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o:\ r a king Wave Forces on Wal 1 s . 

cist :.r - tior. 

• ,. r i m a r i l y hydrostatic, broken anc Wca.̂ ..i, .:.e. •- .J.. -.x zorz-. 
\ due c o t*Te ^ y n a m ^ c effects of turbulent water and the compression of entrapped 

^.tk-i'^y pockets. Dynamic forces may be much greater than hydrostatic forces; 
t^jL^^jieref ore, structures located where waves break are designed for greater 

forces than those exposed only to nonbreaking waves. 

f. ^ v b. Nonbreaking Waves. Typically, shore structures are located in depths 
* \ vfaere waves w i l l break against them. However, in protected regions, or where 
** %•< the fetch is limited, and when depth at the structure is greater than about 
%. 1,5 times the maximum expected wave height, nonbreaking waves may occur. 

Sainflou (1928) proposed a method for determining the pressure due to 
"J^ nonbreaking waves. The advantage of his method has been ease of application, 
t> since the resulting pressure distribution may be reasonably approximated by a 

straight l i n e . Experimental observations by Rundgren (1958) have indicated 
•*%r saniflou's method overestimates the nonbreaking wave force for steep waves. 

The higher order theory by Mlche (1944), as modified by Rundgren (1958), to 
p consider the wave reflection coefficient of the structure, appears to best f i t 

"^H^experimentally measured forces on ve r t i c a l walls for steep waves, while 
;Sainflou's theory gives better results for long waves of low steepness. 
Design curves presented here have been developed from the Miche-Rundgren 
equations and the Sainflou equations. 

c. Miche-Rundgren; Nonbreaking Wave Forces. Wave conditions at a 
structure and seaward of a structure (when no reflected waves are shown) are 
depicted in Figure 7-88. The wave height that would exist at the structure i f 
the structure were not present is the incident wave height . The wave 

^ height that actually exists at the structure is the sum of and the height 
of the wave reflected by the structure H . The wave reflection coefficient 

WJLA X equals H /H.. Wave height at the wall H , is given as 

H = H. + H - (1 + Y) H. (7-72) 
w i v ^ 

„ . 

^ ^ I f reflection is complete and the reflected wave has the same amplitude as the 
Incident wave, then x = 1 a n c* t n e height of the clapotis or standing wave at 

•SâL ̂  s t r u c t u r e w i l l b e • ( S e e Figure 7-88 for definition of terms 
%*̂ t * 8 sociated with a clapotis at a vert i c a l wall.) The height of the clapotis 

C f e s t above the bottom is given by 

y = d + h + 1 t X H . (7-73) 
a o £ % 

"ere h is the height of the clapotis orbit center above SWL. 

TV -
;t' r hv clu.pc-tis though --.bov? the bottom is given by 

< 7 - 7 u ) 



d = Depth from Stillwater Level 

Hj = Height of Original Free Wave ( In Water of Depth, d ) 

X = Wave Reflection Coefficient 

h 0 = Height of Clapotis Orbit Center ( Mean Water Level at Wall ) Above 
the Stillwater Level ( See Figures 7-90 and 7-93 ) 

y c = Depth from Clapotis Crest = d + h 0 + ( - ^ p - ) Hj 

y t = Depth from Clapotis Trough = d + h 0 - ( - ^ ^ ) Hj 

b = Height of Wall 

Figure 7-88. Definition of Terms: nonbreaking wave forces. 

The reflection coefficient, and consequently clapotis height and wave force, 
depends on the geometry and roughness of the reflecting wall and possibly on 
wave steepness and the "wave height-to-water depth" r a t i o . Domzig (1955) and 
Greslou and Mahe (1954) have shown that the reflection coefficient decreases 
with both increasing wave steepness and "wave height-to-water depth" r a t i o . 
Goda and Abe (1968) indicate that for reflection from smooth vertical walls 
this effect may be due to measurement techniques and could be only an apparent 
effect. Until additional research is available, i t should be assumed that 
smooth v e r t i c a l walls completely reflect incident waves and x = 1 • Where 
wales, tiebacks, or other structural elements increase the surface roughness 
of the wall by retarding v e r t i c a l motion of the water, a lower value of x 
may be used. A lower value of x also may be assumed when the wall is b u i l t 
on a rubble base or when rubble has beer, placed <=eavard o f t ^ -.tr'ifure 

wall are snowii in 1 lyurc 7-89. When the crest is at the wall, pressure 
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