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THE COASTAL DYNAKICS OF SAND WAVES AND 

THE INFLUENCE OP BREAKWATERS AND GROYNES 

A mathematical theory w i l l be g i v e n 

about "sand waves", an a l t e r n a t i n g 

a c c r e t i o n and e r o s i o n of the c o a s t , 

which phenomenon moves alon g the 

coast ( f i g . 1). 

The i n f l u e n c o o f breakwaters ( p r e v e n t i n g a l l t r a n s p o r t ) and groynes 

( p r e v e n t i n g a p a r t of the t r a n s p o r t ) i s considered. Only the i n f l u e n c e 

of waves i s taken i n t o account. 

f i g - 1 

At a c o a s t l i n e , of which the d i r e c t i o n 

does not vary very much, one can l i n e ­

a r i s e the c o n n e c t i o n between l i t t o r a l 

d r i f t and c o a s t a l d i r e c t i o n a c c o r d i n g 

to the f o l l o w i n g e q u a t i o n : 

c o a s t l i n e 

f i g . 2 

( 1 ) , 

i n which: Q i s the l i t t o r a l d r i f t , x i s the mean c o a s t a l d i r e c t i o n and 

0 i s the l i t t o r a l d r i f t a t places where the c o a s t a l d i r e c t i o n i s p a r a l l e l 
o 

t o the X - a x i s , and q i s a p r o p o r t i o n a l i t y c o n s t a n t . 

Combining e q u a t i o n (1) w i t h the c o n t i n u i t y e q u a t i o n : 

a X ^ t 
0 ( 2 ) . 

one o b t a i n s the c o a s t a l e q u a t i o n : 

" öx^ 

( 3 ) , 

i n which D means the depth. One f i n d s § as a " c o a s t a l c o n s t a n t " . 

T h i s e q u a t i o n has been found e a r l i e r by Pelnard-Considore. 

A p e r i o d i c a l s o l u t i o n , not mentioned by Pelnard-Considère, forms: 

y = Ae''̂ '' cos(wt ~ kx + Cp, ) + Be^^ cos(wt + kx + (f^) • 
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i n which 

The amount of A, B, (f^ and «f̂  depends o f the boundary c o n d i t i o n s -

The f i r s t term of (4 ) i s a "sandwave" moving and a t t e n u a t i n g i n p o s i t i v e 

x - d i r e c t i o n , the second one a sandwave, moving and a t t e n u a t i n g i n n e g a t i v e 

x - d i r e c t i o n . 

R e s t r i c t i n g us t o the f i r s t term (B = 0 ) , which occurs a t a s e m i - i n f i n i t e 

c o a s t l i n e , which i s a t r e s t a t x = oo, one o b t a i n s f o r the wave-length: 

= . 4-TrT . . , (5^)-

( and f o r the v e l o c i t y of p r o p a g a t i o n : 

^ = VD • "F" (5 ) 

Of course, t h i s w i l l not be the v e l o c i t y of the sediment, which can be 

i n the o pposite d i r e c t i o n . According t o ( 1 ) , the l i t t o r a l d r i f t amounts: 

Q = + q , Ak y7 e*̂ ^ cos(wt - kx + Cp̂  + ^ ) . . . (6) 

From (6) i t can be seen t h a t t h e r e are many circumstances (Q^ n e g a t i v e , 

f o r i n s t a n c e ) , t h a t the l i t t o r a l d r i f t i s n e g a t i v e , a l t h o u g h the sandwave 

i s moving i n p o s i t i v e d i r e c t i o n . 

The f i r s t annex and the d o t t e d l i n e i n the 6th one g i v e the shape of the 

( eandwave. At a d i s t a n c e of h a l f a wave-length, the amplitude i s decreased 

t o 4% of the o r i g i n a l one, 

I? 

U n t i l now, wc d i d not have t o r e s t r i c t o u r s e l v e s to u n v a r y i n g wave 

c h a r a c t e r i s t i c s : the c o a s t a l c o n s t a n t ^ can be found as a mean over a l o n g 

p e r i o d , say a year. 

I f we take breakwaters i n t o account, we have t o s i m p l i f y more s e r i o u s l y . 

From f i g . 3 ' ' i t w i l l be seen, t h a t w i t h a v a r y i n g wave d i r e c t i o n a 

b r e a k w a t e r generates a sandwave. The c o a s t l i n e remains a t r o s t a t i n f i n i t y 

and the c o a s t a l d i r e c t i o n near the breakwater i s a l l w a y s the d i r e c t i o n of 

the wavecrest (Q = 0 ) , 



f i g . t ' i g . 3' f i g - 3 

I n t r i c a t e cases l i k e t h i s one, however, we w i l l not take i n t o account. 

We r e s t r i c t o u r s e l v e s f o r the next p a r t to the cases i n which the wave 

c h a r a c t e r i s t i c s don't vary and i n which the e q u a t i o n (1) can be a p p l i e d 

near the breakwater as w e l l , where the t r a n s p o r t Q i s zero. T h i s means 

a small angle of i n c i d e n c e of the waves. 

The f o l l o w i n g boundary c o n d i t i o n s f o r t h i s case w i l l be taken: 

Qĝ Q,̂ ,+Ql cos wt 

Q=0 

break­
water 

Q 

4 

= Ü at the breakwater; 

= + Q] cos wt a t the o t h e r 

boundary, a t a d i s t a n c e 1. 

T h i s boundary w i l l be c a l l e d 

" g u l l y " f o r s h o r t n e f i s . 

f i g . 4 I " g u l l y " 

As the c o a s t a l e q u a t i o n i s l i n e a r , one f i n d s the s o l u t i o n by super­

p o s i t i o n of two cases: 

1 Q = 0 a t the breakwater 

and = a t the g u l l y 

" s t a t i o n a r y t r a n s p o r t " 

2 Q s 0 a t the breakwater 

and Q = cos wt a t the g u l l y 

" a l t e r n a t i n g t r a n s p o r t " 

The f i r s t case can be found e a s i l y w i t h the t h e o r y , g i v e n by Peïnard-

Considère, d e l i v e r i n g the c o a s t a l f o r m a t i o n of annex 2. 

There w i l l be assumed, t h a t the c o a s t l i n e does not reach the end of the 

b r e a k v a t e r . 

The second case can be solved from e q u a t i o n (4 ) by f i t t i n g the c o r r e c t 

values f o r A and B. I n t h i s case a l s o a sandwave moving from the breakwater 

to the g u l l y occurs: "a r e f l e c t i o n of the sandwave". 

At every p o i n t and time the y - c o o r d i n a t e can be g i v e n as y = y cos{wt - 9 ) ; 

a f t e r some computations one f i n d s the e x p r e s s i o n s mentioned on a,nnex: 3 

and 4 f o r y and 6 r e s p e c t i v e l y . 
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Annex 3 g i v e s the envelope y of the sandwave f o r v a r i o u s values of ; 

Annex 4 g i v e s the phase © of the wave; 

Annex 5 g i v e s the e f f e c t of the breakwater: the r a t i o K 
^rad 

i n which: 

^md ^̂ '̂  amplitude of the sandwave i n the case of a breakwater 

and y_̂ ^ the amplitude of the sandwave i n the case of a s e m i - i n f i n i t e 

c o a s t l i n e w i t h the same t r a n s p o r t a t the g u l l y : Q = Q. cos wt. 
g ' 

I f Y and ^ are l a r g e , then the p h a s e n h i f t 6 of Q t c y i a about - kx + k l + ? 
^ A g 4 

Thia agrees w i t h ( 6 ) , as if.̂  - kl i n t h i s case. 

I f ^ i a s m a l l , then the p h a s e s h i f t i s about ^ . 

Prom annex 5 i t can be seen, t h a t the i n f l u e n c e of the mole i s about a 

d o u b l i n g o f the amplitude near the mole, i f ̂  i s s u f f i c i e n t l y l a r g o . 

The envelope does not decrease e x p o n e n t i a l l y from the g u l l y to the mole; 

i t i E much more e q u a l i s e d . At some places the amplitude even decreases. 

I f ^ i s very s m a l l , then the amplitude becomes much l a r g e r then w i t h o u t a 

mole. 

I n s t e a d of a mole, p r e v e n t i n g a l l t r a n s p o r t , we now c o n s i d e r a groyne 

p r e v e n t i n g a p a r t of the t r a n s p o r t . 

For the mechanism of t r a n s p o r t a l o n g the head of the groyne, we assume, 

t h a t the t r a n s p o r t i s r e l a t i v e to the d i s t a n c e y^ - y^, 

i n which ŷ ^ and y^ are the 

y - c o o r d i n a t e s of the c o a s t l i n e j u s t 

cn the l e f t - and r i g h t h a n d side of the 

groyne. 

f i g . 5 

The c o n t i n u i t y equations near the groyne are 

a. Q on the I c f t h a n d side = Q on the i 

( y , - y p 

^ighthand s i d e , so f-̂ -̂  ) = (-T"^ ) 

h The t r a n s p o r t along the head of the groyne = t r a n s p o r t j u s t l e f t ( r i g h t ) 

of the groyne ,^ n t ^ A 
Q = A ( y ^ - y^) = q 
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The i n f l u e n c e of the s t a t i o n a r y 

t r a n s p o r t i s o b v i o u s l y the 

f o r m a t i o n of a " s t e p " i n the coast 

l i n e of the amount Q 
o 

a . 

The r e f o r e i t i s s u f f i c i e n t t o solve the case i n which « 0; 

a f t e r w a r d s we can add the above mentioned s o l u t i o n by s h i f t i n g the l e f t 

branch w i t h r e l a t i o n t o the r i g h t branch over a d i s t a n c e a. 

Taking the y-a^cis a t the groyne, we w i l l solve the problem f o r the 

boundary c o n d i t i o n s : 

y = A e'^^" cos(v/t - kx) f o r x - » - - c > o ; 

y = 0 f or X + o o . 

The l e f t h a n d branch (x < 0) w i l l c o n s i s t of the o r i g i n a l sandwave p l u s 

a reflec*^ed sandwave: 

y = A c"*^^ cos(wt - kx) + B ê '̂  cos(wt + kx + <j>). 

The r i g h t h a n d branch o n l y c o n s i s t s of one sandwave, because y = 0 a t x = 

y = C e"^^ cos(wt - kx + Y ) . 

A f t e r s u b s t i t u t i n g the c o n d i t i o n s (7) a t the groyne, one f i n d s : 

l a 

/ / / / / ^ / / / / • 

f i g . G 



I n f i g . 7 the i n c i d e n t wave A, the r e f l e c t e d wave B and the r i g h t -

branch wave C are repr e s e n t e d i n a phase diagram f o r x = 0. 

B makes an angle of 135° w i t h C, and the v e c t o r i a l sum of B and C i s A. 
B * 

The amount 7 i s a ' ^ r e f l e c t i o n c o e f f i c i e n t " , v a r y i n g between 0 and 1. 

7 7 
B 1 

i n which 
qk 2. 2 

q k 

Annpx 6 g i v e s the shape of the sandwave ( t h e time t = 0 i s taken a t 

the moment of maximum y ^ ) . 

The t h e o r y about the breakwater holds only f o r a small angle of wave 

in c i d e n c e . This c o n d i t i o n i s not necessary f o r the th e o r y about the 

groyne, i n case t h a t the r e f l e c t i o n c o e f f i c i e n t i s not too l a r g e 

(other\s»ise the l i n e a r i s a t i o n of eq u a t i o n (1) may not be a p p l i e d ) . 

CONCLUSIOHS 

At a c o a s t l i n e where the l i t t o r a l d r i f t by waves p r e v a i l s , p r o g r e s s i v e 

sand'waves can e x i s t , i f th e r e i s a p e r i o d i c a l v a r y i n g d i s t u r b a n c e i.n 

one p o i n t a t the coast and the c o a s t l i n e i s a t r e s t a t more than h a l f 

a wave-length d i s t a n c e , 

2_. These sandwavee always move from the d i s t u r b a n c e t o t l i e p a r t of the 

c o a s t l i n e t h a t i s a t r e s t , independant of the d i r e c t i o n c f the 

l i t t o r a l d r i f t . 

2' The wave-length i n c r e a s e s w i t h the p e r i o d , b u t the v e l o c i t y of 

pro p a g a t i o n decreases. 

_4. A grtjyne r e f l e c t s a p a r t of the sandwave. T h e r e f o r e the amp l i t u d e 

of the sandwave near the groyne on the side of the d i s t u r b a n c e 

i n c r e a s e s . On the o t h e r side o f the groyne the amplitude i s l e s s 

than w i t h o u t a groyne. 
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G : gul ly with v a r i a b l e t r a n s p o r t Q g = Q c o s 2 T C Y 

9 z d . envelope of s a n d w a v e without b r e a k w a t e r 

Ymd: enve lope of s a n d w a v e with b r e a k w a t e r 

ymd_^ ^ 2 T l ( i ^ ) \ ^ c o s h ATIVX + COS4TIV\ 

c o s h ATX l/X - c o s 4TI l/x 



F
A

C
T

O
R

 
O

F
 

E
N

L
A

R
G

E
M

E
N

T
 

O
F

 
A

M
P

L
IT

U
D

E
 

K
 

S
A

N
D

W
A

V
E

 
A

T 
A

 
B

R
E

A
K

W
A

T
E

R
,.

 
v 

E
F

F
E

C
T 

O
F 

B
R

E
A

K
W

A
T

E
R

 
O

N
 

T
H

E
 

A
M

P
L

IT
U

D
E

 

C
O

A
S

T
A

L 
A

M
M

C
v

 
c

 
D

Y
N

A
M

IC
S
 

A
N

N
E

X
 

5 
S

A
N

D
 W

A
V

E
S

 
S

A
N

D
W

A
V

E
 

A
T 

A
 

B
R

E
A

K
W

A
T

E
R

,.
 

v 

E
F

F
E

C
T 

O
F 

B
R

E
A

K
W

A
T

E
R

 
O

N
 

T
H

E
 

A
M

P
L

IT
U

D
E

 

R
 

U
K

S
W

A
T 

E
R

S
T 

A
A

T 
D

I
R

E
C

T
I

E
 

W
. 

e
n 

W
. 

A
F

D
. 

K
 U

 S
T

O
 

N
D

E
R

Z
O

E
K

 

G
e

te
k

. 
G

e
w

ij
z

. 
G

e
z

ie
n 

A
c

c
. 

R
 

U
K

S
W

A
T 

E
R

S
T 

A
A

T 
D

I
R

E
C

T
I

E
 

W
. 

e
n 

W
. 

A
F

D
. 

K
 U

 S
T

O
 

N
D

E
R

Z
O

E
K

 
>

^
 

i/
b 

B
2 

N
r. 

6
7

.0
5

7
' 



D I S T A N C E TO B R E ; 



.0
 

ó
 

p
 

O
 

p 
P

 
O

 
/-

i 
V

*.
 

N
>
 

W
 

, 
, 

Q
 

y
 

-..
 

v
.p

v
 
v
;.:
,--

 
yt

 
V"

 
m

 
y 

v̂
, 

-V
 

p
 

, 
'5

 

S
A

N
D

W
A

V
E

 
A

T 
A

 
B

R
E

A
K

W
A

T
E

R
 

• 
' 

E
N

V
E

L
O

P
E

 
O

F 
S

A
N

D
W

A
V

E
 

; 
r 

C
O

A
S

T
A

L 

s°
/N

r;S
l5

 
A

N
N

E
X

 
3 

, 
'5

 

S
A

N
D

W
A

V
E

 
A

T 
A

 
B

R
E

A
K

W
A

T
E

R
 

• 
' 

E
N

V
E

L
O

P
E

 
O

F 
S

A
N

D
W

A
V

E
 

; 
r 

, 
'5

 

R
'

J
K

S
W

A
T

E
R

S
T

A
A

T 
D

I
R

E
C

T
I

E
 

W
. 

e
n 

W
 

A
F

D
. 

K
U

S
T

O
N

D
E

R
Z

O
E

K
 

G
e

te
k

. 
G

e
w

ij
z.

 
G

e
zi

e
n 

A
c

c
. 

, 
'5

 

R
'

J
K

S
W

A
T

E
R

S
T

A
A

T 
D

I
R

E
C

T
I

E
 

W
. 

e
n 

W
 

A
F

D
. 

K
U

S
T

O
N

D
E

R
Z

O
E

K
 

/ 
>

..
••

••
•.

 
B

 2
 

N
r.

 
67

.0
55

*'
 


