  s c a l e  t h e  e x p e r i -  



mental  r e s u l t s  up  f o r  u s e  i n  a c t u a l  s i t u a t i o n s .  Although t h e  parameter  r a n g e s  
cons ide red  are r a t h e r  narrow ( f o r  example, t h e  bottom s l o p e  was always one  on 
t e n ) ,  t h e  r e s u l t s  a r e  c e r t a i n l y  s t i m u l a t i n g ,  and d e s e r v e  ex tend ing  and 
checking a g a i n s t  t h e  more r e c e n t  work o f  o t h e r s  ( e . g . ,  Nagai ) .  

0038 L i ,  Y. ,  Yu, Y . ,  and Xoy, M., " I n v e s t i g a t i o n  o f  Wave P r e s s u r e  on Vertical 
wailf1, . ~ n t e r n a t i o n a l  c b i f e r e n c e  on c o a s t a l  and P o r t  Engineer ing i n  
Developing C o u n t r i e s  (Colombo, S r i  Lanka, March 20-26, 1983),  pp. 755- 
776. 

T h i s  paper  is a summary o f  twenty y e a r s  o f  r e s e a r c h  i n  t h e  Peoples  
Republ ic  o f  China on wave f o r c e s  on v e r t i c a l  walls. The d e s i g n  formulas  used  
f o r  s t a n d i n g ,  b r e a k i n g ,  and broken waves a r e  p r e s e n t e d  and d i s c u s s e d .  Some 
comparisons w i t h  t h e  fo rmulas  o f  Goda a r e  g iven .  The b ib l iography  is a u s e f u l  
i n t r o d u c t i o n  t o  work i n  t h e  PRC and t h e  USSR on wave f o r c e s  on walls (most  o f  
which, o f  c o u r s e ,  are n o t  i n  E n g l i s h ) .  

0039 Lundgren, H . ,  "Wave Shock Forces :  An Ana lys i s  o f  Deformations and 
Forces  i n  t h e  Wave and i n  t h e  Foundationt1,  Symposium on Research on Wave 
Action Vol. 11, D e l f t ,  1969, pp. 1-20. 
-9 

T h i s  paper  is composed o f  a series o f  s h o r t ,  i n c i s i v e  a r t i c l e s  on va r -  
i o u s  a s p e c t s  o f  wave b reak ing .  I t  d i s c u s s e s  t h e  phys ics  o f  v e n t i l a t e d ,  com- 
p r e s s i o n ,  and hammer shocks ,  and t h e  f o r c e s  impor tan t  t o  each p rocess .  The 
r e l e v a n t  s c a l i n g  laws a r e  then d i s c u s s e d ,  b u t  n o t  always decided upon. The 
p h y s i c s  o f  b reakwate r  rocking ( i n  response  t o  t h e  f o r c e s  due t o  b reak ing  
waves) is a l s o  d i s c u s s e d  a t  some l e n g t h .  The emphasis  o f  t h e  e n t i r e  paper  is 
on u s i n g  l a b o r a t o r y  r e s u l t s  f o r  d e s i g n .  No d e s i g n  formulas  a r e  proposed.  S e e  
a l s o  t h e  d i s c u s s i o n  fo l lowing  t h e  paper.  

0040 Lundgren, H. ,  and Gravesen,  M . ,  " V e r t i c a l  Face Breakwaters",  P roceed ings  
o f  t h e  S i x t h  I n t e r n a t i o n a l  Harbour Conference  (Antwerp, 1974, 
oaoer  2.11.  

T h i s  is a n i c e ,  a l though  very  a b b r e v i a t e d ,  d e s c r i p t i o n  o f  t h e  Danish 
t echn ique  f o r  d e s i g n i n g  v e r t i c a l - f a c e  breakwaters .  Th i s  t echn ique  a l l o w s  
d e s i g n  i n  terms o f  t h e  "N-year" wave p r e s s u r e .  ( O f  course ,  t h e  N-year 
breakwater  r e s p o n s e  is probably  more i n t e r e s t i n g :  t h i s  may be t h e  n e x t  
l o g i c a l  s t e p  i n  any improvements made.) A s  is s a i d  e lsewhere  i n  t h e  p r e s e n t  
r e p o r t ,  t h e  s t a t i s t i ca l  approach used i n  t h e  Danish method seems bo th  l o g i c a l  
and promis ing.  However, i t  does n e c e s s i t a t e  l a b o r a t o r y  model l ing ,  a t  least 
u n t i l  t h e  r e s u l t s  f o r  a  wide v a r i e t y  o f  des ign  (and wave c o n d i t i o n s )  a r e  
a v a i l a b l e .  

0041 Marchi ,  E., R a i t e r i ,  E., S c a r s i ,  G.,  and s t u r o ,  S . ,  "Storm Wave 
P r e s s u r e s  on t h e  Breakwater o f  Genoa Harbor Measurement S t a t i o n " ,  
P roceed ings  o f  t h e  16 th  Congress o f  t h e  I n t e r n a t i o n a l  Assoc ia t ion  f o r  
Hydrau l i c  Research A31, 1975, pp. 246-253. 



A s t a t i o n  f o r  measuring wave p r e s s u r e s  a g a i n s t  t h e  v e r t i c a l  s e a w a l l  a t  
Genoa Harbor is d e s c r i b e d ,  and some pre l iminary  d a t a  a r e  shown and compared t o  
t h e  S a i n f l o u  formula .  

0042 Marchi, E. ,  "Problems of  V e r t i c a l  Wall Breakwater Design",  Proceedings  
of t h e  17 th  Congress o f  t h e  I n t e r n a t i o n a l  Assoc ia t ion  o f  Hydraul ic  
Research,  1977, pp. 337-349. 

T h i s  b r i e f  overview d e a l s  mainly wi th  f o r c e s  on v e r t i c a l  w a l l s  due t o  
b reak ing  waves. Maximum shock p r e s s u r e s  and v a r i o u s  proposed s c a l i n g  laws a r e  
d i s c u s s e d ,  a long  w i t h  u p l i f t  f o r c e s  and r i s k  c r i t e r i a .  

0043 Massel ,  S. R . ,  Oleszkiewicz ,  M . ,  and Trapp, W., "Impact Wave Forces  on 
V e r t i c a l  and Hor izon ta l  P l a t e s " ,  Proceedings o f  t h e  16th  Coas ta l  
Engineer ing Conference,  American Soc ie ty  o f  C i v i l  Eng ineers ,  1978, 
pp. 2340-2359. 

The shock f o r c e s  due t o  waves breaking on a v e r t i c a l  wall a t o p  a mound 
a r e  measured i n  t h e  l a b o r a t o r y .  The f o r c e s  a r e  determined from t h e  response  
of t h e  wall, and a r e  found t o  fo l low a Weibull d i s t r i b u t i o n .  S c a l e  e f f e c t s  
are i n v e s t i g a t e d ;  it  seems t h a t  Froude s c a l i n g  shou ld  n o t  be used t o  e s t i m a t e  
d e s i g n  impact f o r c e s .  The s t u d i e s  r epor ted  on seem t o  be o f  a p r e l i m i n a r y  
n a t u r e ;  t h e  f i n a l  r e s u l t s  and r e p o r t s  should be o f  some i n t e r e s t .  

0044 Mitsuyasu,  H . ,  "Experimental Study on Wave Force  Agains t  a Wall", 
C o a s t a l  Engineer ing i n  Japan,  Vol. 5 ,  1962, pp. 23-47. 

The n e t  f o r c e  due t o  monochromatic waves b reak ing  a g a i n s t  a v e r t i c a l  
wall i n  t h e  l a b o r a t o r y  i s  measured, i n  t h e  s i t u a t i o n  where t h e r e  is no base  
mound. 
The s t a n d a r d  d e v i a t i o n  o f  t h i s  f o r c e  was a l s o  determined.  The r e s u l t s  a r e  
p r e s e n t e d  i n  terms o f  nondimensional f o r c e  c o e f f i c i e n t s ,  which vary  wi th  water 
d e p t h  a t  t h e  wall, deep-water wave s t e e p n e s s ,  a nd bottom s l o p e .  Graphs o f  
t h e s e  c o e f f i c i e n t s  a r e  g iven f o r  s l o p e s  of  1/15, 1/30, and 1/50. There is a 
c r i t i c a l  dep th  a t  which t h e  f o r c e  is a maximum, f o r  f i x e d  s l o p e  and o f f s h o r e  
wave s t e e p n e s s .  The measured f o r c e s  were found t o  vary  markedly ,  under 
s i m i l a r  c o n d i t i o n s .  

Th i s  work does  n o t  seem t o  have been cont inued by o t h e r  i n v e s t i g a t o r s .  
Most subsequent  work is couched i n  formulas ,  r a t h e r  than  i n  nondimensional  
c o e f f i c i e n t s  1 i k e  t h o s e  proposed he re .  

0045 Mitsuyasu,  H . ,  "Shock Pressure  of Breaking Wave", P roceed ings  o f  t h e  
10th  C o a s t a l  Engineer ing Conference, American S o c i e t y  o f  C i v i l  
Engineers ,  Ch. 18, 1966. 

The shock p r e s s u r e s  measured i n  l a b o r a t o r y  exper iments  a r e  d i s c u s s e d  i n  
some d e t a i l ,  An extended ve r s ion  of  t h e  Bagnold a i r - c u s h i o n  model is con- 
s i d e r e d .  Numerical s o l u t i o n s  f o r  t h e  p r e s s u r e  time h i s t o r y  a r e  o b t a i n e d .  The 
l e a k i n g  o f  a i r  from t h e  a i r  pocket is considered a n a l y t i c a l l y .  While t h e s e  



t h e o r e t i c a l  a t t e m p t s  t o  model breaking-wave p r e s s u r e s  are q u i t e  i n t e r e s t i n g  i n  
t h e i r  own r i g h t ,  t hey  do n o t  l e a d  t o  any d e s i g n - o r i e n t e d  fo rmulas .  (Nor have  
t h e y  i n  t h e  twenty y e a r s  f o l l o w i n g  t h i s  p a p e r . )  

0046 Mitsuyasu ,  H., "Shock P r e s s u r e  o f  Breaking  Waves", C o a s t a l  E n g i n e e r i n g  
i n  J apan ,  Vol. 9 ,  1966, pp. 83-96. 

T h i s  is a very  c a r e f u l  e x p e r i m e n t a l  s t u d y  o f  t h e  d e t a i l e d  c h a r a c t e r i s -  
t i c s  o f  shock p r e s s u r e s  a s s o c i a t e d  w i t h  waves b r e a k i n g  a g a i n s t  a v e r t i c a l  
wall. No t h e o r e t i c a l  a n a l y s i s  is o f f e r e d ,  and no  fo rmulas  o r  e x p r e s s i o n s  o f  
immediate p r a c t i c a l  v a l u e  a r e  p r e s e n t e d .  

0047 Mogridge, G. R . ,  and  Jamieson,  W.  W. ,  "Wave Impact P r e s s u r e s  on  Com- 
p o s i  t e - ~ r e a k w a t e r s "  , Proceed ings  o f  t h e  17 th  C o a s t a l  E n g i n e e r i n g  
Conference ,  American S o c i e t y  o f  C i v i l  Eng inee r s ,  1980. 

Many expe r imen t s  were conducted  w i t h  v e r y  h i g h  f r equency  r e s p o n s e  d a t a  
r e c o r d i n g  equipment t o  measure wave p r e s s u r e s  due  t o  waves b r e a k i n g  on t h e  
v e r t i c a l  f a c e s  o f  v a r i o u s  d e s i g n s  o f  composi te  b reakwa te r s .  The shock p r e s -  
s u r e s  r eco rded  a r e  among t h e  h i g h e s t  r e p o r t e d  i n  t h e  l i t e r a t u r e .  No d e s i g n  
f o r m u l a s  are proposed .  

0048 Mouzouris,  C . ,  " I n f l u e n c e  o f  Ambient Air P r e s s u r e  on Impact  P r e s s u r e  
Caused by Breaking  Waves", I n t e r n a l  Report  No. 10-79, D e l f t  U n i v e r s i t y  
o f  Technology,  Department  o f  C i v i l  Eng inee r ing .  

T h i s  is a  d e t a i l e d  e x p e r i m e n t a l  and t h e o r e t i c a l  s t u d y  o f  wave b r e a k i n g  
on a s l o p i n g  beach .  (The s l o p e  is n e i t h e r  l a r g e  n o r  small - one  on s i x ) .  
S p e c i a l  a t t e n t i o n  is p a i d  t o  t h e  r o l e  o f  en t r apped  a i r .  The method c o u l d ,  
p e r h a p s ,  be  a p p l i e d  t o  a v e r t i c a l  wall, a l t h o u g h  i t  is u n c l e a r  whether  some o f  
t h e  approx ima te  models used  would t h e n  a p p l y .  

0049 Muraki, Y . ,  " F i e l d  I n v e s t i g a t i o n  on t h e  O s c i l l a t i o n  o f  Breakwater  Caused 
by Wave Act ion" ,  C o a s t a l  Eng inee r ing  i n  J apan ,  Vol .  9, 1966, pp.  97-106. 

Displacement v i b r o g r a p h s  are used  t o  s t u d y  t h e  r o c k i n g  of  t h e  b reakwa te r  
a t  Harboro Harbor.  The c o e f f i c i e n t  o f  b e a r i n g  r e s i s t a n c e  is t h e n  c a l c u l a t e d  
f rom t h e  obse rved  rock ing  p e r i o d ,  f o l l o w i n g  t h e  approach o f  Hayashi  and  
H a t t o r i .  

0050 Nagai, S . ,  "The Shock P r e s s u r e s  Exe r t ed  by Breaking  Waves on 
Breakwaters" ,  C o a s t a l  Eng inee r ing  i n  J a p a n ,  Vol. 2 ,  1959, pp. 100-101. 

T h i s  is a very  s h o r t  overview o f  t h e  e a r l y  work o f  Nagai on s h o c k  
p r e s s u r e s .  No e x p e r i m e n t a l  r e s u l t s  are g iven ;  no  fo rmulas  are p roposed .  



0051 Nagai,  S., "Shock P r e s s u r e s  Exerted by Breaking Waves on Breakwate r s t t ,  
J o u r n a l  o f  t h e  ASCE Waterways and Harbors ~ i v i s i o n ,  Vol. 86 ,  1960, 
pp. 1-38. 

T h i s  is Naga i ' s  b a s i c  paper:  most o f  h i s  l a t e r  papers r e p r e s e n t ,  t o  
some e x t e n t ,  r e f inements  o f  t h i s  work. Many exper iments  w i t h  s o l i t a r y  and 
monochromatic ( b u t  n o t  wi th  random) waves l e a d  t o  e m p i r i c a l  formulas  f o r  t h e  
maximum p r e s s u r e ,  ti?e'vertical p r e s s u r e  d i s t r i b u t i o n ,  and t h e  maximum f o r c e  
due t o  waves breaking on a v e r t i c a l  w a l l ,  wi th  and wi thout  a base  mound. 

Three  d i f f e r e n t  p r e s s u r e  d i s t r i b u t i o n s  a r e  found. Which d i s t r i b u t i o n  is 
t o  be  used depends on t h e  wave s t e e p n e s s  and mound s l o p e .  Two maximum shock- 
p r e s s u r e  fo rmulas  a r e  g iven ,  accord ing  t o  whether t h e  breaking wave is 
"ord ina ry"  o r  "ex t raord ina ry"  ( i n  which c a s e  t h e  p r e s s u r e  is twice  as h i g h ) .  
According t o  N a g a i ' s  exper iments ,  both formulas  a r e  s u p e r i o r  t o  t h o s e  o f  
Minikin and H i r o i .  The (Froude) s c a l i n g  law is d i s c u s s e d ,  and used t o  f i n d  
fo rmulas  a p p l i c a b l e  t o  p ro to type  breakwaters .  These compare favorab ly  w i t h  
French f i e l d  measurements made i n  t h e  1930 's .  The "ex t raord ina ry t t  b r e a k i n g  
waves seems most l i k e l y  t o  occur  wi th  a small base-mound s l o p e ,  a l t h o u g h  no  
g e n e r a l  r u l e  is given.  The t o p  width o f  t h e  mound a l s o  seems impor tan t .  

0052 Nagai,  S . ,  ttShock P r e s s u r e s  Exerted by Breaking Waves on Breakwate r s t t ,  
T r a n s a c t i o n s  o f  t h e  American S o c i e t y  o f  C i v i l  Engineers ,  Vol. 126, 1961, 
pp. 772-809. 

T h i s  is t h e  same paper as Nagai (1960) .  See t h a t  review. 

0053 Nagai,  S., " S l i d i n g  o f  Composite-Type Breakwaters by Breaking Waves", 
J o u r n a l  o f  t h e  ASCE Waterways and Harbors Div i s ion ,  Vol. 89 ,  1963, 
pp. 1-20. 

The e q u a t i o n s  proposed by Nagai (1960) a r e  t e s t e d  by de te rmin ing  t h e  
c o n d i t i o n s  under which a v e r t i c a l - w a l l e d  breakwater s l i d e s  on its rubble-mound 
b a s e ,  i n  t h e  l a b o r a t o r y .  Good agreement is found with t h e s e  e q u a t i o n s .  Also,  
t h e  u s e  o f  Froude s c a l i n g  is t e s t e d  by comparing exper imenta l  r e s u l t s  o b t a i n e d  
wi th  1 /10 s c a l e  and 1/20 s c a l e  models, and found t o  g ive  good r e s u l t s .  S e e  
a l s o  t h e  d i s c u s s i o n  by Hayashi (November, 1963, pp. 91-97). 

0054 Nagai,  S . ,  " P r e s s u r e s  of P a r t i a l  S tand ing  Waves", J o u r n a l  o f  t h e  ASCE 
Waterways and Harbors Div i s ion ,  Vol. 94,  1968, pp. 273-286. 

The e f f e c t s  o f  bottom s l o p e ,  s t r o n g  wind, a rubble-mound base ,  and wave 
over topp ing  on t h e  p r e s s u r e s  on v e r t i c a l  walls due t o  waves a r e  s t u d i e d .  
There  is v e r y  l i t t l e  wind e f f e c t ,  and a lmost  no  e f f e c t  o f  t h e  bottom s l o p e ,  a t  
l e a s t  f o r  small s l o p e s .  The over topping e f f e c t  is es t ima ted  by simply 
i g n o r i n g  t h e  p r e s s u r e s  above t h e  t o p  of t h e  wall. Low r u b b l e  mounds have 
l i t t l e  e f f e c t  on t h e  p r e s s u r e ,  if t h e  wall is i n  deep water .  In g e n e r a l ,  
s c a l e  e f f e c t s  on wave-induced p r e s s u r e s  can be neg lec ted  when s c a l i n g  up t o  a 
p r o t o t y p e ,  when t h e  model s c a l e  is g r e a t e r  than  1/25. 



0055 Nagai, S . ,  " P r e s s u r e s  o f  Standing Waves on V e r t i c a l  Walltt, J o u r n a l  o f  
t h e  ASCE Waterways and Harbors Div i s ion ,  Vol. 95 ,  1969, pp. 53-76. 

The measured p r e s s u r e s  on a ( l a b o r a t o r y )  v e r t i c a l  wall due t o  s t a n d i n g  
waves a r e  compared t o  s e v e r a l  e x i s t i n g  t h e o r i e s .  (The channel  was l e v e l ;  
t h e r e  was no base  mound.) Various formulas  a r e  found t o  d e s c r i b e  t h e  
o b s e r v a t i o n s  b e s t ,  depending on t h e  va lues  o f  H/L and D/L ( s e e  F i g u r e  1 ) .  The 
p r e s s u r e  is assumed t o  vary  l i n e a r l y  between mean s e a  l e v e l  and t h e  wave 
c r e s t ,  when us ing  E u l e r i a n  t h e o r i e s .  

See  a l s o  t h e  d i s c u s s i o n  of t h i s  paper by Goda (same j o u r n a l ,  1970, 
pp. 155-158). 

0056 Nagai, S., and Otsubo, T . ,  "Pressures  by Breaking Waves on Composite- 
~~~e Breakwaters",  

- 

Conference,  American S o c i e t y  o f  C i v i l  Engineers ,  Ch. 59,  1968. 

Many exper iments  a r e  performed i n  which monochromatic breaking-wave 
p r e s s u r e s  on composite breakwaters a r e  measured. S tand ing  waves are found f o r  
ds/D > 0 .75  ( s e e  F i g u r e  1 )  and a r e  governed by t h e  v e r t i c a l  p r e s s u r e  d i s t r i -  
b u t i o n  (B) g iven i n  Nagai (1960) .  Most exper iments  a r e  i n  t h e  range where t h e  
r a t i o  ds/D h a s  v a l u e s  from 0.4 t o  0 .75.  I n  t h i s  r ange ,  a r a t h e r  compl icated 
dependence o f  t h e  maximum p r e s s u r e  on D / H ,  B / D ,  and ds/D is de te rmined ,  and 
p r e s e n t e d  g r a p h i c a l l y .  (Here,  B is t h e  h o r i z o n t a l  d i s t a n c e  a long  t h e  t o p  o f  
t h e  r u b b l e  mound, from t h e  f r o n t  o f  t h e  c a i s s o n  t o  where t h e  mound becomes 
i n c l i n e d . )  A new type o f  v e r t i c a l  p r e s s u r e  d i s t r i b u t i o n  is  a l s o  found.  
Ranges o f  t h e  parameters  d / D ,  B / D ,  D / H ,  and D/L i n  which b reak ing  and 
s t a n d i n g  waves occur  ( i n  t g e  same ds/D range a s  above) are a l s o  found, and 
shown i n  graphs .  

0057 Nagai, S., "Wave Forces  on S t r u c t u r e s t f ,  9 

Vol. 9 ,  1973, pp. 253-324. 

T h i s  is an overview o f  wave f o r c e s  on both c i r c u l a r  c y l i n d e r s  and I s n g ,  
u s u a l l y  v e r t i c a l  w a l l s  w i t h  o r  wi thout  a base  mound. I t  s e r v e s  as a good 
i n t r o d u c t i o n  t o  t h e  a u t h o r ' s  r e s e a r c h  on wave f o r c e s  on v e r t i c a l  b reakwate r s ,  
b u t  does  n o t  seem t o  cover o t h e r  work i n  t h e  same a r e a  q u i t e  as thoroughly .  
There  seems t o  be no new work r e p o r t e d .  However, someone i n t e r e s t e d  i n  u s i n g  
Magai ' s  r e s u l t s  would do well t o  r ead  t h i s  paper (and t h e  appendix i n  Bruun ' s  
book: s e e  Nagai 1976) b e f o r e  reading t h e  o r i g i n a l  papers .  

0058 Magai, S . ,  and Kwata, K., " I n v e s t i g a t i o n s  o f  Wave-Pressure Formulas due 
t o  Damages s f  Breakwaterst ' ,  
Conference,  Ch. 109, 9974, 

The observed s l i d i n g s  o f  a c t u a l  breakwaters  i n  Japan i n  t h e  p e r i o d  1959- 
1974 a r e  i n v e s t i g a t e d ,  us ing  t h e  formulas  p rev ious ly  proposed by Nagai ( s e e  
above r e v i e w s ) .  Four s p e c i f i c  c a s e s  a r e  d i s c u s s e d  i n  d e t a i l ,  The proposed 
fo rmulas  a r e  found t o  be s a t i s f a c t o r y  i n  e x p l a i n i n g  t h e  ~ b s e r v a t i o n s .  



0059 Nagai, S , ,  "Wave Forces  on Ver t ica l -Wal l  Breakwaters i n  Deep Water", i n  
P.  Bruun, , Second E d i t i o n ,  Gulf P u b l i s h i n g  Company, 
1976 (pp .  554-561). 

There is no new work r e p o r t e d  he re .  Rather ,  i t  is a d i s t i l l a t i o n  and an 
a p p a r e n t  f i n a l  summary o f  a l l  o f  Naga i ' s  r e s e a r c h  on wave f o r c e s  on composi te  
breakwaters .  I t  is t h e  c o u n t e r p a r t  o f  t h e  breakwater s e c t i o n  of  t h e  book o f  
Goda (1985) ,  and is probably  t h e  f i r s t  r ead ing  t o  do i n  unders tanding t h e  more 
p r a c t i c a l  c o n t r i b u t i o n s  o f  Nagai. 

0060 Nasser, M. S. ,  and McGorquodale, J. A . ,  "Action o f  Nonl inear  Waves a t  a 
S o l i d  wallu, 
American S o c i e t y  o f  C i v i l  Engineers ,  Ch. 47, 1976. 

A one-dimensional  f i n i t e - d i f f e r e n c e  model is developed t o  s i m u l a t e  t h e  
a c t i o n  o f  n o n l i n e a r ,  shallow-water waves s t r i k i n g  a v e r t i c a l  wall. The 
numerical  p r e d i c t i o n s  of  wave r e f l e c t i o n  and run-up compare reasonably  w e l l  
wi th  exper imenta l  r e s u l t s .  However, no f o r c e s  a r e  c a l c u l a t e d .  

0061 Nichols ,  B .  D., and Wirt, C. W., "Numerical C a l c u l a t i o n  o f  Wave Forces  
on S t r u c t u r e s "  ; 
American S o c i e t y  o f  C i v i l  Engineers ,  Ch. 132, 1976. 

0062 P lak ida ,  M. E., "Pressure  o f  Waves Against  V e r t i c a l  Walls",  Proceedings  
American S o c i e t y  o f  C i v i l  

Engineers ,  Ch. 89, 1970. 

Laboratory t e s t s  coupled w i t h  formulas coming from s t a n d a r d  wave 
t h e o r i e s  l e a d  t o  d e s i g n  formulas  f o r  p r e s s u r e  and f o r c e s  due t o  both  b reak ing  
and broken waves a c t i n g  on a v e r t i c a l  wa l l .  The paper is h i g h l y  condensed,  
b u t  seems t o  p o r t r a y  s t a n d a r d  ( a t  t h e  t ime)  USSR d e s i g n  procedures .  The 
r e f e r e n c e s  a r e  o n l y  t o  work done i n  t h e  USSR. There a r e  no comparisons wi th  
o t h e r  des ign  formulas .  

0063 t r u c t u r e s " ,  
Ch. 139, 1978. 

Th i s  is a n i c e  review of  p r e v i o u s  work on shock p r e s s u r e s ,  a l t h o u g h  it 
does  n o t  d e a l  d i r e c t l y  w i t h  waves breaking on v e r t i c a l  w a l l s .  Also,  Bagno ld9s  
p i s t o n  model is g e n e r a l i z e d  t o  i n c l u d e  both  a d i a b a t i c  and i so the rmal  
compression o f  t h e  a i r  cush ion ,  and t o  a l low f o r  compression o f  t h e  wa te r .  A 
s c a l i n g  law t o  be used w i t h  l a b o r a t o r y  exper iments  is a l s o  sugges ted .  T h i s  is 
an impor tan t  paper  f o r  people  i n t e r e s t e d  i n  t h e  theory  o f  shock f o r c e s ,  and 
h a s  a very complete b ib l iography .  

0064 Rider$, G . ,  "Experimental  I n v e s t i g a t i o n  sf Shock P r e s s u r e s  Agains t  
B s e a b a t e r s 9 '  , 9 

h e s i c a n  S o c i e t y  sf C i v i l  Engineers ,  Ch, 62,  9968. 



The shock p r e s s u r e s  o f  waves b reak ing  on a v e r t i c a l  wall ( and  preceded 
by smaller, nonbreak ing  waves) were measured. Many e x p e r i m e n t s  were conduc ted  
f o r  e a c h  c o n f i g u r a t i o n  (which u s u a l l y  inc luded  a b a s e  mound). The main 
r e s u l t s  a r e  shock-occur rence  d iagrams (shock p r e s s u r e s  p l o t t e d  a g a i n s t  b o t h  
wave h e i g h t  and wave p e r i o d )  and i n s t a n t a n e o u s  p r e s s u r e - d i s t r i b u t i o n  
d i ag rams .  Large  scatter is encoun te red  i n  t h e  shock-occur rence  d i ag rams .  
Some s l o p e d  walls were a l s o  s t u d i e d .  No d e s i g n  f o r m u l a s  are s u g g e s t e d .  

0065 R i c h e r t ,  G . ,  "Shock P r e s s u r e s  o f  Breaking Waves", B u l l e t i n  No. 8 4 ,  
H y d r a u l i c s  L a b o r a t o r y ,  Royal I n s t i t u t e  of  Technology,  Stockholm, 1974. 

T h i s  pape r  d e s c r i b e s  a n  expe r imen ta l  and t h e o r e t i c a l  s t u d y  o f  
compression-shock p r e s s u r e s  due t o  waves b reak ing  on a v e r t i c a l  wall. The 
e x p e r i m e n t a l  p a r t  is a more e l a b o r a t e  v e r s i o n  o f  t h e  1968 p a p e r  by t h e  same 
a u t h o r .  However, t h e  t h e o r e t i c a l  p a r t  is new, To beg in  w i t h ,  i t  c o n t a i n s  a 
n i c e l y  p r e s e n t e d  a c c o u n t  o f  p r e v i o u s  t h e o r i e s  - a good f i r s t  i n t r o d u c t i o n  t o  
t h e  t o p i c .  

A t h e o r y  is t h e n  developed t o  r e l a t e  breaking-wave c h a r a c t e r i s t i c s  t o  
t h e  r e s u l t i n g  wave p r e s s u r e  and impulse on a wall. The wall is assumed t o  b e  
p e r f e c t l y  r i g i d .  The t h e o r y  is des igned  t o  c i rcumvent  t h e  need  f o r  assuming 
a n  e q u i v a l e n t  hydrodynamic mass of water which is b rough t  t o  rest .  However, 
t h e  assumed geometry o f  t h e  p r e s s u r e  waves is complex, and n e c e s s i t a t e s  a 
n u m e r i c a l  i n t e g r a t i o n  ove r  time t o  f i n d  t h e  p r e s s u r e  maxima. The p r i n c i p a l  
r e s u l t  is a s c a l i n g  law t o  re late  expe r imen t s  t o  d e s i g n  v a l u e s .  The p r e s s u r e  
s c a l i n g s  p r e d i c t e d  d i f f e r  c o n s i d e r a b l y  from t h o s e  proposed by o t h e r s ,  and f rom 
Froude  s c a l i n g .  C o n s i d e r a t i o n  is g iven  t o  how t o  u s e  t h i s  method i n  d e s i g n .  
Although t h e  method seems promis ing ,  t h e  r e s u l t s  are n o t  y e t  e s p e c i a l l y  s i m p l e  
t o  u s e .  

0066 Sellers, F. H. ,  "Water Impact  Loads", Marine Technology,  Vol. 13, J a n .  
1976, pp. 46-58. 

T h i s  is a r a t h e r  e l emen ta ry  i n t r o d u c t i o n  t o  shock p r e s s u r e s  a s s o c i a t e d  
w i t h  t h e  slamming o f  s h i p s .  I t  is o n l y  mentioned h e r e  because  some a u t h o r s  
( e . g . ,  Kamel) have  used  similar approaches  i n  s t u d y i n g  p r e s s u r e s  due  t o  
b r e a k i n g  waves. 

0067 Takezawa, M . ,  "Exper imenta l  S tudy o f  Wave F o r c e s  on a V e r t i c a l  Wall", 
C o a s t a l  S t r u c t u r e s  ' 7 9 ,  American S o c i e t y  o f  C i v i l  E n g i n e e r s ,  Vol. 1 ,  
1979, pp. 48-66. 

Wave f o r c e s  on a v e r t i c a l  wall w i t h  no mound b a s e  are measured i n  t h e  
l a b o r a t o r y .  The wave t y p e  r a n g e s  from a s t a n d i n g  wave t o  o n e  which b r e a k s  
b e f o r e  h i t t i n g  t h e  wall, The measured f o r c e s  are compared t o  t h o s e  p r e d i c t e d  
by t h e  f o r m u l a s  o f  S a i n f l o u ,  Mi ro i ,  Minik in ,  and Hom-ma and Horikawa. The 
fo rmula  o f  Hom-ma and Horikawa g i v e s  f a i r  agreement ,  b u t  o n l y  f o r  broken 
waves,  The o t h e r  fo rmulas  a g r e e  l e s s  well. A h y d r o s t a t i c - t y p e  fo rmula  based  
on wave run-up is  proposed ,  p r e s w a b l y  t o  g i v e  an uppe r  bound on t h e  f o r c e s  
e n c o m t e r e d .  



0068 Vin je ,  T. ,  and Brevig ,  P. ,  "Numerical C a l c u l a t i o n s  o f  Forces  from 
Breaking Waves," Proceedings o f  t h e  I n t e r n a t i o n a l  Symposium on 
Hydrodynamics i n  Ocean Engineer ing (Trondheim) , 1981, pp. 547-565. 

Forces  on a v e r t i c a l  w a l l  due t o  (p lung ing)  breaking waves a r e  e s t i m a t e d  
u s i n g  p o t e n t i a l  t h e o r y ,  Cauchyts  theorem, and a numerical  s o l u t i o n  o f  t h e  
r e s u l t i n g  i n t e g r a l  equa t ion .  The t ime v a r i a t i o n  o f  t h e  c a l c u l a t e d  impulse 
g i v e s  t h e  f o r c e .  Only a few r e s u l t s  a r e  g iven f o r  v e r t i c a l  walls, f o r  times 
s h o r t l y  a f t e r  t h e  b reaker  h i t s  t h e  w a l l .  The emphasis o f  t h i s  paper  is on t h e  
numerical  procedure ,  r a t h e r  than on c a l c u l a t e d  r e s u l t s  o r  d e s i g n  formulas .  

0069 Weggel, J. R.,  and Maxwell, W. H. C . ,  "Experimental  Study o f  Breaking -- . 
Wave ~ r e s s u r e s " ,  ~ r o c e e d i n a s  o f  t h e  second Of f shore  ~ e c h n o l o g ~  

- 

Conference (Houston, 1970),  OTC 1244, Vol. 2 ,  pp. 175-188. 

Breaking waves and t h e i r  a s s o c i a t e d  shock p r e s s u r e s  a r e  s t u d i e d  e x p e r i -  
m e n t a l l y .  The breaking-wave geometry and wave-crest v e l o c i t y  a r e  determined 
pho tograph ica l ly .  The shock p r e s s u r e s  on a wall about  one q u a r t e r  t h e  width  
o f  t h e  exper imenta l  f lumes a r e  measured us ing  p i e z o e l e c t r i c  t r a n s d u c e r s ,  and 
i n t e r p r e t e d  us ing  a s i m p l i f i e d  momentum a n a l y s i s .  The r e l a t i o n  o f  such  
p r e s s u r e s  t o  those  on a wa l l  extending a c r o s s  t h e  e n t i r e  f lume is n o t  
d i s c u s s e d ,  nor a r e  any d e s i g n  formulas proposed. See  a l s o  t h e  paper  by t h e  
same a u t h o r s  i n  t h e  J o u r n a l  of  t h e  Waterways and Harbors D i v i s i o n  (ASCE). 

0070 Weggel, J . R . ,  and Maxwell, W. H. C.,  "Numerical Model f o r  Wave P r e s s u r e  
D i s t r i b u t i o n s " ,  J o u r n a l  of t h e  ASCE Waterways, Harbors and C o a s t a l  
Engineering D i v i s i o n ,  Vol. 96,  1970, pp. 623-642. 

A numerical  model o f  t h e  wave equa t ion  f o r  t h e  p r e s s u r e  o f  a n  air-water 
m i x t u r e  is used t o  f i n d  t h e  shock p r e s s u r e  due t o  a wave b reak ing  on a wall. 
The air  and water a r e  assumed t o  be  uniformly mixed. Comparisons wi th  a 
l i m i t e d  amount o f  d a t a  seem f a v o r a b l e .  The use  of  Froude s c a l i n g  t o  r e l a t e  
model t o  n a t u r a l  shock p r e s s u r e s  is ques t ioned .  No s imple  p r e d i c t i v e  equa- 
t i o n s  f o r  p r e s s u r e  o r  f o r c e  a r e  p u t  forward.  This work is somewhat r e l a t e d  t o  
t h a t  o f  Kame1 (1968a,b;  1970),  which is a l s o  reviewed h e r e i n .  Some subsequent  
d i s c u s s i o n  between t h e s e  a u t h o r s  is a l s o  given i n  t h e  same j o u r n a l  ( e . g . ,  Feb. 
1972, pp. 85-86). 

0071 Weggel, J. R., "Wave Loading on V e r t i c a l  S h e e t - P i l e  Groins  and J e t t i e s " ,  
U.S. Army Coas ta l  Engineer ing Research Center  Report CETA 81-1, J a n . ,  
1981. 

An approximate method is given f o r  f i n d i n g  t h e  f o r c e  and moment on a 
v e ~ t i c a l  wall, i n  t h e  c a s e  where waves s t r i k e  t h e  wall a t  a n  a n g l e  s o  t h a t  t h e  
c r e s t  moves a long t h e  w a l l .  Experiments on t h e  Flach-stem e f f e c t  ( s e e ,  e . g . ,  
Wiegek, 1964) a r e  used t o  f i n d  t h e  h e i g h t  of  t h e  wave a t  t h e  wall. 



0072 Whillock A ,  F., "Forces on Sea Walls Under Oblique Wave Attack",  Repor t  
no. I t  225,  Hydraul ics  Research S t a t i o n ,  Wal l ingford ,  England, J u l y  
1982. 

Shock p r e s s u r e s  and t o t a l  f o r c e s  a s s o c i a t e d  with monochromatic waves 
s t r i k i n g  a wall a t  a n g l e s  up t o  25 deg from normal a r e  measured. The 
p r e s s u r e s  and f o r c e s  d e c r e a s e  cons ide rab ly  wi th  i n c r e a s i n g  a n g l e  o f  
i n c i d e n c e .  No comparisons wi th  des ign  formulas  a r e  made. 

0073 "Breakwaters:  Design and Cons t ruc t ion" ,  Proceedings of t h e  Conference 
on t h i s  t o p i c ,  organized by t h e  I n s t i t u t i o n  of  C i v i l  Eng ineers ,  and h e l d  
i n  London, Ma, 1983 (Thomas T e l f o r d  L td ,  p u b l i s h e r ) .  

T h i s  c o l l e c t i o n  of  t h i r t e e n  papers  on breakwaters  is mentioned h e r e  o n l y  
t o  n o t e  t h a t  t h e  papers  c o n t a i n  v i r t u a l l y  no mention o f  v e r t i c a l - w a l l  break- 
w a t e r s .  They d e a l  a lmost  e n t i r e l y  w i t h  rubble-mound s t r u c t u r e s .  Of some 
g e n e r a l  i n t e r e s t  a r e  t h e  overview a r t i c l e s  by I . W .  S t r i c k l a n d  (pp.  1-8) ,  J .  E. 
C l i f f o r d  (pp .  53-64),  and H. F .  Burchar th  (pp.  177-187). 

0074 The Permanent I n t e r n a t i o n a l  Assoc ia t ion  o f  Navigation Congresses 
( B r u s s e l s ,  Belgium). 

The r e p o r t s  g iven a t  t h e s e  Congresses o f f e r  a glimpse a t  t h e  a c t u a l  de- 
s i g n  p rocedures  used i n  s e v e r a l  o f  t h e  major marit ime n a t i o n s .  Although t h e s e  
r e p o r t s  a r e  o f  uneven q u a l i t y ,  o f t e n  n o t  i n  Eng l i sh ,  and a r e  o f t e n  l a c k i n g  
i m p o r t a n t  r e f e r e n c e s ,  they do emphasize p r a c t i c a l  i s s u e s  r a t h e r  t h e  f i n e  
p o i n t s  sometimes s t r e s s e d  i n  r e s e a r c h  papers .  Probably because o f  t h i s ,  t h e  
p a p e r s  t e n d  t o  be  r a t h e r  c o n s e r v a t i v e ,  and c o n t a i n  a lmost  no o r i g i n a l  
material, O f  s p e c i a l  i n t e r e s t  a r e  t h e  r e p o r t s  from c o u n t r i e s  n o t  well 
r e p r e s e n t e d  i n  t h e  Eng l i sh  l i t e r a t u r e  ( e . g . ,  Russ ia  and I t a l y ) .  T h i s  r ev iewer  
found l i t t l e  i n  t h e s e  a r t i c l e s  t o  h e l p  i n  a s e a r c h  f o r  a n  up-to-date method 
f o r  p r e d i c t i n g  wave f o r c e s  on walls. 

The fo l lowing  a r t i c l e s  a r e  o f  some i n t e r e s t :  

(a  1 , s t o c k  
holm, 1965 ( S j u b j e c t  1 :  Breakwaters wi th  v e r t i c a l  and s l o p i n g  - - 
f a c e s .  Measurement of waves. Study of  wave f o r c e s ,  ~ e t h o d s - o f  
C a l c u l a t i o n ) .  
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A P P E N D I X  B :  F I N D I N G  Hi WHEN T H E  WATER D E P T H  IS G R E A T E R  THAN L,/5 



When t h e  g e n e r a l  wa te r  d e p t h  d , L0/5, one  is o u t s i d e  o f  t h e  s u r f  zone ,  

t h e r e  is l i t t l e  wave b r e a k i n g ,  and t h e  wave h e i g h t  is found u s i n g  a s h o a l i n g  

c o e f f i c i e n t ,  K .  The method d e s c r i b e d  by Goda ( 1985) f o l l o w i n g  t h e  work o f  

S h u t o  (1974) is g i v e n  h e r e .  The e q u a t i o n s  o f  Goda are n o n l i n e a r  and somewhat 

awkward, and are modif ied  below. Also ,  it h e l p s  t o  i n t r o d u c e  

( i )  t h e  nondimensional  d e p t h  5 = d/L 
0 

( d  w i l l  be between D and Db f o r  u s )  

( i i )  t h e  deep-water  wave s t e e p n e s s  S = Hot/L0 

( d i s r e g a r d i n g  r e f r a c t i o n )  

Note t h a t  we know bo th  5 and S.  

The s h o a l i n g  c o e f f i c i e n t  K is d e f i n e d  by = K H o t .  The re  are 

t h r e e  methods used  t o  f i n d  K .  These  are e q u a t i o n s  (B3) and ( B 4 )  below, 

t o g e t h e r  w i t h  SPM Appendix C-1. Each o n l y  h o l d s  f o r  a c e r t a i n  r a n g e  of  5 .  

Then d o  d e c i d e  which fo rmula  t o  u s e ,  we must f i rs t  f i n d  t h e  b o u n d a r i e s  o f  

t h e s e  r a n g e s .  Call t h e s e  bounda r i e s  and 5 30  
, f o l l o w i n g  Goda, and 

c o n s i d e r  t h e  s c h e m a t i c  below: 

5=1/5 '50 530 

shallow 
7 

deep water 

water use (94) use ( 8 3 )  use SPM C - l  ( F  l a r g e )  

( 5  small) here h e r e  h e r e  

Fo r  t h e  l a r g e  water d e p t h s  far from s h o r e ,  t h e  s t a n d a r d  sma l l - ampl i tude  wave 

t h e o r y  can be  used  t o  f i n d  K .  The r e s u l t s  are g i v e n  i n  SPM Appendix C-I, 

where K is c a l l e d  H / H O t ,  and is l i s t e d  as a f u n c t i o n  ~f E , .  The smallest 

5 f o r  which we can  d o  t h i s  is '30' which is g i v e n  by 

Here, K30 is found u s i n g  Appendix C-1. That  is, we g u e s s  '30 t h e n  f i n d  t h e  

a s s o c i a t e d  K30 from Appendix C-1,  and f i n a l l y  s e e  i f  eqn (B1) is s a t i s f i e d .  

When i t  is, we know 6 and K 
30 30  ' 

The change o f  K w i t h  a g e n e r a l  v a l u e  o f  5 



u s i n g  both  (81) and SPM (C-1)  is shown below, in  o r d e r  t o  f a c i l i t a t e  t h e  

i t e r a t i o n s .  

Then if 5 ,  530' we c a l c u l a t e  K us ing  d = D and Appendix C-1. However, 

suppose t h a t  E, < E, 30' Now t h e  water is s o  shallow t h a t  n o n l i n e a r  e f f e c t s  are 

impor tan t  i n  f i x i n g  K. We f i rs t  f i n d  t h e  second boundary, cS0. T h i s  is 

g i v e n  by 

T h i s  boundary is now compared t o  i. I f  E50 ( E, < 5309 K is g iven  by 

Here,  we know and K3* from our  work wi th  eqn (81) above. 
30 

However, i f  F, < 6 K is given by 
50 ' 

* Note t h a t  e q u a t i o n  (B2) is  d i f f e r e n t  from t h e  e q u a t i o n s  g iven  i n  Goda 
(1985) .  I t  comes from combining equa t ions  3.17, 3.18, and 3.19 of t h a t  
r e f e r e n c e .  



where t h e  c o n s t a n t s  B and C a r e  g iven by 

and K50 is c a l c u l a t e d  from eqn (B3), us ing  5 = <50. 
Eqn ( 8 4 )  is solved by i t e r a t i o n ,  n o t i n g  t h a t  K > B2, and t h a t  t h e  l e f t  

s i d e  i n c r e a s e s  w i t h  K .  

Knowing K ,  t h e  maximum wave h e i g h t  is c a l c u l a t e d  from 



APPENDIX C: FINDING Hi WHEN THE WATER DEPTH IS LESS THAN L,/5 



The wa l l  is now i n  sha l low w a t e r ,  and wave breaking may be impor tan t .  The 

model of  Goda l e a d s  t o  t h e  fo l lowing  procedure.  

The r a t i o  %,,/H,' is given by t h e  s m a l l e s t  of  t h e  f o l l o w i n g  t h r e e  

q u a n t i t i e s  

Here ,  

* 
= 0.252 S -0'38 exp (20 m 3 /2 )  

*o 

* 
Bm is t h e  l a r g e r  of t h e  two q u a n t i t i e s  

1.65 ; 0.53 exp (2.4 m) 

I n  t h e s e  e x p r e s s i o n s  S is t h e  deep-water s t e e p n e s s  Hof/L0, and m t h e  

bottom s l o p e .  The s h o a l i n g  c o e f f i c i e n t  K is bota ined u s i n g  t h e  method g iven  

i n  Appendix B. 

If 1.8K is t h e  smallest of t h e  t h r e e  q u a n t i t i e s  i n  ( C l ) ,  wave b reak ing  is 

n o t  impor tan t ,  t h e  wall is o u t s i d e  t h e  s u r f  zone, and t h e  d e s i g n  wave h e i g h t  

is 

Hi = 1.8K H o t  = kX (C2) 



I f  1.8K is not t h e  s m a l l e s t ,  t h e  w a l l  is w i t h i n  t h e  s u r f  zone,  and t h e  

q u a n t i t y  H I l 3  must f i r s t  be ob ta ined  as shown below. 

( i i )  Find H I j 3 / H o 1  

The r a t i o  H1/3 /Ho '  is given by t h e  s m a l l e s t  o f  t h e  fo l lowing  t h r e e  

q u a n t i t i e s  

Here, 

= 0.028 S- 0'38 exp(20 m 3 / 2 )  
0 

$, is t h e  o f  t h e  two q u a n t i t i e s  

The s h o a l i n g  c o e f f i c i e n t  K a g a i n  is ob ta ined  from Appendix B ,  and S,m are 

d e f i n e d  above. 

( i i i )  To f i n d  t h e  Design Wave Height  Hi 

If 1.8K is t h e  s m a l l e s t  of  t h e  t h r e e  q u a n t i t i e s  i n  ( C l ) ,  s e t  t h e  d e s i g n  

wave h e i g h t  Hi = G,,. Otherwise,  f i r s t  f i n d  a t  d  = D, u s i n g  eqn ( 6 2 ) .  

Then u s e  t o  c a l c u l a t e  a new water  dep th  Db from 



Now c a l c u l a t e  a t  d = Db,  u s i n g  eqn (C1) .  I t  seems t h a t  Db is u s e d  

because  waves b r e a k i n g  a t  a p o i n t  are expec ted  t o  e x e r t  t h e i r  maximum f o r c e  

f o r  some d i s t a n c e  shoreward  o f  t h a t  p o i n t .  Then i t  is p r u d e n t  t o  estimate 

Gax a t  s e v e r a l  i n t e r m e d i a t e  d e p t h s ,  and u s e  t h e  l a r g e s t  v a l u e  o b t a i n e d  f o r  

H i .  T h a t  is 

Hi  = max f o r  Db 2 d 2 D) (C5) 

I t  s h o u l d  be n o t e d  t h a t  some o f  t h e s e  i n t e r m e d i a t e  d e p t h s  may be o u t s i d e  

t h e  s u r f  zone .  

Thus,  e i t h e r  (C2) o r  (C5) w i l l  b e  used  t o  f i n d  t h e  d e s i g n  wave h e i g h t ,  

a c c o r d i n g  t o  whe the r  t h e  wall is o u t s i d e  o r  w i t h i n  t h e  s u r f  zone.  (However, 

the d e p t h  Db must  be c a l c u l a t e d  i n  e i t h e r  c a s e ,  t o  f i n d  y2,  which is needed 

f o r  t h e  p r e s s u r e  d i s t r i b u t i o n  on t h e  wall. ) 
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