
CHAPTER 37 

WAVE TRANSFORMATION AND MEAN SEA LEVEL VARIATION 

SHI-CHUAN LIN*   JENG-SHIN HWANG* 

ABSTRACT 

For the practical application in coastal engineering, 
the universal model of water wave, momentum conservation and 
energy conservation equation with considering of energy loss 
due to bottom friction and wave breaking is adopted in this 
paper to evaluate the wave transformation on general slope, 
which including wave shoaling, breaking and attenuation 
after breaking as well as wave set-up and set-down during 
the waves advancing toward the coast. 

In comparison with the results of theoretical approaches 
as well as experimental data accomplished by the traditional 
method, very good coincidence is obtained besides the mean 
sea level variation. 

INTRODUCTION 

The wave transformation and the mean sea level variation 
for waves propagating from deep sea toward the shore are in- 
teresting topics for coastal engineering. Conventionally, 
the process is divided into three parts: (1) the shoaling of 
the wave from deep sea till near breaking point, (2) the 
breaking index and (3) the wave decay and the wave set-up/ 
set-down inside the surf zone. These problems have to be 
treated separately and different wave theories are to be ap- 
plied in each zones because of the validity of wave theories 
in various water depth. 
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In the present paper, the so-called universal model of 
water wave derived by Chen et al. (1982) is adopted and 
further developed. Coupling with conservation equations of 
momentum and energy flux and taking bottom friction and 
energy dissipation due to wave breaking into consideration, 
the propagation characteristics of a perpendicular incident 
wave train on a general slope has been investigated con- 
tinuously from deep sea till the shoreline. This includes 
the shoaling process, wave breaking, wave decay inside the 
surf zone and the mean sea level variation, i.e. the fore- 
mentioned problems can be solved in one model. 

In the model, the experimental results of the bottom 
friction coefficient on smooth bottom by Riedel et al. 
(1972) is used. The energy dissipation rate in breaking 
process is estimated from that in a bore of corresponding 
height. The limiting height of breaking from Goda (1970) is 
adopted for the breaker control to determine the breaking 
index. The results are compared with both experimental data 
and analytical values from other authors. 

THEORETICAL ANALYSIS 

1. UNIVERSAL MODEL OF WATER WAVE 

For the mathematical model of water wave in uniform 
depth, Chen et al. (1982) proposed a new model derived from 
stream function, its first order exact solution in steady 
state are 

, „ „ sinhk ( d+y ) 
0 ( x , y ) =- cy + crjc    . ; J—L- cos kx        (i) y     '     ' s inh k ( d + rjc ) u; 

sinhk ( d + i?) 
V ( x ) - t)c    .  . .  , . ^-coskx         (2) v      ' sinhk ( d + yc ) w 

c* =-f tanhkd/ il-k'Vc'    •  !ln,h^d :}      • (3) k k sinh* k ( d + rjc ) J w 

H = 7), ( 1 + coshkH- cothk ( d + TJC ) sinhk H )       (4) 

where   <f> is   stream   function,      c  wave     celerity,      k=2rc/L     wave 
number,     d    water  depth,     V   wave  elevation,      y,   elevation  of 
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wave crest, H wave height. 

The model is proved mathematically to be used in any 
case of d/L, which withdraw the restriction of application 
between other theories, it is to be nominated "universal 
model", and it is to be adopted in the paper for the wave 
transmission evaluation. 

Dynamic properties in the wave field are definitively 
derived as 

(1) mean kinetic energy 

K = \P J ' i ( u + c y + v2 ) dy 

_ 1        pc2i?c
2k sinh2kd     A 1 J_ 

~ 2  sinh2k ( d + Vc ) 4 + B * *- B* k* + 2 

. ( cosh2kd-i )K v ! _Vk2"1 J-y'l    ® 

(2)   mean  potential   energy 

P=T|0gJl ( ?-?))'<ix=Ipg(^-^) 

_2_ A2 B2k2 i i 
~~ 2  Pg B2k2  L  (  1 -B2k2 )V2       l -B2k2 +V 1 -B2k2 ^      ® 

(3)   mean momentum 

I = p  I       ( u + c  ) dy = ?   f'   ( « 

= J^A r V   , . - 1  1       (7) 
Bk    L V 1 - B* k2       '  J W 

(4)   mean  energy  flux 

F = j "    I P + g  C ( " + c  y + v2 } + ,ogy }  ( u + c ) dy 

= ( 3K-2P) c + j  ( u, + c y (  '+(>(ii+?)c) + g^ I (8) 
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(5)   radiation  stress 

»«» = J       C  P + P (  u + c  y ) dy - J       p0dy 

= 4K-3P + |0(u6+c  y (  d + >?  ) 

In  above  equations,   "-"   represents  average  over  one  wave 
length,   ui,'=Ub+c  horizontal  velocity  at  bottom,   and 

sinhkd _ coshkd 
A = J?, —.  , ,   ,  B = 7), 

sinhk ( d + rjc )                                     "  sinhk ( d + tjt ) 

c'^.'k'  - _ A      l 
( u> +C Y  -2sinh*k(d+9e )  '  ' -Fk"CVl-BJk*  * -" 

2. CONSERVATIVE EQUATIONS OF MOMENTUM AND OF ENERGY 

By omitting the rate of change in time, effects of wind 
at surface and currents, conservative equations of momentum 
and of energy in two dimension show respectively 

dS" ~-pg  ( d + C)-^-   10) dx "  rB ^  ' * ' dx 

H^**     (ll> 
where Sx% is radiation stress, C set-up/down of mean water 
level, F energy flux, P"» energy dissipation rate due to bot- 
tom friction per unit area, P~b energy dissipation rate due 
to wave breaking per unit area. 

3. ENERGY DISSIPATION 

In non-breaking zone, the energy dissipation are domi- 
nated by bottom friction. However, mixing of air and induc- 
ing turbulence become dominant factor for energy dissipation 
within breaking zone of some distance. After some distance 
of breaking,  the more shallow the depth is, the more impor- 
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tant is the bottom friction to energy dissipation. 

Pf shows energy dissipation due to bottom  friction  per 
unit area per unit time presented by 

P/ = r. u,' 

and  rbx = j i°fwUb'|ub'| is shear stress at bottom,  fw bottom 
friction coefficient. 

Averaging over one wave length for Pj , we get 

—  1 f l 
P/^-jJ J   JPK  M,"   •    | U,' 

~ 3n sinh'k ( d + y,  ) 

dx 

•(12) 

For the bottom friction coefficient fw , regression for- 
mula are worked out from the experimental data of Riedel et 
al. (1972) for smooth bottom.  The functional form are 

f„ = 1.993196 (Re )-».«»•»» 10* < Re < 10" 

£n f „ = 74.8895 - 29.6769 ( ^nRe ) + 4.33474 ( J?nRe )2 

- 0.287814 ( ^nRe y + 0.00718364 ( <?nRe )' 

10" <Re <, 3.393 x 10s 

tni„ =- 3005.95 + 842.946 ( ZnRe ) - 88.6773 ( ^nRe y 

+ 4.14089 ( AiRe y - 0.0724355 ( inRe )' 

3.393 x 10s <Re< 3.501 x 10s 

where Re is Reynolds number. 

For spilling breaker, its structure and energy dissipa- 
tion are similar to bore, which has a strong turbulence 
mixed with air only near crest. Le Mehaute (1962) suggested 
that the energy dissipation in spilling breaker can be es- 
timated by a bore of the same height. The average energy 
dissipation of breakers of unit area in unit time, P"b, shows 
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T!.i«i^Q=>i^.   » 

where hi, hi are depths before and after the bore respec- 
tively, a breaker coefficient, Q discharge in bore per unit 
area. 

Hwang and Divoky (1970) suggested that Q in water wave 
can be calculated by linear periodic bore Q=cd/L, and we can 
get 

*=•*¥£&- « 

NUMERICAL MODEL 

In  Fig.l,  waves propagate from section I to section II 
with constant wave period T.  For L=cT, we get 

_b.=_b 
c,  c. 

Conservative equations of  momentum  and  of  energy  in 
finite difference form are 

c' = C' "pg(d,+ ;,) C (s- )^ " ( s» >* )  W 

F, = F, -  ( P,), Ax- ( P„ ), Ax 

and Pb=0 for waves before breaking. 

If Hi, Li, di are known in section I, we can calculate 
and ci from equation (3) and (4), and calculate Fi, (Szx)i> 
(Pf)i and (Fb)i by solving equations (5)-(9), (12) and (15). 
Then we can get C2, r/ci , L2, H2, C2 on section II of given 
depth d2 by solving equations (3), (4) and (16)-(18). New- 
ton interaction is applied in implicit function calculation. 

Critical condition for limiting waves is controlled by 
Goda's formula (1970), shows as follow 
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•%-= 0.17 { 1 +expC -1.5 n{\]tib  \ 1 + 15S'))} 

RESULT 

The present results are discussed in four parts, i.e. 
shoaling process, breaking index, wave decay within the surf 
zone and the mean sea level variation. 

1. SHOALING 

The change of wave height from deep sea to breaking 
point for five wave period T=4,6,8,10 and 12 sec. on five 
various bottom slope S=l/20,1/50,1/80,1/200 and 1/600 are 
examined by calculation. Fig.2 shows one of the shoaling 
diagram. 

Table 1 and 2 show the shoaling coefficient KB=H/H0 be- 
tween various bottom slope and between various wave period, 
T. Ki decreases as the bottom slope decreases. However, the 
differences in Ks for various bottom slope are small and it 
increases as the relative water depth d/L0 decreases. For 
given bottom slope, the differences in K0 for various wave 
periods are under 0.5% and can be neglected in the case of 
considering the effect of bottom friction. 

The comparison of the present results to the experimen- 
tal data from Hwung (1975) is presented in Fig. 3, it shows 
the present results are more close to the experimental data. 

2. BREAKING INDEX 

In calculating of the breaking index, Hb/H0> di>/Ho and 
Hb/Lb, the breaking criterion defined by Goda is adopted. 
Fig.4 - Fig.8 show the comparison of the present results to 
the experimental data from other authors. The tendency is 
well acceptable. 

For a given deep water steepness Ho/Lo, the breaking in- 
dex Hb/Ho and Hb/Lb decreases as the bottom slope decreases, 
whereas the tendency of db/Ho reverses. For a given bottom 
slope,  the  difference  in breaking index between different 
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Fig.   5 
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wave periods do not exceed 3.5%, that means the influence of 
wave period to breaking index is considerable small. 

3. WAVE DECAY IN SURF ZONE 

Fig.9 and Fig.10 show the comparison of the computa- 
tional results of the relative wave height H/Hb in surf zone 
to the experimental data from Horikawa & Kuo (1966) and from 
Bowen (1968). It can be seen in the Fig.9 that there exists 
a residual wave height at the stillwater shoreline (d/db=0) 
from the computational curve. This is due to the feature of 
the present model, that the wave set-up can be determined 
simultaneously by calculating the wave height. 

4. MEAN SEA LEVEL VARIATION 

Fig.11 and Fig.12 show the comparison of the computa- 
tional wave set-up/set-down to the experimental results from 
Bowen (1968) and from Sasaki & Saeki (1974). Seaward of the 
breaker, the experimental wave set-down can be good ap- 
proached by present model, but shoreward of the breaker, 
there exists some difference between measured data and pre- 
dicted value. However, the tendency of the predicted water 
level in surf zone coincides with the measured data. 

CONCLUSIONS 

1. The influences of bottom slope and wave period on the 
shoaling coefficient are small. 

2. The breaking index Hb/H<> and Hb/Lb are positive related 
to bottom slope, but db/H0 is negative related. The com- 
parison of the numerical results to the experimental data 
from other authors is well acceptable. 

3. By proper choice of breaking coefficient a, the numeri- 
cal results for wave decay in surf zone is good agreement 
with experimental data. 

4. For the mean sea level variation, the tendency of the 
numerical results agrees with that from experimental data 
except for that near breaking point. 
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