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1. Introduction

A  m as te rp lan  to  s tren g th en  w eak  links in  the  Belgian coastal defence line w as  estab lished  a n d  ap p ro v ed  by the 
F lem ish  go v ern m en t in  2011 (A fdeling  K ust & W ate rb o u w k u n d ig  L abora to rium , 2011). O ne of the m easu res 
ou tlin ed  in  th is p lan  is reduce  th e  risk  o f w av e  o v e rto p p in g  a t the  B elgian coastal to w n  o f W en d u in e , by 
construc tion  o f a new  w av e  re tu rn  w all o n  to p  o f th e  existing  sea d ike. T he geom etry  o f the n ew  w av e  re tu rn  
w all w a s  o p tim ised  b y  perfo rm ing  w av e  o v e rto p p in g  tests  u s in g  bo th  a 1:25 scale physica l m odel and  num erica l 
m odel. R esu lts from  w ave  o v e rto p p in g  tests  a re  described  in  (Veale, e t al., 2012).

W ave load  m easu rem en ts  a re  a lso  req u ired  fo r d e ta iled  d esign  of th e  p ro p o sed  w av e  re tu rn  w all. This 
ab strac t o u tlines  th e  experim en ta l se tu p  an d  p re lim in a ry  m easu rem en ts  from  physical m odel tests  to  d e te rm in e  
w ave  lo ad in g  on th e  p ro p o sed  w av e  re tu rn  w all d u rin g  ex trem e s to rm  events.

2. Background

T he fo resho re  a t W en d u in e  is v e ry  shallow  an d  there fo re  w av e  b reak in g  p lay s an  im p o rtan t ro le for w ave  
lo ad in g  of th e  p ro p o sed  w av e  re tu rn  w all. Physical an d  num erica l m odel tes ts  h av e  show n  th a t th e  sw ash  zone 
o ffsho re  of the ex is ting  sea  d ike a t W en d u in e  is characterized  by  th e  g en era tio n  of low -frequency  w aves d u e  to 
w av e  b reak ing , an d  th e  fo rm ation  of so lita ry  bo res w h ich  co llapse  a t the  sho re line  an d  th en  p ro p ag a te  u p  the 
beach  face, as ind ica ted  in F igure  1. T his fin d in g  h a s  a lso  been  observed  in  p rev io u s  s tu d ie s  o n  w av e  p ro p ag a tio n  
o n  shallow  fo reshores (see e.g. Z ijlem a, e t al., 2011; v an  G ent, 2001)

T rad itio n a l em pirica l m e th o d s to  p red ic t w av e  forces o n  b reak w ate rs  a n d  vertical w alls  (see e.g. G oda, 2000; 
K ortenhaus, 1999; T akahash i et al., 1994) h av e  been  d ev e lo p ed  from  physical m o d e l experim en ts  largely  focused 
o n  d eep  w a te r w av e  cond itions. These em pirical m e th o d s  d o  n o t necessarily  a p p ly  for th e  shallow  fo resho re  a t 
W en d u in e , a n d  there fo re  investiga tion  in to  w ave  lo ad in g  on  th e  p ro p o sed  w av e  re tu rn  w all a t W en d u in e  are 
being  ca rried  o u t a t F landers  H y d rau lic s  R esearch laboratory .

t =  0.00 s (model) t = 0.36 s (model) t = 0.52 s (model)

Figure 1. Physical and num erical m odel depiction of largest overtopping  w ave during  sim ulation  of 1000 year storm.
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Figure 2. (a) W ave im pact pressure m easured w ith  load cell on  vertical w ave wall du rin g  test of 1000 waves; (b) w ave im pact 
pressure m easure w ith  load cell (thick line) and  in tegrated  from  pressure  sensors (thin line) for largest overtopping  wave

3. Experimental Methods

A  1:25 scale, tw o -d im en sio n a l cross-sec tion  of the  ex is ting  sea-d ike  an d  fo reshore  a t W en d u in e  w as  construc ted  
in  the  la rg e  w av e  flum e a t F landers  H y d rau lic s  R esearch  labora to ry , w ith  d im en sio n s 70 m long , 1.4 m  h ig h  and  
4 m  w ide . W ave o v e rto p p in g  tests  hav e  in d ica ted  th a t a  stilling  w av e  basin  a rran g em en t, consis ting  o f tw o 
app ro x im ate ly  1.1 m  h ig h  w alls  (w ith  p a rap e ts) sep a ra ted  by  10 m , m eet th e  to le rab le  m e a n  w av e  o v e rto p p in g  
d ischarge  criteria  o f q  < 1 1 /s /m  a n d  q  < 100 1 /s /m  fo r the  respective  1000 Y ear S to rm  a n d  +8.0 m  TAW  
S upers to rm s, as re q u ire d  b y  th e  F lem ish  C oasta l Safety M as te rp lan  (A fdeling  K ust & W ate rb o u w k u n d ig  
L abora to rium , 2011).

M easu rem en ts  o f w av e  lo ad in g  (force a n d  p ressu re ) on  the  seaw ard  w all, th e  second  stilling  w av e  basin  w all 
an d  on b u ild in g s  s itu a ted  on  th e  sea  d ik e  a re  req u ired . To m easu re  h o rizo n ta l a n d  vertica l w av e  load ing , an 
a rray  of p re ssu re  senso rs  an d  load  cells w ill b e  in s ta lled  in  th e  w alls  an d  b u ild in g  e lem ents. T he p re ssu re  sensors 
an d  load  cells w ill be lo g g ed  a t 1000 H z  in o rd e r to  c ap tu re  b o th  "p u lsa tin g "  w av e  lo ad s as w ell as an y  po ten tia l 
" im p ac t"  w av e  lo ad s re su ltin g  from  th e  so lita ry  bores.

Force and  p re ssu re  m easu rem en ts  w ill be m a d e  fo r th e  en tire  m odel ru n  (i.e. 1000 w aves) in  o rd e r to 
m easu re  the  m ax im u m  h o rizo n ta l a n d  vertical forces from  a tests  of 1000 w aves, an d  to  a llow  probabilistic  
descrip tio n s o f th e  m easu red  d a ta  to  be d eriv ed . A n  exam ple  of w av e  im p ac t p re ssu re  m easu red  b y  th e  w ave 
lo ad  system , d u rin g  a te s t o f 1000 w aves, is illu s tra ted  in  F igure  2.
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