
Wa ve  S t ruc ture  Inte ra c t ion



Wa ve  Run-Up

• The  wave  run-up he ight, Ru2%, re fe rs  
to the  ve rtica l dis tance  from the  s till 
wa te r line  to the  le ve l e xce e de d by 
2% of incoming wave s . 

• Wave  run-up is  re le vant for s mooth 
s lope s , e mbankme nts , and 
s ome time s  for rough s lope s  
prote c te d with rock or concre te . 
Howe ve r, it doe s  not apply to 
ve rtica l s truc ture



Wa ve  Ove rtopp ing  • If wave  run-up le ve ls  a re  high e nough wa te r will re ach and pas s  ove r the  
c re s t of the  s truc ture . 

• This  de fine s  the  ‘gre e n wa te r’ ove rtopping cas e  whe re  a  continuous  
s he e t of wa te r pas s e s  ove r the  c re s t. 

• In cas e s  whe re  the  s truc ture  is  ve rtica l, the  wave  may impac t aga ins t the  
wa ll and s e nd a  ve rtica l plume  of wa te r ove r the  c re s t.

• A s e cond form of ove rtopping occurs  whe n wave s  bre ak on the  s e award 
face  of the  s truc ture  and produce  s ignificant volume s  of s pla s h. 



Ove rtopp ing  Ha za rds

The  ha za rds  from  d ire c t  wa ve  
a nd  ove rtopp ing  e ffe c ts  m a y 
c a us e  c ons e que nc e s  unde r 
thre e  ge ne ra l c a te gorie s :



Ove rtopp ing  Ha za rds

The  ha za rds  from  d ire c t  wa ve  
a nd  ove rtopp ing  e ffe c ts  m a y 
c a us e  c ons e que nc e s  unde r 
thre e  ge ne ra l c a te gorie s :

Dire c t haza rd of injury or de a th 
to pe ople  living, working or 
trave lling in the  a re a  de fe nde d;



Ove rtopp ing  Ha za rds

The  ha za rds  from  d ire c t  wa ve  
a nd  ove rtopp ing  e ffe c ts  m a y 
c a us e  c ons e que nc e s  unde r 
thre e  ge ne ra l c a te gorie s :

Damage  to prope rty, ope ra tion 
and /  or infra s truc ture  in the  
a re a  de fe nde d;



Ove rtopp ing  Ha za rds

The  ha za rds  from  d ire c t  wa ve  
a nd  ove rtopp ing  e ffe c ts  m a y 
c a us e  c ons e que nc e s  unde r 
thre e  ge ne ra l c a te gorie s :

Damage  to de fe nce  
s truc ture (s ). 



Ove rtopp ing  Ha za rds

Ha za rds  d rive n by ove rtopp ing  c a n be  c a te goris e d  by s e ve ra l s im p le  d ire c t  re s pons e s : 

Me an Ove rtopping Dis cha rge , q

The  ave rage  volume  of wate r ove rtopping a  s truc ture  pe r unit time  and pe r unit length, 
typically meas ured in litre s  pe r s econd pe r me tre  (L/ s / m). It repre s ents  the  ove rall ra te  of 
wate r flowing ove r the  s truc ture .



Ove rtopp ing  Ha za rds

Ha za rds  d rive n by ove rtopp ing  c a n be  c a te goris e d  by s e ve ra l s im p le  d ire c t  re s pons e s : 

Individua l and Pe ak Ove rtopping Volume s , Vi and Vmax

Vi: The  volume  of wate r as s ociated with a  s ingle  ove rtopping wave , typically meas ured in 
Litre s .

Vmax: The  large s t ove rtopping volume  recorded during a  s pecific  pe riod, indicating the  mos t 
e xtre me  wave  ove rtopping event. 



Ove rtopp ing  Ha za rds

Ha za rds  d rive n by ove rtopp ing  c a n be  c a te goris e d  by s e ve ra l s im p le  d ire c t  re s pons e s : 

Ove rtopping Ve loc itie s , vxc, vzc , vxp and vzp

vxc  / vxp : The  horizontal ve loc ity of ove rtopping wate r, meas ured at e ithe r the  cre s t, c , or the  
promenade , p. 

vzc / vzp : The  ve rtical ve loc ity of ove rtopping wate r, meas ured at e ithe r the  cre s t, c , or the  
promenade , p. 



Ove rtopp ing  Ha za rds

Ha za rds  d rive n by ove rtopp ing  c a n be  c a te goris e d  by s e ve ra l s im p le  d ire c t  re s pons e s : 

Ove rtopping Flow De pth, dxc and dxp

The  depth of the  wate r laye r flowing ove r the  cre s t (c ) or promenade  (p).



Tole ra b le  Ove rtopp ing  fo r S t ruc tura l De s ign



Tole ra b le  Ove rtopp ing  fo r P rope rty a nd  
Ope ra t ion



Tole ra b le  Ove rtopp ing  fo r P e op le  a nd  
Ve hic le s



Es t im a t ing  Wa ve  Ove rtopp ing

Owe n's  formula  is  an e mpirica l re la tions hip us e d to e s tima te  wave  ove rtopping a t coas ta l s truc ture s .  

It links  the  dime ns ionle s s  ove rtopping dis charge  to the  fre e board and othe r wave  and s truc tura l 
pa rame te rs . 

S te p  1: Ca lc ula te  the  Dim e ns ionle s s  Fre e boa rd  (R*)



Es t im a t ing  Wa ve  Ove rtopp ing

Owe n's  formula  is  an e mpirica l re la tions hip us e d to e s tima te  wave  ove rtopping a t coas ta l s truc ture s .  

It links  the  dime ns ionle s s  ove rtopping dis charge  to the  fre e board and othe r wave  and s truc tura l 
pa rame te rs . 

S te p  1: Ca lc ula te  the  Dim e ns ionle s s  Fre e boa rd  (R*)

The  dime ns ionle s s  fre e board is  a  normalis e d me as ure  of a  s truc ture 's  fre e board (the  ve rtica l dis tance  
from the  c re s t of a  coas ta l s truc ture  to the  s till wa te r le ve l), e xpre s s e d re la tive  to the  s ignificant wave  
he ight and the  wave  pe riod. It he lps  in ge ne ra lis ing ove rtopping pre dic tions  ac ros s  diffe re nt s ca le s  
and conditions .



Es t im a t ing  Wa ve  Ove rtopp ing

Owe n's  formula  is  an e mpirica l re la tions hip us e d to e s tima te  wave  ove rtopping a t coas ta l s truc ture s .  

It links  the  dime ns ionle s s  ove rtopping dis charge  to the  fre e board and othe r wave  and s truc tura l 
pa rame te rs . 

S te p  1: Ca lc ula te  the  Dim e ns ionle s s  Fre e boa rd  (R*)

R ∗=
𝑅𝑅𝑐𝑐

𝑇𝑇𝑚𝑚 𝑔𝑔𝐻𝐻𝑆𝑆

Rc: Fre e board (m), the  ve rtica l dis tance  from the  c re s t of 
the  s truc ture  to the  s till wa te r le ve l.
Tm : Me an wave  pe riod (s ), the  ave rage  time  be twe e n 
s ucce s s ive  wave s .
g: Gravita tiona l acce le ra tion (9 .8 1 m/ s 2).
Hs : S ignificant wave  he ight (m), a  s ta tis tica l me as ure  of the  
la rge s t wave s  in a  wave  s pe c trum.



Es t im a t ing  Wa ve  Ove rtopp ing

A c oa s ta l s t ruc ture  ha s  the  fo llowing  c ha ra c te ris t ic s :
The  fre e board (Rc ) is  3 .5m.
The  s ignificant wave  he ight (Hs) is  2 .0 .
The  me an wave  pe riod (Tm) is  8  s e conds .
Gravita tiona l acce le ra tion (g) is  9 .8 1 m/ s 2.
Ca lc ula te  the  d im e ns ionle s s  fre e boa rd  (R∗) 

R ∗=
𝑅𝑅𝑐𝑐

𝑇𝑇𝑚𝑚 𝑔𝑔𝐻𝐻𝑆𝑆
=

3.5
8 × 9.81 × 2.0

= 0.099



Es t im a t ing  Wa ve  Ove rtopp ing

A c oa s ta l s t ruc ture  ha s  the  fo llowing  c ha ra c te ris t ic s :
The  fre e board (Rc ) is  3 .5m.
The  s ignificant wave  he ight (Hs) is  2 .0 .
The  me an wave  pe riod (Tm) is  8  s e conds .
Gravita tiona l acce le ra tion (g) is  9 .8 1 m/ s 2.
Ca lc ula te  the  d im e ns ionle s s  fre e boa rd  (R∗) 

R ∗=
𝑅𝑅𝑐𝑐

𝑇𝑇𝑚𝑚 𝑔𝑔𝐻𝐻𝑆𝑆
=

3.5
8 × 9.81 × 2.0

= 0.099

R* >2.0 : Ve ry little  ove rtopping; the  s truc ture  is  high compare d to wave  he ight.
R* <1.0 : S ignificant ove rtopping; the  c re s t is  low compare d to the  wave s .



Es t im a t ing  Wa ve  Ove rtopp ing

A c oa s ta l s t ruc ture  ha s  the  fo llowing  c ha ra c te ris t ic s :
The  fre e board (Rc ) is  4 .5m.
The  s ignificant wave  he ight (Hs) is  2 .0 .
The  me an wave  pe riod (Tm) is  8  s e conds .
Gravita tiona l acce le ra tion (g) is  9 .8 1 m/ s 2.
Ca lc ula te  the  d im e ns ionle s s  fre e boa rd  (R∗) 

R ∗=
𝑅𝑅𝑐𝑐

𝑇𝑇𝑚𝑚 𝑔𝑔𝐻𝐻𝑆𝑆
=

4.5
8 × 9.81 × 2.0

= 0.125



Es t im a t ing  Wa ve  Ove rtopp ing

Owe n's  formula  is  an e mpirica l re la tions hip us e d to e s tima te  wave  ove rtopping a t coas ta l s truc ture s .  

It links  the  dime ns ionle s s  ove rtopping dis charge  to the  fre e board and othe r wave  and s truc tura l 
pa rame te rs . 

S te p  2 : Ap p ly the  fo rm ula  fo r Q*

Afte r ca lcula ting R*, us e  the  give n e mpirica l coe ffic ie nts  A and B for the  s pe c ific  s lope  of the  
s truc ture  to pre dic t Q*.

𝑄𝑄 ∗= 𝐴𝐴𝑒𝑒(−𝐵𝐵𝐵𝐵∗𝑟𝑟 )

Q*= Dime ns ionle s s  dis charge  which re pre s e nts  the  
ove rtopping dis charge  normalis e d by wave  charac te ris tic s .
A and B = Empirica l coe ffic ie nts  tha t de pe nd on the  s lope  of 
the  s truc ture . 
R*= Dime ns ionle s s  fre e board, which has  be e n ca lcula te d in 
the  pre vious  s te p.
r = A s ca ling fac tor re la te d to the  wave  conditions  and 
s truc ture



Es t im a t ing  Wa ve  Ove rtopp ing

Arm our Typ e r
Smooth Impe rme able 1
Pitche d s tone  in morta r 0 .75 - 0 .8
S te ppe d concre te 0 .9 5
Gras s  /  turf 0 .9  - 1
Rock a rmour, 2  laye rs 0 .55
Ope n rock, > 2 laye rs , s ha llow s lope 0 .45
Hollow cube  a rmour units , 1 laye r 0 .5
Dolos  or S tabit a rmour units 0 .4
Te trapods , 2  laye rs 0 .3



Es t im a t ing  Wa ve  Ove rtopp ing

S lop e A B
1 : 1 0 .0 0 79 20 .1

1 : 1.5 0 .0 10 2 20 .1

1 : 2 0 .0 125 22.1

1 : 3 0 .0 16 3 31.9

1 : 4 0 .0 19 2 47.0



Es t im a t ing  Wa ve  Ove rtopp ing

A c oa s ta l s t ruc ture  ha s  the  fo llowing  c ha ra c te ris t ic s :
The  dime ns ionle s s  fre e board (R*) is  0 .0 9 9
The  s lope  is  s mooth and impe rme able  with a  s lope  of 1:2. 
Ca lc ula te  the  d im e ns ionle s s  d is c ha rge  (Q∗) 

𝑄𝑄 ∗= 𝐴𝐴𝑒𝑒 −𝐵𝐵𝐵𝐵∗𝑟𝑟 = 0.0125𝑒𝑒 −22.1×0.099
1 = 0.00141



Es t im a t ing  Wa ve  Ove rtopp ing

A c oa s ta l s t ruc ture  ha s  the  fo llowing  c ha ra c te ris t ic s :
The  dime ns ionle s s  fre e board (R*) is  0 .125
The  s lope  is  s mooth and impe rme able  with a  s lope  of 1:2. 
Ca lc ula te  the  d im e ns ionle s s  d is c ha rge  (Q∗) 

𝑄𝑄 ∗= 𝐴𝐴𝑒𝑒 −𝐵𝐵𝐵𝐵∗𝑟𝑟 = 0.0125𝑒𝑒 −22.1×0.125
1 = 0.00079



Es t im a t ing  Wa ve  Ove rtopp ing

Owe n's  formula  is  an e mpirica l re la tions hip us e d to e s tima te  wave  ove rtopping a t coas ta l s truc ture s .  

It links  the  dime ns ionle s s  ove rtopping dis charge  to the  fre e board and othe r wave  and s truc tura l 
pa rame te rs . 

S te p  3 : De te rm ine  the  m e a n ove rtop p ing  d is c ha rge , q

Once  you have  Q*, you can conve rt it back to the  ac tua l ove rtopping dis charge  q by s ca ling it with 
wave  charac te ris tic s .

𝑞𝑞 = 𝑄𝑄 ∗ 𝑇𝑇𝑚𝑚𝑔𝑔𝐻𝐻𝑠𝑠



Es t im a t ing  Wa ve  Ove rtopp ing

A c oa s ta l s t ruc ture  ha s  the  fo llowing  c ha ra c te ris t ic s :
The  dime ns ionle s s  dis charge  (Q*) is  0 .0 0 141
The  s ignificant wave  he ight (Hs) is  2 .0 .
Gravita tiona l acce le ra tion (g) is  9 .8 1 m/ s 2.
Ca lc ula te  the  m e a n ove rtop p ing  d is c ha rge  (q ) 

𝑞𝑞 = 𝑄𝑄 ∗ 𝑇𝑇𝑚𝑚𝑔𝑔𝐻𝐻𝑠𝑠 = 0.00141 × 8 × 9.81 × 2 = 0.221 m3/ s / m

𝑞𝑞 = 22.1 l/ s / m



Es t im a t ing  Wa ve  Ove rtopp ing

A c oa s ta l s t ruc ture  ha s  the  fo llowing  c ha ra c te ris t ic s :
The  dime ns ionle s s  dis charge  (Q*) is  0 .0 0 141
The  s ignificant wave  he ight (Hs) is  2 .0 .
Gravita tiona l acce le ra tion (g) is  9 .8 1 m/ s 2.
Ca lc ula te  the  m e a n ove rtop p ing  d is c ha rge  (q ) 

𝑞𝑞 = 𝑄𝑄 ∗ 𝑔𝑔𝐻𝐻𝑠𝑠3 = 0.00079 × 9.81 × 23 = 0.00699 m3/ s / m

𝑞𝑞 = 7.0 l/ s / m



Es t im a t ing  Wa ve  Ove rtopp ing

For a  1:4  s lope  s t ruc ture  m a de  s m ooth  im pe rm e a b le  c onc re te  
with  a  toe  a t  0 .0 m CD, s t ill wa te r le ve l 2 .0 m CD a nd  a  c re s t  le ve l 
5 .0 m CD. Es t im a te  the  ove rtopp ing  whe n Hs=5 m  a nd  Tm=9 s



Es t im a t ing  Wa ve  Ove rtopp ing

For a  1:4  s lope  s t ruc ture  m a de  o f 2  la ye rs  o f roc k a rm our with  
a  toe  a t  0 .0 m CD, s t ill wa te r le ve l 2 .0 m CD a nd  a  c re s t  le ve l 
5 .0 m CD. Es t im a te  the  ove rtopp ing  whe n Hs=5 m  a nd  Tm=9 s



Es t im a t ing  Wa ve  Ove rtopp ing

Wha t  is  the  de c re a s e  in  ove rtopp ing  if the  s t ruc ture  is  
c ons t ruc te d  from  roc k a rm our?  



Es t im a t ing  Wa ve  Ove rtopp ing

Wha t  would  the  c re s t  he ight  ne e d  to  be  if you wa nte d  to  
lim ite d  the  ove rtopp ing  to  le s s  tha n 8 0 l/ s / m ?



Es t im a t ing  Wa ve  Ove rtopp ing

For a  1:2  s lope  s t ruc ture  m a de  o f 2  la ye rs  o f roc k a rm our with  
a  toe  a t  0 .0 m CD, s t ill wa te r le ve l 2 .0 m CD a nd  a  c re s t  le ve l 
5 .0 m CD. Es t im a te  the  ove rtopp ing  whe n Hs=5 m  a nd  Tm=9 s



Re s pons e  to  
Ove rtopp ing

The  m a in  re s p ons e  to  the s e  ha za rds  ha s  m os t  
c om m only be e n the  c ons t ruc t ion  of ne w 
de fe nc e s , but  a ny log ic a l re s p ons e  s hould  now 
a lwa ys  c ons ide r thre e  op t ions , in  inc re a s ing  orde r 
o f in te rve nt ion:



Re s pons e  to  
Ove rtopp ing

Move  human ac tivitie s  away from the  area s ubjec t to 
ove rtopping and/ or flooding hazard, thus  modifying 
the  land us e  category and/ or habitat s tatus ;



Re s pons e  to  
Ove rtopp ing

Accept occas ional hazard at acceptable  probability 
(acceptable  ris k) by providing for temporary us e  
and/ or s hort-te rm evacuation with re liable  warning 
and evacuation s ys tems , and/ or us e  of temporary /  
demountable  de fence  s ys tems ;



Re s pons e  to  
Ove rtopp ing

Increas e  de fence  s tandard to reduce  ris k to 
(pe rmanently) acceptable  leve ls  probably by 
enhancing the  de fence  and /  or reducing loadings .
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