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1. Introduction and problem statement

G eom etric  sca ling  o f the  u n d e rlay e r and  th e  co re  o f a ru b b le -m o u n d  b reak w ate r genera lly  leads to  an  incorrect 
rep resen ta tio n  of th e  hy d rau lic  resistance d u e  to th e  effect of th e  flu id  v iscosity  a n d  su rface tension. In o rd e r to 
m a in ta in  th e  s im ilitu d e  of th e  F roude  scaling  law  in  a physica l m odel, a  so-called  'd is to r te d  scaling  m e th o d ' is 
ap p lied  to d e te rm in e  th e  average  d iam ete r d^0 o f the  g ra n u la r  m ate ria l in  th e  m odel. A w id e ly  u sed  m eth o d  
(B urcharth  e t al., 1999) y ie lds th e  req u es ted  d iam ete r d™0, s ta tin g  th a t

V* = S f S / l t  [1]
w h e re  v f p an d  v f m  a re  characteristic  filter velocities (averaged  in  tim e a n d  space) in  the  core  of th e  p ro to ty p e  an d  
physica l m odel, respective ly  a n d  XL is th e  geom etric  scale factor. T he characteristic  filte r velocities a re  co m p u ted  
w ith  th e  F orchheim er equation , w h ich  re la tes th e  h o rizon ta l p re ssu re  g ra d ie n t Ix -  -d P ( x ) /p g d x  to the p o re  
velocity  V f, w h ich  takes th e  fo rm  in  a s tead y  flow:

u  = T 1- f  I  V f + ß V - f  I  V f M  m
*  n 3 g d ¡0 ’  r  n 3 g d 50 n  1 1

w h ere  n  is the  po rosity , v th e  k inem atic  viscosity , g  th e  g rav ita tiona l co n stan t a n d  a  an d  ß  th e  so-called sh ap e  
coefficients, d e p e n d e n t o n  th e  g ra in  sh ap e  an d  g rad in g  , b u t also o n  th e  flow  reg im e, gov ern ed  by  the R eynolds 
n u m b e r Re = vf d SQ/ v .  S ince the  flow  reg im e d e p e n d s  on  th e  req u es ted  g ra in  d iam eter, u n k n o w n  a prio ri, th e  
sca ling  m eth o d  is to  be  ap p lied  iteratively . In ev ery  s tep  it is verified  w h e th e r th e  choice of th e  sh ap e  coefficients 
a  an d  ß  is in  accordance w ith  the specific flow  reg im e, as it o ccu rred  d u rin g  th e  experim en ta l d e riv a tio n  o f the 
sh ap e  coefficients.

Eq. [2] re la tes the  hy d rau lic  resistance  characteristics of the g ra in  m ateria l to  th e  filter ve locity  a n d  the 
p re ssu re  g rad ien t. In  th e  scaling  m eth o d , th e  w av e-in d u ced  p o re  p re ssu re  h e ig h t in  th e  b reak w a te r co re  is 
o b ta in ed  u sin g  an  em pirica l ca lcu lation  m odel, g iv en  by B urcharth  e t al. (1999). It h as  been  fo u n d  th a t this 
ca lcu lation  m odel does n o t re su lt in  an  accura te  p red ic tio n  u n d e r  v ary ing  w ave  co nd itions (V anneste  an d  Troch, 
2012). In  o rd e r to  overcom e th e  sho rtcom ings of th e  ex is ting  ca lcu la tion  m odel, a new  m odel h a s  been  fo rm ula ted . 
Its u se  in  th e  scaling  m eth o d  is d iscu ssed  hereafte r an d  illu s tra ted  b y  m eans of a n  exam ple  case.

2. D iscussion of the existing model for the distribution of pore pressure height

In th e  m e th o d  of B urcharth  e t al. (1999), an  exponen tia l decay of p o re  p ressu re  h e ig h t is assum ed:
P (x ) =  P0e x p (-ô k 'x )  [3]

w h ere  Po is th e  reference pore  p ressu re  he ig h t a t th e  in terface b e tw een  core a n d  un d erlay e r, <5 a d im ension less 
d am p in g  coefficient a n d  k ' th e  in te rna l w av en u m b er, re la ted  to  th e  w av en u m b er k  a s k '  =  /cVl.4. A  p ractical 
a p p ro x im atio n  fo r th e  reference  p re ssu re  Po/pgH-mo equa l to  0.5 is taken , be in g  co n stan t a lo n g  th e  in terface 
betw een  core and  un d erlay e r. T he d a m p in g  coefficient is o b ta in ed  u sin g  a n  em pirica l fo rm ula tion :

5 =  0.014 ^  [4]
H m o b

w h e re  Hm0 is th e  in c id en t sign ifican t w ave  he ig h t a t th e  toe o f th e  b reakw ater, Lp th e  peak  w ave leng th  an d  h the 
w id th  o f th e  con sid ered  co re  section  a t a  g iven  d e p th  below  SWL. T he v a lid ity  o f th is p ractical m odel has been 
tes ted  ex tensively  aga in s t experim en ta l p o re  p ressu re  m easu rem en ts  b o th  on a  la rg e  an d  a  sm all scale physical 
m odel (V anneste and  T roch, 2010; 2012). T he co nstan t va lue  0.5 for th e  reference  p ressu res  resu lts  to  be  an 
u n d e re s tim a tio n  in  cases of la rge  w av e  ru n -u p , w h ere  va lues o f 1, u p  to a lm o st 2 w ere  m easu red . T he spatia l 
va ria tio n  o f th e  reference p ressu res  a lo n g  the in terface  is m o reo v er n o t neglig ib le. The re su lts  o f th e  experim en ta l 
tests sh o w  a w eakly  positive  co rre la tion  b e tw een  th e  d am p in g  coefficient an d  th e  in c id en t w av e  heigh t, opposite  
to the su ggested  inverse  p ro p o rtio n a lity  acco rd ing  to  Eq. [4], A d d itiona lly , it w as fo u n d  th a t th e  a ssu m p tio n  o f an 
ex p onen tia l decay  o f p o re  p re ssu re  h e ig h t does n o t m atch  the  m easu red  decay  in  the experim en ts  in  th e  fron t 
zone  o f the b reak w a te r core, u n d e r th e  core  slope. A n a lte rn a tiv e  ap p ro ach  is p ro p o sed  to  describe the 
a tten u a tio n  o f p o re  p re ssu re  heigh t (V anneste an d  Troch, 2012), tak in g  in to  accoun t the p rev io u s  considera tions. 
T he n ew  calcu lation  m odel is capab le  of p red ic tin g  th e  p o re  p re ssu re  d is trib u tio n  w ith  h ig h e r accuracy  than  the 
ex isting  m odel, in a b ro ad  ran g e  of w av e  conditions.
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3. Application o f the new  calculation model in the core scaling method

T he ap p lica tion  of th e  m od ified  sca ling  p ro ced u re  is illu s tra ted  by  m ean s  of the  exam ple  case o f th e  Z eebrugge 
b reak w ate r core (scaled  w ith  XL =  3 0 ), in c luded  in  th e  o rig inal p a p e r  by  B urcharth  e t al. (1999). T he sam e 
h y d rau lic  resistance  p ro p e rtie s  fo r the p ro to ty p e  m ate ria l are u sed . T he h y d rau lic  resistance  p ro p ertie s  fo r the 
m o d e l core  m ateria l w ere  es tim a ted  from  B urcharth  an d  C hris ten sen  (1991), to g e th e r w ith  a  hy p o th e tica l va lue  
fo r th e  core po ro s ity  o f 0.4. T w o d iffe ren t w av e  c lim ates a re  em p loyed . R esu lts o f th e  o rig inal a n d  the m od ified  
sca ling  m e th o d  a re  sh o w n  to g e th e r in  T able 1.

Table 1. Results of both scaling procedures.

method Case Up [m /s] «*sô [m] x i  [-]

original
Hmo=2m ; 

TP=7s
0.058 0.0149 17.6

HmO=4rn ; 
TP=12s

0.072 0.0141 21.5

new
Hmo=2m ; 

Tp=7s
0.061 0.0144 18.2

Hmo=4m ; 
TP=12s

0.095 0.0136 19.3

The n ew  ca lcu la tion  m o d e l leads to  h ig h e r p re ssu re  g rad ien ts  in  th e  fron t zone  o f th e  core, as sh o w n  in 
F igure 1. This is m ain ly  d u e  to  th e  u n d e re s tim a tio n  of th e  reference p re ssu re  in  th e  o rig inal m ethod . 
C onsequen tly , h ig h e r filter velocities a re  o b ta in ed  w h en  th e  h y d rau lic  resistance  p ro p ertie s  (n, a  an d  ß )  o f th e  
core m ateria l rem ain  constan t. A s a resu lts , th e  ap p lica tio n  of Eq. [2] leads to  a so m ew h a t sm aller g ra in  d iam e te r 
d ia  , com p en sa tin g  fo r th e  increased  p re ssu re  g rad ien t.
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Figure 1. Evolution of pore pressure height P(x) along a horizontal section at half the water 
depth, H,„o=4 m, Tp=12 s; obtained w ith the original (solid) and new calculation model (dashed).

4. Conclusion
It is no ticed  th a t th e  re su ltin g  geom etric  scales fo r th e  co re  m ateria l À[ in  Table 1 c o m p u ted  w ith  b o th  m e th o d s  
a re  com parab le . D esp ite  a m ore  accura te  p red ic tio n  of th e  ac tu a l p o re  p re ssu re  heigh t, th e  im p ac t o f the n ew  
calcu lation  m e th o d  is lim ited , since it is n o t the  exact v a lu e  of th e  p o re  p ressu re  heigh t, b u t th e  local g rad ien t of 
the  p o re  p re ssu re  h e ig h t w h ich  has an  im p ac t o n  the ca lcu la tion . H o w ev er, th e  n ew  calcu la tion  m o d e l con tribu tes 
to  m ak ing  th e  core scaling  m eth o d  m o re  re liab le  in  v a ry in g  w av e  cond itions. A sensitiv ity  analy sis show s th a t the 
scaling  m eth o d  is m o s t su scep tib le  to  the  v a lu e  of th e  p o ros ity . T he effect o f a change  in p o ro s ity  is ap p rox im ate ly  
a factor 10 tim es h ig h e r th an  a  ch ange  o f th e  sh ap e  coefficients. T hus, w h en  a p p ly in g  th e  core  scaling  m e th o d  in  
p ractice, a n  accura te  v a lu e  o f th e  p o ro s ity  is co n sid e red  to  be  ind ispensab le .
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