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C.1
WAVE HEIGHT AND PERIOD FROM SPECTRAL MOMENTS

Reference Section 2.5.3.

Given

The wave measurement at 17:00 on 16.9.1999 at West Lamma Channel wave station gives the following wave spectrum information : m0 = 0.64 m2, m2 = 0.82 m2/s2, m4 = 1.42 m2/s4, Tp = 7.1 s, water depth = 10.5 m.

(Note : The outputs m0, m2 and m4 from the wave spectrum are expressed in w domain where w = 2πf and f is the frequency)

Find

Spectral significant wave height Hm0, equivalent deepwater significant wave height Ho’ and zero crossing period Tz .

Solution
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From Figure A1

Ks = 0.91

Therefore


Ho’ = Hm0/Ks = 3.2/0.91 = 3.5 m

Since the moments of the spectrum are expressed in w domain instead of frequency (f) domain, therefore, a factor of 2π has to be applied to the formula of Tz given in Section 2.5.3 :
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C.2
GODA METHOD FOR BREAKING WAVES

Reference Section 2.5.9 and Appendix A.

Given

The significant wave height H1/3 at a point about 50 m from the shore is found to be 2.7 m and the wave period is 7 s.  The water depth at this point is 9 m and the slope of the seabed is 1 in 10.

Find

Estimate the wave height at a structure to be constructed at the shore where the water depth d is equal to 4 m.

Solution

Deepwater wavelength, Lo = gT2/2 = 1.56x(7)2 = 76.4 m

At the point of 50 m from the shore, water depth d = 9.0 m


d/Lo = 9.0/76.4 = 0.12

From Figure A1, Ks = 0.91

Equivalent deepwater water significant wave height Ho’ = H1/3/Ks = 2.7/0.91 = 3.0 m

(Since
H1/3 = Ks*Kr*Kf*Kd*Ho = Ks*Ho’)

At the structure, water depth d = 4.0 m > 0.5Ho’ (equal 0.5x3m = 1.5 m), use d = 4.0 m

(see Appendix A Section A.4 last paragraph)


Ho’/Lo = 3.0/76.4 = 0.04


d/Lo = 4.0/76.4 = 0.052

From Figure A1, the intersection of Ho’/Lo and d/Lo is in the dotted line region and therefore the wave is breaking.  The shoaling coefficient Ks = 1.15.

H1/3 is the minimum of the following :
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Ho’ = 3.0 m, Lo = 76.4 m, d = 4.0 m, tanθ = 1/10 = 0.1, Ks = 1.15
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Therefore, H1/3 = 3.1 m

Hmax is the minimum of the following:
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Therefore, Hmax = 4.7 m

C.3
WAVE FORCE ON VERTICAL BREAKWATER

Reference Section 5.10.3(1).

Given 

See Figure C1 on dimensions of vertical breakwater.

Water depth at structure d = 11.5 m (the structure is seaward of the surf zone)

Water depth measured to the top of toe protection dm = 9.5 m

Water depth measured to the bottom of toe protection d’ = 10.1 m

Base width of structure = 15 m

At extreme water level, height of crest above water level hc = 0.8 m

Significant wave height H1/3 = 2.0 m

Wave period T = 4.0 s

Angle between the direction of wave approach and the normal of the structure = 5o
Density of seawater = 1025 kg/m3
Find

Estimate the wave force, the hydrostatic and buoyancy forces on the structure.

Solution

Design wave height HD = Hmax = 1.8H1/3 = 1.8 x 2.0 = 3.6 m

(If the location of vertical structures is inside the surf zone, Hmax may be determined according to Appendix A.)

Wavelength at the structure, L = 24.6 m (solved by 
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Local depth of water at a distance 5H1/3 seaward of the structure db=13.5 m (from sounding survey plan)

Critical condition occurs when the wave crest is at the seaward side of the structure and there is no wave in the harbour side.  Therefore, use Goda wave pressure formulae.


d/L = 11.5/24.6 = 0.47


dm/db = 9.5/13.5 = 0.70


HD/dm = 3.6/9.5 = 0.38


d’/d = 10.1/11.5 = 0.88

From figure 16


1 = 0.6


2 = 0.015


3 = 0.21

Since the angle between the direction of wave approach and a line normal to the structure is less than 15 o, therefore  = 0 o
The elevation to which wave pressure is exerted :
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= 0.75×(1.0+0)×3.6



= 2.7 m

Wave pressure on the front face of the structure :
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 = 0.5(1.0+0)(0.6+0.015)(10.06)3.6



 = 11.1 kN/m2
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 = 2.3 kN/m2
Uplift pressure at the toe of the structure :
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= 0.5×0.6×0.21(1.0+0)(10.06)3.6



= 2.3 kN/m2
The force diagram is shown in Figure C1.  The Goda wave formulae do not include the hydrostatic and buoyancy components.

Horizontal force due to wave pressure

= (11.1+2.3) x 10.1/2 + (11.1+7.8) x 0.8/2 = 75.2 kN/m  (direction toward harbour side)

Uplift due to wave pressure

= 2.3 x 15/2 = 17.3 kN/m

Uplift due to buoyancy

= 1.025 x 9.81 x 10.1 x 15.0 = 1523.4 kN/m

Note :

According to Goda (2000), the wave pressure originates from the difference between the quasi-hydrostatic pressures acting at the front and rear of an upright section.  The quasi-hydrostatic pressure in front of an upright wall is slightly less than the hydrostatic pressure corresponding to the water level of wave crest.  Therefore, there is no need to add the hydrostatic head between the front and rear of an upright section.

C.4
WAVE FORCE ON VERTICAL SEAWALL

Reference Section 5.10.3(2).

Given 

See Figure C2 on dimensions of vertical seawall.

Water depth at structure d = 11.5 m

Base width of structure = 10.0 m

Rise of water level behind seawall above still water level d’- d = 1.0 m

Significant wave height H1/3 = 2.0 m

Wave period T = 4.0 s

Density of seawater = 1025 kg/m3
Find

Estimate the wave force, the hydrostatic and buoyancy forces on the structure.

Solution

Design wave height HD = Hmax = 1.8H1/3 = 1.8 x 2.0 = 3.6 m

(It can be checked from Appendix A that wave breaking does not occur at the structure)

Wavelength at the structure, L = 24.6 m  (solved by
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d/L = 11.5/24.6 = 0.47

Critical condition occurs when the wave trough is at front face of the seawall.  Therefore, use Sainflou wave pressure formulae.

Clapotis set-up,
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Pressure at the toe of the structure :
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 = 10.06(11.5) - 10.06(3.6)/cosh(2×0.47) = 111.9 kN/m2
The force diagram is shown in Figure C2.  The Sainflou wave formulae have included the hydrostatic and buoyancy components.

Hydrostatic pressure at the heel of the structure
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Horizontal force due to wave and hydrostatic pressure on front vertical face of seawall

= 111.9 x (11.5 - 1.94)/2 = 534.9 kN/m  (direction toward land side)

Horizontal force due to hydrostatic pressure on back of the seawall

= 125.8 x (11.5 + 1.0)/2 = 786.3 kN/m  (seaward direction)

Uplift due to wave pressure and buoyancy

= (111.9 + 125.8) x 10.0/2 = 1188.5 kN/m

C.5
WAVE FORCE ON PILE

Reference Section 5.10.4.

Given 

See Figure C3

Diameter of vertical piles of a suspended deck pier = 600 mm

Pile spacing = 4.0 m

Water depth at structure d = 6.5 m

Significant wave height H1/3 = 1.45 m

Wave period = 7 s (corresponding wavelength L = 51 m)

Kinematic viscosity  = 1.0 mm2/s for 20o water temperature

Density of seawater = 1025 kg/m3
Find

Wave force on the piles.

Solution

HD = 2 H1/3 = 2 x 1.45 = 2.9 m

(It can be checked from Appendix A that wave breaking does not occur at the structure.)

d/L = 6.5/51 = 0.127


Wp = 
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L

d

2

tanh(

H

D

p

= 2.9/tanh(2×0.127) = 4.3 m

Pile diameter with marine growth (100mm) D = 0.6 + 2 x 0.1 = 0.8 m

D/Wp = 0.8/4.3 = 0.186 < 0.2

Therefore, drag force is dominant.

The order of the horizontal water particle velocity normal to member may be estimated from the following equation (see BS6349-Part1:2000) :


Umax = 
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At z = 0, Umax = (πx2.9/7) x coth(2πx6.5/51) = 2 m/s

Reynolds number Re = UD/ = (2.0 × 0.8)/(1.0×10-6) = 1.6×106

From Figure 19, for rough cylinder, drag coefficient CD = 1.0

From Figure 18 and Figure C3,

Wave force on a vertical pile when the wave crest is at the pile :

= 1.4 ×
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i = 1 to 8,
Δz = 1.0 m

	i
	z (m)
	Z+d (m)
	{cosh[2π(z+d)/L]}2

	1
	1
	7.5
	2.13

	2
	0
	6.5
	1.79

	3
	-1
	5.5
	1.53

	4
	-2
	4.5
	1.34

	5
	-3
	3.5
	1.20

	6
	-4
	2.5
	1.10

	7
	-5
	1.5
	1.03

	8
	-6
	0.5
	1.00





Total
11.12

Substitute D = 0.8 m, CD = 1.0, HD = 2.9 m, d = 6.5 m, L = 51 m, ρ= 1025 kg/m3, g = 9.81 m/s2
Wave force on a vertical pile = 13638 N = 13.6 kN

Pile spacing = 4.0 m > 2 x pile diameter (i.e. 2 x 0.6 m = 1.2 m)

Therefore, it is not necessary to increase the wave load on the front piles by the factors given in Section 5.10.4.

C.6
CURRENT FORCE ON PILE

Reference Section 5.11.2.

Given

Diameter of vertical piles of a suspended deck pier = 800 mm

Water depth at structure = 10 m

Velocity of current = 1.0 m/s

Kinematics viscosity  = 1.0 mm2/s for 20o water temperature

Density of seawater = 1025 kg/m3
Find

Current force on pile.

Solution

Pile diameter with marine growth (100mm) = 0.8 + 2 x 0.1 = 1.0 m

Reynolds number Re = UD/ = (1.0 x 1.0)/(1.0×10-6) = 1.0×106

From Figure 19, drag coefficient for rough cylinder CD = 1.0

From Section 5.11.2

Steady drag force per unit length of pile
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= 513 N/m

Total force on each pile = 513 N/m x 10 m = 5.1 kN

The force can be assumed acting uniformly over the pile length.

C.7
BERTHING ENERGY AND FORCE

Reference Section 5.12.

Given

Type of structure = solid jetty

Draft of vessel Dv = 4.5 m

Beam of vessel Bv = 9.0 m

Length of the hull between perpendiculars Lv = 43 m

Displacement of the vessel Mv = 600 tonnes

Distance of the point of contact from the centre of mass, Rv = 18 m

Angle between the line joining the point of contact to the centre of mass and the velocity vectorγ= 45o
Find

Energy absorption capacity of rubber fender and berthing reaction.

Solution

From Section 5.12.2 (1)

Berthing velocity normal to berth Vb = 0.3 m/s

From Section 5.12.2 (2)

Cm = 1+2(Dv/Bv) = 1+2 x (4.5/9) = 2.0

From Section 5.12.2 (3)

Ce = (Kv2+Rv2cos2Kv2+Rv2 = (7.52 + 18.02cos245)/(7.52 + 18.02) = 0.57


where Kv = [0.19×600×103/(43×9.0×4.5×1025) + 0.11] × 43 = 7.5 m

From Section 5.12.2 (4),

Since no reliable information is available for the vessel’s hull, Cs is taken as 1.0.

From Section 5.12.2 (5),

The berth configuration coefficient, Cc is taken as 0.9 for solid structure.

Berthing Energy 
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From Section 5.12.2(1), the total energy to be absorbed for accident loading should be at least 50% greater than that for normal loading.

Therefore, select a fender from supplier catalogue with designed energy absorption capacity greater than 28 x 1.5 = 42 kNm .

The berthing reaction is estimated as follows :

For normal loading condition, the berthing reaction can be read from the performance curve of the selected fender corresponding to berthing energy of 28 kNm.

For accident loading condition, the berthing reaction can be read from the performance curve of the selected fender corresponding to berthing energy of 42 kNm.

The relationship between berthing energy and reaction is shown in Figure C4.
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