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1 . IN L E ID IN G .

H e t m o d e lo n d e r z o e k  in  v e r b a n d  m e t  de  a a n s lu i t in g  v a n  de v o o r h a v e n  

v a n  de B a a lh o e k s lu i s  op  de  W e s t e r s c h e ld e  e v e n a l s  d e z e  v a n  de b i jh o r e n d e  w e r k -  
h a v e n  w e r d  u i tg e v o e r d  in  de p e r i o d e  s e p t e m b e r  1973 to t  m e i  1974 . D it o n d e r 

z o e k  g e b e u r d e  op h e t  b e s t a a n d e  t i jm o d e l  v a n  de  W e s t e r s c h e ld e ,  g ebouw d  v o l 
g e n s  de a lg e m e n e  b o d e m c o n f ig u r a t i e  v a n  h e t  j a a r  1971 m e t  a l s  s c h a le n  3 /1 0 0 0  
h o r i z o n t a a l  e n  1 /1 0 0  v e r t i c a a l .  De s tu d ie  w e r d  v e r r i c h t ,  v o o r  h e t  s p r in g t i j  v a n  
11 m e i  1971 (z ie  t i j k r o m m e  H a n s w e e r t  -  b i j l .  8 l in k s  o n d e r ) ,  m e t  de  e in d to e 
s ta n d  v a n  d e  b o c h ta f s n i jd in g  b i j  B a th  in  m o d e l  g e b r a c h t  (T40) (b i j la g e  1). -ook nog 
T 0  to e s t a n d  g e n o e m d .  De m o d e lp r o e v e n  m a a k te n  h e t  o n d e r w e r p  u i t  v a n  r e g e l 
m a t ig e  b e s p r e k in g e n  t u s s e n  de n e d e r l a n d s e  e n  b e lg i s c h e  i n s t a n t i e s ,  t e  w e te n  : 
h e t  B o u w b u re a u  S c h e ld e - R i jn v e r b in d in g  v a n  B e r g e n  op Z oom , de S tu d ie d ie n s t  

V l i s s in g e n ,  d e  W a te r lo o p k u n d ig e  A fde ling  D e l t a d i e n s t  en  de H y d ro n a u t i s c h e  
A fd e lin g  e n e r z i j d s ,  de  A n tw e r p s e  Z e e d ie n s te n ,  de D ie n s t  O n tw ik k e lin g  
L i n k e r - S c h e l d e o e v e r  e n  h e t  W ate rb o u w k u n d ig  L a b o r a t o r i u m  v an  B o r g e r h o u t  
a n d e r z i j d s  •

2 .  D O E L  D E R  S T U D IE .

2 . 1 .  V o o rh a v e n  B a a l h o e k s l u i s .

H e t  d o e l  v a n  d e  m o d e l s tu d ie  w as  h e t  b e p a le n  v a n  de  o p t im a le  v o r m g e 

v in g  v an  d e z e  v o o r h a v e n ,  v e r t r e k k e n d  v a n  h e t  o n tw e rp p la n  B 4 . 7310452 

v a n  h e t  B o u w b u re a u  S c h e ld e - R i jn v e r b in d in g  te  B e r g e n  op Z oom  (z ie  
b i j l a g e  2 - T45) en  s te u n e n d  op v o lg e n d e  u i tg a n g s p u n te n  :

. . / .



2

1. H et b in n e n d i jk s e  t r a c é ,  a l s  e in d v o o r s t e l  v o o r tv lo e ie n d  u it  de g e 
v o e r d e  a d v i e s p r o c e d u r e .

2 o A a n s lu i t in g  v a n  de v o o r h a v e n  a a n  de h u id ig e  b o c h tv o r m  v an  de 
v a a r g e u l  te  W a ls o o r d e n .

3 . De s c h e e p v a a r t  v a n  en  n a a r  de B a a lh o e k s lu i s  w o rd t  v e r o n d e r 
s te ld  z o n d e r  s l e e p b o o t a s s i s t e n t i e  te  g e b e u r e n  te n e in d e  h e t  d o o r 
g a a n d  v e r k e e r  zo  m in  m o g e l i jk  te  h i n d e r e n .  H ie r to e  w e rd  de 
b r e e d t e  v a n  de  v o o r h a v e n  a a n  de in g an g  op 250 m  v a s tg e le g d  e n  
de le n g te  op c i r c a  4 k m 0 0 0 .

4 .  De d ie p te  v a n  de  v o o r h a v e n  w e rd ,  g e z i e n  m o g e l i jk e  w a c h t t i jd e n  
v ö b r  de s l u i s ,  g e s t e l d  op N A P  - 1 9 .4 0  m  d . w . z .  o n g e v e e r  51 
v o e t  o n d e r  L . W .

2 . 2 .  W e rk h a v e n .

V oor de m o d e l s tu d ie  v a n  de w e rk h a v e n ,  n o d ig  v o o r  de u i tb o u w  v a n  de  

s lu i s  en  de  v o o r h a v e n ,  w e rd  u i tg e g a a n  v a n  h e t  p lan  B5 7 4 1 0 .1 5 4  v a n  

h e t  b o u w b u re a u  S c h e ld e - R i jn v e r b in d in g  te  B e r g e n  op Z o o m  (b i j l .  3 5 ) .  
De w e rk h a v e n ,  w a a r v a n  de b u i t e n b e g r e n z in g  s a m e n v a l t  m e t  de a f 
w a a r t s e  a a n s lu i t in g  v a n  de to e g a n g s g e u l  ( k r o m t e s t r a a l  1800 m) w e r d  
v o o r z ie n  op e e n  d ie p te  v a n  N A P  -  7 .0 0  m  w a a rb i j  l a n g s  de t o e g a n g s 
g eu l  n a a r  de w e r k h a v e n  tw ee  g e l e i d e d a m m e n  w e rd e n  v o o r z i e n  t e n 
e in d e  v lo e d -  en  e b s t r o m i n g  o v e r  d e z e  to e g a n g s g e u l  te  v e r h i n d e r e n .  
B o v en d ien  w e rd  de  to e g a n g  to t  de  w e r k h a v e n  z o v e e l  m o g e l i jk  o o s t 
w a a r t s  g e r i c h t  t e n e in d e  h e t  b in n e n d r in g e n  v a n  de z w a r e  g o lf s la g  t e n  
g ev o lg e  v a n  N .W . - w i n d e n  z o v e e l  m o g e l i jk  t e  v o o r k o m e n .  M en w e n s t  

i m m e r s  de w e r k h a v e n  t e v e n s  te  l a t e n  f u n g e r e n  a ls  v lu c h th a v e n  b ij  
n o o d w e e r .  H et d o e l  v a n  de s tu d ie  w as  h e t  v e r k r i j g e n  v a n  e e n  t o e 
g a n g s g e u l  d ie  in -  en  u i t v a a r t  g e d u re n d e  h e t  g a n se  g e t i j  m o g e l i jk  
m a a k te ,  a l s o o k  h e t  b e k o m e n  v a n  e e n  r u s t i g e  b in n e n h a v e n .

/ .ó o
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3 . O N D E R Z O E K  VOORHAVEN B A A L H O E K SL U IS .

Het o n d e r z o e k  g e b e u r d e  in  h o o fd z a a k  b i j  m id d e l  v a n  9 m - s t o k d r i j v e r s  
( b i j l .  6) w a a r u i t  m e t  een  c o m p u t e r p r o g r a m m a  de  d w a r s k r a c h t e n  w e rd e n  b e r e 

k en d  d ie  doo r h e t  w a te r  w o r d e n  u i tg e o e fe n d  op e e n  sch ip  d a t  v a a r t  v o lg e n s  e e n  
t h e o r e t i s c h e  v a a r l i j n  ( b i j l .  7 ) .

H i e r v o o r  w e rd  u i tg e g a a n  v a n  a l le  s t r o o m v e c t o r e n  w a a rv a n  h e t  b eg in p u n t  z ic h  

op m i n d e r  dan  50  m e te r  n a t u u r  v an  d ie  v a a r l i j n  b ev o n d  en w a a r o p  o n d e r s t a a n 
de f o r m u l e  w e rd  to e g e p a s t  :

Tc = ----  v 2
4  +  f t  s in  «

___  2 2
m e t  K e e n  k r a c h tg r o o th e id  in  m  / s e c .  a l s  m a a t  v o o r  de d w a r s k r a c h t  p e r  

e en h e id  v a n  p l a a to p p e r v l a k  (K = K „ p„ s)

(X de  hoek t u s s e n  de s t r o o m v e c t o r  en  de r i c h t in g  van  de  t h e o r e t i s c h e  
v a a r l i j n

V de g ro o t t e  v a n  de s t r o o m v e c t o r .

( C f r .  L a m b , H y d r a u l i c s  p g .  103).

D eze  m e t in g e n  e n  b e r e k e n in g e n  g e b e u r d e n  v o o r  e lk e  o n d e r z o c h te  to e s ta n d  
v an  H . W .  - 2h , t o t  H .W . + 2h„ w a a r b i j  e lk e  m e t in g  d r i e m a a l  w e rd  h e r 

h a a ld  te n e in d e  e e n  r e p r e s e n t a t i e f  d w a r s k r a c h t e n v e r lo o p  te  v e r k r i j g e n .  
A n d e r z i jd s  w e r d e n  p u n t s n e l h e id s m e t in g e n  v e r r i c h t  in v e r s c h e id e n e  p u n te n  
v a n  d e  d w a r s r a a i  117-122  ( z i e  b i j l .  2) te n e in d e  de s n e lh e id s v e r m in d e r in g ,  
t e w e e g g e b r a c h t  d o o r  de o n d e r b r e k in g  in  de o e v e r  v a n  de v a a rg e u l*  na te  

g a a n .
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B ij h e t  o o r s p r o n k e l i j k  v o o r g e s t e ld e  o n tw e rp ,  w as  v o o r  d e ze  a a n s l u i 
t in g  a a n  een  k r o m t e s t r a a l  v a n  3600 m  g e d a c h t  (T 45  -  b i j l .  2), b ij  

m a x .  v loed  w e r d e n  in de  v a a r g e u l  s n e l h e id s v e r m in d e r in g e n  in g e m e 
te n  t e n  o p z ic h te  v a n  de m o d e l to e s ta n d  z o n d e r  to e g a n g s g e u l  (T40) 
g a a n d e  van  25 to t  4 0 % . Op b i j l a g e  4 (15h00  of H .W .  .  1 h . )  is  b o 
v e n a a n  de g e m id d e ld e  p r o c e n tu e l e  s n e l h e id s v e r a n d e r in g  o v e r  de  v e r 
t i c a l e  119 t . o . v . d e  g e m id d e ld e  s n e lh e id  b i j  T40 a a n g e d u id ,  t e r w i j l  

u i t e r s t  r e c h t s  d e  g e m id d e ld e  s n e lh e id s v e r a n d e r i n g e n  z i jn  w e e r g e g e 
v e n  o v e r  de h o r i z o n t a l e  NKD -  3 m .  A na loog  z i jn  op b i j la g e  5 de  
p r o c e n tu e l e  s n e l h e i d s v e r m i n d e r i n g e n  w e e r g e g e v e n  v o o r  19h00 of 
H . W .  + 3 h .

D a a r  e e n  s n e l h e i d s v e r m i n d e r i n g  v a n  25 è. 40% m o e i l i jk  a a n v a a r d 

b a a r  l e e k  u it  o o g p u n t  v a n  t e  v e r w a c h te n  a an z a n d in g  in de b e s ta a n d e  
v a a r g e u l  (h e tz i j  v e r o n td ie p in g ,  h e tz i j  v o o r u i tk o m e n  v a n  de p l a t e n  v an  

V a lk e n is s e )  w e r d  in e e n  n ie u w  o n tw e rp  d e  k r o m t e s t r a a l  v an  de. a f 
w a a r t s e  a a n s lu i t in g  h e r l e i d  to t  1800 m  h e tg e e n  u it  n a u t i s c h  oogpun t 
nog a a n v a a r d b a a r  g e a c h t  w o r d t .  ( b i j l .  3 -  T46)

De s n e l h e i d s v e r m i n d e r i n g  b i j  v lo e d  in  de  v a a r g e u l  w e rd  d a a r d o o r  
t e r u g g e b r a c h t  t o t  20 è. 3 0 % .

T e n e in d e  een  a l g e m e e n  b e e ld  te  v e r k r i j g e n  van  de in v lo e d  v a n  de  a f 
w a a r t s e  a a n s lu i t in g  op h e t  s t r o m i n g s b e e l d  in de v a a r g e u l  w e rd  d e z e  
o e v e r  in  T47 n o g m a a l s  v o o r u i t g e b r a c h t  to t  een  p u n tv o r m  ; d i t  n i e t t e 
g e n s ta a n d e  de  h i e r a a n  v e r b o n d e n  n a u t i s c h e  b e z w a r e n ,  g e le g e n  in  de 

d i s c o n t in u ï t e i t  v a n  de o e v e r  en  de w is s e le n d e  o e v e r z u ig in g  h i e r a a n  
v e rb o n d e n ,  t i j d e n s  h e t  b in n e n v a r e n  v a n  de  v o o r h a v e n .  De s n e l h e i d s v e r 
m in d e r in g  b ij v lo e d  w e rd  h i e r d o o r  e c h t e r  h e r l e id  to t  10 a  15 % . B ij eb 
is  e r  t u s s e n  de d r i e  h o g e r v e r m e l d e  to e s t a n d e n  z e e r  w e in ig  v e r s c h i l  
m e r k b a a r  en  s c h o m m e l t  de  s n e l h e id s v e r m in d e r in g  s t e e d s  t u s s e n  5 en 
1 5 % .

Ook h e t  g lo b a le  v e r l o o p  d e r  d w a r s k r a c h t e n  zow el v o o r  in -  a l s  v o o r  

d o o rg a a n d e  v a a r t  v e r to o n t  s t e e d s  h e tz e l f d e  b e e ld ,  z o d a t  d eze  n i e t  a l s  
v e r g e l i j k e n d  m a t e r i a a l  in  d i t  r a p p o r t  w e r d e n  o p g e n o m e n  en  e n k e l  v o o r  
T46 h e t  a lg e m e n e  s t r o m i n g s b e e l d  ( s n e lh e id  - r ic h t in g )  en  de d w a r s 
k r a c h t e n  w e rd e n  w e e r g e g e v e n  v a n  H .W .  - 2h. to t H .W .  + 2h . in b i j 
la g e  8 t  /m  13.

3 . 1 ,  A f w a a r t s e  a a n s lu i t i n g  v a n  de v o o r h a v e n  -  ( T 4 5 - 4 6 - 4 7 ) .

• • / .
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O p d e z e  b i j l a g e n  m e r k e n  we op d a t  v o o r  de in g a a n d e  v a a r t  de d w a r s 
k r a c h t e n  e n  v o o r a l  de  g r a d i ë n t e n  t i jd e n s  v lo e d  v r i j  g ro o t  u i tv a l le n  h e t 
g e e n  de v a a r t  in de r i c h t in g  v a n  B a a lh o e k s lu i s  v o o r  de g r o t e  d ie p l ig 
g e n d e  s c h e p e n  in d e z e  p e r io d e  p r o b l e m a t i s c h  k a n  m a k e n  en  deze  e e r 
d e r  z a l  b e p e r k e n  to t  de  p e r io d e  v a n  o m s t r e e k s  H. W .to t c i r c a  2H na  H. W. 

W at de d o o rg a a n d e  v a a r t  op de  W e s t e r s c h e ld e  b e t r e f t ,  in  de  r ic h t in g  ' 
v a n  of n a a r  A n tw e rp e n ,  z a l  d e z e  t . p ^ v .  de v o o r h a v e n  p r a k t i s c h  g e en  

h i n d e r  o n d e rv in d e n  v a n  de  a a n w e z ig h e id  v an  de  v o o rh a v e n  to t  B a a lh o e k 
s l u i s .

A ls  e e r s t e  c o n c lu s ie  k a n  g e s t e ld  w o rd e n  d a t  e e n  k r o m t e s t r a a l  van  
1800  m v o o r  de  a f w a a r t s e  a a n s lu i t in g  (T46) v a n  de  to e g a n g s g e u l  a a n  
h e t  v a a r w a t e r  v an  de W e s t e r s c h e l d e  h e t  m e e s t  o p p o r tu n e  c o m p r o m is  
is  t u s s e n  d e  n a u t i s c h e  b e z w a r e n  v a n  de p u n tv o r m  (T47) en  de w a t e r 
lo o p k u n d ig e  b e z w a r e n  v a n  e e n  k r o m t e s t r a a l  v a n  3600 m (T 4 5 ) .

3 . 2 .  O p w a a r t s e  a a n s lu i t in g  v a n  de to e g a n g s g e u l  -  ( T 4 6 - 4 8 - 5 0 ) .

U itg a an d e  v a n  T46 w e r d e n  tw ee  n ie u w e  o n tw e rp e n  v o o r  de  o p w a a r t s e  
a a n s lu i t in g  v a n  de to e g a n g s g e u l  in m o d e l  in g e b o u w d . In T48 w e rd  d e z e  
o p w a a r t s e  o e v e r  in p u n tv o r m  n a a r  de  v a a r g e u l  to e  u i tg eb o u w d , t e r w i j l  

d e z e  in  T 5 0  o v e r  c i r c a  é é n  k i l o m e t e r  la n g s  de  v a a r g e u l  e e n  h o n d e r d ta l  
m e t e r  w e rd  a c h t e r u i t g e b r a c h t  (z ie  b i j l .  3).

De s n e l h e i d s v e r m i n d e r i n g e n  o v e r  d e  d w a r s r a a i  1 1 7 -1 2 2 , w e e rg e g e v e n  
op  de  b i j l a g e n  4 en 5, w o r d e n  s a m e n g e v a t  in  v o lg e n d e  ta b e l ,  w a a ru i t  

b l i j k t  d a t  d e  v o rm g e v in g  v a n  d e z e  o p w a a r t s e  a a n s lu i t in g  p r a k t i s c h  
e n k e l  e en  in v lo e d  u i to e fe n t  op de e b s t r o o m .

T A B E L  1 M AX .

T 48 10 to t
T 46 20 to t
T 5 0 20 to t

VLOED M AX . EB

30% 5 to t  10%
30% 5 to t  15%
30% 15 to t  20%

V o o r  de n a u t i s c h e  a n a ly s e  w e rd e n  de  d w a r s k r a c h t e n  v o o r  d e z e  d r i e  

t o e s t a n d e n  s a m e n g e b r a c h t  in  b i j l a g e  14 t . e . m .  19 zow el v o o r  d o o r g a a n 
d e  a l s  v o o r  in g aan d e  v a a r t  v o o r  de  p e r io d e  v a n  H .W .  - 2h . to t  H .W .
+ 2 h .  D eze  d w a r s k r a c h t e n  b l i jk e n  v o o r  de d r i e  o n tw e rp e n  zo w el in a b 
s o lu t e  w a a r d e  a l s  in g r a d i ë n t  g lo b a a l  h e tz e l fd e  b e e ld  te  v e r t o n e n .
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W a a r  v o o r  de d o o rg a a n d e  v a a r t  de to e s t a n d  ook p r a k t i s c h  o n g e w ijz ig d  
is  g e b le v e n  t . o . v .  de TO to e s t a n d  z i jn  de  d w a r s k r a c h t e n  en  d e  g r a d i ë n 
t e n  v o o r  de  in -  en  u i tg a a n d e  v a a r t  t i j d e n s  v lo ed  v r i j  g ro o t .

A n a lo o g  m e t  de  a f w a a r t s e  a a n s lu i t in g ,  k an  g e s t e ld  w o rd en  d a t  T46 de 

m e e s t  a a n g e w e z e n  a a n s lu i t in g  l i j k t .  I m m e r s  T50 le id t  to t g r o t e  s n e l -  
h e id s a f n a m e  b ij  eb , t e r w i j l  b ij  T48 de  s t e i l e  g r a d i ë n t  van  de d a le n d e  
ta k  v a n  de d w a r s k r a c h t  o p t r e e d t  j u i s t  t e r  p l a a t s e  v a n  de o p w a a r t s e  

a a n s lu i t i n g  in de  s m a l l e  m o n d  g e s c h a p e n  d o o r  de  p u n tv o r m .  D e ze  
d a le n d e  ta k  v e r s c h u i f t  b i j  T46 en  T 50  w e l ie t s  n a a r  o p w a a r t s  m a a r  
b l i j f t  to c h  s t e e d s  a f w a a r t s  v a n  de o p w a a r t s e  a a n s lu i t in g  w a a r  o v e r  een  
r u i m e r  v a a r w a t e r  b e s c h ik t  w o rd t  h e tg e e n  dus u i t  n a u t i s c h  o o g p u n t  een  
v e r b e t e r i n g  i s .

3 . 2 . 1 .  V e rn au w d  s t r o o m p r o f i e l .

T e n e in d e  e e n  id e e  te  v e r k r i j g e n  v a n  de m o g e l i jk e  a a n z a n d in g  
in  de v a a r g e u l  w e r d e n  v o o r  T 4 6  en  T50 de  p ro e v e n  h e r n o m e n  

m e t  e e n  s t r o o m p r o f i e l  in de v a a r g e u l  d a t  o n g e v e e r  m e t  20% 
v e r n a u w d  w a s .  Dit le id d e  to t  T 49  en  T51 w a a rb i j  de s n e lh e d e n  
w e e r  n a g e n o e g  to t  hu n  o o r s p ro n k e l i jk e  w a a r d e n  b le k e n  t e r u g 
g e b r a c h t  (z ie  b i j l .  20 ) .  Uit o o g p u n t van  v a a r r u i m t e  e n  d i s c o n 
t in u ï t e i t  b l e e k  e c h t e r  d a d e l i jk  d a t  e en  d e r g e l i j k e  p r o f i e l v e r -  
m in d e r in g  te  v e r w e r p e n  i s .

3 . 2 . 2 .  _ V e r le g d e  v a a r l i j n .

D a a r  de s c h e p e n  w a a r s c h i j n l i j k  n ie t  h e t  m id d e n  van  de v a a r 
g e u l  z u l l e n  a a n h o u d e n  b ij  de i n v a a r t  v an  de to e g a n g s g e u l  w e rd  
v o o r  T46 de  in v lo e d  n a g e g a a n  v a n  e e n  v e r l e g g e n  van  de  t h e o r e 

t i s c h e  v a a r l i j n  n a a r  de  l i n k e r o e v e r  toe  (z ie  b i j l .  7 - T 46  b i s ) .  

Uit b i j l a g e  21 en  22 b l i jk t  d a t  de d w a r s k r a c h t e n  in a b s o lu t e  
w a a rd e  e n  g r a d i ë n t  h e tz e l fd e  b e e ld  v e r to n e n  v o o r  T46 e n  T46 

b i s .  W a a r  de o p g a an d e  tak  v a n  de d w a r s k r a c h t e n  v o o r  b e id e  
v a a r l i j n e n  s a m e n v a l t  b l i jk t  d a t  de  a fg a an d e  ta k  bij T46 b i s  z o 
w e l b i j  v lo e d  a l s  b i j  eb n a a r  a f w a a r t s  is  o p g e sc h o v e n  w a a r d o o r  
de s t e i l e  g r a d i ë n t  in  r u i m e r  v a a r w a t e r  v a l t .

De r e s u l t a t e n  v an  e e n  m e e r  n a a r  de l i n k e r o e v e r  toe g e le g e n  
v a a r l i j n  h o u d en  d u s  e e n  a a n z ie n l i jk e  v e r b e t e r i n g  in t . o . v .  de 
o o r s p r o n k e l i j k e  v a a r l i j n .
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3 . 3 .  P r o f i e l v e r r u i m i n g  van  de B o ch t v a n  W a ls o o rd e n  ( T 5 2 - 5 4 - 5 3 ) .

De g r o t e  d w a r s k r a c h t e n  b ij  v lo e d  in  de  h o g e r  o n d e r z o c h te  t o e s t a n d e n  

h e b b en  e r t o e  g e l e i d  na  te  g a a n  in  h o e v e r r e  w ijz ig in g e n  in  h e t  d w a r s 
p r o f i e l  v a n  h e t  Z u id e r g a t  b e t e r e  r e s u l t a t e n  zouden a f w e r p e n .  D eze  
e v e n tu e le  v e r b e t e r i n g  w e rd  g e z o c h t  in e e n  p r o f i e l v e r r u i m i n g  a a n  de 

r e c h t e r o e v e r .  D a a r to e  w e rd  de  t o e s t a n d  v a n  de B o ch t v a n  W a ls o o rd e n  
v an  h e t  j a a r  1963 (z ie  b i j l .  23) in m o d e l  in g e b r a c h t .

M et de  d r i e  h o g e r v e r m e l d e  to e s t a n d e n  v o o r  de o p w a a r t s e  a a n s lu i t in g  
van  de to e g a n g s g e u l  le id d e  d i t  r e s p e c t i e v e l i j k  to t  T 52  -  T54 -  T53 

(b i j l .  3) w e lk e  v o lg e n d e  g e m id d e ld e  s n e l h e i d s v e r a n d e r i n g e n  in  de 
v a a r g e u l  ( b i j l .  4 e n  5) g a v e n .

T A B E L  2 M AX.

T54 15 to t
T52 15 to t
T53 25 to t

V L O E D  M AX. EB

25% 5 to t  15%
25% 5 to t  15%

35% 15 to t  20%

Dat d e z e  w a a r d e n  n ie t  h o g e r  l ig g e n  d a n  d e z e  van  t a b e l  1 v in d t  z i jn  

o o r z a a k  in  h e t  f e i t  d a t  de p r o f i e l v e r r u i m i n g  t e r  h o o g te  v a n  de d w a r s -  
r a a i  " B a a lh o e k "  n i e t  m e e r  zo  u i t g e s p r o k e n  i s .  V bbr h e t  h a v e n t je  v a n  
W a ls o o rd e n  d a a r e n t e g e n  (R a a i  123 -1 2 7  -  b i j l .  23) v e r m i n d e r e n  de 

s n e lh e d e n  s t e r k  b e h a lv e  la n g s  de b in n e n b o c h t  op de o n d ie p e  p l a a t s e n  
d ie  m e e r  s t r o o m  t r e k k e n  (z ie  b i j l .  24 ) .  Op he t d e b ie t  d o o r h e e n  h e t  
z u id e r g a t  b l i jk t  d e z e  v e r r u i m i n g  p r a k t i s c h  g een  in v lo e d  u it  te  o e fe n e n  
z o a ls  b l i jk t  u i t  b i j l a g e  25.

Het g lo b a le  v e r l o o p  v an  de d w a r s k r a c h t e n  v o o r  de d r i e  b e s t u d e e r d e  
to e s ta n d e n  v e r t o o n t  t e r u g  h e tz e l fd e  b e e ld  ( b i j l .  26 t / m  31) z o d a t  d e 
ze lfde  c o n c lu s i e s  k u n n e n  g e t r o k k e n  w o r d e n  aan g a a n d e  d e  o p w a a r t s e  

b e g r e n z in g  v a n  de  to e g a n g s g e u l .  De d w a r s k r a c h t e n  v o o r  de d o o r g a a n 
de v a a r t  t u s s e n  W a ls o o rd e n  en  B a a lh o e k  b l i jk e n  g e s t e g e n  te  z i jn  

t . o . v .  d e z e  z o n d e r  p r o f i e l v e r r u i m i n g ,  h o e w e l  hun o r d e  v an  g r ö b t t e  
nog s t e e d s  t o e s t a n d e n ,  a a n w e z ig  e l d e r s  op de S ch e ld e ,  n ie t  o v e r t r e f t .  

Wat b e t r e f t  de d w a r s k r a c h t e n  v o o r  de in g a a n d e  v a a r t  ( b i j l .  32 t / m  34) 
kan  e c h t e r  g e s t e ld  d a t  d eze  in  a b s o lu te  w a a r d e  a lso o k  in  g r a d i ë n t  i e t s  

g u n s t ig e r  z i jn  d a n  d e z e  z o n d e r  p r o f i e l v e r r u i m i n g  in h e t  Z u id e r g a t ,  z o 
d a t  e e n  v e r r u i m e n  v an  de b o c h tv o r m  v a n  W a lso o rd e n  de  m o g e l i jk e  t i jd  
v an  i n v a r e n  k an  v e r g r o t e n .
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4 .  O N D E R Z O E K  W E R K H A V E N .

U it p r o e v e n  m e t  o p p e r v l a k t e d r i j v e r s  b le e k  v r i j  sp o ed ig  de s i tu a t i e  
b i j  m a x im u m  v lo e d  ( 1 5 h . ) s ig n i f ik a n t  te  z i jn .  T e v e n s  b le e k  e e n  s t e r k e  l a n g s t r e k 

k en d e  s t r o o m  (b i j l .  36) v a n a f  h e t  S c h o r  v an  B a a lh o e k  de  t e e n  v an  de  h a v e n b e 
g r e n z in g  a a n  de n o o r d w e s t e l i j k e  p u n t  v r i j  s t e r k  a a n  te  v a l l e n .  T e n e in d e  g een  
o v e r d r e v e n  t e e n b e s c h e r m i n g  te  m o e te n  a a n b r e n g e n  w e rd  d e z e  h a v e n b e g re n z in g  

v o o r z i e n  v a n  e en  k r i b  l o o d r e c h t  op de  s t r o o m r i c h t i n g  g e p l a a t s t  en  w e lk e  b ij 

a l  de o n d e r z o c h te  v a r i a n t e n  s t e e d s  a a n w e z ig  w a s .
B ij h e t  o o r s p r o n k e l i j k  o n tw e rp  (T 60) b le e k  b i j  v lo e d  a a n  de  kop v a n  de to e g a n g s -  
g e u l  e en  v r i j  s t e i l e  s n e l h e i d s g r a d i e n t  op te  t r e d e n ,  in de  h av en in g a n g  t r a d  e e n  

n e e r  op d ie  z ic h  b o v e n d ie n  to t  in  de  h a v en  z e lv e  g ing  u i t s t r e k k e n  n a a r m a t e  de 
v lo e d  v o r d e r d e .
In  de n e e r  w a r e n  s n e lh e d e n  w a a r n e e m b a a r  v a n  e e n  o rd e  v a n  g r o o t t e  v a n  
50  c m / s e c .  ’
U it de v o lg e n d e  p r o e v e n  b le e k  d a t  h e t  u i tb o u w e n  v a n  é én  of b e id e  h a v e n d a m m e n  
to t  a an  de v a a r g e u l  a l s m e d e  h e t  v e r p l a a t s e n  v a n  b e id e  d a m m e n  to t  v la k  la n g s  
d e  h a v e n g e u l  g e en  v e r b e t e r i n g  in  h e t  s t r o m i n g s b e e l d  g a f .

A l le e n  b ij  h e t  v o l le d ig  a c h te r w e g e  l a t e n  v a n  de  h a v e n d a m m e n  b le e k  de  n e e r v o r -  
m in g  in  de  h a v e n  te  v e r d w i jn e n  t e r w i j l  o v e r  de  to e g a n g s g e u l  e e n  g r a d u e e l  a f 

n e m e n d e  s t r o m in g  v a n  h e t  v a a r w a t e r  n a a r  de  h a v e n  to e  o p t r a d .

B ij  a l  d e z e  o n d e r z o c h te  t o e s t a n d e n  w as  de to e g a n g s g e u l  z o v e e l  m o g e l i jk  o o s t 
w a a r t s  g e r i c h t .  Bij d e  v o lg e n d e  p r o e v e n  w e rd  d e z e  g eu l d u sd a n ig  g e d r a a i d  d a t  
d e z e  lo o d r e c h t  op de  v a a r g e u l  d e r  W e s t e r s c h e ld e  kw am  te  s t a a n .  H ie r b i j  w e rd  
e v e n e e n s  de  in v a a r t  o v e r  de eb v e r g e m a k k e l i j k t .  Ook in d e z e  s i tu a t ie  le id d e  de  

a a n w e z ig h e id  v a n  h a v e n d a m m e n ,  h e tz i j  a f w a a r t s ,  h e tz i j  o p w a a r t s  of a a n  be id e  
z i jd e n ,  s t e e d s  to t  n e e r v o r m i n g  in  de  to e g a n g s g e u l  en in de h a v e n  z e lv e .
De a lg e m e n e  c o n c lu s ie  i s  d a t  de h a v e n d a m m e n  b i j  v lo ed  a l t i jd  a a n le id in g  b le k e n  

te  g e v en  to t  e e n  n e e r  m e t  d a a r b i j  nog  de m e e s t  u i tg e s p r o k e n  n e e r v o r m i n g  w an 
n e e r  d e z e  d a m m e n  v l a k  n a a s t  de  to e g a n g s g e u l  w a r e n  g e le g e n .

A a n g e z ie n  e e n  o o s t w a a r t s e  l ig g in g  v a n  de m o n d  v a n  de w e rk h a v e n ,  b e h a lv e  d an  
z o n d e r  h a v e n d a m m e n ,  g e e n  o p lo s s in g  te  z ie n  g a f  w e rd  in h é t  m o d e l  ook e e n  
v a r i a n t  o n d e r z o c h t  m e t  e e n  open in g  a a n  de n o o r d w e s t e l i j k e  k a n t  v a n  d e  w e r k 
h a v e n ;  e c h t e r  ook h i e r  b le e k  n e e r v o r m i n g  op te  t r e d e n .  B o v en d ien  w e rd  g e s te ld  
d a t  b ij r e a l i s a t i e  v a n  d e z e  o p lo s s in g  é é n  d e r  f u n c t i e s  v a n  de w e rk h a v e n ,  n .1 .

•  •  / «
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v lu c h th a v e n  v o o r  h e t  m a t e r i e e l ,  t i j d e n s  s t o r m  d o o r  de o n t s t a n e  open l ig g in g  
t . o . v .  he t  n o o r d w e s t e n ,  in  h e t  g e d r a n g  k o m t .

G e z ie n  de r e l a t i e f  g u n s t ig e  t o e s t a n d  w e lk e  o n ts to n d  b ij  h e t  w e g la te n  v an  de 

h a v e n d a m m e n  v o o r  de o o s t w a a r t s e  l ig g in g  v an  de  m ond  a a n  de w e rk h a v e n  
w e r d  b e s lo t e n  d e z e  v a r i a n t  n a d e r  te  o n d e r z o e k e n  w a a rb i j  u i t  n a u t i s c h e  o v e r 

w e g in g e n  de a s  v a n  de to e g a n g s g e u l  l o o d r e c h t  op  de v a a r g e u l  in  de W e s t e r -  
s c h e ld e  kw am  te  s t a a n  en  de  to e g a n g s g e u l  g r a d u e e l  v e r b r e e d  w e rd  van  70 m  
n a a r  150 m  n a a r  de S ch e ld e  toe  -  T74 , b i j l a g e  37 .

H e t s t r o m i n g s p a t r o o n  is  w e e r g e g e v e n  op  de b i j l a g e  38.

Uit e e n  v e r g e l i jk in g  v an  a l  de  v e r s c h i l l e n d e  o n d e r z o c h te  t o e s t a n d e n  b le e k  
d e z e  to e s t a n d  de  m e e s t  a a n v a a r d b a r e  o p lo s s in g  te  g e v e n .

5 .  C O N C L U S IE S .

5 . 1 .  V o o rh a v e n  B a a l h o e k s l u i s .

Uit h e t  v e r r i c h t e  m o d e lo n d e r z o e k  m e t  de  d a a r a a n  g ek o p p e ld e  h y d r a u 

l i s c h e  o v e rw e g in g e n  a l s m e d e  de d a a r m e e  g e p a a r d  g a a n d e  n a u t i s c h e  

a n a ly s e  g e b a s e e r d  op s t r o o m m e t in g e n  w e lk e  in de v e r s c h i l l e n d e  s i 
t u a t i e s  z i jn  u i tg e v o e r d ,  d ie n d e  de v o rm g e v in g  en  a a n s lu i t in g  v a n  de 
v o o r h a v e n  op de  W e s t e r s c h e ld e  te  w o rd e n  b e p a a ld  a a n  de hand  v a n  

de v o o r k e u r  v o o r  de  k o n f ig u r a t i e  v a n  d r i e  p a r a m e t e r s  te  w e ten  - 
a f w a a r t s e  a a n s lu i t in g  v o o r h a v e n  - r i v i e r ,  id em  o p w a a r t s e  a a n s l u i 
ting  e n  te g e n o v e r l ig g e n d e  o e v e r .

D eze  v o o r k e u r e n  z i jn  :

-  a f w a a r t s e  a a n s lu i t in g  : a f r o n d i n g s s t r a a l  1800 m .

- o p w a a r t s e  a a n s lu i t in g  : v o lg e n s  T46 ( o v e r e e n k o m s t ig  o o r s p r o n k e l i j k

o n tw e r p ) .

- t e g e n o v e r l i g g e n d e  o e v e r  : v o lg e n s  v e r r u i m d  p r o f i e l .

D eze  o v e rw e g in g e n  r e s u l t e r e n  b i jg e v o lg  in e en  v o o r k e u r  v o o r  de  
s i t u a t i e  z o a ls  d e z e  in T52 a a n w e z ig  i s .
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5 . 2 .  W e r k h a v e n .

V o o r tg a a n d e  op de  v e r s c h i l l e n d e  m o d e lp r o e v e n  k a n  g e s te ld  d a t  e e n  
to e g a n g s g e u l  l o o d r e c h t  op de  v a a r g e u l  z o n d e r  h a v e n d a m m e n  -  e n  

w a a r b i j  d e ze  t o e g a n g s g e u l  g r a d u e e l  v e r b r e e d t  v a n  70 m  n a a r  150 m  - 
n a a r  d e  S che lde  to e  de m e e s t  a a n v a a r d b a r e  o p lo s s in g  b ie d t .

T e n e in d e  e v e n e e n s  de s t e r k e  a a n s t r o m i n g  v a n  de  v lo e d  te g en  d e  n o o r d 

w e s t e l i j k e  punt v a n  de w e r k h a v e n  op t e  v a n g e n  d ie n t  a ld a a r  b i j  v o o r 
k e u r  e e n  o n o v e r s t r o o m b a r e  k r ib  u i tg e b o u w d  to t  t e g e n  he t v a a r w a t e r .  
D eze  o v e r w e g in g e n  r e s u l t e r e n  b i jg e v o lg  in  e en  v o o r k e u r  v o o r  d e  
s i t u a t i e  T74 w e e r g e g e v e n  op  b i j la g e  3 7 .

B o rg e  rh o u t ,  ju l i  1974.

De t i jd e l i jk e  in g e n ie u r  De H o o f d in g e n ie u r - D i r e c t e u r  De H o o f d in g e n ie u r - D i r e c t e u r  
b e l a s t  m e t  de  s tu d ie  v a n  B ru g g e n  en  W egen  v a n  B ru g g e n  e n  Wegen,

D i r e c t e u r  v a n  h e t  W ate rb o u w k u n d ig  
L a b o r a t o r i u m

i r .  F .  W ENS i r .  P .  R O O V E RS i r .  A . ST E R L IN G



L IJS T  D ER  B IJL A G  EL’

B i j la g e  : 1 
2
3
4

5
6
7

8 

9
10
11

12
13
14
15
16
17
18

19
20

21
22
23

24

25
26
27

28

29
30
31

S i tu a t ie p la n  W e s t e r s c h e l d e m o d e l .
O o r s p r o n k e l i j k  o n tw e rp  T45 -  inb o u w  m o d e l - p l a n  B 4 . 7310452 . 
O n d e rz o c h te  t o e s t a n d e n  v o o r h a v e n  B a a lh o e k s lu i s  . 
S n e lh e id s v e r m in d e r in g  t . o . v .  T0 to e s t a n d  15h00 - v lo e d .  

S n e lh e id s v e r m in d e r in g  t . o . v .  T0 to e s t a n d  19h00 -  e b .
D r i jv e r f o to  T 5 2 v a k 6 / 9  15h00 .
O o s p r o n k e l i jk e  v a a r l i j n  (T 45 t / m  T54) en  v e r l e g d e  v a a r l i j n  (T 46  b is ) .  
D w a r s k r a c h t e n  en  s n e lh e d e n  9 m - d r i j v e r s  T 4 6 : 14h 0 0 .

" 15 h 0 0 .
" 1 5 h 3 0 .
" I 6 h 0 0 .

" 17 h 0 0 .

" 1 8 h 0 0 .
D w a r s k r a c h t e n  T46, T48, T50 :1 4 h 0 0 .

" 15 h 0 0 .
" 15 h 3 0 .
" I 6 h 0 0 .
" 17 h 0 0 .
" 1 8 h 0 0 .

G e m id d e ld e  s n e lh e d e n  o v e r  h e t  v a a r w a t e r  v an  de B o ch t v an  W a ls o o rd e n  
T 40 , T46, T49 
T 40 , T50, T 5 1 .

D w a r s k r a c h t e n  T 4 6 , - T 4 6  b is :  14h00 ,15h00 ,15h30  .

I 6 h 0 0 t1 7 h 0 0 ,1 8 h 0 0 .
V g l .  b o d e m to e s ta n d  1971-1963  r e c h t e r o e v e r  v a a r g e u l  -  m e e t r a a i  
W a l s o o r d e n .

G e m id d e ld e  s n e lh e id  r a a i  W a ls o o rd e n  T46 - T 5 2 ; 15h00 en  1 9 h 0 0 . 
D e b ie t s k r o m m e n  r a a i  W a ls o o rd e n  T46 , T5 2 .
D w a r s k r a c h t e n  T 52 , T 5 4 f T 5 3 : 1 4 h 0 0 .

"  1 5 h 0 0 .
" 1 5 h 3 0 .

" I 6 h 0 0 .
" 17 h 0 0 .
" 1 8 h 0 0 .

/



v l o e d .32 D w a r s k r a c h t e n  T46, T 5 2 :1 4 h 0 0 ,1 5 h 0 0 ,1 5 h 3 0  -
33 " T48, T54 "
34 " T50, T53 "

35 O o r s p r o n k e l i j k  o n tw e rp  w e r k h a v e n - T 6 0 .

36 D r i j v e r f o t o 's  T 60  v ak  6 / 0  15h00 v lo e d  en  19h00 eb  .
37 V o o r g e s t e ld  e in d o n tw e r p  w e rk h a v e n  T 7 4 .
38 D r i j v e r f o t o 's  T74 v a k  6 / 0  15h00 v lo e d  en  19h00 e b .
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W
L. 174.281

BAARLAND

Baalhoekkanaal

HOEDEKENS-
KERKE

ANTWERPEN

Bochtafsnijding bij Bath



V I I  / WA T E R B O U W K U N D I G  
\ T l l  /  LA B OR A T O RI UM

T  / borgerhout antwerpen
M0D 303/2 VOORHAVEN BAALHOEKSLUIS Bijlage 2

Schaal: 1/ 10.000 
1/ 500

OORSPRONKELIJK ONTWERP T 45 
INBOUW MODEL - VOLGENS PLAN B4.7310452

Nederl. rechth. koord, 
hoogte en dieptelijnen

! r /
/

/

/
.X

/

122

\oo.

299..

_  - a r s ?
,5 °

—•-'7a?r **
ta lu d  a a n s lu ite n d  
op h e t b e s ta a n d e

021

t r ° "  -19.4Q_

B-B
♦8.50

7.o9

V 5

♦ 4.50

DOORSNEDEN

N A P .
JÜ_5

38.10

1 kruin op ♦A.S

19.40

B

SCHAAL 1:500
A-A

CL25

5.00

♦4.50
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^ : : ~ L  M O P . 3 0 3 /2  V O O R H A V E N  B A A L H 0 E K S L U 1 S  | B ijla g e  4

SChaa‘ I #or!''3 / 2S 000 S N E L H E ID S V E R A N D E R IN G  IN  %  t.o .v. D E  T0  T O E S T A N D  (TA O )
V L O E D  15 h 0 0

- i^  .■£: 117 118 119 120 121 122 .*_  punten m eetraai
ir& I I I J I I zie  b ijlag e  2

I UB 'm 126 m 136 m 12Bmnat. 1 ’  3i , ■ m « ■ - —m > ■■» + »f
•i;,*
J-?;
$  OEMIDD.

|T40 |l47,lcmA|
ij  *  p ' - iy i%
b L M ^ L _____ :_________________L  Tt71-6207._______________ ______________________________

■•■■’•' » |T461-21,07%
1 ■-;■/, \ 148 -11,767.
---------br.--------------------------------- 1------ It5oI-2IJQ47.---------------------------------------------------------------------------

• V I |T52| -16,18%. r ‘\ -
2 \ T54 -16,807.
-------- .-------------------------------------- 1-----It531-22)77.1--------------------------------------------------------------------------- iV r'.

-------------- f c -

4  I  ______  ______  ______ ______ /•?■•'■■• OEMIDD.
• |  I64cm/i 146cm/s I06cm/i 90em/j pT.fïïÖ I26cm/s
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O____ ^ ___________________  1 1-26837.1 1-35,617.1 1-34907.1 1-31,117. I / V- - IT50I-32.H7.

I f-16467. |-23297. | |-3(M97. |-33337.l ƒ |T52|-25,817.1
7  ••• •* I -14,497. -23,717. -27,967. -39,227. >V T54 -2*347.
-1------- -----------—---------------------------- j -------1-28,057.1---- I-28Q87.I__ |-q39V.|__ h^ll •uL/^ 1 '  |T53[-35j57.

-  ■ & 1 _____ _ » f r ' l
-  -----^ ------------------ ------------------ \------ |l59cm/j--------------------------------------/ ^ '  /

o  I Hi.957. / ; . •  ƒ
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TOEGANGSGEUL J ƒ

12 | |l42cm/jj ƒ  .7 ƒ
I ^,797. TT77 |

^ L ® 0  - 7  .* /
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I -12677, 5 /V ' ƒ /
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IC I |125cm/s| /M; /
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T J 1 W ATE RB OU WK UN DIG
L A B O R A T O R IU M

ivjul ncn MOD. 303/2 VOORHAVEN BAALHOEKSLUIS Bijlage 5

Schaal vert. I /  100 
hor. 3 /25.000 SNELHEIDSVERANOERING t.o.v. DE T0 TOESTAND (U0)

EB 19 h 00

L.O.

W L.|74.285l



W WATERBOUWKUNDIG 
LABORATORIUM 

_bo_rgerhout aniwerpen 

Schaal 1 /10.000 
Snelheidsschaal 1 cm= 0,6 m/s 

MOD. 30312 VOORHAVEN 

DRIJVERFOTO 
Î 52 15h00 

9 m 
VL 

BAALHOEKSLUIS Bijlage 6 

drijvers ) 



W
L.

17
fe

.2
87
w W A T  E R  B O U W K U N D I G .  

L A B O R A T O R I U M

MOD 303/2 VOORHAVEN BAALHOEKSLUIS Bijlage 7

Schaal 1/20.000 OORSPRONKEL'JKE VAARL'JN ( T45 t.e.m.T54) 
EN VERLEGDE VAARLÜN ( T 46 bis )

Nederl. rechth. koord. 

Hoogte en dieptelijnen 
in m t.o.v. N.A.R

R 2
2 +

Oorspronkelijke vaar lijn ( Tfe5 t.e.m. T5fe)|
BEGINPUNT MIDDENPUNT

X Y X Y
1 86. 491 87.941
2 86.620 89.740 84.180 89.915
3 86.548 90.530
fe 88.140 90.000
5 86.660 91.480 88.440 93.260
6 86.003 92.627 84.169 92.150
7 84.537 94.710

Verlegde vaar lijn ( T 46 bis )

BEGINPUNT MIDDENPUNT
X Y X Y

4' 88. U 0 90.100 88.075 92.995
5* 86.660 91.580 84.130 91.969
6’ 86.138 92.491 -

6’4

6 +v

R 6

R6'

*o

/

/;

90.000

t
I
I

A t

■ /
/

/<■.
/ .

i A
/ :

A

I
/

t/

g s m

92.000

93.000

+ 5

94.000



O  V  I §  '• \  \  V  f * "  \  W '  ' W ~ j  W ATERBOUW KUNDIG ^

5 ) \ °  \  \  \  '*•• V i l /  LAB0RAT0RIUM MOD. 303/2 VOORHAVEN BAALHOEKSLUIS Bijlage 8

\  \  ' \  \  X  ■'•••.. Schaal *  ̂20.000 DWARSKRACHTEN EN Nederl. rechth. koord.: - \  | V \  \ ^  1 k l u i f t  I SNELHEDEN (9m drijvers) U6 UhOO j  !T T  " . ^ ‘T

) r i>-
^ ---------------------- --— f----------- -—  ---------  ______________ — — __________ 86 000

\7 \ v. V \ \  1 V>5|x*# ./^i**** *"**'
\^ jj| 9 I [Dwarskrachten ----

■ W m ' A  k \  ..'........................ /  \  1  I  §

85 000__:_____________________ 5 _____________________________________________________________________________________________________________________^ _____ ___________ _____________________ 88 000

| Dwarskrachten | "~""””""""""~""™'""~"
TUKROMME HANSWEERT \  W W &L

j " 1 ‘ ' 7 — ~ — ^-------------------------— - — ...........- •  , i m

i -----------------------1L---------- \ —  vc*% ^ ' " i~*s  X7"Xi7~^-M» ï .M  _r5z . — ^  -
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8 9 »0 11 12 13 14 15 16 17 18 19 20 21 M.E.T. \ ^ \  t

S  S . ** o  o
_|_ • °  9 \  418 °. §

WL. I74V286 I_______;____________________________ ___.________________ 8 |______________________ Sj|________ \ ________________________ \  \  5 |______________________ sj_________________
r. •



r ^m— WATERBOUWKUNDI G 
\ T  i  f  /  LABORATORI UM

■ ^  / borgerhout antwerpen
MOP. 303/2 VOORHAVEN BAALHOEKSLUIS Bijlage 9

Schaal t /  20.000
Krachten schaal i cm = 0,1 m2/s 2
Snelheidsschaal 1 cm = 1,2 m /s

DWARSKRACHTEN EN 
SNELHEDEN (9m drijvers) T46 15h00

Nederl. rechth. koord. 
Hoogte en dieptelijnen 
in m t.o.w. N A P.

84.000

85.000

(m ) 6

86,000

T'JKROMME HANSWEERT

N.K 0

Dwarskrachten

8 9 10 11 12 13 H  15 16' 17 18 19 20 21 M.E.T.

67.000

s
88.000

2,5 m*. • • • .

86.000

87.000



V V V  / WATERBOUWKUNDI G 
\ J  J  ƒ  LABORATORI UM

i  borgerhout antwerpen
MOD. 303/2 VOORHAVEN BAALHOEKSLUIS Bijlage 10

Schaal 1 /  20.000
Krachten schaal 1 cm =0,1 m2/s 2
Snelheidsschaal 1 cm s 1,2 m /s

DWARSKRACHTEN EN 
SNELHEDEN (9m drijvers) T4S 15 h 30

Neder], rechth. koord. 
Hoogte en dieptelijnen 
in m t.o.v. N.A.P.



\ W W /WAltHBOUWKUNDIG \ ▼ k T / LABORATORIUM

T 7 nnrjo'nrui* aniwprnon
MOD. 303/2 VOORHAVEN 'BAALHOEKSLUIS Bijlage 11

Schaal 1 / 20.000 
Krachtenschaal . i cm =0,1 m2/s 2 
Snelheidsschaal l cm = l,2 m /s

DWARSKRACHTEN EN 
SNELHEDEN (9m drijvers) TAS 16 h 00

Neder! rechth. koord. 
Hoogte en dieptelijnen 
in m t.o.y. N A P.

84.000

85.000

N.K.D

86.000

* r '
2B

•—s -#
«%S *s>: 5*

87.000

I Vaarlijnl

T1 JKROMME  ̂ HANSWEERT

88.000

(Dwarskrachten! .

86.000
2,5 m"*

Vaarlijn

6 9 10 tl 12 t3 H  15 16 17 16 19 20 21 M.E.T.

WL. 174̂ 2911

• 10,5 rrf

ia  ^  w

s s

87 000



o  \  O  '•  \  \  \ \  ■ V ~ W — W "7  W ATERBOUWKUNDIG

i 5  1 \  5  - \  \  \  ••• y J k U  LAB0RAT0," UM M O D . 3 0 3 /2  V O O R H A V E N  - -  B A A L H O E K S L U  IS  B i j la g e  12

I \  \  \  \  \  ' ■ • • • . . .  Schaal W  20.000 D W A R S K R A C H T E N  E N  . Nederl rechth. koord.
. \  \  ;  \  \  \ .  Krachten schaal t cm =0,t m Vs‘  .  ' . H oogteen dieptelijnen

j ) ' ' ' 'X  ^ ^ ^ NSs\  Snel^ e idsschaa l. 1 cm = 1,2 m/s|  Q ~X in m t.o.v. N.A.P.

K

~ ~ ~ ~

............................

6 '■ v a ,  - v *  ----------------------------

F * 1™  *  ^ r »

i a  o  o
j § § §_______________s)______;_____ s|_________ 88.000

-—̂ ^--jD w irskT aijh ti^ ' - -..,
_  N ^ V ___________________•■ __________________ __________ ______________________  86.000

^  V a a r l i jn  1

, 9 t h & * *  x *

N . K . D --------------------------------------------------------------------- T T  V X
8 9 10 11 12 13 H  15 16 17 16 19 20 21 M.E.T.
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\ W  W  J  WAI bHBOU WKUNOIG 
\  ▼ * f  / L A BOR ATORI UM

w / hnrnprhoiit antwprnpn MOD. 303/2 VOORHAVEN BAALHOEKSLUIS Bijlage 13

Schaal 1 / 20.000.
Krachten schaal i cm = 0,1 m2/s 2 
Snelheidsschaal 1 cm = 1,2 m/s

DWARSKRACHTEN ! EN
SNELHEDEN (9m drijvers) U 6  18h00

Nederl. rechth. koörd. 

Hoogte en dieptelijnen 
in m t.o.v. N A P.

WL.l7Ä^293l



O  \  I o  ' • \  \  V • V~W— W “7 W A T E R B 0 U W K U N D I G

s ) \ s  \  \  \ ’*■-.. V ^ / , : : B: AT: : 1  MOD. 303/2  VOORHAVEN BAALHOEKSLUIS Bijlage u

.* \  \  " \  \  ' V  ’ ■-. Schaal I / 20.000 Nederl. rechth. koord.
\  \  \  \  N \  " Krachten schaal . cm =0,1 m2/s 2 DWARSKRACHTEN U 6  U 8  T 50 U h 0 0  Hoogte en dieptelijnen l_

9 5 — ---------------------------------------------------__________________________________________________________________________________________________________________ “ L ______________________________ S ______________________________ ® ___________ 88.000

Y t | *  ' v X ^ -  jDwars kracht !’ -. """

*  8 9 10 11 12 13 H  15 16 17 18 19 20 21 M E T. \ ^ V

+  I  I  ^ x V  I  ItsELUfeJuHi__________________________ ;_______________ «I________________ a l: \ ______\ \  si________________ s|_____________



\  o |  \  I °  • \  \ \  *. V W  W  / WA T ERBOUWKUNDI G

§ \  l S  ' \  y \  •. “ borator.um mOD. 3 0 3 /2  VOORHAVEN BAALHOEKSLUIS Bijlage 15
I \  O* * \   ̂ \  • .  T borgerhout antweroen

/  \  \  Schaal 1 / 20.000 Nederl. rechth. koord.

.......... \  \  \  \  Krachten schaal I cm =0,1 m2/s2 D W A R S K R A C H T E N  T 4 6  T 4 8  T 5 0  1 5 h 0 0  Hoogte en dieptelijnen * I

N K.D —  —  —  ̂ --------------------------------------------------
e 9 10 11 12 13 K  15 16 17 18 19 ZO 21 M.E.T. \  \

I • ë  o  \  N . N y  §  °
" T ~  c*> rs| W \  \  \  g  g

W L.l7t 2951__________________________________________ ____________________________ 2J____________________________ 21-----------------------  X  ^ -------------------- X  >------ 21----------------------------------------------- 21-------------------------------------
I

I



' • O  \ o  • \  \  \  r ~ m — W- 7  W A T E R B O U W K U N D IG

°  \  \ °. ' \  \  \  V i l /  LAB0HAT0HIUM MOD. 303/2 VOORHAVEN BAAlHOEKSLUIS Bijlage 16
, W  /  \ o *  * \  \  * • , T borgerhout antwerpen

(  \  ' * \  \  Schaal 1 / 20.000 NederL rechth. koord.

...........  \  \  \  \  \  ’■ Krachten schaal i cm = 0,1 m2/s 2 DWARSKRACHTEN T 46 T48 T 50 15h30 Hoogteen dieptelijnen

^  ^  T5°  “   ̂ jpwarskrachtl

^  _ _ | _______________________________________________________________________________________________________________ . 87000

95.000______________________________ ^  ________________________ _|_ ________________________________________________ 5 ______________________________§ ______________________________ S _________________88.000

X ^ ilN lk  IDwarskrachtl^ -—  ~~ mmmmmmmmm^

TUKROMME HANSWEERT \  f $ f &  ^  ' • . .
J m ^ --------- ---------------------------------------------------------- ■ ^  ^  ^  ^  _ . , -  86.000

8 9 10 11 12 13 H 15 16 17 18 19 20 21 M.E.T.

I O  O  X  > K  ° .  ° .

W L j7 c i9 6 l________________;__________________________________________________________________________ £ | j______________________________ 3 j___________ \ __________________________________________________ \  \  ° l ______________________________ ®1_______________________



*. O  \  O  • \  \  \  y w — W ~7 WATERBOUWKUNDIG

°  \  9 \ \  \  • \  ' VkU  LABORATOR,UM MOD. 303/2 VOORHAVEN BAALHOEKSLUIS Bijlage 17
m jf* I \  0> * \  \  >. * • w ^  /  borgerhout antwerpen

(  \  ' \  \  \ -  Schaal 1 /  20.000 Nederl. rechth. koord.

...........\  \  \  \  Ns' v\  Krachten schaal i cm =0,1 m2/s 2 DWARSKRACHTEN T 46 T48 T 50 16 h00 Hoogte en dieptelijnen

______________________ _ j __________ _ ^  ^  _____________86.000

; \  l  \  T 50  ID w a r sk ra c irn ^ ^ ^ ^ ^ C ^ ^ ’v ^ ^ ^ ____j

84.000 ________ !__________________ ,____ 87 000

Xx̂ ^m-'A r r .......§ § §
95.000 _____________________________ \ ^ y j | | p \  *« \  \  . '_____________________________|_ ___________________________ m ______________________________ S _________ __________________  » ________________ 88 000

T'JKROMME HANSWSERT ^  ' " • • • . .

fm J 6̂ ----------------------------------------------- \  ̂ ‘ ' '' 25  ̂ ‘ '05 '. ■ ’' ' * 8 9^ 000

8 9 10 U 12 13 14 15 16 17 18 19 20 21 M.E.T.

o °  \  o o

WL.1742971_______________________________ !----------------------------------------------------------------------------El---------------------------------------------------Si----------- ------------------------------------------  A  A > ^1---------------------------------------------------S-------------=------------- ----------- ■
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S  \  \ °  \  \  \  l a b o r a t o r ,u m  M O D .  3 0 3 / 2  V O O R H A V E N  B A A L H O E K S L U I S  B i j l a g e  1 8

• 0 ) J \  d* • \  \  N a * .  . l — !7 DOfgerhout antwBrpen

• (  \  \  \  \ .  S c h a a l  I / 2 0 . 0 0 0  N e d e r l .  r e c h t h .  k o o r d .

............ \  \  \  \  K r a c h t e n  s c h a a l  i c m  =0.1 m 2/ s 2  D W A R S K R A C H T E N  T  4 6  U 8  T  5 0  1 7 h 0 0  H o o g t e  e n  d i e p t e l i j n e n
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