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Wave Pressure Forces

Pressure force: sum of (pressure x area ) jp dA

per unit width: fp dz

Pressure distribution (progressive wave):

¢ coshk(h + 2)
P= TPIZ —Por T TPIZHPIA—

hydrostatic ~———
wave

cos(kx — wt)

Wave component of pressure, with reflection (standing wave):

coshk(h + z)

= 2pgA
p pg “osh kh cos kx cos wt




Wave Pressure Forces

Maximum pressure at the structure:

o coshk(h + z)
P=PY cosh kh

e H (= 2A) is the height of the incident wave

e With reflection, ny.x = 24 = H is also the
maximum crest height above SWL.
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Surface-Piercing Structure

 al coshk(h + z) o~
P=Frg cosh kh

F=(pdaz =P jo hk(h +2) d
—fp “ T Coshkh Z:_hcos 2 02

_ pgH [sinhk(h+ 2) 0
~ coshkh k L

__ pgHsinhkh
~ kcoshkh

pgH tanh kh
F= p

Shallow water: F =pgHh (hydrostatic)

Deep water: F = @ (independent of depth)
k
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Fully-Submerged Structure

—(h—B) VNV VNN

F=dez = pglt f coshk(h + z) dz
coshkh ),__,

pgH sinh kB
k cosh kh

This is always less than the surface-piercing case
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Breakwater Types

e Rubble-mound
e (Caisson

e Floating



Rubble-Mound Breakwater
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Caisson Breakwater




Floating Breakwater
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Wave Loading: Design Approximation
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Approximation for excess pressure: WL P:
e hydrostatic from wave crest down to SWL;
e linear between SWL and bed.
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Wave Loading: Desigh Approximation
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Wave Loading: Design Approximation

— 0 P,
p2 = pgH LS

__pgt .,
P3 = y
cosh kh / yan
3 heel
psy.
Force moment arm
Fi, = lsz 7z, =h+ lH Horizontal force (per unit width):
2 3
1 E, = Fix + Fo + F34
F>x = p3h Z, =—h
2
1 2 o | o
F3, = 5 (py; — p3)h | z3 = §h verturning moment (per unit width):
" > M = Fi,z1 + Fpyzy + F3523 (+F4;x4)
F4z=§p3b x4=§b




Example

A regular wave of period 8 s and height 1.2 m is normally
incident to a caisson-type breakwater of 4 m breadth and
located in water depth of 5 m. Using linear theory, determine
the following:

(a) Caisson height required for 1 m freeboard above the peak
wave elevation at the breakwater.

(b) Maximum wave-induced horizontal force per metre of
wave crest.

(c) Maximum wave-induced overturning moment per metre
of wave crest.



A regular wave of period 8 s and height 1.2 m is normally incident to a caisson-type

breakwater of 4 m breadth and located in water depth of 5 m. Using linear theory, determine
the following:

(a) Caisson height required for 1 m freeboard above the peak wave elevation at the

breakwater.
Approach wave amplitude: A =H/2 H=12m
With reflection: 2A =H

Add water depth (5 m) and freeboard (1 m):

caisson height =5+12+1 =72m



A regular wave of period 8 s and height 1.2 m is normally incident to a caisson-type

breakwater of 4 m breadth and located in water depth of 5 m. Using linear theory, determine
the following:

(b) Maximum wave-induced horizontal force per metre of wave crest.
(c) Maximum wave-induced overturning moment per metre of wave crest.

h=5m D1 = 0O p
1 R
r=8s P2 = pgH i LF
3 =
2T 2
W= = 0.7854 rad s~ 1 ",
, __pgH / T
w* = gk tanh kh P3 cosh kh p3y.heel
w?h
7 = khtanh kh

0.3144 = khtanh kh

or = —
feh feh tanh kh

0.3144 1 ( 0.3144)
= +
tanh kh 2

kh = 0.5918



A regular wave of period 8 s and height 1.2 m is normally incident to a caisson-type
breakwater of 4 m breadth and located in water depth of 5 m. Using linear theory, determine

the following:

(b) Maximum wave-induced horizontal force per metre of wave crest.
(c) Maximum wave-induced overturning moment per metre of wave crest.

F
P, Z‘
F
(X 5

=0
P1 P =0;
= 12070 Pa 1
P2 p, = pgH
P; = 10220 Pa
2
Region Force per metre (N/m) Moment arm (m) pgH
1 1 Ps = cosh kh
1
1 2
1 2

Horizontal force:

Turning moment:

Fy1 + Fyp + Fy3

Fy121 + Fxpzy + Fy323 + Fpuxy

= 62970 N/m

= 236800 Nm/m

Py heel
y.
Ps

p=1025kgm™3

H=12m
kh = 0.5918
b=4m
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