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LITTORAL DRIFT IN THE SURF ZONE 

L e c t u r e , h e l d a t the H y d r a u l i c Research S t a t i o n , W a l l i n g f o r d 

on December 15, 1970 ^ 

INTRODUCTION 

I should l i k e t o t a l k about the q u e s t i o n o f what happens t o a 

coast a f t e r t h e b u i l d i n g o f c o n s t r u c t i o n s such as groynes or harbour 

moles. 

So f i r s t , ( i n c h a p t e r l ) we s h a l l c o n s i d e r t h e f o r c e s a c t i n g 

on the g r a i n s i n the s u r f zone, then ( i n c h a p t e r 2 ) some t r a n s p o r t 

f o r m u l a e , used i n the N e t h e r l a n d s and f i n a l l y ( c h a p t e r 3) mathe

m a t i c a l models o f coasts w i t h groynes o r harbour moles. 

FORCES IN THE BREAKER ZONE 

Shear s t r e s s over the bottom 

Most p r o b a b l e the waves s t i r up the sand g r a i n s and the c u r r e n t s 

t r a n s p o r t them. So i t i s w o r t h w h i l e t o e s t i m a t e the shear s t r e s s o f 

the water over t h e bottom, which causes t h e s t i r r i n g up. 

The waves g i v e an o r b i t a l v e l o c i t y u (c h a n g i n g c o n s t a n t l y ) and 

a longshore v e l o c i t y v ( r e m a i n i n g almost s t a t i o n a r y ) . I n the b r e a k e r 

zone the waves are n e a r l y p e r p e n d i c u l a r t o t h e c o a s t , and thus t h e 

r e s u l t a n t v e l o c i t y w i l l be about V u ^ + v^ a t every moment ( f i g , 1®) 

r e v i s e d , A p r i l 1 9 7 1 
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The shear s t r e s s T has o f course the same d i r e c t i o n as the 

i n s t a n t a n e o u s v e l o c i t y and has the magnitude ( f i g . 1^ ) : 

p r o p o r t i o n a l t o the square o f the water v e l o c i t y and t o the s p e c i f i c 

w e i g h t /Og, b e i n g the C h e z y - c o e f f i c i e n t . 

The l ongshore component Tio^ggi^^j., o f t h i s v e l o c i t y i s ( f i g . 1^ ) : { 

^longshore = — | v . . Vu + v 

^h' 

However, t h i s r e a s o n i n g i s a l i t t l e o v e r - s i m p l i f i e d as i t i s 

assumed t h a t the combined v e l o c i t y \ } + v^ has a l o g a r i t h m i c 

d i s t r i b u t i o n over the v e r t i c a l . 

P r o b a b l y the BIJKER-approach [ l ] i s b e t t e r ; he c o n s i d e r s the shear 

s t r e s s on the boundary l a y e r and f i n d s i n s t e a d o f ( l ^ ) ( [ l ] , f o r m u l a 

1 1 1 . 3.1^ w i t h Cp = 0 ° ) : 

2 \/P^^^C 2 ^2 

^longshore =/^^* V — ; 2 ^ 

i n which p i s a constant ( = i 0.42), K i s the constant of VON KARMAN 

( 2 : 0 . ^ ) ajid v^ i s the boundary shear s t r e s s : 

T h i s can be reduced t o a shape s i m i l a r t o ( 1 ^ ) : 

h 

t o compare w i t h ( 1 ^ ) 

-longshor. - V \/u2 . v^ ( 1 ^ ) 

^h 

However, i t remains a c u r i o u s f a c t , t h a t t h e B I J K E R - s o l u t i o n [ 1 ] does 
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n o t t e n d t o f o r l o n g - p e r i o d waves; t h i s j u s t i f i e s f u t u r e 

r e s e a r c h i n t h i s f i e l d . 

I n t h e meantime we s h a l l assume t h a t ( l ) i s v a l i d . 

Averaged over a wave p e r i o d longshoM ^̂ O""*** 

lon g s h o r e 
°h 

U) [ 

The value of t h e term "pKC. / V l " u s u a l l y equals approximately 2 
" 2" 

t o 5 and hence t h e term "(.v^C^/\fs) i s u s u a l l y l a r g e with 
2 n 

r e s p e c t t o v i n th e s u r f zone., 

F i g . 2 shows t h e f a c t o r \l(pKO^u/ \[g) • T i a the case 

O 

s 
O X 
in 
o> 
c 
o 

FiQ 2 L. L and orbital velocity as function of t / T 
r i y . A *'|ongshor8 

When V i s s m a l l w i t h r e s p e c t t o u, T longshore a p p r o x i m a t e l y 

l o n g s h o r e uv ( 5 ) 
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The f a c t o r 8 g/C^ has been r e p l a c e d by the DABCÏ-WEISBACH f r i c t i o n 

c o e f f i c i e n t f i n ( 5 ) . 

I n h i s paper on l o n g s h o r e c u r r e n t s , BOWEN [ s j l i n e a r i s e s t h e 

r e l a t i o n between T bottom ''̂ ^ ^* 

'-bottom I 

( c ^ equals c " i n BOWEN's n o t a t i o n ) . 

From ( 3 ) we f i n d , t h a t t h e f a c t o r c^ i s p r o p o r t i o n a l t o u: 

c^ = 4". pK \ff78. pn ( 5 ) 

Üin t h e b r e a k e r zone equals ( l i n e a r t h e o r y ) : 

n =l\fiA> • , , ( 6 ^ ) 

T a k i n g the r a t i o between H and D i n t h e case o f a s p i l l i n g b r e a k e r 

equal t o A^, we f i n d : 

Ü = ^ \ / ^ , , . ( 6 ^ 

I n t h e case o f a wave spectrum, i t m i g h t be q u e s t i o n a b l e as t o which ü 

should be t a k e n . 

I n o r d e r t o get t h e mean l o n g s h o r e v e l o c i t y , i t seems r e a s o n a b l e , s i n c e 

i s p r o p o r t i o n a l t o u, t o take t h e u, c o r r e s p o n d i n g t o the mean wave 

h e i g h t . 

We d e f i n e : 

A^ = H/D i n the breaker zone , . ( 7 ) 

One f i n d s f o r c^; from ( 5 ) and ( 6 ^ ) : 

I n many papers [ 4 ] , [ 5 J , [ 6 j about l o n g s h o r e v e l o c i t y t h e shear s t r e s s 
2 

i s t aken p r o p o r t i o n a l t o v . I t appears t o be much l a r g e r than t h i s 

however. 
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BIJKER [ l ] , [ 7 ] computed t h e l o n g s h o r e component of the shear s t r e s s 

more a c c u r a t e l y than by t h e rough a p p r o x i m a t i o n g i v e n h e r e . 
P 1̂  G 

He computed T. , / r as a f u n c t i o n o f — 7 7 = - — , 
^ lo n g s h o r e ' Yg v 

t h e shear s t r e s s w i t h o u t waves: 

r = ^ v^ 
^ o 0^2 

From (2) can be derived: 
-

i n which T i s 
o 

longshore 
P ^ C 2 

-o ' fe 

T h i s f u n c t i o n , computed by BIJKER i s shown i n annex 1 ( s o l i d l i n e ) . 

As an i n t e r r u p t e d l i n e i s shown the approximation according to ( 3 ) : 

( 2 ^ 

l o n g s h o r e _ _2_ ^ ^h ü 
( 3 ^ ) 

I t i s c u r i o u s , t h a t BIJKER uses i n [ 7 ] t h e EAGLESON co m p u t a t i o n f o r t h e 
2 

l o n g s h o r e v e l o c i t y , which i s based on p r o p o r t i o n a l i t y o f T w i t h v . 

1,2 R a d i a t i o n s t r e s s 
We have c o n s i d e r e d t h e f r i c t i o n ; now we s h a l l c o n s i d e r t h e d r i v i n g 

f o r c e i n t h e b r e a k e r zone. 

The d r i v i n g f o r c e o f t h e wave i-s t h e l o n g s h o r e component o f the 

" r a d i a t i o n s t r e s s " [ 8 ] , [ 9 ] • T h i s r a d i a t i o n s t r e s s can be v i s u a l i z e d 

i n t h e s e t - u p o f waves on a s l o p i n g beach. I t c o n s i s t s o f two components: 

1 ° the average p r e s s u r e p over a wave p e r i o d 

d i f f e r s ( i n second o r d e r ) from t h e h y d r o 

s t a t i c p r e s s u r e . T h i s f i r s t component i s 

•thus an i s o t r o p i c p r e s s u r e . 

Fig . 3 

2 f l u x o f momentum can be c o n s i d e r e d as a 

f o r c e ; t h r o u g h any c r o s s - s e c t i o n per u n i t 

o f t i m e and per u n i t o f area a f l u x /Oy^^y 

i s t r a n s p o r t e d , i f v^ i s the component o f 

the v e l o c i t y p e r p e n d i c u l a r t o t h e area. 

The average over a wave p e r i o d i s n o t e q u a l t o z e r o . T h e r e f o r e 

t h i s second component o f the r a d i a t i o n s t r e s s i s an u n i d i r e c t i o n a l 

f o r c e . 

Combined, the f i r s t and the second component give a stre/ss f i e l d with 

d i f f e r e n t p r i n c i p a l s t r e s s e s . I t can be v i s u a l l y demonstrated i n a Mohr 

c i r c l e ( f i g . k). 
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Fig. A Mohr circle, representing the radiation stress. 

Now t h e " r a d i a t i o n s t r e s s " i s by d e f i n i t i o n t h i s s t r e s s f i e l d , b ut 

i n t e g r a t e d over t h e depth: 

/ 2 
r a d i a t i o n s t r e s s = / (p + /oy^) ( 9) 

-D 

i n which z i s t h e v e r t i c a l component w i t h r e s p e c t t o t h e s t i l l - w a t e r 

l e v e l and 7p i s t h e wat e r l e v e l . 

I n f a c t , the " r a d i a t i o n s t r e s s " i s n o t a s t r e s s , but a f o r c e p e r u n i t 

o f l e n g t h . The dimension i s _mt~^_. 

LONGUET-HIGGINS and STEWART [8j computed the f i r s t and second 

component ( f i g . ^ ) ' -

AP -
-D 

p^) dz (n - E 
( i s o t r o p i e ) 

(10 ) 

and J/3U 
-D 

dz = n E 
( i n the d i r e c t i o n o f u) 

i n w h ich E i s the wave energy per u n i t o f area and n i s t h e r a t i o be

tween phase and group v e l o c i t y . 

So t h e p r i n c i p a l s t r e s s i n t h e d i r e c t i o n o f wave p r o p a g a t i o n i s 

(n - -J- + n) E; i n t h e d i r e c t i o n o f t h e wave c r e s t on the o t h e r hand, 

where t h e momentum /ou^ g i v e s no component, i t i s (n - ^) E. 

Thus ( f i g . ^ ) , t h e r a d i u s o f t h e Mohr c i r c l e , r e p r e s e n t i n g t h i s s t r e s s 

f i e l d i s 1 nE and t h e r e f o r e , i n a v e r t i c a l p l a n e , making an a n g l e cp 

w i t h t h e wave c r e s t , t h e shear f o r c e F i s ̂  nE s i n 2 cp , 

The f o r c e , p e r p e n d i c u l a r t o t h i s p l a n e , ( l l n - ?)E + -J- nE cos 2 Cf> , 

causes s e t - u p , and the above mentioned shear f o r c e a l o n g s h o r e v e l o c i t y . 

1.5 T i d a l f o r c e compared w i t h r a d i a t i o n s t r e s s _ [ l o ] _ 

IVe c o n s i d e r the wat e r mass above a r i g i d s l o p e z = my up t o t h e 

b r e a k e r l i n e ( f i g . 5 ) » 

On t h i s mass t h e shear f o r c e mentioned i n 1.2 a c t s i n t h e p l a n e ABCD. 

C a l l i n g t h i s shear f o r c e F^^^^, t h i s f o r c e e q u a l s : 
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F = i nE B i n 2 ĵp . . . , ( 1 1 ) 
wave ' 

I n the b r e a k e r zone may be s t a t e d : 

n = 1 . . . . . . . . . ( 1 2 ) 

\v - ^^^^ 

Thus f o r the wave f o r c e i s fo u n d : 

- ' ; . . . ; ( 1 5 ) 

The t i d a l f o r c e on t h i s t r i a n g u l a r 

p r i s m o f water e q u a l s : 

br 

i n which h i s t h e e l e v a t i o n o f the 

wate r l e v e l and x the l o n g s h o r e 

d i r e c t i o n . 

/Consider a p r o g r e s s i v e t i d a l 

\wave w i t h a m p l i t u d e z: 

breaker 
line 

coast 
line 

Fig-B*» 

Plan view. 

Fig. 5' 

h = z cos («Jt - Kx) (17 ) 

I n t h i s case t h e r a t i o o f wave f o r c e t o t i d a l f o r c e equals; 

wave 

t i d e 

^2 " s i n 2 ^ ^ ^ 

— m 
(18 ) 

Measurements o f S V A S E K [ I I ] and KOELE/de BRUYN [ l 2 ] showed, t h a t i n 

t h e b r e a k e r zone t h e r a t i o between Hgign ^ p r o t o t y p e , 

f o r g e n t l e s l o p i n g beaches i s about ,h t o . 5 . 

Thus t h e r a t i o between H and D w i l l be about .5 t o ,k. 

T h e o r e t i c a l l y , f o r a s o l i t a r y wave on a f l a t b o t t o m , t h e r a t i o i s 

. 78 and i n t h e l a b o r a t o r y , on s l o p e s o f about 1 : 8 or 1 : 10 v a l u e s 

up t o 1.1 a r e measured. 

From ( 1 7 ) i t can be seen, t h a t o f t e n the wave f o r c e i s l a r g e 

w i t h r e s p e c t t o t h e t i d a l f o r c e i n the b r e a k e r zone. T h i s may be 

i l l u s t r a t e d w i t h t h e f o l l o w i n g example: 
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F 
wave 

t i d e 
= 20 B i n 2<f^^ i f m = 10 

- 2 = 628 km 
t i d e 
& s 1 • 
( t i d a l d i f f e r e n c e 

2m) 

Experiments by OPDAM [ i j ] c o n f i r m t h i s t h e o r y , 

1.4 L°ngshore_yelocit2 

Now we c o n s i d e r a " s l i c e " 

from t h e t r i a n g u l a r p r i s m 

mentioned i n 1.J. 

A c t i n g on the bottom i s t h e 

shear s t r e s s , Cj.v, t r e a t e d 

i n 1 . 1 . 

^ We assume a s u r g i n g bresik-

• r ; i n t h i s case t h e shear 

s t r e s s F^^^^, mentioned i n 

1.2 a c t s on t h e pla n e s ABCD 

and A'B'C'D* i n o p p o s i t e 

d i r e c t i o n . T h i s f o r c e F^^^^ 

th e r e s u l t a n t f o r c e e q u a l s : 

Fig.6 Stresses on A A ' B B ' C C DD' 

however, d i f f e r s on b o t h p l a n e s and thus 

f o r c e by waves = ( i n E s i n 2 ) (19 ) 

T h i s r e s u l t a n t f o r c e i s shown i n f i g . 6 on t h e upper p l a n e ABB'A', 

a l t h o u g h i t n a t u r a l l y d o e s n o t work on t h i s p l a n e . 

A l s o a c t i n g on the planes ABCD and A'B'C'D' i s a t u r b u l e n t shear f o r c e 

(Reynold s t r e s s ) . BOWm [ 2 ] t a k e s t h i s f o r c e i n t o account as a f o r c e 

per u n i t a r e a : 

' dy 

(20) 

A l i t e r a t u r e r e v i e w c o n c e r n i n g t h e magnitude o f the f a c t o r Â ^ v a l i d [ 

i n the b r e a k e r zone, i n d i c a t e s , t h a t t h i s f o r c e i s n o t a b l e t o change 

the d i s t r i b u t i o n o f the lo n g s h o r e v e l o c i t y over t h e b r e a k e r zone 

s i g n i f i c a n t l y ( i n t h e p r o t o t y p e ) . 
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I n the s t a t i o n a r y case a l l the lo n g s h o r e f o r c e s have t o be i n 

e q u i l i b r i u m . N e g l e c t i o n o f t h e t u r b u l e n t shear s t r e s s Ry l e a d s t o : 

V = ̂  ( i nE s i n 2(p) 

V = ̂  . ~ ( i nE B i n 2(,. ) ( 2 1 ) 

S u b s t i t u t i o n o f ( 5 ) and t a k i n g n=1 i n t h e b r e a k e r zone: 

V = 4 r x ^ . , — ! — r * 4- (E s i n c p c o s Cf) ' . . ( 2 2 ) 

*2 /oVfgD 

I n t h e case o f p a r a l l e l d epth c o n t o u r s i n the b r e a k e r zone, t h i s can 

be w r i t t e n more s i m p l y . 

I n t h e b r e a k e r zone (p i s m o s t l y s m a l l and t h e r e f o r e t h e a p p r o x i m a t i o n 

cos <j> cos q> i s good and c o s c f s l s u f f i c i e n t l y a c c u r a t e . 

With r e s p e c t t o sinCj? , S n e l l ' s law can be a p p l i e d . 

C I D 
8incj>= jr- s i n c p ^ ^ = \/ 3 — ainCp^^ ( 2 5 a ) 

br V b r 

T h i s i s a b e t t e r a p p r o x i m a t i o n than BOWEN [ 2 ] a p p l i e s : he takes 9'«9^jj, 

i n t h e b r e a k e r zone. 

Using (7) and S n e l l ' s law: 

1 2 
E s i n <f c o B ( p « ^ ^ g H s i h t f cos cp^^ 

l^S A ^ V (D/D^^)*8inc,^^ c o s c ^ ^ 

E s i n c f coscp«-J^g A ^ V ^ D ^ ^ ' ^ s i n C j ) ^ ^ «̂ os'f'br 

^ (E sinCj. cos if ) = '§5 Bincf cos (f ) ^ 

^7 (E Bincp coscp )« :^/?gA2 D D^^' «^^'^^br °°^^br D¬

i n which oCjj i s the beach s l o p e a t dep t h D. When t h i s s l o p e i s n e g a t i v e , 

c-^jj i s o f course z e r o . 

S u b s t i t u t i n g t h i s r e s u l t i n ( 2 2 ) : -
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^^2 5 1 / D \^ 
— • 'TF • 7f7^ (s^) \/sD s i n c f cos4>^^ tgo^D ( 2 4 ^ ) 

S u b s t i t u t i n g p = . ^ 5 , K = ,k ,.Tr = 3 .14 : 

V = 15 .44 A ^ r V DD^,/* 8in<p^^ co6<j>^,^ tg«p ( 2 4 ^ ) 

V = 5.46 A^C^ DD^^-^ s i n c p ^ ^ c o s < ^ ^ ^ t g oCj^ ( 2 4 ^ ) ' ^ 

2 . TRANSPORT FORMULAE 

2 . 1 BIJKEH^method 

BIJKER [ l ] , . [ ? ] • [ l l j assumes, t h a t t h e waves s t i r t h e m a t e r i a l 

and the c u r r e n t s t r a n s p o r t i t . 

The bottom l o a d he computes a c c o r d i n g t o an adapted method o f 
r n i ) r -, 

FRIJLINK L14J and the suspended l o a d a c c o r d i n g t o EINSTEIN [15] or 

VAN ON I [16] . 

2 . 1 . 1 Bottom l o a d 

The bottom l o a d Ŝ  per m' o f c o a s t a l p r o f i l e e q u a l s , a c c o r d i n g 

t o BIJKER: 

o . . - s t i r r i n g parameter /^^b.s 2 ) 
S^ = stream parameter - e ^ ^ (25 ) 

I n t h e s u r f zone t h e s t i r r i n g parameter i s p r o p o r t i o n a l t o d^/u 

( a p p r o x i m a t e l y ) , i n which d^ i s t h e mean g r a i n d i a m e t e r . As f o r sand 

g r a i n s ( i n p r o t o t y p e c i r c u m s t a n c e s ) t h e s t i r r i n g parameter i s v e r y s m a l l 

and ( 25 ) may be s i m p l i f i e d t o : 

S . a i stream parameter = A. d ft/a. T (26) 

i n which Aj^=r5 a c c o r d i n g to BIJKER, . , 

I n appendix B t h e f o r m u l a , d e r i v e d h e r e , w i l l be compared w i t h o t h e r f o r 
mulae, based on a momentum approach. Of much importance i s appendix C, i n 
which the i n f l u e n c e o f s h o r t - c r e s t e d waves i s c o n s i d e r e d , as d e r i v e d by 
BATTJES. 

I n appendix A t h e f u l l f o r m u l a e a r e g i v e n . 
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2 . 1 . 2 Susgended l o a d 

AnalogouB t o EINSTEIN, BIJKER s t a t e s : 

c 
a , c depth D . f a l l v e l o c i t y w s 
S 1̂ r i p p l e h e i g h t K shear s t r e s s v e l o c i t y / 

^1 d' ̂0 • • • • ( 2 7 ) 

i n which S i s t h e suspended l o a d and v,̂ ' i s t h e combined shear s t r e s s 
s 1) 

caused by waves and c u r r e n t and t h e r e f o r e a l s o a f u n c t i o n of depth. 

I t i s u s e f u l t o get an i m p r e s s i o n o f the i n f l u e n c e o f the depth 

on the r a t i o between suspended t r a n s p o r t and bottom t r a n s p o r t and p u t 

( 2 7 ) i n the fo r m : 

But the i n f l u e n c e o f v i s c o s i t y makes a d i m e n s i o n l e s s p l o t a c c o r d i n g 

t o (28) i m p o s s i b l e . However, i t i s p o s s i b l e t o p l o t : 

= '2 <!• ^ ' • • <=9' 

i n which w i s a f u n c t i o n of d^ and v i s c o s i t y . Assuming t h a t K i s 

c o n s t a n t over t h e b r e a k e r zone (w h i c h i s q u e s t i o n a b l e ) t h e second 

parameter i s independant o f t h e dep t h . 

The f u n c t i o n f ^ from ( 2 7 ) i s a known f u n c t i o n , g i v e n i n appendix A. 

As w i l l be shown a l s o i n appendix A, i n t h e case o f s m a l l v a l u e o f v/u, 

f o r v i can be w r i t t e n : 

v » ' « ^ Ü ( 3 0 ) 

which i e c u r i o u s l y enough independant of f . 

Thus f o r w/v^' can be w r i t t e n , u s i n g (6^'): 

Z_ ̂ lïL -JL - 2 . w \(T ( 3 1 ) 

1) I n appendix A t h e f u l l f o r mulae are g i v e n 
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Hence, f o r g i v e n v a l u e s o f D/K and w/\^ a c c o r d i n g to ( 2 9 ) , the 

c o r r e s p o n d i n g v a l u e o f w/v^* can be found from ( 3 1 ) and t h e n , from 

t h e g i v e n f ^ a c c o r d i n g t o ( 2? ) t h e r a t i o S^/S^ can be found. When 

D/K and w/\/gK ar e known, a l s o S^/S^ i s known ( i f v / f i i s s m a l l ) . 

Annex 2 g i v e s S^/S^ a f u n c t i o n o f D/K f o r v a r i o u s v a l u e s o f 

w/\fgK. The ac c u r a c y o f t h e c a l c u l a t i o n i s c o n f i n e d by the accuracy 

of t h e graphs o f t h e EINSTEIN i n t e g r a l s I . ^ and 1^^ mentioned i n t h e 

appendix. 

We may c o n f i n e o u r s e l v e s t o t h e r e g i o n : 

10 < D/K < 500 

, > ( 5 2 ) 
and. .03<w/A2 \/gK < . 15 ^ 

Then f o r every v a l u e o f w/A^ \ [ ^ as a good f i t a s t r a i g h t l i n e can 

be drawn on d o u b l e - l o g a r i t h m i c paper, g i v i n g t h e r e l a t i o n between 

S /S. and t h e d i m e n s i o n l e s s depth D/K: 
B D 

^ s o I P \^^^^ * ^'^^^-tM^-W* . . . . . . . (33) 

Using A^ = . 7 8 , p = . 4 5 , K = . 4 and w i t h i n t h e l i m i t s mentioned i n 

( 3 2 ) t h i s becomes: 

S u , D \ 1 ' 2 t o 1.6 
•s£»9^10 ( 1 — ) . . . (54) 

As can be seen from annex 2 t h e r a t i o S^/S^ i s l a r g e i n t h e whole 

r e g i o n and t h u s : 

S « S ( 3 5 ) 
5 

From ( 2 6 ) , ( 5 4 ) , ( 5 5 ) : 

9.10** A. ^ 1.2 t o 1.6 . 

\ . \ , ( g ) d (56) 
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Annex 3 gives as a p r a c t i c a l example a comparison between the 

r e s u l t s of the exact computation according to the BIJKER-method 

( s o l i d l i n e ) and the r e s u l t s according to the approximation of 

eq . ( 3 3 ) ( i n t e r r u p t e d l i n e ) . 

The upper f i g u r e s concern a sh o r t - p e r i o d wave, the lower f i g u r e s 

a wave of long period; the l e f t - h a n d f i g u r e s concern a s h o r t e r 

wave period than the right-hand f i g u r e s . 

For l a r g e v a l u e s of D and short wave p e r i o d , d e v i a t i o n s occur, 

because i n t h i s case the o r b i t a l v e l o c i t y i s not p r o p o r t i o n a l to 

\/gD (no shallow-water wave). 

Small values of D and l a r g e values of v are not l i k e l y to occur 

simultaneously. 

2.2. SVASEK-method (adapted to p a r a l l e l depth contours) 

SVASEK [ l l ] assumes, th a t the l i t t o r a l d r i f t between two depth 

contours i s p r o p o r t i o n a l to the 

longshore component of the l o s s 

of energy f l u x between these 

depth contours. 

Now the energy f l u x a c r o s s 

a depth contour (per u n i t length 

of the depth contour) equals 

EC cos cp and the longshore 

component EC s i n (p cos <p . As 

the energy E i s pr o p o r t i o n a l to 

H^, SVASEK f i n d s ( [ l l ] , formula 

5 - 7 ) : 

depth contours 

AQ sin^>A( ECcos^) ) 

D.i AD 

Fig. 

D-j AD 

AQ = A^' (H C) s i n cp cos cp ( 3 7 ) 

I n the breaker zone we may assume: 

H = k^D . . . . ( 7 ) C = k \[gD (58) 

I f the B e r n o u l l i second-order theory f or the s o l i t a r y wave i s used. 
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C e q u a l s : 

C = Vg ( D + H ) 

and t h u s - V + 

S u b s t i t u t i n g ( 7 ) and ( 3 8 ) i n ( 37 ) y i e l d s f o r A ( M 2 C ) : 

A ( H ^ C ) = g*D^^) 

A (H^C) = I A2^Aj g^o''* A D ( 3 9 ) 

When a l l c o n t o u r l i n e s a r e assumed p a r a l l e l , we may use S n e l l ' s law 

( 2 3 ^ ) , and w i t h t h e same assumptions as i n 1.4 we f i n d : 

AQ = I A ; A / A 3 g V D ^ / * A D 8 i B < ^ j ^ ^ eo»C(.̂ ĵ. ( 4 0 ) 

I t s h o u l d be n o t e d , t h a t A Q d e n o t e s t h e l i t t o r a l d r i f t between 

two depth c o n t o u r s , where S denotes the l i t t o r a l d r i f t p er m' o f 

c o a s t a l p r o f i l e : 

I n t e g r a t i o n o f (40) over t h e s u r f zone y i e l d s : 

Q = / ^ ^ A Q = | A ; A / A g^D^^/* 6in<)>^^^ cos<).^^...(42) 

o 

2 , 5 ^ERC-formula. 

The f o r m u l a o f the C o a s t a l E n g i n e e r i n g Research Center can be 

w r i t t e n as: 

Q = 1.4.10-2 H^.|^ C^ K / s i n c p ^ ^ cos <j>̂ ^̂  i 

i n which K i s t h e r e f r a c t i o n c o e f f i c i e n t and Q t h e t o t a l l i t t o r a l r — — 

d r i f t over t h e s u r f zone. 

C o n s e r v a t i o n o f wave energy between wave r a y s g i v e s : 
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n C 
2 ::2 2. J n 2* 

br 

H .2 C K 2 = 2 C K 2 = ^ A_2 A_ D, 
s i g n o r o r n 2 3 Dr 

° o 

i n which n • the r a t i o between group v e l o c i t y and phase v e l o c i t y i n 
o 

deep w a t e r ^ e q u a l s i: 

Thus I« = A, k^' A j g 'D^J s i n * ^ ^ co6<f (hi) 

Comparison w i t h (42) shows, t h a t : 

A _ 5 4 • _ 2 ^ . ̂ -.-2 

o 

= I A^' = 5 . 6.10"^ (46) 

The SVASEK-formula i s a v a r i a t i o n on the CERC-formula, b u t i t 

adds an e s t i m a t i o n o f the d i s t r i b u t i o n o f the l i t t o r a l d r i f t o v e r the 

s u r f zone. 

2.4 Comparison of"_the_BIJKER-_and_SV/6EK -method. 

BIJKER [ ? ] uses EAGLEoON [ 5 ] f o r the com p u t a t i o n o f t h e l i t t o r a l 

c u r r e n t ; however, i t seems an improvement t o use the c o m p u t a t i o n o f 

c h a p t e r 1.1 and 1 . 4 . 

T h e r e f o r e we s u b s t i t u t e v from ( 2 2 ) i n t h e f o r m u l a ( 5 6 ) f o r S . 

A f i r s t - s i g h t comparison between BIJKER/BOWEN and S V A S E K shows: 

BIJKER/BO'A'EN : S .' . D * ^ (E s i n £f cos cp ) ( 4 ? ) 

S V A S E K ( f i g . 7 ) : S .'. s i n cp (EC cos < p ) . . ' . . . (48) 

The f o r m u l a e (47) and (48) l o o k q u i t e s i m i l a r . A more q u a n t i t i v e 

comparison can be g i v e n by t h e s u b s t i t u t i o n o f v from (24) i n t h e 

f o r m u l a ( 3 6 ) f o r S : 
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B I J K E R / B O W E N : 

_ 1.2to1.6 

s= 

(1.4.10^) 

SVASEK ( 4 0 ) , ( 4 1 ) , (46) 

S = 5 A^" A^'D f J L 1 \/sÖ s i n c f b r 
COB <Pj^^ t g OC. 

D 
( 5 0 ) 

The formulae l o o k q u i t e s i m i l a r ; i n ( 5 0 ) D***̂  *° ^'^ i s re p l a c e d 

by D. The i n f l u e n c e o f t h e r a t i o A^ = H/D i n t h e breake r zone 

seems more i n t h e SVASEK-formula than i n t h e BIJKER-formula. 

However, t h e i n f l u e n c e o f A^ i n t h e BIJKER-formula i s a l s o hidden 

i n the exponent " 1 . 2 t o 1.6" as ( 5 3 ) shows, BOWEN uses t h e l i n e a r 

t h e o r y , which i s t h e rea s o n , t h a t t h e f a c t o r "A_" does n o t occur 
V 

i n ( 4 9 ) , The use o f the l i n e a r t h e o r y i n SVASEK's f o r m u l a would 

y i e l d : A^ = 1 , 

For a b e t t e r comparison, some n u m e r i c a l v a l u e s w i l l be 

s u b s t i t u t e d i n ( 4 9 ) and ( 5 0 ) a c c o r d i n g t o t h e n e x t t a b l e . 

assumed data 

5.6 * 10 
-2 

P . 45 

^2 
. 28 1) 

K . 4 

\/l . 2 8 d 
m 

2 . IO-'* m 

\ 5 w 2 , 4 • 10' m/sec 

K 5 . 10-2 m 

1) 
A_ has been chosen i n t h i s way, t h a t (H . ), = 0 .4D and 
2 Bign br 

2 T 
= 2 H a c c o r d i n g t o SVASEK's assumptions, 

b r 
\ s i g n y 
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Computation: 

The exponent o f D i n (33) e q u a l s : 

1.18 . 0 . 1 8 8 * 1 ^ . ^ = 1.18 . 0.188. o . 2 8'o%>o . 4 ' v l : » ^ > f t ' 6 ? ' 

= 1.18 + o . i88«56 .0» '4 .42*10*2 ^ ^ ĝî ^ 

Thus the c o e f f i c i e n t b e f o r e (49) e q u a l s : 

^*^^''^2\ , 5 rr ' „ 9.10^0.28*3 . . .2.10-'* 
(1.4*10^)^-^'*^ ^ ̂  • ;K = ( i . 4 * l o \ > l o - V - ^ ' * 5 *lïï Ö 7 i ï 5 ^ * 2 * i 0 

= 12 .6-14*1 .09*10-5 

2.07*10^ 

= 6.63*10-5 

T h i s can be compared w i t h the c o e f f i c i e n t b e f o r e (50): 

5 A^A^^A^ = 3*5.6*10-2*0.282* V l . 2 8 = 15.2*10-5 

T h e r e f o r e , i n t h i s case t h e r e s u l t s are comparable when K » 2 cm and 

D =s 1 m. 

3. MATHEMATICAL COASTAL MODELS [17] . [iSJ 

How can we a p p l y t h i s knowledge t o t h e com p u t a t i o n o f the 

s e d i m e n t a t i o n and a c c r e t i o n near groynes and ha r b o u r moles? 

The c o n s t r u c t i o n o f groynes has the f o l l o w i n g e f f e c t s : 

1. P r e v e n t i o n o f the l i t t o r a l sand d r i f t i n t h e area between the 

c o a s t l i n e and t h e head o f t h e groyne; 

2. P r e v e n t i o n o f the l o n g s h o r e c u r r e n t i n the same a r e a ; 

3. F o r m a t i o n o f a s h e l t e r e d area a t t h e l e e - s l d e of the groyne caused 

by d i f f r a c t i o n ; 

4. Changing t h e wave h e i g h t by r e f l e c t i o n . 
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wave direction 

obstruct ion against longsl^or* current 

1 1 ) 1 1 I I >'7~ryyy^ 

formation of a sheltered area 

obstruction against longshore sanddrift 

F i g . 8 The effects of the construction of a groyne 

The o b s t r u c t i o n a g a i n s t sand drift has been t r e a t e d f o r the 

f i r s t time by PELNARD-CONSIDERE [19]. 

PELNARD-CONSIDÈRE assumes, that the p r o f i l e of the coast always 

remains the e q u i l i b r i u m p r o f i l e , so that he only needs to 

cons i d e r one c o a s t l i n e , being one of the contour l i n e s . He assumes 

no t i d a l c u r r e n t s , constant wave d i r e c t i o n , s m a l l angle of wave 

inc i d e n c e and a l i n e a r r e l a t i o n between the angle of wave i n c i 

dence and the l i t t o r a l d r i f t . 

^ _ f 
Flg. 9 Littoral drift along the coast 

For the l i t t o r a l d r i f t he assumes: 

(51) 

i n which: 
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q = l i t t o r a l d r i f t 

QQ= l i t t o r a l d r i f t a t t h e p o i n t where = 0 

q = ^ = the d e r i v a t e o f the l i t t o r a l d r i f t Q t o t h e an g l e 

o f wave i n c i d e n c e <p. 

He f i n d s , t h a t the a c c r e t i o n i s p r o p o r t i o n a l t o t h e c u r v a t u r e o f 

th e c o a s t : 

-Dt D 
t o t 

(52) 

i n which ^ i s the d e p t h , up t o where i t i s assumed, t h a t sand 
t o t 

t r a n s p o r t t a k e s p l a c e . 

coniout lints patalffi 
to coastlm« in 
btcohir-zoni 

contour Itnts parallil 
to i-Qxii outtidt 
br«akci-zon« 

Fig. 10° 

Fig. 10 Profile A-A' 

Fig. 10' 

The c o n s t a n t s and q can be computed w i t h t h e S V A S E K - t h e o r y . 

With t h e topography a c c o r d i n g t o f i g . 10 f o r QQ can be found 

from (45): 

QQ = S A / A^ g* D ^ / ^ sin<p;^ coscp;^ 

q = A^ A / A^ g^ D ^ / * cos 2 9 ; ^ 

(53) 

(54) 
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However, i f one takes d i f f r a c t i o n near a harbour mole int o account, 

the wave height and wave d i r e c t i o n change and therefore (the 

trans p o r t when the c o a s t l i n e i e p a r a l l e l to the x- a x i s ^ and ^ vary 

i n the c o a s t a l d i r e c t i o n . 

I assumed, that the l i t t o r a l d r i f t i s prop o r t i o n a l to the 

square of the wave height and pr o p o r t i o n a l to the angle of wave 

i n c i d e n c e , 

For the c a l c u l a t i o n of th* c o a s t l i n e s a computer program has 

been developed. F i g . 11 shows the c a l c u l a t e d development of a co a s t 

with one groyne. Comparison of the i n t e r r u p t e d and the s o l i d l i n e 

gives an impression of the i n f l u e n c e of d i f f r a c t i o n . The i n t e r 

rupted l i n e s give the e r o s i o n according to PELKARD-CONSIDERE. 

Wave incidence 

F ig . 11 Accretion and erosion near o groyne, numerical solution with diffraction (one line theory). 

The dotted lines at the right hand gives erosion according to Pelnard - Considere. 

With the computer program ve c a l c u l a t e d the behaviour of the 

c o a s t l i n e between two groynes with the i n f l u e n c e of d i f f r a c t i o n . The 

r e s u l t i s shown i n f i g . 12. 

Fig. 2 Behavior of the coast l ine between two groynes ( o n e - l i n e theory ) 
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-r 

ft-

l>ll»l>>>l//l/A 

An extension of t h i s theory was made, dropping the assumption 

of an e q u i l i b r i u m p r o f i l e . 

The coast was schematized by two 

l i n e s , one r e p r e s e n t i n g the beach, 

the other one the in s h o r e . Dependant 

on the d i s t a n c e between these l i n e s , 

on- and offshore transport was 

assumed ( f i g , 13, f i g - 14). 

Taking d i f f r a c t i o n i n t o account, the 

development of a coast i n case of one 

groyne and between an i n f i n i t e row of 

groynes could be computed. 

The r e s u l t s are shown i n f i g . 15 and 

16 r e s p e c t i v e l y . 

Fifl. 13 Schematized profile 

Fig. U 
LiltornI drift olong 
b.act' and Initiort 

Wave incidence 

F i g . 16 Behaviour of b e a c h and inshore between two groynes . ( t w o - l i n e theory) 
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I n the annexes h and 5 some pre l i m i n a r y r e s u l t s are shown i n which 

tbe waves come f i r s t 25 time steps from one d i r e c t i o n and then 

s w i t c h : 50 time steps from the other d i r e c t i o n , 50 time steps from 

the f i r s t d i r e c t i o n and so on. However, the r e s u l t s are s t i l l 

i n a c c u r a t e . 

Annex 4 shows the development of a coast near 1 groyne and 

annex 5 between two groynes. The v e r t i c a l s c a l e i a 5 times ex

aggerated with r e s p e c t to the h o r i z o n t a l s c a l e . 

HOW CHANOE 
OFFSHOUe TtAWSWrni 

WHEN THE fHOFILE 
CHANOEST 

MOW CHAMOES THE TRAHSKJRI 
ALONO IHE tNSHORE. 
WHEN THE IHSHOKE 
OIRECIION CHAHOESt 

MS] 

HOW CHANOES ^ 
ÏHE K A C H IRAHSroBT 

WHEN THE BEACH 
DmECHON CHANOEST 

Fig. 17 

IWHAT IS THE L I I I O B A i 
OHIFT FAN FROM 

THE CONSIKUCTIOH 
: ALONO THE BEACH f 

For t h i s s o l u t i o n s the fol l o w i n g v a r i a b l e s have to be known (fig. 1 7 ) 

1° The l i t t o r a l d r i f t QQ, along the beach, f a r from the c o n s t r u c 

t i o n 

2 ° The change of the l i t t o r a l d r i f t along the beach, when the 
dQ01 

beach d i r e c t i o n changes: = 

3° The change of the l i t t o r a l d r i f t along the i n s h o r e , when the 
*^02 

inshore d i r e c t i o n changes: = 

The change i n offshore t r a n s p o r t when the p r o f i l e changes. 

L i t t l e i s yet known about the last-mentioned v a r i a b l e , although 

p r e l i m i n a r y r e s e a r c h has a l r e a d y been done. 

The c o e f f i c i e n t s Q^,^, .̂.̂ , QQ2 and q^ are computed with the 

SVASEK-theory i n [20] , Assuming a topography according to f i g . 18, 

one f i n d s the f o l l o w i n g r e s u l t s , v a l i d f o r sm a l l angle of wave 

in c i d e n c e : 



- 23 -

^02 

A, A / A D,'' D ^ / ^ s i n 

A, a / A3 g^ D , 2 i . , . . 

A, A / A, g^ ( D ^ / ^ - D , 5 ) D^/* s i n c p U • 

. A^ A / A g^ ( D ^ / . D , 5 ) o^^^-i, 

. (55) 

. (56) 

. . (57) 

. (58) 

1) 

I t must b« s t r e s s e d that up to no» only 

the o b s t r u c t i o n a g a i n s t longshore sand-

d r i f t and the formation of a s h e l t e r e d 

area has been i n v e s t i g a t e d . 

I n the f u t u r e , the e f f e c t of the ob

s t r u c t i o n of the longshore c u r r e n t 

w i t h i t s e f f e c t s as entrainment of 

l i t t o r a l d r i f t to the inshore and 

formation of a scour hole i n f r o n t of 

the groyne w i l l be i n v e s t i g a t e d , as 

w e l l as the v a r i a t i o n of the set-up 

near the groyne because of changing 

wave c o n d i t i o n s . 

Some p r e l i m i n a r y r e s e a r c h i n t h i s 

f i e l d has already been done. 

contour l i n t , 

p a r a l l e l to y j - l l n i 

on inshore 

>(Qt ot 
depfh 

Hat 

contour ftnts 
para l le l to x - o x i s 
ou ts fd t br tokcr -zor ic 

contour lints 

para l le l to 
y , - l in t 
on b t o c h 

y 

Fig 18° Upper view 

Fig 18 Profile A-A' 

(f>l i s the angle of the wave c r e s t with the x - a x i s , 
or Q 

when the waves enter on the f l a t a t depth D^^ ( f i g . 10 ) 
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APPENDIX A 

The f o l l o w i n g t e x t has been r e w r i t t e n from BIJKER [? J ,page 2 . 

The n o t a t i o n has been adapted, 

"Most bed l o a d f o r m u l a e may be w r i t t e n i n t h e f o r m ! 

f ( d g^A) 

b , , Ad^ ( A l ) 

i n which A = r e l a t i v e a p p a r e n t d e n s i t y , d = g r a i n s i a e , D = water d e p t h , 
1) 

I i s energy g r a d i e n t , = r i p p l e c o e f f i c i e n t and g = a c c e l e r a t i o n o f 

g r a v i t y , \ 

FRIJLINK [ l 4 ] suggested, s t a r t i n g from t h e f o r m u l a o f K a l i n s k e , t o w r i t e 

f o r m u l a ( A l ) i n t h e f o l l o w i n g w a y j 

= b e 
r 

(A2) 

where r e s i s t a n c e c o e f f i c i e n t and T = bed shear = pgDl - pg ^^/^h 

I n an e a r l i e r paper BIJKER [ l ] c a l l e d t h e f i r s t t erm t h e t r a n s p o r t 

parameter and t h e exponent o f e i n t h e second term t h e s t i r r i n g parameter 
1) 

BIJKER f o r m u l a 

BIJKER [ l ] r e p l a c e s i n (A2) t h e shear s t r e s s T by t h e mean r e s u l t a n t 
c 

bed shear T o f t h e c o m b i n a t i o n o f waves and c u r r e n t : 
r 

r = 
r 1 ^ M C f ) (A3) 

i n which ^ = PK C j ^ / l / i " 

The shear s t r e s s v e l o c i t y v. = ̂ ^g//^ = v ^(ë~/^^ i s t h u s r e p l a c e d by: 

(A4) 

h 
(A5) 

TT U s u a l l y the r i p p l e f a c t o r ^ i s t a k e n as yU. = 

= 18 l o g 12 D/d and 

a = 18 l o g 12 D/k 
h 

( a / C ^ * ) ^ ^ ^ , i n which 
n h 
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S u b s t i t u t i o n o f ( A 3 ) i n ( A 2 ) y i e l d s : 

A d 

b 
I. - ̂  V > 

The f a c t o r Â^̂  s h o u l d be choosen « 5» a c c o r d i n g t o B I J K E R . 

W i t h r e s p e c t t o t h e suspended l o a d B I J K E R assumes t h a t t h e bottom 

l o a d i s t r a n s p o r t e d i n a l a y e r i m m e d i a t e l y above t h e bed w i t h a 

t h i c k n e s s e q u a l t o t h a t o f t h e f i c t i t e o u s bed roughness K, from 

which ( [ 7 ] , page 9) as mean c o n c e n t r a t i o n C,. i n t h i s bottom l a y e r 

i s f ound: 

° K = ^ / V r = ^ \ / ^ - 5 5 V IK (A7) 

F u r t h e r m o r e B I J K E R uses E I N S T E I N [ 1 5 ], except t h a t he changes t h e 

f a c t o r " 11 .6 V. a»' o f E I N S T E I N i n t o S ^ = I . 8 3 S ^ a c c o r d i n g 

t o ( A 7 ) : 

S 

s 
= 1.83 S ^ I ^ l n 35 D/K + I 2 ''̂  (A 8 ) 

i n which I ^ and I ^ are t h e E I N S T E I N - i n t e g r a l s : 

K 

° K/D 

„ 2 - 1 1 
( - ) f 

= .216 ^ „ / ( ^ ) * m y dy (AIO) 

^ K/D 

i n w h ich z = w/K v j 

The v a l u e s o f t h e i n t e g r a l s can be found from graphs i n t h e paper o f 

EINSTEIN, g i v i n g I ^ and I 2 r e s p e c t i v e l y as a f u n c t i o n o f K/D and z. 

Ty cp. EINSTEIN: S = 11 .6 c v a I . I n 55 D/K + I , 

c e n t r a t i o n i n bottom l a y e r w i t h t i c h n e s s a. 

c b e i n g con-
a 
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Reduction of the BIJKER-formula f o r Bwall valuee of v/u^ 

For BKall Talues of T/U^ (A5) can be reduced i n the f o l l o w i n g way! 

h 

Neglection of • with r e s p e c t to ^ u ( i n which ^ i s about 3) 
o 

h 

^- ' of • W IT 

(A4) has been used. 

according to (30)• 
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APPENDIX B 

COMPARISON LOMGSHORE-CURRENT FORHÜLAI! 

I n t h i s appendix t h e l o n g s h o r e - c u r r e n t f o r m u l a ( 2 4 ) w i t h i t s e v a l u a t i o n 

w i l l be compared w i t h o t h e r l o n g s h o r e - c u r r e n t f o r m u l a e . 

As n o t e d by GALVIN \_2k\ , e q u a t i o n s t o p r e d i c t l o n g s h o r e c u r r e n t 

v e l o c i t y can be grouped i n t o t h r e e c l a s s e s , a c c o r d i n g t o t h e predomi

nant t h e o r y as f o l l o w s : ( l ) c o n s e r v a t i o n o f momentum; ( 2 ) c o n s e r v a t i o n 

o f mass; ( 3 ) e m p e r i c a l c o r r e l a t i o n o f d a t a . 

The developed t h e o r y f a l l s i n t h e f i r s t c a t e g o r y and i n o r d e r t o 

show i t i n i t s c o n t e n t i t i s s u f f i c i e n t t o c o n s i d e r o n l y t h e most impor

t a n t t h e o r i e s i n t h i s c a t e g o r y : 

EAGLESON [ 5 ] , PUTNAM, MUNK and TRAYLOR [ i f ] , LONGUET HIGGINS [ 21 ] . 

B l . Comparison EAGLESON and BAKKER 

We s h a l l now compare t h e EAGLESON - approach [ 5 ] f o r c o m p u t a t i o n o f th e 

lon g s h o r e c u r r e n t w i t h t h e approach developed i n the p r e s e n t r e p o r t 

w hich r e s u l t s i n ( 2 4 ) . 

1 . EAGLESON i n v e s t i g a t e s the growth o f a lo n g s h o r e c u r r e n t , i . e . he 

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

(= x - d i r e c t i o n ) . T h i s i s more s o p h i s t i c a t e d t h a n t h e p r e s e n t t h e o r y . 

So we have t o compare t h e l i m i t i n g u n i f o r m , f u l l y - d e v e l o p e d c u r r e n t 

o f EAGLESON w i t h t h e p r e s e n t s o l u t i o n . 

2 . EAGLESON assumes a u n i f o r m d i s t r i b u t i o n o f u sin<p ( i . e . t h e l o n g 

shore component o f t h e water v e l o c i t y ) i n t h e s u r f zone i n y - d i r e c t i o n 

f o r any v a l u e o f x and t . He thus assumes t h a t t h e l o n g s h o r e c u r r e n t 

i n t h e b r e a k e r zone i s no f u n c t i o n o f y. 

I n t h e p r e s e n t t h e o r y i t has been shown, t h a t b o t h u and sincp v a r y 

w i t h ]j D/D^^, and thus u exnCf v a r i e s w i t h D/D^^. 

3 . I n f i g Bl t h e v a r i a t i o n s o f the l o n g s h o r e component o f t h e w a t e r 

v e l o c i t y a c c o r d i n g t o EAGLESON and a c c o r d i n g t o the p r e s e n t t h e o r y 

are shown. 

appendix B and C a r e composed J u l y , 1 9 7 1 . 
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«X 

time 

Fig. B 1° Variations In longshore water velocity u sin,^> according to EAGLESON 

u sin ip 

Fig. 61 Variations in longshore water velocity u sin 9 according to BAKKER i 

k, EAGLESON assumes a bottom f r i c t i o n e qual t o /Of u ( f i g . B 1 * ) ; 

averaged over t i m e and over t h e whole b r e a k e r zone, t h i s g i v e s a 

t o t a l f r i c t i o n f o r c e over t h e b r e a k e r zone ( e f EAGLESON f o r m u l a 3 , 1 8 ) 

f r i c t i o n f o r c e = 1/6 
D. , f sec ex. 
b r 
m sincp 

./OV 

Per u n i t o f mass, t h i s g i v e s a f o r c e , i n the o p p o s i t e d i r e c t i o n t o 

the l o n g s h o r e c u r r e n t , e q u a l t o : 

f r i c t i o n f o r c e p er u n i t o f mass = 

f r i c t i o n f o r c e p er u n i t o f mass = 

Compare t h e p r e s e n t r e p o r t , ( 3)s 

/ 

D^^ f / 6 m sincp 2 

\l / 2 m 

f 

3 
V / s i n q> 

^ r 
( B l ) 

l o n g s h o r e 
/OD 

u V 

D 
(B2) 
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Note the d i f f e r e n c e between D and D, i n ( B l ) and ( B 2 ) ; 
br 

i n ( B l ) = (f.. 
br I— 

Mind, t h a t i n (B2) ü i s p r o p o r t i o n a l t o ygD and v i s found 

t o be p r o p o r t i o n a l t o D. 

The fo r m u l a e ( B l ) and (B2) have t h e same c o n s t r u c t i o n . The 

br a c k e t e d s e c t i o n s are more or l e s s s i m i l a r , b u t EAGLESON tak e s 

the f r i c t i o n f o r c e p r o p o r t i o n a l t o v^/sincp i n s t e a d o f uv. The 

c o e f f i c i e n t s o u t s i d e t h e b r a c k e t s have t h e same o r d e r o f magni

t u d e : 

t a k i n g f = . 0 3 , t h e c o e f f i c i e n t i n ( B l ) equals . 0 1 and i n (B2) 

i t i s : 

i p K ^ = 2 ^ % ^ \ / 2 ^ . 0 . 0 0 7 

5 . The t o t a l g e n e r a t i n g f o r c e o f the lo n g s h o r e c u r r e n t i s i n b o t h 

cases t h e same; i . e , t h e i m p u l s i v e f o r c e i r i l o n g s h o r e d i r e c t i o n 

o f the waves. 

However, EAGLESON d i s t r i b u t e s the- f o r c e u n i f o r m l y over t h e volume 

o f the s u r f zone; i n t h i s r e p o r t on the o t h e r hand t h e f o r c e per 

u n i t o f mass appears t o be p r o p o r t i o n a l t o : 

. , ^ . N . d (D^* B i n t P , ) J. 
d (E s i n cp) 1 , ^ b r i , „i 

dD ' D • • as TJ • • ^ 

6 , The r e s u l t i n g l o n g s h o r e v e l o c i t y . 

T a k i n g sinoc « m , = 1 ^'^^ cos <p^ a; 1, EAGLESON f i n d s : 

V = A^ -f— • = i " ^ b r 

i n s t e a d o f i2k): 

V = 15. '^^ A m ^ - j i ^ . ̂  s i n t p ^ ^ 
b r 

Summarizing: 

EAGLESON tak e s the i n f l u e n c e o f t h e bottom s l o p e m t o o s m a l l and 

a u n i f o r m i n s t e a d o f a t r i a n g u l a r d i s t r i b u t i o n o f the v e l o c i t y over 

t h e s u r f zone. 
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He t a k e s the bottom f r i c t i o n p r o p o r t i o n a l t o v / s i n Cf i n s t e a d o f p r o p o r 

t i o n a l t o uv. However, t h e f a c t o r v ^ s i n cp s t i l l g i v e s a c o n s i d e r a b l e 

i n c r e a s e o f shear s t r e s s , i n r e l a t i o n t o the v^, used by PUTNAM, MUNK 

a n a TRAYLOR ( e f B2). 

p/e s h a l l now c o n s i d e r t h e d i f f e r e n c e i n the n u m e r i c a l v a l u e s o f t h e 

l o n - g s h o r e v e l o c i t y a c c o r d i n g t o BAKKER and EAGLESON r e s p e c t i v e l y . 

BAKKER 

- 4 ^ EAGLESON 

"^BAKKER <^enotes the mean v e l o c i t y i n the s u r f zone = ^ x maximum v e l o c i t y . 

BAKKER 
= 8 .9 

'EAGLESON 

T h e n e x t t a b l e g i v e s t h e v a l u e o f t h i s r e l a t i o n f o r v a r i o u s v a l u e s o f m. 

(B3) 

m ^BAKKER / "̂ EAGLESON 

1:10 2 . 8 

1:20 2 . 0 

1 :50 1.26 

1:100 0 .89 

F o r s t e e p s l o p e s t h e assumption o f BAKKER, t h a t t h e t u r b u l e n t shear s t r e s s 

c a n t»e n e g l e c t e d , w i l l n o t be v a l i d and thus t h e l o n g s h o r e v e l o c i t i e s w i l l 

Y^e t-oo h i g h i n t h a t case. 

B2. Comparison between PUTNAM, MUNK and TRAYLOR and BAKKER 

A n o t h e r momentum approach i s from PUTNAM, MUNK and TRAYLOR ( 19^9 ) [k] . 

D i f f e r e n c e s w i t h the BAKKER computations a r e : 

1 . 

2 . 

PUTNAM c.s. assume a u n i f o r m l y d i s t r i b u t e d l o n g s h o r e c u r r e n t v e l o c i t y 

V i n the s u r f zone. 

A d i f f e r e n t moraentum f l o w i s assumed. 

I t i s assumed, t h a t t h e i n f l o w o f water i n t h e b r e a k e r zone has a 

lo n g s h o r e component o f i t s v e l o c i t y e q u a l t o C sinCp, and t h a t the 

o u t f l o w o f the w a t e r from t h e s u r f zone t a k e s p l a c e w i t h a long s h o r e 

4 
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v e l o c i t y component v, t h u s g i v i n g an excess o f momentum equa l t o : 

f l u x o f momentum p e r u n i t l e n g t h 

i n l o n g s h o r e d i r e c t i o n = (C sinCp- v) /oF cos (f>/T, 

F b e i n g t h e c r o s s - s e c t i o n a l area o f a b r e a k i n g wave c r e s t . 

3 , I t i s of c r u c i a l i m p o r t a n c e , t h a t PUTNAM c.s. use t h e s o l i t a r y 

wave t h e o r y i n s t e a d o f the l i n e a r wave t h e o r y , t h u s assuming, 

t h a t a f t e r each wave t h e r e elapses some time w i t h o u t waves, i n 

which ti m e t h e s u r p l u s o f water i n t h e s u r f zone has the o p p o r t u 

n i t y t o f l o w back out o f the s u r f zone ( w i t h l o n g s h o r e v e l o c i t y v) 

They assume a s o l i t a r y wave of maximum wave h e i g h t , b e i n g 0 . 7 8 D 

(wh i c h i s c o r r e c t , HacCOWAM [2.2]) and a wave v e l o c i t y 

C = ^g (D + H) = yi.78gD ( w h i c h i s n o t c o r r e c t ; s h o u l d be Vl.56gD 
a c c o r d i n g t o MacCOWAN, as t h e f o r m u l a C = ^g(D+H) o n l y h o l d s f o r 

low s o l i t a r y waves). 

As F equals (MUNK [ 2 3 ] ) : 

F = If \fk^, 

they f i n d f o r t h e f l u x o f momentum: 

f l u x o f momentum = k\j 0,78/3 (/OD^/T).( \ / 2 . 2 8 gD s i n t f - v ) coscp. 

To get an i m p r e s s i o n o f t h e o r d e r o f magnitude, we n e g l e c t v f o r 

a w h i l e : 

f l u x o f momentum « y 2.28x0.78 ^^2* ^-1 e^^Cp costp 

2 2 2 
t o compare w i t h 1/8 ^gH sin<:p cosq» = I / 8 A^ pg D^^ eincf coscp 

Ta k i n g i n the second case a l s o = O . 78 , t h e r a t i o between t h e 

f l u x e s e q u a l s : 

^^"^PUTNAM e t a l 32 (2,28 \r\ 

^^"^EAGLESON e t a l " ( ^ T T S ) ^ V""^"^ \ I 

^̂ '̂ P̂UTNAM e t a l \ ^ ( 3 , ^ 

^-^^^EAGLESON e t a l V o 
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k. PDTNAM e t a l assume the f r i c t i o n a l f o r c e p er u n i t mass: 

f r i c t i o n a l f o r c e p er u n i t o f mass = • 5 — 
b r 

t o compare w i t h ( B l ) and (B2) . 

However i t must be s t a t e d , t h a t PUTNAM e t a l r e p l a c e " f / 8 " by a 

f a c t o r "K" w i t h o u t m e n t i o n i n g t h e r e l a t i o n between K and t h e 

DARCY-WEISBACH f r i c t i o n c o e f f i c i e n t . 

As can be ex p e c t e d , t h e y f i n d r a t h e r h i g h v a l u e s f o r "K" (abou t 

3 t o ko t i m e s t h e expected v a l u e s , c f EAGLESON [ 5 ] , t a b l e I ) . 

Comparison LONGUET-HIGGINS [21] and BAKKER 

LONGUET-HIGGINS f i n d s as f o r m u l a f o r t h e l i t t o r a l c u r r e n t i n the 

s u r f zone ( i n case o f absence o f h o r i z o n t a l m i x i n g ) ( c f ( 55 ) o f [ 2 l J ) : 

- = i f ?7H ̂ kr^^ ^ " " ^ b r ^^^^ 

' b r 

t o compare w i t h {2k)t 

^ = i T pKVf/H' ̂ ^ ^ ^ ^ ^^"'Pbr °°^^br . . . .(2^^) 

The f o r m u l a e a r e v e r y s i m i l a r ; i n d e p e n t l y b o t h a u t h o r s came t o 

n e a r l y t h e same c o n c l u s i o n s . ^ ^ As f o r n e g l e c t i o n o f coe (p-^r 

LONGUET-HIGGINS, the most i m p o r t a n t d i f f e r e n c e i s the f a c t o r : 

PK ' 

which o r g i n a t e s i n t h e assumptions o f f r i c t i o n a c c o r d i n g t o BIJKER. 

I n t h i s f o r m u l a t h e n o t a t i o n has been adapted: " o c " — A p / 2 ; " C " — f / 8 ; 
"h" —D; s ^ t g o c 

At t h e ti m e o f t h e l e c t u r e i n t h e H y d r a u l i c Res. S t a t i o n and d u r i n g 
t h e w r i t i n g o f the memuscript the paper o f L o n g u e t - H i g g i n s was n o t 
known t o the a u t h o r . 
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APPENDIX C 

SHORT CRESTED WAVES 

Ac c o r d i n g t o a p r i v a t e communication o f BATTJES the k i n d o f wave, 

which generates t h e lo n g s h o r e c u r r e n t , i s o f c r u c i a l i m p o r t a n c e . 

I n the a f o r e - m e n t i o n e d approach i t i s assumed, t h a t t h e waves were 

l o n g - c r e s t e d ; however, i n t h e p r o t o t y p e , s h o r t - c r e s t e d waves can be 

expe c t e d . 

C i t i n g BATTJES: 

"The s u r f a c e e l e v a t i o n i s supposed t o be t h e r e s u l t o f the s u p e r 

p o s i t i o n o f a l a r g e number of l o n g - c r e s t e d p r o g r e s s i v e s i n u s o i d a l 

component-waves i n random phase ( L o n g u e t - H i g g i n s , 1 9 5 7 ) . A two-

d i m e n s i o n a l energy spectrum Q(co, 0) i s d e f i n e d f o r wave f r e q u e n c y ^ 0 

and wave d i r e c t i o n such t h a t the component-waves w i t h a n g u l a r 

f r e q u e n c y i n t h e i n t e r v a l (^, 6J+ "ÖOJ) and d i r e c t i o n o f p r o p a g a t i o n i n 

t h e i n t e r v a l ( 0 , 9 + 89) t o g e t h e r c o n t r i b u t e an amount G(cj, O) "0^)^)0 

t o the t o t a l v a r i a n c e o f the wat e r s u r f a c e ; ^ . For convenience, G(^, O) 

i s f a c t o r i z e d as f o l l o w s : 

G(6J, 0) = H(CJ) f ( G , OJ) ( 01 ) 

such t h a t : 

TT 

f(©, O)) d© = 1 ( 0 2 ) 

H(o) i s t h e energy f r e q u e n c y spectrum, f(©,6)) g i v e s t h e a n g u l a r 

d i s t r i b u t i o n o f the energy. 

The average energy c o n t e n t o f t h e waves p e r u n i t area i s g i v e n 

( t o second o r d e r ) by 

^^pgTi^ = pg I I 0(0), 0) dWd© = ^ g ƒ H(W) dcj ( 0 5 ) 

So f a r BATTJES. ^ 

S e v e r a l a u t h o r s (PIERSON, 1955, COTE e t a l (SWOP), I96O, KRYLOV e t a l ) 

have i n v e s t i g a t e d t h e f u n c t i o n f ( 0 , ^ * ^ ) . 

BATTJES c o n t i n u e s by i n v e s t i g a t i n g t h e i n f l u e n c e o f the v a r i o u s 

assumptions about f(©, 6a) on the r a d i a t i o n s t r e s s more g e n e r a l l y and 

more t h o r o u g h l y than done h e r e . 



- 5k -

We s h a l l i n v e s t i g a t e t h e in,fluence o f t h e shear s t r e s s , making use o f 

the s i m p l e assumption o f PIERSON [25] about f(©, o ) i n which f ( 9 , (J) 

i s n o t even a f u n c t i o n o f £J: 

f = cos © iCk) 

Assume © = 0 f o r the mean wave d i r e c t i o n cp. 

The component waves w i t h wave d i r e c t i o n © w i t h r e s p e c t t o g i v e a 

shear s t r e s s e q u a l t o : 

T = I nE s i n 2 ( 9 = ©) (05 ) 

Thus t h e t o t a l shear f o r c e changes t o a k i n d o f "mean v a l u e " : 

n/2 

T = ƒ ^ n E f s i n 2 ( - ©)} f (©) dO (C6) 

- V 2 

Using ( 0 5 ) 

T = ^ nE 

T = -̂ nE 

f = ^ nE 

ÏÏ/Z 

f Bin 2 (ff- ©) cos^ © d © 

- V 2 

n/2 

ƒ s i n 2 (Cp - ©) ( 1 + cos 2 ©) d© 

-n/2 

V 2 

_1_ 
TT 

(07) 

r = ^ nE . 

- i COB 2 (<f-e) 
-7r/2 

V 2 1 
4. J ( s i n 2(f cos 20 - cos 2<p s i n 20) cos 20 dO 

-.ÏÏ/2 

ÏÏ/2 

s i n 2(p J cos^ 2© d© 

- V 2 

— . 1 TT 
r = i nE s i n 2 Cp • ̂  • 2 

T = i nE s i n 2 cp 
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Conclusion: 

T I S HALF THE VALUE OF T, OCCURRING WITH LONG-CRESTED WAVES! 

The same r e s u l t was obtained e a r l i e r and more general by 

BATTJES [ 27 ] . 
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LIST OF SYMBOLS 

A , c o e f f i c i e n t i n C+S): r a t i o between l i t t o r a l d r i f t and 
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