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1 . IN L E ID IN G .

I • I • D oel van  h e t o n d e rz o e k .

B ij de bouw  v a n  de b u ite n h a v en d a m m e n  v a n  de n ieu w e  v o o rh a v e n  te  

Z e e b ru g g e  w o rd t in  h e t d a m tr a c é  een  g ro n d v e rb e te r in g  to e g e p a a t .  De 
m in d e r  d ra a g k ra c h t ig e  b o d em  w o rd t w e g g eb a g g erd  en  de s le u f  w o rd t 
te ru g  gev u ld  m e t g ro f  z a n d . T ene inde  e r o s ie  v an  d i t  zand  te  v o o r 
k o m e n  w o rd t h e t d o o r  e en  g r in t la a g  v an  1 m  a fg e d e k t.

A an g ez ien  g e s te ld  w o rd t d a t h e t g r in t  n ie t  m e e r  d an  0 .5  m m ag  
e r o d e r e n  d ie n t h e t na  k o r te  t i jd  m e t z in k s tu k k en  en  to u t-v e n a n t 
s to r t s t e e n  a fg e d e k t .  T u s se n  de z in k s tu k k en  w o rd t in de N W -dam  

e e n  g r in t la a g  v a n  1 m  a a n g e b ra c h t  (k e rn g r in t) ,  a f  te  d ekken  m e t T . V.

Om de v e r l ie z e n  v an  h e t n ie t  a fg ed ek te  g r in t  te  b e p a le n  w erd  g e b ru ik  

g e m a a k t v an  de b o d e m tra n s p o r tfo rm u le  v a n  F r i j l in k  -  B i jk e r .

H et o n d e rh a v ig  o n d e rz o e k  b e t r e f t  dan  ook in  de e e r s t e  p la a ts  h e t g e d ra g  

v an  h e t e r o s ie g r in t  o n d e r  in v lo ed  v an  s t ro m in g , m e t en  z o n d e r  g o lv en , 

in c lu s ie f  h e t b e p a le n  v a n  h e t g r i n t t r a n s p o r t .  De m e tin g e n  op m o d e l 

m o e te n  m e t de fo rm u le  v a n  B ijk e r  v e rg e le k e n  w o rd e n . Ook d ie n t h e t 
g e d ra g  en  t r a n s p o r t  v a n  h e t k e rn g r in t  o n d e rz o c h t .

B ij de  v e r d e r e  d am o p b o u w  w o rd en  s te r k e  tu rb u le n t ie s  g e c r e ë e r d  d o o r  

de b u i te n b e rm e n  en  b in n e n b e n n e n . In e e n  tw eed e  fa s e  v a n  h e t o n d e rz o e k  

z u lle n  de  s n e lh e id s p ro f ie le n  v a n  de s t ro m in g  o v e r  de  d a m fu n d e r in g  

o p g e m e te n  w o rd e n  en  de tu rb u le n t ie s  g e v is u a l i s e e r d .  T ev en s  w o rd t 

n a g e g a a n  in  h o e v e r r e  h e t nog b lo o tg e s te ld e  g r in t  g e ë r o d e e rd  w o r d t .

1 .2 .  O n d e rw e rp  v a n  h e t o n d e rz o e k .

1 . 2 . 1 .  D a m g ro f ie l .

U it de d am  p ro f ie le n  v a n  de  w e s td a m  ( r e i .  p la n  TV Z2 1 .4 5 -2 0 8 -1  

en  2) w e rd  e e n  ty p e p ro f ie l  s a m e n g e s te ld  d a t r e p r e s e n ta t i e f  i s  

v o o r  de Z u id e li jk e  en  N o o rd e lijk e  W e s td a m . E r  z ijn  zod o en d e  
5 s i tu a t ie s  d ie  o n d e rz o c h t  w o rd en  :
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e e r s t e  f a se  (z ie  b ij la g e  1)

s i tu a t ie  1 : e r o s ie g r in t  ( l m  dik) op g e tr a p te  g ro n d v e r 
b e te r in g ;

s i tu a t ie  2 ; e r o s ie g r in t  a fg ed ek t d o o r z in k s tu k k en  en

k e r n g r in t  (laag  1 m  dik) tu s s e n  de z in k s tu k k en ;

tw e e d £  2)

s i tu a t ie  3 : z o a ls  s i tu a t ie  2 p lu s  to u t- v e n a n tf i l te r la a g  v an
1 m ;

s i tu a t ie  4 : s i tu a t ie  3 p lu s  b u ite n b e rm  3 1 6  ton;

s i tu a t ie  5 : s i tu a t ie  4 p lu s  b ln n e n b e rm  1 a  3 ton , w a a rb i j  

de k e rn g r in t la a g  en  d a a ro p  g e le g e n  to u t-v e n a n t 
f i l t e r  v e rv a n g e n  z ijn  d o o r  T . V . - f i l t e r  v a n  1 m 
( s i tu a t ie  ZW d a m ).

1 . 2 . 2 .  H y d rau 1 is c h e  o m s ta n d ig h e d e n .

- W a te rs ta n d e n  v a n  8, 10 e n  12 m e te r  b o v en  de z eeb o d em

w o rd e n  g e c o m b in e e rd  m e t s tro o m s n e lh e d e n  v a n  1 .5  to t

2 .7  m / s  (o p p e rv la k te sn e lh e d e n  in a a n s tro m e n d  p ro f ie l ,

z o a ls  g en o m en  u i t  s t r o o m a t la s s e n  t i jo v e r z ic h ts m o d e l ) , 
in  s ta p p e n  v a n  0 .3 0  m / s .

-  V oor z o v e r  h e t k le in e  g o lfsc h o t v o o rz ie n  op de p ro e fg o o t 

h e t  to e l ie t  w e rd e n  ook p ro e v e n  u i tg e v o e rd  w a a rb i j  r e g e l 

m a tig e  g o lv en  op de s tro m in g  g e s u p e rp o n e e rd  w e rd e n , om 

de  in v lo ed  v a n  d e z e  g o lv en  op h e t g r in t t r a n s p o r t  te  o n d e r 

z o e k e n . E en  g o lfp e r io d e  v a n  6 sec o n d e n  w e rd  a an g e n o m e n , 
v o o r  g o lfh o o g ten  v a n  0 .5  m ,el: m  en  1 .7 5  m .

1 . 2 . 3 .  M a te r ia le n .

In p ro to ty p e  w o rd en  de  v e r s c h i l le n d e  d a m o n d e rd e le n  u i tg e v o e rd  
in  v o lg e n d e  m a te r ia le n  :

e r o s i e -  en  k e r n g r in t  : * 15 ram

D 90 = c i r c a  30 m m
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b e s to r t in g  z in k s tu k k en  : s te n e n  80 à  300 kg . 

to u t-v e n a n t  f i l t e r  : s te n e n  2 à  300 kg 
b in n e n b e rm  : ro tsb lo k k e n  1 à  3 ton 

b u ite n b e r in  : ro tsb lo k k e n  3 à  6 to n .

1 .3 .  M o d e ls c h a le n .

1 . 3 . 1 . H y d ra u lis c h e  m o d e ls c h a le n .

G ezien  de  n o o d zaak  o . a .  tu rb u le n t ie s ,d ie  v e r o o r z a a k t  w o rd en  

d o o r v e r t ik a le  h in d e rn is s e n ,  te  o n d e rz o e k e n , le e k  h e t ons 

n o o d z a k e lijk  h e t m o d e l v a n  h e t d a m p ro f ie l  z o n d e r  v e r tr e k k in g  
te b o u w e n . k *

O m w ille  v an  de m a x im a le  w a te rd ie p te  in  de s tro o m g o o t w e rd  een  

g e o m e tr is c h e  s c h a a l  Nx = 1 /1 6  g e k o z e n . H ie ru it  v o lg t v o lg e n s  

F  ro u d e  e en  s n e lh e id s  s c h a a l = 1 /4  en  een  h y d ra u lis c h e  t i jd s -
s c h a a l Nt  = 1 / 4 .

1 . 3 . 2 .  S e d im e n to lo g isc h e  m o d e ls c h a le n . 

a .  B eg in  v an  b ew eg in g .

A ls b e la n g r i jk s te  p a r a m e te r  in  d it  o n d e rz o e k  k an  m en  de 
a a n v a n g  v a n  de e r o s ie  v a n  h e t g r in t ,  d . w . z .  de  aan v an g  
v a n  de  b ew eg in g , b e sc h o u w e n .

U it t a l r i jk e  e x p e r im e n te n , w a a rv a n  de r e c e n ts te  u itg tsv o e rd  
d o o r  Y alin  en K a ra h a n ^  b l i jk t  d a t m en  h e t b eg in  v a n  b e 

w eg ing  v a s t s t e l t  w a n n e e r  b ij e e n  b e p a a ld  k o r r e l r e y n o id s  

g e ta l  ( s y m b o le n :z ie  ta b e l  in  b ijla g e )
X ■ U* D50

V

d e  k r i t i s c h e  w a a rd e  v an  de d im e n s ie lo z e  s c h u ifsp a n n in g  
(S h ie ld s  - p a r a m e te r )

Y » J2 ____
Ys D 50

w o rd t b e r e ik t .  In b ij la g e  3 w o rd t h e t v e rb a n d
Y = f  (X ) c r  c r
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w e e rg e g e v e n . Op h e t d ia g ra m m a  v in d en  we v o o r  g r in t  
( Y = 9 .8 1  x  (2650 -  1000) N /m 3 ) m e t D , ft =S 2) U
15 m m  d a t Y ' = 0 ,0 4 5 , d . w . z .  d a t U„ = 0 .1 0 4  m / s .  c r  * c r

W elnu, zan d  m e t een  ü ,  = 0 .1 0 4  /4  = 0 . 026 m  /s  

h e e f t een  g e m id d e ld e  d o o rm e te r  D ^  = 1 .1  m m .

D o o r dus a a n  te  n e m e n  d a t de s c h a a l  van  de k r i t i s c h e  

bc hu if sp an n in g  g e li jk  is  asm de s n e lh e id s s c h a a l  w erd  de d o o r 

m e te r  v an  h e t zan d  b e p a a ld  d a t in m o d e l h e t z e e g r in t  dieijit 

v o o r  te  s t e l l e n .  De s c h a a l d e r  k o r r e ld ia m e te r s  is  dus 
1 /1 3 .6 .

b .  F r i j l in k  -  B i jk e r .

V e rv o lg e n s  d ie n t de s c h a a l  v o o r  h e t s e d im e n ttr a n s p o r t  

b e p a a ld . H ie rv o o r  z a l h ie r  de tfo rm u le  van  F r i j l in k -  
B ijk e r  en in  een  v o lg en d e  p a r a g r a a f  de fo rm u le  van  

M e y e r - P e te r  (E . T .H .- f o r m u le )  b eschouw d  w o rd en , te lk e n s  

v o o r  t r a n s p o r t  o n d e r  in v lo ed  v an  s tro m in g  a l le e n .

De fo rm u le  v an  F r i j l in k  lu id t :

Sb = 5 .D 50 * exP " 0*27 Ys D jq  /  1-ipU,

H et t r a n s p o r t  is  u itg e d ru k t  in v o lu m e  ( in c lu s ie f  p o r ië n  ) 

m e t  e en h e id  v a n  t i jd  en b re e d te  (m  / s ) .  De s c h u if  spann ing  

|ip U , in de  ex p o n en t w o rd t in g e v a l v a n  s tro m in g  m e t g o l

v e n  u i tg e b re id  to t e en  " r e s u l t e r e n d  s c h u ifsp a n n in g "  v e r o o r 

z a a k t  d o o r v e c to r ië l e  s o m m a tie  v a n  o rb i ta a ls n e lh e id  en 
sn e lh e id  b ij de  b o d em  o m w ille  v an  de s t ro m in g .  V e rd e re  
d e ta i l s  in (^2^ , [V] en  M  •

De fo rm u le  kan  h e r le id  w o rd en  to t  e en  d im e n s ie lo z e  v o o r 
s te l l in g

Sb
----  = X . ex p  [~- 0 .2 7  /  [IY~\
5 v L  - 1



5

De s c h a a l  van  X is

NX =

X

X
m odel

n a tu u r
N Nu

1 1 _ 1 
TTT& X 4 -  5 4 .4

c

en  de s c h a a l v a n  Y is
N 2 j ,

N = • — = T  x  T  ^  1 3 .6
1 N . * *

a

1
"  m r

Z odoende is  de  t r a n s p o r t s c h a a l  een  fu n c tie  van  sn e lh e id

(v ia  Y) en  b o d e m v o rm  (v ia  |l ) .  O pdat d i t  n ie t  zo zou  z ijn
m o e t ( u. Y) . . = ( uY) . D e  " r ib b e l f a c to r "n m o d e l ^  n a tu u r
g e e f t a an  h o e v ee l v'an h e t v e rm o g e n  v an  de s tro m in g  w o rd t 

aan g ew en d  v o o r  h e t t r a n s p o r t .  In h e t g e v a l |! = 1 n e e m t 

m en  a an  d a t h e t t r a n s p o r t  g e s c h ie d t  o v e r-e e n  la a g d ik te  

r  = 2^90  ’ w at o v e re e n k o m t m e t een  v la k k e  b o d e m .
De t r a n s p o r t s c h a a l  lu id t d u s

N .b  * Nx

N .b  s  Nx

N

ex p  [ -  0 .2 7  /  ( (lY lm o d ]

exp [ - 0 . 2 7  /  ( 0 Y ) n a t  ]
exp _ -  0 .2 7  / (  0 Y )m o d _

ex p  [ -  0 .2 7  / (  nY )m od  . N(I

exp  -< -  0 .2 7  /  ( |iY) m od . N y

M e y e r -  P e t e r .

De fo rm u le  v o o r  b o d e m tra n s p o r t  van  M e y e r  - P e te r  lu id t
[ 5 ]  en  [6] :

p w 5 p

Ys D50

Q 2 /3
8

Y DTs 50

0 .0 4 7  + 0 .2 5
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H et t r a n s p o r t  Qg ( N /  ( m .s )  of k g /s  ) is  u itg e d ru k t 

in  g ew ich t, o n d e r w a te r  g ew o g en . D eze fo rm u le  kan  
g e sc h re v e n

3

Q 2 /3
fiY = 0 .0 4 7  + 0 .2 5  Y . 8

p U 2

A ls Q = 0 is  Y = Y = 0 .0 4 7  e n  [l = 1 . De s c r
fo rm u le  kanc  zodoende v e ra lg e m e e n d  w o rd en  to t

Q 2 ' 3
R Y :=  M- Yc r it  + 0 .25  Y _ J ____

p u
of

= 8 p. 1 - c r

Y

3 /2

P U .

De t r a n s p o r t s c h a a l  w o rd t dan

3 /2
= Nu

|i m od 

[1 n a t

1 - Ycr"  
Y _ m od

3 /2

1 - Yc r" 3/2

Y
n a t

= N 3 N 3 /2  u \i

d . R ib b e lf a c to r .

U it de  h ie rb o v e n  a fg e le id e  fo rm u le s b li jk t  de w a a rd e  v a n  de : 

'I r ib b e lfa c to r"  [i v an  b e la n g  in h e t a f le id e n  v a n  de t r a n s p o r t -  
s c h a le n .

Nu [ 2 ,  3 r 4 ]

r c “  1

3 /2
(18 log  12 **^r)

3 *  90 _ (18 log  '12  H /D 9 0 )

m e t r  = A /2 , de  h a lv e  r ib b e lh o o g te , w a a ro v e r  h e t t r a n s p o r t  

g e s c h ie d t .  E r  d ie n t h ie r b i j  o p g e m e rk t b i j  m a te r ia a l  m e t 

U jq  > 0 , 7  m m  e r  g een  r ib b e lv o rm in g  m e e r  p la a t s  h e e f t, 
en  e n k e l  v la k k e  bod em  o f d u in v o rm in g  o p t r e e d t .  In b i j la g e  3 

is  d i t  w e e rg e g e v e n  d o o r  de  b e g re n z in g  d ie  de  o v e rg a n g  v an  

r ib b e l s  n a a r  d u in e n  g e e f t  (p ro e v e n  v a n  H ill e . a .  [Y] )
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op h e t S h ie ld s -d ia g ra m m a , en in  b ij la g e  4 op h e t d ia -  

g ra m m a  v e rm o g e n  v e r s u s  d ia m e te r  v a n  S im ons en  
R ic h a rd s o n .

De s c h a a l van  (i z a l  a fhangen  v a n  de g e li jk v o rm ig h e id  

tu s s e n  d u in en  in m o d e l en in n a tu u r .  D a a ro m  z a l d a n  na* 

g eg aan  w o rd en  in  h o e v e r r e  in  m o d e l en  in  n a tu u r  d u in e n  
to t o n tw ikke ling  k o m e n .

e .  L eng te  d e r  d u in e n .

. u .  d 50
In m o d e l is  X = -■ • ^------  b e g re p e n  tu s s e n  20 en  50, dus

g e leg e n  in  h e t o v e rg a n g sg e b ie d , te rw i j l  in  de n a tu u r  d i t  

s c h u if s p o n n in g s k o r re lg e ta l  c i r c a  1200 to t  3000 z a l b e d ra g e n . 
De le n g te  v a n  du in en  is  v o lg e n s  Y alin  QóJ v o o r X =  45 

e n k e l fu n c tie  van  de w a te rd ie p te  : A = 2 Tl H in d ie n

de du in  v o lle d ig  on tw ik k e ld  i s .

De p ro e v e n  g e sc h ie d e n  -anet e e n  m a te r ia a l  en  w a te rd ie p te  
w a a rb ij de  v e rh o u d in g  Z = H /D ^ q v a r i e e r t  tu s s e n  340 

en 6 2 5 . U it de a n a ly s e  v an  Y alin  £6vj b l i jk t  d a t  in d it  g e 
b ie d , v o o r  18 < X  < 4 3  g e ld t d a t

2 ï ï  H ^  A ^ 8  H

R eken ing  houdende m e t  de s p re id in g  d ie  in  d e z e  zone  v a n  
X en  Z o p tre e d t ,  m ag  m en  s te l le n  d a t de  le n g te  v a n  de  

d u in en  in  m o d e l en  n a tu u r  o v e re e n  z u lle n  s te m m e n  op  c i r c a  
20 % n a .

f .  S te ilh e id  d e r  d u in e n .

U it p ro e v e n  in  v e rb a n d  m e t de s te i lh e id  v a n  de d u in en  
6 = A /A  b l i jk t  d a t  v o o r  Z >  100 è  400

6 = 0 .0 1 2 7  7] exp  ( - T |/1 2 .8 4 )

w a a r in  71= Y / Y  = U 2 /  U 21 c r  * '  • c r
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U it de p ro e v e n  b l i jk t  d a t 7) < 3  in  de  o n d e rz o c h te  
to e s ta n d e n  T l en T2

T\ = 1 1 .5 2 2 .5 3

6 = 0 .0 1 2 0 .0 1 7 0 .0 2 2 0.026 0 .0 3 0

A an g ez ien  d o o r  k eu ze  v a n  h e t m o d e lg r in t  de s c h a a l  van  

U„ r r  g e l i jk  is  a an  de  s n e lh e id s s c h a a l  z a l 7} zow el 

v o o r  m o d e l a ls  p ro to ty p e  d eze lfd e  w a a rd e  hdbben, en  is  d u s  
ook de s te i lh e id  g e l i jk .

g .  Schaad v a n  de r ib b e l f a c to r .

Z odoende k a n  m en  s te l le n  d a t in m o d e l de  d u in en  l ic h te l i jk  

la n g e r  en  d u s  h o g e r kunnen  z ijn  dam in  n a tu u r .  E v en w el is  

d e z e  c o n c lu s ie  p a s  g e g ro n d  in een  r e g im e  s i tu a t ie ,  d ie  n ie t  
o p tre e d t  in de w e rk e lijk h e id

-  o m w ille  v a n  de n ie t-p e rm a n e n te  s tro m in g

-  o m w ille  v a n  de e in d ig h e id  van  h e t p r o f ie l .

A an g en o m en  k an  e c h te r  d a t  in  de o n tw ik k e lin g  v a n  de d u in en  

o n g e v e e r  d e z e lfd e  r e la t i e  m o d e l -  n a tu u r  v o o rk o m t a ls  in  
r e g im e to e s ta n d .  We m o g en  dan  a a n n e m e n  d a t C TI , ie ts  

k le in e r  is  d a n  • en  d u s  |! m o d e l ie ts  k le in e r  dan

(i n a tu u r , g e m id d e ld  c i r c a  9 % . Z odoende is  ( (I

r r i5  • rrü ?  * ( ^ Y)nat ^  0 ,8  ( ^ Y )nat * ° p v o o r -

w a a rd e  d a t z ic h  d u in v o rm in g  v o o rd o e t, a n d e r s  i s  = 1 .

h .  T r a n s p o r ts c  h a le n .

Z odoende k an  in de 2 v e r o n d e r s te l l in g e n

-X-) B ij 8 m  d ie p te
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i) N |i = 1 N y  = 1 /1 .1 8  

ü ) ^  y ) s

de t r a n s p o r t s c h a a l  w o rd en  u itg e d ru k t a ls  

B ijker_

i) N sb

of N sb

ii) N sb 6 4 .4

-  0 .0 4 8 6  /  Y 

— I 0 .1 8
m od

M e y e r -  P e te r

i) N =qs 64

ii) N = _1_
qs 64

_ 1__  _ J _
1 .0 9  “ 70

V oor de v e r d e r e  o m re k e n in g e n  v an  t r a n s p o r te n  in m o d e l 

n a a r  t r a n s p o r te n  n a tu u r  z a l  N , = N * 1  /6 4  g e h a n te e rd8-0 Q S
w o rd e n . D a a ru i t  v o lg t e en  s e d im e n to lo g is c h e  t i jd s s c h a a l  1 /4

1 *4 ,  B ep a le n  v an  h e t s e d jm e n t t r a n s p o r t  in  m o d e l .

1 . 4 . 1 .  M ethode^ l-.V E rosie  en  a fz e t t in g '',

V oor e lk e  p ro e f  w o rd t h e t th e o r e t is c h e  p ro f ie l ,  h e r s t e ld .  N a de 
p ro e f ,  m e e s ta l  n a  1 u u r  s tro m in g  b ij  in g e s te ld e  w a te r s ta n d  en  
d e b ie t ,  w o rd t de bodem  g e p e ild . Z odoende k u n n en  de e r o s i e s  

e n  a fz e tt in g e n  b e p a a ld  w o rd e n . V oor de t r a n s p o r te n  op b + 1 m 

w e rd  s te e d s  de e r o s ie  v a n  h e t a a n s tro m e n d  ta lu d  b e sc h o u w d .

In de  g e v a lle n  w a a r  op b + 1 m  g e e n  b ew eg in g  w a s , i s  de  e r o s ie  
v a n  h e t z e e w a a r ts  ta lu d  n a a r  b + 2 m  e e n  m a a t  v o o r  h e t t r a n s p o r t .
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H et t r a n s p o r t  op b + 2 m w o rd t ook w e e rg e g e v e n  d o o r de h o e 
v e e lh e id  m a te r ia a l  a fg e z e t .bu iten  p ro f ie l  aan  de la n d z i jd e .

1 .4 2 .  M ethode 2 -  Z an d v an g .

E en a a n ta l  p ro e v e n  b ij s i tu a t ie  T l is  h e rn o m e n  m e t een  z a n d 

vang  (in  de b o d em  g e w e rk te  bak  m e t dw arse  sc h o tte n  en  e e n  

g a a s d ra a d  ( 8 x 8  m m )g e lijk  m e t de g r in tb o d e m ).,  Uit de w a a r 

n em in g  b le e k  d e z e  zandvang  b ij de  h e le  g ro te  t r a n s p o r te n  

te  k le in  v o o r  la n g d u rig e  p ro e v e n . De zandbak  w erd  in g e p la n t 

ju i s t  o p w a a r ts  m e e tp u n t 4 .  B ij d e z e  p ro e v e n  w e rd  h e t s n e l -  

h e id sp ro f ie lU n  m e e tp u n t 1 o p g e m e ten  t e r  k o n tro le .

1 . 4 . 3 . M ethode_3 _V erp laat$ing_ van  de d u in e n .

De d u in en  v e r p la a t s e n  z ic h  m e t sn e lh e id  C m /s .  De hoogte  v a n  

de  du in^is A , de g o lflen g te  A . Op e lk e  p la a ts  la n g s  één  g o lf 

le n g te  is  h e t t r a n s p o r t  v e r s c h i l l e n d  (g ro o t op de k ru in , k le in  

in  de t r o g ) .  We b e p a le n  d u s  een  g e m id d e ld  t r a n s p o r t  o v e r  e e n  
g o lflen g te  :

t r a n s p o r t  = - L  . „ ,A A  . C = ■£,*—£
A 2 2

B ij e en  g ro o t a a n ta l  p ro e v e n  w e rd e n  de  v e rp la a ts in g e n  v a n  de  

d u in k ru in e n  o p g e m e te n . H ie ru i t  k an  de d u in v e rp la a ts in g s -  

s n e lh e id  b e p a a ld  w o rd en  en  op e lk  o g e n b lik  d a t ook de d u in -  

hoog te  A g ek en d  is  k an  a lz o  h e t t r a n s p o r t  b e re k e n d .

1 • 5 . A a n s tro m in g  o v e r  de z e e b o d e m .

V o lg en s de S id e - s c a n - s o n a r  w a a rn e m in g e n  v a n  de M e e td ie n s t T V Z 2 

(p lan  1 42 /  2 4 1 9 -1 /1 )  z ijn  b o d e m rib b e ls  m e t  g o lflen g te  4r25. m en  

hoo g te  0 .2 2  m  a a n v a a rd b a r e  g e m id d e ld e n  v o o r  de zeeb o d em  n a b ij de
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de  h a v e n d a m m e n . Om h ie rm e d e  re k e n in g  te  houden in  de s n e lh e id s -  

v e rd e l in g  v an  h e t a a n s tro o m p ro f ie l  (M P1) is  e en  k u n s tm a tig e  ru w 

h e id  (k ip p en g aas) a a n g e b ra c h t , d ie  e e n  e q u iv a le n te  ru w h e id sh o o g te  
van  0 .3  m g e e f t .

1*6 . S n e lh e id sm e tj& g en .

S n e lh e id s p ro f ie le n  w e rd en  m e t Ö tt-m o le n s  o p g e m e ten  in  de p ro f ie le n  

M P1 . . .  M P5 (z ie  b ij la g e n  1 en 2 ). De g e m id d e ld e  sn e lh e id  w erd  

b e p a a ld  a lso o k  de sc h u if  sn e lh e id  U* d o o r  o p m e te n  v an  de h e llin g  v a n  
de r e g r e s s i e r e c h te

U = a  + log  (afstated  to t  bod em ) .

De s n e lh e id s p ro f ie le n  w e rd e n  in  de a s  v a n  de s tro o m g o o t o p g e m e te n . 

B ij de  g ro te  d ie p te n  d ie  b esch o u w d  w e rd e n  (ev en  g ro o t  a is  de  b r e e d te  

v a n  de  goot) is  de  s tro m in g  op en ig e  a fs ta n d  v a n  de bodem  n ie t  la n g e r  
z u iv e r  tw e e d im e n s io n a a l.

De s tro m in g  w e rd  in g e s te ld  m e t e en  d e b ie t

Q = (w a te rd ie p te )  x  (b re e d te  goot) x 0 .8  x  V 

w a a r in  V de n o m in a le  o p p e rv la k te  sn e lh e id  in de aan lo o p  i s ,  d ie  v a n  
1 .5  to t  2 .7  m / s  v e rlo o p t,, en  0 .8  de om  re k e n  in g s fa k to r  v an  o p p e r 
v la k te  sn e lh e id  n a a r .g e m id d e ld e  sn e lh e id  i s .
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2 . P R O E F S IT U A T IE  T l ; EROSIEGRINT

2 .1 .  S tro m in g  o v e r  h e t e r f f ls ie g r ln t .

E en  o v e rz ic h t  v a n  de in g e s te ld e  sn e lh e d e n  en  w a te rs ta n d e n  v in d t m e n  

in  ta b e l  1 . De s n e lh e id s p ro f ie le n  z ijn  w e e rg e g e v en  in b ijla g e n  5, 6 

e n  7 v o o r  w a te rd ie p te n  v an  r e s p .  8, 10 en  12 m . De sn e lh e d e n  V d ie  

in  de ta b e l  en  op de b ijla g e n  v e rm e ld  s ta a n  z ijn  de n o m in a le  o p p e r 
v la k te  s n e lh e d e n .

De b ij la g e n  5, 6 en  7 to n en  a a n  d a t  de  s tro m in g  boven  h e t e r o s ie g r in t  

op 70 m  v o o rb ij  de  a s  (M P5) e en  luw e zone n ab ij de b o d em  v e r o o r z a a k t .  

H et i s  op d e ze  p la a t s  d a t  h e t g r in t  w o rd t a fg e z e t, z o d a t e r  u i te in d e li jk  

s le c h ts  w ein ig  g r in t  u i t  h e t p ro f ie l  w o rd t v e r p la a t s t .

2 * 2 . B ew eging  v an  h e t g r in t  o n d e r in v lo ed  v an  s t r o m in g .

B ij to e n e m e n d e  sn e lh e id  z a l e r  e e r s t  g een  bew eg ing  v a n  b o d e m m a te r ia a l  

z ijn , n a d ie n  e en  v o o r ts c h u iv e n  v a n  en k e le  o f k le in e  g ro e p je s  k o r r e l s  

t e r w i j l  de  b odem  v la k  b l i j f t .  V e rv o lg e n s  z u lle n , b ij h e t o p tre d e n  v a n  

g r o t e r  t r a n s p o r t ,  d u in e n  g e v o rm d  w o rd e n . D eze fe n o m e n en  w e rd e n  

op m o d e l v a s tg e s te ld  en  w e e rg e g e v e n  in  b ij la g e  4 op h e t  d ia g ra m m a  
van  S im o n s  en  R ic h a rd s o n .

U it d e z e  p ro e v e n  (z ie  ta b e l 3) kan  a fg e le id  w o rd e n  d a t de  k r i t i s c h e  
sn e lh e id  U ^  o n g e v e e r  0 .1 0  m / s  b e d r a a g t .

V oor d e  k r i t i s c h e  s n e lh e id  w a a rb ij  g ro v e  m a te r ia le n  in  bew eg ing  

w o rd en  g e b ra c h t  w e rd  d o o r  C .R .  N e ill [9] gevonden  :
* —2 

y a D50

- 1 /3

V oor V ' s

P

1650 x  9 .8 1  N /m 3 

1000 k g / m 3
611 rm g \ A50 = 0*015 m

is  in  b i j la g e  21 d e z e  k r i t i s c h e  v e r t ik a a l  g e m id d e ld e  s n e lh e id  b o v en
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h et g r in t  te g en  de  w a te rd ie p te  u itgezet«  m e t d a a rb ij  d e  r e s u l ta te n  

v an  p ro e f  T l .  De fo rm u le  v a n  N e ill is  s le c h ts  g e ld ig  v o o r  H = 3 D ^ q

to t  100 Dgjj » m a a r  de r e s u l ta t e n  v an  T l  b e w ijze n  h a a r  b ru ik b a a rh e id  

b ij g r o te r e  w a te rd ie p te n . E en  v o o rd e e l v a n  d eze  fo rm u le  is  h e t 

g e b ru ik  v a n  de g e m id d e ld e  s n e lh e id .

De e in d s ita& tie  n a  e lk e  p ro e f  is  w e e rg e g e v e n  in de b ij la g e n  8« 9 en  

10 . De t i jd s d u u r  d ie  e r b i j  v e rm e ld  is  z i jn  u re n  m o d e l (1 h m o d e l »

4 h  n a tu u r ,  b ij a an n a m e  v a n  d e  t r a n s p o r ts c h a a l  1 /6 4 ) .

U it de  v e r p la a ts in g  v a n  de  d u in en  t ijd e n s  de p ro e f  (b ij la g e n  11 en  12) 

kan  m e n  a f le id e n  d a t b ij h e t e in d e  van  de p ro e f  e en  re g im e to e s ta n d  

w as o n ts ta a n ,  De a fs ta n d  tu s s e n  de d u in en  b l i j f t  k o n s ta n t .

De d u in e n  d ie  o p tre d e n  h eb b en  een  g o lflen g te  v an  g e m id d e ld  20 m  

en  e e n  hoog te  v a n  0 .3  to t 1 .5  m .  In e lk e  s i tu a t ie  t r e e d t  e c h te r  é é n  

u i tz o n d e r l i jk  g ro te  d u in  op, n l .  d eze  g e v o rm d  d o o r d e  e r o s ie  v a n  

h e t ta lu d  tu s s e n  g r in t  op b o d em  + 1 m (b + 1) en  b o d em  + 2 m (b + 2 ).

3 • B ew eging  v a n  h e t g r in t  o n d e r  inv loed  v a n  s tro m in g  e n  g o lv e n .

T en e in d e  n a  te  g a a n  in h o e v e r r e  de v e rp la a ts in g e n  v a n  h e t g r in t  to e 

n e m e n  o . i . v .  g o lv en  w e rd e n  in  de s tro o m g o o t b ij e e n  w a te rd ie p te  

v a n  8 m  re g e lm a t ig e  g o lv e n  m e t een  p e r io d e  v an  6 se c o n d e n  e n  e e n  

g o lfh o o g te  h = 0 .5  m  en  h  = 1 m  in g e s te ld .  B ij 10 m  w a te rd ie p te  

b e d ro e g e n  de g o lfh o o g ten  h = 1 m  en h  = 1 .7 5  m .

D o o r d e  s u p e r p o s i t ie  v a n  o rb i ta a ls n e lh e id  U en  s t ro o m s n e lh e id  Uio D
b o v en  de b odem  o n ts ta a n  v o lg en d e  v o rm e n  v a n  b ew eg in g  bij to en em en d e ' 
s t ro o m s n e lh e id

<  U.b c r i ta .  g e e n  b ew eg in g  : (U^) m a x  4

b .  e n k e l b ew eg in g  op e en  f r a c t i e  van  de g o lfp e r io d e  :

Ub < U b c r i ,  < U b + « V m a *
c .  a l t i jd  b ew eg in g  :

Ub c r i t  <  Ub " m a x
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d .  in d ie n  in  s i tu a t ie  b .  en  d .  de go lfhoog te  w o rd t o p g e d re v e n  en  

d u s  ook U/q, k e e r t  m en  te ru g  n a a r  e e n  v o o rg a a n d  s tad iu m  
( r e s p .  a .  en  b . ) .

De d u in v o rm in g  v e r to o n t  b ij  k le in e  go lv en  (v b . h  = 0 .5  m , z ie  

b i j la g e  13) nog g e li jk e n is  m e t de s i tu a t ie  z o n d e r g o lv en , hoew el de 

g o lf le n g te  v a n  de duinen- a fn e e m t. B ij g o lv en  v an  1 m  en  h o g e r 

(b ij la g e a l4 , 1 5 , 16) z ijn  de zan d go lven  v e e l  s t e i l e r  en  k o r t e r .

T e v e n s  w o rd t d o o r  de g o lfw e rk in g  h e t g r in t  d a t  op h e t a f s tro o m  se  

ta lu d  w o rd t a fg e z e t  o v e r  de zeeb o d em  v e r s p r e i d .  De bew eg ing  v a n  

de d u in e n  t i jd e n s  de p ro e f  z ijn  w e e rg e g e v e n  in b ij la g e n  17, 18, 19 
en  2 0 .

2 .4 .  G r jn t t r a n 8 p o r t .

In ta b e l  2 is  de  b e re k e n in g  v an  h e t g r in t t r a n s p o r t  m . b . v .  de d u in -  

v e r p la a ts in g  w e e rg e g e v e n  . In ta b e l  3 z ijn  de s e d im e n to lo g isc h e  g e 
g e v e n s  v a n  de  p r o e v e n re e k s  T l s a m e n g e b ra c h t .

2 . 4 . 1 .  M e th o d ie k .

De d r ie  m e th o d e n  w a a rm e e  h e t t r a n s p o r t  b e p a a ld  w e rd en  z i jn  

v e r g e le k e n  in  b i j la g e  22 . H ieruitH oM jkt d a t de  d r i e  t r a n s p o r te n  

n ie t  s ig n if ic a n t  v a n  e lk a a r  v e r s c h i l l e n .  M en zo u  u i t  d e z e  g r a 

f ie k e n  w el k u n n en  a f le id e n  d a t h e t t r a n s p o r t  g e m e te n  m e t de  

zan d v an g  ( b .v .  o m w ille  v an  p a k k in g sd ic h th e id )  i e t s  o n d e r s c h a t  
i s .

2 . 4 . 2 .  G r ^ t t r a m ^ p o r t  J ta^ functie  v an  de o p g e rv la k te  s n e lh e id  b o v en  de
z e e b o d e m .

De t r a n s p o r te n  z ijn  t . o . v .  de n o m in a le  o p p e rv la k te  sn e lh e id  
u i tg e z e t  op b ij la g e  2 3 .
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2 .5 .  E r o s i e s .

De e r o s ie  v a n  h e t p r o f ie l  op 12 m  o p w a a rts  de d a m a s , t e r  p la a ts e  
v a n  de k n ik  in  h e t p r o f ie l  w o rd t h ie r  b e sc h o u w d .

U it de  o p m e tin g en  v a n  h e t d a m p ro f ie l  w e rd  de e ro s ie  b e p a a ld  na 
1 h s t ro m e n  in  de g o o t, t . t . z .  n a  4 h n a tu u r .  A ls m a a t  v a n  de 

e r  os ie v e r  w ekkende s tro m in g  is  de  g e m id d e ld e  sn e lh e id  in  M P2, 

b o ven  h e t e r o s ie g r in t  op bodem  + 1 m g e k o z e n . In b i j la g e  24 

w o rd t aan g e to o n d  d a t  de  e ro s ie  o . i . v .  s tro m in g  b ij 2 .2  m  /s  

{2 .65  m / s  a a n  de o p p e rv la k te )  to t  60 cm  n a  4 h  b e p e rk t  b l i j f t .

De b i jd ra g e  v an  de g o lfw e rk in g  is  s le c h ts  b e la n g r i jk  w a a r  z o n d e r  

g o lv e n  m in d e r  d an  0 . 2 m  e ro s ie  zou  o p tre d e n . Bij g ro te  e r o s ie  
l i jk t  de g o lfw e rk in g  z o n d e r  in v lo e d .

T ijd e n s  de p ro e v e n  w e rd  v a s tg e s te ld  d a t in  de e e r s te  o g en b lik k en  
v a n  de p ro e f  h e t h o ek ig e  th e o re t is c h e  p r o f ie l  n ie t  w e rd  a fg e ro n d . 
De e r o s ie  is  d an  ook w a t g r o te r  in  de e e r s t e  o g en b lik k en  v a n  de 
p r o e f .



P R O E F S IT U A T IE  T2 : K ER N G R IN T.

1 • S tro m in g  o v e r  de  d a m fu n d e r in g .

In ta b e l 4 ié  e e n  o v e rz ic h t  g e g ev e n  v an  de  o n d e rz o c h te  k o m b in a tie  

v a n  w a te rd ie p te , sn e lh e id  en  golven* Ook h ie r  w e rd en  g em id d e ld e  
sn e lh e id  U en  s c h u if  sn e lh e id  U» b e p a a ld .

In  b ij la g e n  25 en  26 z ijn  de s n e lh e id s p ro f ie le n  g e te k e n d . In b i j la g e  25, 

m e e tp u n t 3 en  4 z i jn  de o n re g e lm a tig h e d e n  b ij V = 2 .1  en»V * 2 .4  m / s  

te  w ijte n  a an  de  e r o s ie  en  d u in v o rm in g , w a a rd o o r  de  b o d e m lig g in g  

en  d u s  de w a te rd ie p te  en  g e m id d e ld e  sn e lh e id  v e r a n d e r e n .

De B tro m in g  b o v en  h e t z in k s tu k  is  z e e r  tu rb u le n t  n a b ij de b o d em , 

w at z ic h  v e r t a a l t  in  g ro te  w a a rd e n  v an  U , H e t k e r n g r in t  w o rd t g e ë r o 

d e e rd  en  v e r to o n t  t . p . v .  M P3 e e n  v la k k e  b o d e m . H ie rd o o r , en  te v e n s  

d o o r  d e  c o n tr a c t ie  v e r to o n t  h e t s n e lh e id s p ro f ie l  e en  k le in e re  g ra d ië n t  
n ab ij de  b o d em , d u s  e e n  g e r in g e r e  U , •

H et g r in t  a fw a a r ts  h e t 2e zinkB tuk w o rd t d o o r  de tu rb u le n t ie s  b o v en  
h e t z in k s tu k  in  z e e r  g e r in g e  m a te  a a n g e ta s t  (lo k aa l 1 è  2 d m ). 

A fw a a r ts  m e e tp u n t 5 r a a k t  de  s tro m in g  de bodem  n ie t  ( to t a s  + 85 m ) .

2 . B ew eg ing  v a n  h e t g r i n t .

In  b i j la g e n  27, 28 ( s tro m in g  z o n d e r  go lven ) en  b i j la g e  29 (s tro m in g  
m e t g o lf  h  = 1 m ) i s  h e t  e in d p ro f ie l  w e e rg e g e v e n . De v e r p la a ts in g  

v a n  de  d u in en  t i jd e n s  de  p ro e f  z i jn  g e g ev e n  in  b i j la g e n  30, 31 e n  3 2 .

H et g r in t  v e r p l a a t s t  z ic h  d o o r  h e t z in k s tu k  o n d e r  v o rm  v a n  e e n  d u in  

(z o a ls  op b ij la g e  28, V * 2 .4  m /s ,n o g  te  z ie n  i s ) .  N a v e r lo o p  v a n  

t i jd  w o rd t h e t k e r n g r in t  v e r d e r  a a n g e ta s t ,  te rw i j l  h e t  z in k s tu k  d o o r
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d it  g r in t  w o rd t a fg e d e k t. A ls d it v o lto o id  is ,  t r e e d t  e r  t r a n s p o r t  op 

o n d e r  v o rm  v an  k le in e re  d u inen  d ie  z ic h  z e e r  s n e l  (45 m /h )  v e r 

p la a ts e n  (v b . : H = 8 m , V = 2 .4  m / s  z o n d e r g o lv en  en  m e t g o lf 
h = 1 m ) .

3 .3 .  G r in t tr a n  s p o r t .

H et v o lu m e  k e r n g r in t  d a t  g e ë r o d e e rd  w e rd  is  t . o . v .  de  n o m in a le  

o p p e rv la k te  sn e lh e id  V u itg e z e t  in  b i j la g e  3 3 . H et t r a n s p o r  t  b ij  

H = 10 m b e d ra a g t  60 % v a n  h e t t r a n s p o r t  b ij H = 8 m . D oor go lven  

h = 1 m  b ij  w a te rd ie p te  H = 8 m  w o rd t h e t t r a n s p o r t  25 % v e rh o o g d .

3 .4 .  E r o s ie  (z ie  b ij la g e n  23 e n  24).

De e r o s ie  t e r  p la a ts e  v a n .h e t  p ro f ie l  P  -  12 (z ie  b ijla g e  1) w e rd  g e 

d u re n d e  de p ro e v e n  o p g e tek en d , en  n e e m t to e , e v e n re d ig  m e t de t i jd .  

De e r o s ie s  n a  4 h  n a tu u r  n em en  toe  e v e n re d ig  m e t de g e m id d e ld e  
sn e lh e id  in  M P 2 . H et f e i t  d a t de e r o s i e  r e e d s  b i j  1 .5  m / s  aan v a n g t 

t . o . v .  1 .7  m / s  v o o r  s i tu a t ie  T l k a n  v e r k la a r d  w o rd en  d o o r  de  g r o te r e  
tu rb u le n tie  b ij T2, o m w ille  v an  h e t z in k s tu k .

E en  g e m id d e ld e  s n e lh e id  v a n  2 .2  m / s  (in  n a tu u r  : e en  o p p e rv la k te -  

s n e lh e id  v a n  2 .6 5  m /s )  v e r o o r z a a k t  e e n  e r o s ie  v a n  1 m  op 4 h .

O n d er in v lo ed  v a n  g o lv e n  n e e m t de  e r o s ie  m e t c i r c a  4 dm  to e .

O ok h ie r  d ie n t o p g e m e rk t d a t  de e r o s ie  ti jd e n s  de e e r s te  o g e n 
b lik k e n  v a n  de p ro e f  w a t g r o te r  i s .
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4 * V ER G ELIJK IN G  TUSSEN G E M E T E N  EN  B ER EK EN D  GRINT TR A N SPO R T

In d it  h o o fd s tu k  w o rd en  de g r in t t r a n s p o r te n ,  b e re k e n d  m e t de fo rm u le  

van  B ijk e r  te n  b eh o ev e  v a n  de m a te r ia a lv e r l ie z e n  in  de d a m fu n d e rin g  

(no ta  TV Z2 8 1 .0 5 2  - D a m fu n d e rin g , u itv o e r in g sp la n n in g  en  m a t e r i a a l 
v e r l ie z e n ,  l e  aan v u llin g ) v e rg e le k e n  m e t  de  m o d e lp ro e v e n .

De o p p e rv la k te  sn e lh e d e n  VQ , g e h a n te e rd  in b o v e n v e rm e ld e  n o ta  

.h eb b en  b e tre k k in g  op h e t s n e lh e id s p ro f ie l  b o ven  h e t g r i n t .  De o p p e r 
v la k te  sn e lh e d e n  to t  h ie r to e  v e r m e ld  in d i t  r a p p o r t  z i jn  n o m in a le  

o p p e 'rv la k te sn e lh e d e n  V in  de a a n s tro m in g , boven  de  z e e b o d e m . De 

sn e lh e d e n  w e rd e n  n a a r  o p p e rv la k te  sn e lh e d e n  boven  h e t g r in t  h e r 
le id .

M o d e lre 8 u lta te n  e n  b e re k e n in g  z i jn  a ld u s  w e e rg e g e v e n  in  b ijfag p n

36, 37 e n  3 8 . O n d e rzo e k  v a n  d e z e  f ig u re n  le id t  to t v o lg en d e  b e d en k in g e n

h e t v e r s c h i l  tu s s e n  b e re k e n in g  en  m e tin g  is  g r o t e r  v o o r t r a n s p o r 

te n  g e m e te n  op bodem  + 2 m  dan op bodem  + 1 m . H et e f fe c t  
v a n  de c o n tr a c t ie  i s  h ie rv a n  w e llic h t de o o rz a a k ;

-  de  a fw ijk in g en  n e m e n  to e  m e t  to e n em en d  t r a n s p o r t .  In m o d e l 

w o rd e n  de d u in en  d a n  ook h o g e r , t e r w i j l  in  de b e re k e n in g e n  
d e  r ib b e lh o o g te  op 10 cm  w o rd t gehouden ;

de  o v e re e n k o m s t m o d e l-b e re k e n in g e n  is  m eeB ta l b e h o o r li jk  
b i j  sn e lh e d e n  V k le in e r  d a n  2 .7  m / s .

^ r r

B o rg e rh o u t, s e p te m b e r  1981

i r .  E .  L A F O R C E
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LIJST DER SYMBOLEN

Cd90 C hezy  c o ë ff . t . g . v .  zan d ru w h e id

CH C hezy  c o ë f f . t . g . v .  b o d e m v o rm e n  ( r ib b e ls )

C d u in v e rp la a ts in g s s n e lh e id  (m /h)

D50 g e m id d e ld e  k o r r e ld ia m e te r  (m)

f  ( . . . ) fu n c tie  v a n  . . .

h go lfhoog te  Cm)

H w a te rd ie p te  (m)

N* a fs ta n d  s s c h a a l

Nu sn e lh e  id s  sc  h a a l

Nt t i jd s s c h a a l

s c h a a l  v o o r  X

s c h a a l  v o o r  Y

Q d e b ie t  (m ^ /s )

Qs s e d im e n t t r a n s p o r t  v o lg e n s  M ey er -  P e te r  (k g /s  )

t r g e m id d e ld e  sn e lh e id  o v e r  de v e r t ik a a l  (m /s )

U . sc h u ifsp sm n in g ssn e lh e id  (m /s )

u b sn e lh e id  b ij de  bodem  ( m /s )

u o o rb i ta a l  s n e lh e id  b ij de b o d em  (m /s )

r h a lv e  ̂ rib b elh o o g te  (m)

Sb t r a n s p o r t  v o lg e n s  F r e y l in k  - B ijk e r  (m 2 /s )

Tb + J ’ T b + 2 ’
g e m e te n  g r in t t r a n s p o r t  op r e s p .  b o d em  + 1 m , bodem  +

Tb+3 2 m , . . .  b e p a a ld  m . b . v .  k u b e rin g  (m 2 /h)

T«
b + 2 i d . ,  b e p a a ld  m e t zan d v an g  (m  /h)

b + 2 i d . ,  b e p a a ld  a an  de h an d  d e r  d u in v e rp la a ts in g  (m 2 /h)



LIJST DER SYMBOLEN (vervolg)

V n o m in a le  o p p e rv la k te  sn e lh e id  ln a an lo o p  (m

Vopp o p p e rv la k te  sn e lh e id  boven  h e t g r in t  { m /s )

X * U, D 5 0 / v k o r  r e l - s c h u i f  sp an n in g -R e y n o ld sg e  ta l

Y =  p u .2 / y8d 50 S h ie ld s  p a r a m e te r

z  = (h / d 50) d im e n s ie lo z e  d ie p te

y . g ew ich t v an  s e d im e n t o n d e r w a te r  ( N 'lm )

P
\ *

r ib b e lfa c to r

P s o o r te l i jk e  m a s s a  v an  w a te r  (k g /m ^ )

V k in e m a tis c h e  v is c o s i te i t

A g o lflen g te  d e r  d u ls e a  (m )

A go lfh o o g te  d e r  d u in en  (m )

6 s te i lh e id  d e r  duinen. ( A /  A )

T\ * Y /v* c r r e la t ie v e  S h ie ld s p a ra m e te r

in d ex c r c r i t i s c h e  w a a rd e  (b eg in  v a n  bew eging)

m od m o d e l w aard e

n a t n a tu u r  w a a rd e



TABEL 1

T l HYDRAULISCHE G EG EV EN S

P r o e f M H (b) M P2 (b+1) MP3 (b+2) M P4 (b+2) M P5 (b+1)

H | V er u . Ü u . U u . Ü
1----------
; u . U u . V e rv a l

m | m  /s m /s m /e m /s m /s m / s m /s m  /s j m /s
1

m /s m / s c m /m

r 8
1 1 ,5

1 .2 3 .1 0 8 1 .4 0 .0 6 4 1 .6 6 .0 8 8 1 .7 2 j .0 8 4 1 .5 2 .1 3 4 0 .0 2 6
! 1 .8 1 .5 0 .1 3 4 1 .71 . 088 1 .9 4 .1 0 0 .1 .9 9 i . ï o o 1 .9 6 .2 2 2 0 .0 2 2
' 2 .1 1 .7 4 .1 3 4 1 .9 8 .1 0 8 2 .2 7 .1 1 2 2 .2 6 ' .1 6 0 2 .2 8 .2 5 2 0 .041

2 .4 1 .9 6 .1 7 2 2 .2 2
!
j

.1 3 6 2 .5 2 .1 1 0 2 .6 8 .1 7 4 2 .7 2 .2 5 6 -

10 1 .8 1 .5 0 .1 1 2 1 .6 9 .0 9 0 1 .8 6 .0 9 0 1 .8 7 .0 9 4 1 .6 8 .2 5 6 0 .0 2 0
2 .1 1 .7 4  1.1 2 5 2 .0 1 .0 3 5 2 .1 8 .1 0 0 2 .1 3 .1 0 8 1 .9 3 .1 9 2 0 .0 1 8
2 .4 1 .9 9 ! .1 4 6 2 .1 2 .1 2 0 2 .4 8 .1 2 4 2 .3 6 .1 4 4 2 .4 7 .2 2 8 0 .0 5 5
2 .7 2 .2 0 .1 4 8 2 .4 6

t
f|

.1 3 0 2 .7 7 .1 8 0 . 2 .7 2 .2 1 9 2 .7 7 .2 4 0 0 .0 8 8

12 1 .8 1 .7 2 è 108

I

1 .7 2 .088

—
|

1 .8 0 .0 9 0 1 .7 6 .101 1 .7 6 .1 3 6 0 .0 1 9
2 .1 1 .7 ? .1 3 6 1 .9 0 < 118 2 .1 3 .0 9 8 2 .0 8 .1 2 2 2 .0 0 .1 3 6 0 .0 2 3
2 .4 2 .0 6 .1 4 0 2 .2 0 4 124 2 .4 7 .1 3 6 2 .3 9 .1 5 2 2 .3 6 .2 4 8 0 .041
2 .7 2 .2 3  | .1 5 3 2 .4 4 fl 160 2 .6 9 .1 5 6 2 .7 4 . 166 2 .6 0 .2 0 8 0 .0 6 5



TABEL 2

T l V ER PLA A TSIN G  DUINEN

H V G olf 
hoogte

m m  / s  m

bodem  + 1 m b odem  + 2 ra
'TH

b+2

m 2 /h

C

m /h

r r

m

T "b + i

m 2 /h  m 2 /h

c

m  /h

'  A

m

CA
2

m 2 /h
8 2 .4  0 r 4 f 0 .2 0 .4  0 .4 4 .2 5

—
0 .8 1 .7 1 2 .1

6 .2 5 0 .8 2 .5 r
10 2 .4  0 2 .5 0 .3 0 .4  0 .4 5 .7 5 0 .8 2 .3

5 .2 5 0 .4 1 .0 5
6 .5  * 0 .5 1 .6 3 ► 1 .0 1

_______ 3 .2 5 0 .9 1 .4 6 . -

12 2 .4  0 2 0 .2 5 0 .2 5  0 .2 5 2 .7 5 0 .5 .6 9  ]
-  . -  —  - —

5 0 .3 5 .8 61
| 5 .7 5 0 .3 . 86 [  .9 7

4 .7 5 0 .6 1 .4 3
--------------------- 1 .5 1 .3 .9 8  J

10

12

8

8

2 .7

2 .7

2.1

2 .4

0 .5

0 .5

8 1.8

8 2.1

2 .5
4 .5
7 .5
7 .5

3 .7 5
5 .2 5

3 .5

0 .7  0 .8 8
0 .4  0 .9
0 .3  1 .1 2
0 .2 4  0 .9

3 .5

0 .5
0 .2 2

0 . 2

0 .5

0 . 6

.9 4

.5 8

0 .3 5

0.88

}

0 .9 5

0 .7 6

0 .3 5

0.88

1 .5 1 .5

3
7 .5
7 .5
4

6 .7 5
6 .5  
7
4 .4

4 .7 5
6
7 .5
5 .5
7

13 , 5 
13

-J

1 .5
1.1
1.1
2.1

, 0 .9  
! 0 .7  
I 0 .7  
i 1 .1

i 0.6
, 0 .7 . 
1 0 .5

\ K 1  
! 1 . 6
1 1 . 2

1.1

4

2 .2 5
4 .1 3
4 .1 3
4 .2

3 .0 4
2 .3 4
2 .4 5  
2 .4 1

1 .4 3  
2.1 
1°. 88
3 .0 3
5 .6
8 .1
8 .4 5

> 3 .6 8

2 .5 6

> 2.11

> 7 .3 8

4 .7 5 0 .2 5 0 .5 9  1
5 .7 5 0 .2 0 .5 8  L
6 0 .2 0 .6  f
3 .2 5 0 .5 0 .8 1

2 .5 1 .2 1 .5  :
11, 0 .6 3 .3  L
10 1 .0 5

? 0 .6 5

3 .3



T A B E L  2 (v e rv o lg )

H V G olf bodem  + 1 m b o d em  + 2 m
hoog te

C A CA T 1' . c A CA T " _
2 b+1 2 b+2

m m /s m m  /h m 2 .. m  /h m 2 /h m  /h m m 2 /h m 2 /h

10

00*
H

1 - - 4 .0 0 0 .3 0 .6
3 .2 5 0 .1 5 0 .2 4 > 0 .4 3
1 .7 5 0 .5 .4 4

10 2 .1 1 - - - 3 0 .6 0 .9
4 .7 5
5 .2 5

0 .2 5
0 .3

0 .5 9
0 .7 9 > 0 .7 6

_ _ 2 .5 0 .6 0 .7 5
10 2 .4 1 2 .5 0 .7 .8 8  1 .91 5 .0 0 1 .5 3 .7 5

*

3 .7 5 0 .5 .9 4  ƒ 6 .9 5 1 .4 4 .3 8 > 4 .6 28 .0 0 1 .2 4 .8
__ 9 .1 5 1 .2 5 .5 5 -

10 1 .8 1 .7 5 - - ■B 4 .5 0 .6 1 .3 5
-

5 .5 0 .5 1 .3 8 L 1 .3 6

______
6 .7 5 0 .4 1 .3 5 J[



TABEL 3

T l SED IM EN TO LO G ISC H E G EG EVEN S

P r o e f K u b erin g Z an d - Beweging d u in en E r o s ie B o d em v o rm
v an g P - 1 2 • >

' H V h Tb + 1 Tb + 2
T i

b * 2 T " b + i
f i i

b + 2 b + 1 b + 2

m m  / s m m 2 /h m 2 /h m 2 / h m 2 / h m 2 / h m

8 1 .5 0 0 0 0 0 0 0 GB GB
8 1 .8 0 0 0 .3 9 0 .1 4 - - 0 .0 5 VB VB
8 2 .1 0 0 .4 2 1 .5 0 1 .3 0 0 .4 2 .1 0 .4 0 VB D
8 2 .4

__a_;
0 0 .4 9 3 .0 8 3 .3 5 - 0 .7 5 D D

10 1 .8 0 0 o 0 .0 8 0 0 GB GB
10 2 . i 0 0 0 .4 0 0 .4 0 •» 0 .0 8 GB VB
10 2 .4 0 0 .5 6 1 .8 3 1 .8 2 0 .4 1 .6 1 0 .5 5 D D
10 2 .7 0 1 .5 3 3 .8 6 2 .9 3 0 .9 5 3 .6 8 1 .0 0 D D

12 1 .8 0 0 0 0 mm 0 GB GB
12 2 .1 0 0 0 .1 2 0 .2 9 .. 0 .2 GB VB
12 2 .4 0 0 .5 2 1 .3 2 0 .8 4 0 .2 5 0 .9 7 0 .5 D D
12 2 .7 0 1 .0 6 2 .9 9 2 .3 9 0 .7 6 2 .5 6 0 .8 D D

8 1 .5 0 .5 0 0 0 0 GB GB
8 1 .8 0 .5 0 0 .5 3 • • r' 0 .1 5 BB VB
8 2 .1 0 .5 0 .4 1 .7 5 - 0 .3 5 2 .1 1 0 .4 5 D D
8 2 .4 0 .5 1 .0 5 5 .4 1 - 0 .8 8 7 .3 8 0 .6 4 D D

8 1 .5  ’ 1 0 0 .3 8 0 .3 0 GB V
8 1 .8 1 0 .1 5 1 .4 5 - 0 .6 5 0 .4 0 V D
8 2 .1 1 0 .6 0 4 .8 5 - 1 .5 3 .3 0 .3 8 D D
8 2 .4 1 0 .9 3 6 .3 3 - - 0 .6 4 • D D

10 1 .5 1 0 0 0 GB BB
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O : d u in e n
BB : b e g in  v a n  b ew eg in g
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\ V W. I  W A TERBO UW KUN D IG  
\ J  k j j  L A B O R A T O R IU M

1  “ i  b o rg e rh o u t antwerpen

MOD.A19 STROOMGOOTONDERZOEK DAMFUNDERING 
BUITENHAVENDAMMEN ZEEBRUGGE Bijlage 1.

Schaal: 1 /500 natuur 
maten in mnat

ONDERZOEK OP DE STABILITEIT VAN HET GRINT 
' ONDER INVLOED VAN STROMING EN GOLVEN

MP4

I
MP3 MP2

I I

PROEFSITUATIE T2 : ZINKSTUKKEN EN KERNGRINT
AS

MP1

I

h ^  -

Landzijde

u i
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1

Zeezijde

12
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b*2 ^ 12 » L  12 »

-----------------  8 * *
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L .  e _ L  6 0 ; 90 1 • ‘
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^ ....................  ..........- — ■ ■ " - —  ^ i .
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•f

VLOED

W.L. 81.513
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MP5

\  W  W  /  W ATERBO UW KUN D IG  
\ T  i f /  L A B O R A T O R IU M

T /  b o rg e rh ou t antw erpen

M O D .419 STROOMGOOTONDERZOEK DAMFUNDERING 
BUITEN HAVENDAMMEN ZEEBRUGGE B ijlage 2

Schaal :1/500.natuur 
maten in mnat ONDERZOEK VAN DE STROMING OVER DE DAMFUNDERING

MP4 MP3 MP2

Landzijde

PR0EFS1TUATIE T3 : KERNGRINT AFGEDEKT DOOR T.V,

M 2 bis MP2

I
33.05 4.5 12 2.25 12 2.25

PROEFSITUATIE U  : • NA BOUW BUITENBERM 3 a 6 TON

PROEFSITUATIE T5 : NA BOUW BUITENBERM 1 a3 TON

AS

MP1

VLOED

VLOED

W.L .IB1.S16I

Zeezijde
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V V V  /WATERBOUWKUNDIG \ f  i f / LABORATORIUM
* 1 borgerhout antweroen

MOD.419 STROOMGOOTONDERZOEK DAMFUNDERING 
BUITENHAVENDAMMEN ZEEBRUGGE Bijlage 4

VOORKOMEN BEDVORMEN MODELPROEVEN Tl
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rW" W 1 WATERBOUWKUNDIG \ ▼ a t /  LA B O R A T O R IU M

1 ^ 7  borgerh'out amtwerpen

M O D /1 9  STROOMGOOTONDERZOEK DAMFUNDERiNG 
BUITENHAVENDAMMEN ZEEBRUGGE Bijlage 5

SITUATIE Tl -  SNELHEIDSVERLOOP OVER DE DAMFUNDERING 

WATERDIEPTE : 8 m



V W  W / WATERBOUWKUNDIG
\ J  k U  l a b o r a t o r i u m .
T borgerhout antwerpen

MOD.A19 STROOMGOOTONDERZOEK DAMFUNDERING 
BUITENHAVENDAMMEN ZEEBRUGGE Bijlage 6

:: •

SITUATIE Tl -  SNELHEIDSVERLOOP OVER DE DAMFUNDERING 

WATERDIEPTE : 10 m



V V V /  W ATERBO UW KUNDIG 
k j J  L A B O R A T O R IU M

1  borgerhout aniwerpen

MOD.419 STROOMGOÖTONDERZQEK DAMFUNDERING 
, ,  BUITEN HAVEN DAMMEN ZEEBRUGGE Bijlage 7

SITUATIE Tl -  SNELHEIDSVERLOOP OVER DE DAMFUNDERING 

WATERDIEPTE : 12 m



\ w w / waterbouwkundigi j l  LABO RATO RIU M
T— ■ / borgernout antwerpen

M O D .A 19  STROOMGOOTONDERZOEK DAMFUNDERINGl Rm 
BUITENHAVENDAMMEN ZEEBRUGGE | 9® 8

BODEMPROFIEL Tl NA EINDE PROEF 

waterdiepte H = 8 m Zonder golven
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bQ'gefhout antwerpen

M O D .41 9  SÏROOMGOOTONDERZOEK DAMFUNDERING 
BUITENHAVENDAMMEN ZEEBRUGGE

Bijlage 9

BODEMPROFIEL Tl NA EINDE PROEF 

waterdiepte H = 10 m Zonder golven
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v- f  b o rg e rh o u l antw erpen

M O D .A 19 STROOMGOOTONDERZOEK DAMFUNDERINGl m j| . q 
BUITENHAVENDAMMEN ZEEBRUGGE | J 9

BODEMPROFIEL Tl NA EINDE PROEF 

waterdiepte H = I2  m Zonder golven



\ V Y / WATERBOUWKUNDIG \ *  A* / LABORATORIUM
" / borgerhout antwerpen

M OD.£19 STROOMGOOTONDERZOEK DAMFUNDERINGl
BUITENHAVENDAMMEN ZEEBRUGGE | ö ijlage 11

VERPLAATSING DUINEN TIJDENS DE PROEF Tl
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borgerhout antweroen
MOD.419 STROOM GOOTONDERZOEK DAMFUNDERINGl

B U ITE N H A VE N D A M M E N  ZEEBRUG G E | J g e  u

V ER P LA A TS IN G  D U IN E N  T IJ D E N S  DE PRO EF T l



\ W W / W ATERBO UW KUN D IG  
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T 1 fcorgernout antwerpen
M O D .41 9  STROOMGOOTONDERZOEK DAMFUNDERINGl r ... ,  

BUITENHAVENDAMMEN ZEEBRUGGE | 'J 9 *

BODEMPROFIEL Tl NA EINDE PROEF 

waterdiepte H = 8 m Golven : T-6sec t h=0.5m
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/ b o rg e rh o u t antwerpen

M O D .41 9  STROOMGOOTONDERZOEK DAMFUNDËRING 
BUITENHAVENDAMMEN ZEEBRUGGE

B ijlage M

BODEMPROFIEL Tl NA EINDE PROEF 

waterdiepte H = 8 m Golven : T = 6sec , h --lm
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i  b o rg e rh o u t anl werpen

M O D .619  STROOMGOOTONDERZOEK DAMFUNDERINGl B i j | a g e  

BUITENHAVENDAMMEN ZEEBRUGGÈ |

BODEMPROFIEL Tl NA EINDE PROEF 

waterdiepte H =  10 m Golven :T=6sec , h= 1 m
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\  b o rg e rh o u t antwerpen

M O D .A 19  STROOMGOOTONDERZOEK BAMFUNDERINC 
BUITENHAVENDAMMEN ZEEBRUGGE

’ B ijlage 16

BODEMPROFIEL T1 NA EINDE PROEF 

waterdiepte H = 10 m Golven : Tsösec, h= 1m75
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i l  I J  WATERBOUWKUNDIG \ T kJJ  LABORATORIUM
< bofgerhout antwerpen

M OD.419 stroom gootonderzoek DAMFUNDERINGI
BUJTENHAVENDAMMEN ZEEBRUGGE | age 17

VERPLAATSING DUINEN TIJDENS DE PROEF Tl
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M O D .4 1 9  STROOMGOOTONDERZOEK DAMFUNDERINGÏ
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VERPLAATSING DUINEN TIJDENS DE PROEF Tl
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M O .D . 419 STROOM GOOTONDERZQEK DAMFUNDERINGl
BUITENHAVENDAMMEN ZEEBRUGGE B ijla g e  19
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VERPLAATSING DUINEN TIJDENS DE PROEF T.1
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BEGIN VAN BEWEGING BIJ GROF MATERIAAL VOLGENS C.R. NEILL
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SITUATIE T 2 -  SNELHEIDSVERLOOP ÓVER DE DAMFUNDERING 

WATERDIEPTE : 8 m
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SITUATIE T2 -  SNELHEIDSVERLOOP OVER DE 

WATERDIEPTE : 10 m

: DAMFUNDERING
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BODEMPROFIEL T2 NA EINDE PROEF 
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BODEMPROFIEL T2 NA EINDE PROEF 

waterdiepte H = 10 m Zonder golven
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BODEMPROFIEL T2 NA EINDE PROEF 

waterdiepte H = 8 m Golven: T=6sec t h - l m
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VERPLAATSING DUINEN TIJDENS DE PROEF T2
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VERPLAATSING DUINEN TIJDENS DE PROEF T2
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VERPLAATSING DUINEN TIJDENS DE PROEF T2
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GRINTTRANSPORT BU SITUATIE T2 i.f.v. DE AANSTROOMSNELHEID
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BUITENHAVENDAMMEN ZEEBRUGGE

--------  model
--------  berekeningen

TRANSPORT i.f.v. OPPERVLAKTESNELHEID BOVEN HÉT EROSIEGRINT 
VERGELIJKING BEREKENINGEN -  MODELPROEVEN Tl

r. u  ei.550

DIEPTE 7m BOVEN GRINT

DIEPTE 6m BOVEN GRINT
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--------  model
---------  berekeningen

TRANSPORT OPPERV LA KT ESNEL HEID BOVEN HET EROSIEGRINT 
VERGELIJKING BEREKENINGEN -  MODELPROEVEN Tl

DIEPTE 8m BOVEN GRINT

DIEPTE 9m BOVEN GRINT

DIEPTE lOm BOVEN GRINT
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----------berekeningen

TRANSPORT i.f.v. OPPERVLAKTESNELHEID BOVEN 
VERGELIJKING BEREKENINGEN -  MODELPROEVEN
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