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HYDRODYNAM IC LOAD O N  BUILDING CAUSED BY OVERTOPPING WAVE
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1. In troduction

In B elgian coastal tow ns, m an y  bu ild in g s h av e  b een  b u ilt v e ry  close to  th e  ex is ting  d ikes an d  a re  a t a h ig h  risk  
from  coastal flooding . T here  is a chance th a t sto rm  su rg es  occu rrin g  in  coastal a reas  tr igger o v e rto p p in g  over 
w id e  crested  d ik es (V erw aest, T e t al., 2010). T he o v e rto p p in g  w av e  m ay  re su lt in  h y d ro d y n am ic  load  o n  the 
bu ild in g s  (F igure 1). H o w ever, few  stu d ies  h av e  in v es tig a ted  th is k in d  of h y d ro d y n am ic  lo ad  o n  structu res. 
T herefore , th e  goal of th e  p re sen t research  is to u n d e rs ta n d  a n d  describe th e  lo ad  on a b u ild in g  exerted  by  the 
o v e rto p p in g  w ave.

B u i l d i n g

H_ ,  =  significant wave height 
F  =  Im pact force t Z',.  =  m ean wave period

V  =  overtopping velocity
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Figure 1. Schematic of wave overtopping on the wide crest dike (adapted from Veale, et al., 2011).

2. Physical m odel tests

T he ph y sica l m odel tests w ere  executed  o n  a schem atized  m odel scaled 1 /3 0  (C hen, 2011). T he scaled  m odel is 
sim plified  to  clarify  th e  basic h y d rau lic  characteristics. The sim plified  m o d e l consists  of tw o parts : a schem atized  
w id e  c res ted  sea  d ik e  an d  a schem atized  b u ild in g  (a vertical p late) p laced  o n  to p  of th e  d ike  (referred  to  F igure 
2). T his "b u ild in g "  w as  secu red  to  th e  s id es  o f th e  w av e  flum e. S everal aspects hav e  been excluded  in  th e  m odel, 
such  as th e  fo resh o re  profile , sea  w alls , th e  slope  of th e  crest a n d  the ro u g h n ess  of the crest.

T he tests w ere  p e rfo rm ed  in  a 2-D sm all w av e  flum e (length  32 m , w id th  0.70 m , h e ig h t 0.86 m ) in  th e  
F landers  H y d rau lic s  R esearch  L abo ra to ry  (A n tw erp , B elgium ) w ith  reg u la r w av es gen e ra ted  by a p is to n  type 
w av e  genera to r. T he tes ting  p ro ced u res invo lved  im p ac tin g  th e  vertica l p la te  w ith  a series of w av es and  
re co rd in g  th e  force by a sing le  load  cell a n d  th e  p ressu re  by  fou r sensors (P I, P2, P3 an d  P4). D ue to  tim e 
con stra in t, th e  n u m b er o f tests h a d  to  be res tric ted  an d  so  only  a lim ited  n u m b e r o f p a ram ete rs  cou ld  be  varied . 
D esp ite  these  restric tions, th e  experim en ts  rev ea led  the  im p ac t p rocess of o v e rto p p in g  w av e  very  w ell u n d e r  the 
tw o  d ik e  co n figu ra tions inc luded : th e  d ike  s ide  case w ith  a d ike  c re s t w id th  of 0 m e te r and  the in lan d  case w ith  a 
d ik e  c re s t w id th  of 0.5 m e te r in  the m odel scale.

3. R esults and  Conclusions

T he exp erim en t re su lts  a re  sh o w n  in  F igure  3. T w o stro n g  tre n d s  w ith  little  sca tter w ere  observed . E quation  [1] 
is o b ta ined  b a sed  o n  the best-fit cu rv es fo r the in lan d  a n d  the d ik e  side cases, w h ere  F is th e  average 
o v e rto p p in g  h y d ro d y n am ic  load , H,„ is th e  ave rag e  w av e  he ig h t n ea r th e  d ike , R c is th e  free b o a rd  a n d  E, is th e
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Figure 2. Physical model set-up

breaker p a ram ete r , a  is a  coefficient w h ich  re la te s  to  th e  w id th  o f crest o f th e  d ike  a n d  ß  is a coefficient a ro u n d  
-2.2 fo r th e  bo th  cases.

F

P g H „ ,R c

Rc
H mß

[1]

F* =
P g H n H„

[2 ]

T he left h a n d  side  o f E q u a tio n  [1] can  be rew ritte n  in  th e  fo rm  o f E quation  [2], w here : F ' is the 
d im ensio n less  o v e rto p p in g  force, p g H ,,,2 is the av e rag e  in c id en t w ave  en erg y  an d  R c H  } is th e  freeboard  d iv id ed  
by th e  w av e  h e ig h t u sed  fo r d e te rm in in g  th e  in te rac tion  b e tw een  th e  w av es an d  d ik e  crest heigh t. So th e  
h y d ro d y n am ic  load  o f th e  o v e rto p p in g  w av e  is co n trib u ted  by  a  p a rt o f th e  in c id en t w av e  en erg y  above still 
w a te r  level a n d  can  be  e s tim a ted  by  E q u atio n  [1].

T he p re sen t ex p e rim en t d id  n o t in c lu d e  th e  fo reshore  p ro file  w h ich  in fluences th e  in c id en t w a te r energy . 
D ue to  th e  fact th a t only  tw o  crest w id th s  w ere  tested  in  th e  p re sen t s tu d y , a  cou ld  n o t be  p resen ted  as a 
function  of crest w id th  in  E quation  [1]. T herefore , in  a  fu tu re  s tu d y , th e  fo resho re  effect w ill be co n sid e red  an d  
fo r the  sam e scale m odel, v a ria tio n  o f th e  w id th  of th e  d ik e  c res t w ill be increased .
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Figure 3. Dimensionless overtopping force versus dimensionless freeboard
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