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1. Introduction

W ide crested  d ik es are  o ften  b u ilt a lo n g  coasta l to w n s (eg. B elgian coast) b o th  as coastal p ro tec tion  an d  
recrea tional p ro m en ad e . A  lot of ap a rtm en ts  a n d  recrea tiona l facilities a re  b u ilt on  these  d ik es close to the  sea. 
T hereby  these  construc tions are u n d e r  risk  d u rin g  s to rm  su rges. B uild ing vertical s to rm  w a lls  on  the d ike crest 
can  be  a so lu tion  to  red u ce  the flood ing  risk  o f such  coastal cities (F igure 1. left). Schem atic illu s tra tio n  o f the 
o v e rto p p in g  bore im p ac t on  s to rm  w a lls  is sh o w n  in  F igure  1 (right). H ere, the o v e rto p p in g  bore flow s a lo n g  the 
d ik e  c res t an d  h its  the vertical w all, a n d  o v erto p s  again . T he rem a in in g  w a te r flow s back to  the  sea. If th e  d ike 
crest is longer th a n  a few  m eters , th e  o v e rto p p in g  w ill be sign ifican tly  red u ced  as the k inetic en erg y  can  be 
d iss ip a ted  o v e r th e  crest.

D esign ing  of such  s to rm  w a lls  req u ires  d e te rm in a tio n  of h y d ro d y n am ic  lo ad in g  d u e  to  th e  o v e rto p p in g  
bore. H o w ever, th is  is n o t s tra ig h tfo rw ard  as no  em pirica l fo rm u las  a re  g iv en  in  th e  lite ra tu re  fo r th is ty p e  of 
configu ra tion . T herefore , large scale physica l m odel experim en ts  w ere  carried  o u t as a jo ined  research  project 
b e tw een  G h en t U n iversity  (Belgium ) an d  F o rsch u n g szen tru m  K üste (G erm any), in  o rd e r  to  quan tify  th e  im pact 
lo ad in g  on  sto rm  w alls d u e  to  o v e rto p p in g  bore.

Figure 1. Typical Belgian coastline (left), schematized overtopping bore impact on a wall (right)

2. Experimental setup

T he Large W ave F lum e in  H an n o v er has a leng th  o f ab o u t 300 m , a w id th  of 5 m  an d  a d ep th  o f 7 m . A ll th e  tests 
w ere  carried  o u t a t 1:1 scale on  a  d ike  w ith  a  slo p e  of 1:3 a n d  crest he ig h t o f 6.5 m  fo llow ed by  a ho rizon ta l 
sec tion  of ab o u t 10 m  (F igure 2. left). T w o sto rm  w alls  (vertical an d  horizon ta l plates) a re  insta lled  a t th e  en d  of 
th e  d ik e  crest (F igure 2, righ t). T w o d iffe ren t h y d rau lic  co nd itions a re  considered  d u rin g  the experim ent:
•  Fu lly  c losed  w all (gaps betw een  th e  w alls  a re  closed)
•  P artia lly  c losed w all (gaps b e tw een  th e  w alls  a re  o p en  to le t th e  w a te r  evacua te  b e tw een  the w alls).

Storm w all

/

Figure 2. Cross section of the dike and storm wall at the end of the crest (left), storm walls (right)
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Series of tes ts  w ere  p e rfo rm ed  w ith  reg u la r w av es an d  JO N SW A P spectra , w ith  w av e  he ig h ts  ran g in g  from  
1 m  to  1.6 m , p e rio d s  o f 6 s to 12 s, an d  free b o a rd  he ig h ts  of 1.5 m  an d  2 m. S im u ltan eo u s m easu rem en ts  of 
p re ssu re s  and  forces a t th e  w alls , w av e  co nd itions in  the  flum e an d  the p a ram e te rs  in c lu d in g  th e  layer 
th icknesses a n d  velocities of th e  o v e rto p p in g  b o re  a t th e  d ike  crest also m easu red . F u rth e r de ta ils  o f the 
experim en ta l se tu p  in c lu d in g  th e  m easu rem en t e q u ip m e n t o n  th e  s to rm  w a lls  can  be fo u n d  in  V an D oorslaer 
et.al (2012) an d  R am ach an d ran  et.a l (2012).C o m p ariso n  o f th e  m e a su re d  forces an d  in teg ra ted  p re ssu re s  an d  the 
d is tr ib u tio n  of th e  im p ac t loads o v e r th e  he ig h t o f th e  w all a re  fu lly  trea ted  in  R am ach an d ran  et.a l (2012).

E xperim en ts w ith  reg u la r w av es a re  tre a ted  in  th is p a p e r  as th ey  can  be  u sed  to  h av e  a b e tte r u n d e rs ta n d in g  
o f th e  hy d rau lic  beh av io r (flow  d e p th  an d  flow  velocity) in  reflective cond itions. Irreg u la r w av es  h av e  a h igh ly  
com plex  beh av io r on  th e  crest w h ich  req u ires  m ore  soph istica ted  ap p ro ach , an d  a re  trea ted  sep a ra te ly  in  De 
R ouck e t.a l (2012).

3. Main processes

Incom ing  w av es b reak  a t th e  d ik e  su rface a n d  o v e rto p p in g  occurs d u e  to  w av e  ru n -u p . A t the  tran s itio n  line 
from  th e  seaw ard  slo p e  to  th e  d ike  crest, th e  ru n -u p  sep a ra te s  in to  tw o  flow  fields (S ch ü ttru m p f an d  O um eraci., 
2005). T he p o rtio n  of th e  w a te r p a ss in g  th is lin e  flow s over th e  c res t a n d  re su lts  in  overto p p in g . T he res t flow s 
back to  th e  sea  as w av es  ru n -d o w n . T he o v e rto p p in g  to n g u e  a rriv es  a t th e  d ike  crest as a tu rb u len t bo re  a n d  hits 
the w all (F igure 3.a, b). T he reflected  bore  flow s to w a rd s  th e  w av e  flum e. In  the  second  o v e rto p p in g  p h ase , th e  
reflected  bore  in te rac ts  w ith  th e  incom ing  bore  befo re  it flow s back to  th e  flum e (F igure 3.c). T he energy  o f the 
incom ing  w av e  is red u c e d  d u e  to  th is  in teraction .

Figure 3. O vertopping  bore a) arrives a t the dike crest b) hits the walls c) reflected bore interacts
w ith  the incom ing bore.

4. Analysis and discussion

T he im p ac t p re ssu re  on th e  w all h ig h ly  d e p e n d s  on  th e  k inem atics of th e  incom ing  bore. T he k inem atics of the 
b o re  can  be  s tu d ie d  fro m  th e  flow  d e p th s  an d  velocities on  th e  d ike  crest. F low ever, th e  velocity  p ro p e lle rs  fail to 
m easu re  th e  ac tua l velocity  o f th e  incom ing  w a te r  lay e r d u e  to debris, h ig h ly  tu rb u le n t w a te r an d  re s id u a l w a te r 
layer o n  th e  crest. T herefore , th e  lay e r th icknesses m easu red  a t d iffe ren t positions o n  th e  d ike  crest an d  the 
d is tances betw een  th em  w ere  u sed  to g e th e r w ith  v id eo  analysis for the d e te rm in a tio n  of th e  flow  velocity.

A  res id u a l w a te r  layer o f 5-10 cm  rem a in s  a t th e  c re s t th ro u g h o u t th e  exp erim en ts  w ith  reg u la r w av es except 
d u rin g  first coup le  of w aves. T he reflec tion  can  be a v o id ed  by on ly  co n sid e rin g  th e  firs t w ave. H o w ev er, it w as 
o b serv ed  th a t the first w av e  d oes n o t a lw ays give the h ig h es t im pact lo ad s o n  the w all. T herefore , the reflection  
m u s t be trea ted  carefu lly  d u rin g  th e  analysis.

T he fu ll p a p e r  dea ls  w ith  b o th  fu lly  an d  p a rtia lly  c losed  w all cases u n d e r  reg u la r w av es an d  describes th e  
influence of th e  re s id u a l w a te r lay e r th icknesses on  th e  im p ac t loads. F u rther, p a ram ete rs  such  as flow  d ep th , 
flow  velocity  an d  o v e rto p p in g  ra te  a re  linked  to  th e  im p ac t lo ad s a t th e  w all.
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