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LIST OF SYMBOLS

The following is a list of_symbo]s which are most commonly used in
the text. Other symbols used are defined in the text when they first
appear. :

A Underwater cross-section area, Ac cross-section area

3, Normalized cross-section area (ao = A/(B/2)2)(underwater)

B Cross-section width

c Centroid of cross-section

C?, Cg, C? Hydrodynamic Force Coefficients defined by Egs. 3.2a,
b, c.

o Distance of centroid to free surface (positive upwards)

D Depth of fluid region

d Normalized depth (d = D/(B/2))

E, Ep, Ec Moduli of elasticity, subscripts for pontoons or con-
nectors

EI Flexural rigidity

e Normalized modulus of elasticity (e = 2E/pwgB)

F Cut-off frequency, force

f Frequency in Hz, force per unit length

H Wave height, H(t) = 2n(t)

H

significant wave height (Hi/s)

S
1 , 1 Cross section moment of inertia
xx yy
. . . . - N
LJ 1yy Normalized moment of inertia (1xx = 192 Ixx/B )
Io Cross-section polar moments of inertia (I0 = ifrsz)

c

g Acceleration of gravity

k Wave number (k = 2n/X = w?/q)

k lateral stiffness normalized (kj = 4Kj/(pwng)
L Bridge length

L

nodal distance from node 1 to i+l

iidi



Lij nodal distance from node 7 to Jj

£ normalized distance (£=L/(B/2))

M Moment

m mass per unit length, moment per unit length

Nl(z), N2(z), Ni(z) Displacement functions

0 Origin of axis on freewater surface

Ri Nodal loads

RRiR§T) Correlation between R. and Rj

Rf(zl,zg,T) Correlation between forces at distances Z,, and Z,

r Nodal distance

S(w), S(f) Spectrum

Sw(w), Sw(f) Wave Spectrum

Sw(AB)(w), Sw(zlzz)(w) Wave cross-spectra between points A and B
or Z, and Z,

S

- i /A dZ
f(lez)(w) Force cross-spectra between points Z, and £,
T Cross-section draft, wave period
t Time variable

X, Y, Z Coordinates

X, ¥, 2 Normalized coordinates (i.e., x = X/(B/2))

BH,Bg,Bg,Bg Hydrodynamic mass coefficient, superscript for sway,
heave and roll

BV,Bi,Bg,Bg Virtual mass coefficient, superscript for sway, heave
and roll

Y Coherence

6,6(w) Hydrodynamic force coefficient - nondimensional

T(w) Non-diménsiona] hydrodynamic force coefficient including direc-
tional effects

n Wave surface height from mean (n = n(t))
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8 Wave direction relative to bridge axis

p\ Wave length

S H R H .R s ys R .
E,EH,EH,EH,Ei,EV,gv Percent of critical damping, subscript for

hydrodynamic or virtual mass, superscript for sway, heave
and roll
o) Water specific mass

o} Normalized frequence (o = w/ B/2g9 )

o Wave potential
) Nondimensional wave potential
W Cyclic frequency



Number

2.

1.
T

LIST OF FIGURES

Structure Idealization . . . . . « « « « « v « o o . .
Stiffness and Mass Matrices. . . . . . . « « . « « . .
Connector Idealizations. . . . . . « « « ¢ o ¢« & « + &

Hydrodynamic Mass Coefficients (rectangular cross -
section B/T=4). . . . « v v ¢ « v v v e e e e e e

Hydrodynamic Damping (rectangular cross section B/T=4)

Hydrodgnamic Exciting Force (rectangular cross section
B/T=8). . . . & o i i e e e e e e e e e e e e e e e

Hydrodynamic Mass (rectangular cross
section B/T=6). . . « v v v v v e v e e e e e e

Hydrodynamic Damping (rectangular cross section B/T=6)

Hydrod{namic Exciting Force (rectangular cross section
B/T=6). . v v v v e e e e e e e e e e e e e e e e e

Hydrodynamic Mass (rectangular cross section B/T=8). .
Hydrodynamic Damping (rectangular cross section B/T=8)

Hydrodxnamic Exciting Force (rectangular cross section
B/T=8). . . . . . . .. S e e e e e e e e e e e e e

Hydrodynamic Exciting Force for Different Wave
Directions (rectangular cross section B/T=4). . . . .

Hydrodynamic Exciting Force for Different Wave
Directions (rectangular cross section B/T=6). . . . .

Hydrodynamic Exciting Force for Different Wave
Directions (rectangular cross section B/T=8). . . . .

"Spatial Correlation Factor vs. Ration of Nodal
Distance to Wave Length" . . . . . . . . . o .

Wave Coherence Functions . . . « « « « v ¢« ¢ o « ¢« o« &

Wave Cohﬁrence for Directional Spectrum S(f,8) =
S{f)cos (e-eo) Wind Direction on Curves . . . . . . .

Number of Random Load Samples: 8 . . . . . . . . . . .
Number of Random Load Samples: 16. . . . . . . . « .« .
Number of Random Load Samples: 24. . . . . . . . « .« .

Response to Unit Amplitude Waves . . . . . . . . . . .

vi

1
12
13

14
15
16

17
18
19
20

35
38

41
45
46
47
51



©® O W o O O

.3.b

Wave Spectrum . . . . . . . . ..o e e e e e e e e e
Nodal Wave Loading. . . . . « « « « ¢ o ¢ o o« o o o o &
Boat Wake (Tm/T=9). . . v v v v v v v v o v v o C
Boat Wake Loading . . . . . . e e e e e e
Linear Displacement Field for Node Z. . . . . . . . . .

Floating Breakwater Boat Wake 15 mph
Computer Run Structure and Wave Characteristics. .

Floating Breakwater Boat Wake 15 mph
Sway Mode Shapes and Natural Periods . . . . . . . . .

Floating Breakwater Boat Wake 15 mph
Sway Response to Boat Wake . . . . . . . .« . v o .

Floating Breakwater Boat Wake 15 mph
Sway Response to Wave Time Series. . . . . . . . . . .

Pontoon Cross Section . . . . « « « v ¢« v o o o 0 . o s

Flexible Connectors Modeling. . . . . . « « « « « « + .

vii



Number

3.1,

3.2
4.5.a
4.5.b

4.5.c
4.1

LIST OF TABLES

Page
Hydrodynamic Coeff1c1ents, Tabulated Results of Figures
3.7., 3.2, 3.3, o o e e e e e e e e e e e e e e 21
Hydrodynamic Exciting Forces (§) for Different Wave
Angles, Tabulated Results of Fig. 3.4 . . . . . . .. 22

Hydrodynamic Force Coefficients, including directional
effpct. N for Directional Spectrum - S (f,e)=$w(f)

Cos '(6-8 ) B/T=4 . . . . .« . . v i i e e e e e 23
Hydrodynamic Force Coefficients...(B/T=6) . . . . . . . 27
Hydrodynamic Force Coefficients...(B/T=8) . . . . . . . 31

Results of Program COHER for and Coefficients Fitting
Eq. 4.3 to Curves of Fig. 4.3. . . . . . . . . . . .. 37

viii



I, Introduction

Although the structural modeling of a floating bridge or breakwater
poses no particular difficulty, the implementation of the shortcrested
waves in the nodal loads needs to be done carefully.

The response calculation can be done with existing computer programs
(SAPIV, STRUDL, NASTRAN,...) with additional help from other programs,
to simulate the sea state and process the results. This procedure can
prove to be time and money consuming, risking the opportunity of errors
in the handling and transformation of the data.

The program presented here combines fluid structure and stochastic
process theories in one program. In this way the response computation of
floating structures is reduced to a routine problem.

The following aspects have been implemented in the program:

1) Flexibility and ease of modeling with reduction of input

data for flcating bridges and breakwaters.

2) Continuous structures as well as structures with flexible

connectors.

3) Frequency and time domain analysis.

4) Boat wake analysis.

5) Frequency dependent hydrodynamic coefficients.

6) Short-crested waves.

7) Wave Time series simulation from wave spectra.

8) Monte Carlo simulation of random sea state.

9) Programming optimization for reduced cost and central memory

requirements.

10) Graphical output of results in convenient format.



Following is a brief theoretical background of the program operations
(more on this can bé found in ref. 6).

Verification of the accuracy of the program has been done with the
response of the original Hood-Canal bridge for which there exist actual
field measurements under various wave loadings, [9, 10, 18].

The program is written in FORTRAN IV language and can be adapted

to most computers. For the moment it is available for C.D.C. and VAXII

machines.



II. Structural Model

The program computes the response of straight floating bridges and
breakwaters. In such cases neglecting the small coupling between sway
and roll due to hydrodynamic mass and damping, the response can be con-
sidered uncoupled for the three directions of motion; sway, heave, roll.
A future extension of the program will be for the case of curved bridges,
where the response is three dimensional.

Finite beam elements of half pontoon length, and Tinear elastic springs
for the lateral anchoring are used in the structural modeling. A consistent
mass and bouyancy matrix is used, based on a third degree polynomial
element displacement field [5], [24]. The structural idealization as
well as the stiffness and mass matrices are shown in Figures 2.1 a,b.

In the same figures are shown the stiffness matrices for flexible connec-
tors (if any exist between the pontoons), based on a constant curvature
displacement field due to their smaller length.

Elastic springs for the lateral anchoring can be specified at the
ends and middle of each pontoon. The nodal point spacing can be chosen
closer than half pontoon length by specifying pontoons shorter than the
actual ones. In the later case and in case of a structure with rigid
connectors, very stiff connectors should be specified to simulate the
rigid connections between the shorter pontoons (see Fig 2.2).

Assembling the structure stiffness and mass matrices and condensing

the rotational degrees of freedom, the equations of motion are:

[mIr(t)} + [cIr(t)} + [KIr(t)} = {(R(t)} (2.1)
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where: [m], [c¢] virtual mass and damping matrices (structure + Hydro-
dynamic).
[k] structure stiffness + bouyancy matrix
{R(t)? exciting wave forces
{r(t)} nodal displacements
The above equation is solved in frequency and time domain as discussed

~

in paragraphs 6 and 7 below.

actual pontoons (1) (2) (3)

L

3

.. ficticious pontoons
rigid connectors

flexible connectors rigid connectors

Fig. 2.2
Connector Idealizations

..



111. Hydrodynamic Coefficients

The hydrodynamic forces on the oscillating structure are: added
mass (proportional to the structure acceleration), added damping (pro-
portional to the structure velocity), and exciting force (proportional
to the incident wave). The way these forces are computed is described
in ref. 6. Here are presented in summary some results in tables and
graphs for practical use obtained using program HYDRO. Detailed descrip-

tion of the theory behind this program and its use can be found in ref. 6

In the graphs and tables following are presented the coefficients:
Bis Bas B3, for the Hydrodynamic mass.
E1s 25 &3, for the Hydrodynamic damping.
815 825 83, for the Hydrodynamic exciting forces.
(where subscripts 1, 2, 3 are used for the three directions of motion:
sway, heave, roll).

Using the above coefficients we can get (per unit length of structure):

Added Mass:
sway Mg = el(pr) (3.1.a)
heave M, = Bz(pr) (3.1.b)
roll My = Bg{pw (B/2)% + czsl(pr)} (3.1.c)

Added Damping:
The above coefficient £ represent percent of critical damping in

respect to the virtual mass.



Exciting Forces:

sway Foyay = 51(0,9)(B/2)n(t)) = Con(t) (3.2.a)
H

heave Freave™ 52(p,9)(B/2)0(t) = C.n(t) (3.2.b)

roll FY‘O” = 63(pwg)(B/2)2(n(t)) + C*stay

(3.2.c)

R
*
(,Fn(t) +c sta_y

To take into account the directional wave spectrum the coefficients

s have been modified to §, (Table 3.2) for directional spectrum of the

form S(f,8) = S(f)*cosn(e-eo).

A note should be made that all, the above coefficients are frequency

dependent aind in the graphs and plots the normalized frequency has been

used (o = w\IB/Zg).
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Table 3.1. Hydrodynamic Coefficients, Tabulated Results of Figures 3.1, 3.2.
o= Mass (8) DAMP ING (E) FORCE (6)

w/B/2g| swav| Heave| moiL| swav| weave| nott SWAY| HEAVE| ROLL

501 .742] 1.923| .261] .049( .353| .002]| .391| 1.410]| .076

.60| .806| 1.722( .258| .002| .307| .003] .S554] 1.270| .0%2

.70 178 1.604 .2585 .148 .254 .003 L0011 1,130 .086

.80 .650| 1.851 .252 .204 .199 .003 796 .990 .087

901 .482] 1.546] .251] .245| .149| .o001| .s32] .ss4| .o6s

- 1.00 L334} 1,575 .251 £ 264 107 .001 824 127 .045

X 1.10} .225) 1.621( .253| .264| .074]| .000| .794| .614] .022

~ 1.20 182 1,672 254 .251 .051 .000 .754 .516 .002

(=) 1.30 .104] 1.720 .258 .230 .034 .000 708 433 017

1.40 .078| 1.758 .255 .207 .024 .000 .061 .360 .01

1.50 .057 1.784 .288 104 .017 .001 .015 291 . 042

801 4911 2,996 .287| .029( .414]| .006| .226| 1.459| .125

.60 .541)| 2.672| .285| .053| .377| .010| .319 1.337| .164

.70 .559| 2.457| .278) .086| .332| .014] .411] 1.216] .193

801 .520| 2.823| .265| .123( .281] .016| .487| 1.097| .207

901 .458) 2.253| .252| .156| .229| .016]| .538] .979| .204

o 1.00 .369( 2.234| .243| .180] .180] .o014| .S63 866 .189

JLlo1.10] 0 284 2,252 2371 193] .137| .011| .569| .761| .166

~ 1.20 L2131 2.293 .235 .196 101 .008 .$62 667 138

(23 1.30] .159) 2.346| .235| .191{ .073| .00S| .546| .S85| .110

1.401 .119| 2,400/ .237] .181) .053| .003] .523| .S11] .o083

1.50 090 2.450 .239 .169 .088 .002 407 437 .061

801 .369) 4.083| .303] .020| .447| .007| .157| 1.48¢| .138

601 .408) 8.642) .304| .037| .417( .013} .220{ 1.370| .182

.70 .429; 3.838 .298 .060 877 .018 .284) 1.260 219

.80 424 3.134 .284) - .086 .331 .023 L8411 1.182 .244

.90 .392] 3.005 .267 11 .281 .025 385 1.046 .252

© 1.00 L3421 2.987 .251 .182 .232 .024 414 .942 .247

1l 1.10 .285| 2.917 .239 147 .186 .021 .431 .845 .230

| 1.20] .230| 2.933| .232 155 .145| .0t17| .437( .756] .206

eo | 1.301 183 2.972) .228] 157 111 .013]| .36, .e77| .177

1.40 .145; 8.025§ .227 154 .083 .010 428 .605 148

1.50 114} 8.081 .228 148 .062 007 L4193 .833 .122
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Table 4.5.a continued
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IV. Spatial Correlation of Nodal Loads

To deal with the short-crested waves, two methods have been implemented

in the program to take into account the spatial correlation of the wave

loading.

The first is the S.C.F. method which consist of weighting the nodal

loads by a factor to take into account the fact that the wave pressure

is not fully correlated between nodal points.

The nodes are assumed to

be far enough so that the nodal loads are uncorrelated.

in Hood Canal and Evergreen floating bridges show that after a distance
0.6x the wave forces can be considered uncorrelated, ref. 9, 18, 20.)
The S.C.F. factor was developed empirically from measurements on

the Hood Canal floating bridge and more about it can be found in ref. 28.

(Measurements

In fig. 4.1 is shown the variation of S.C.F. with the ratio of nodal distance

to wave length.

The two curves shown on this figure correspond to linear,

curve 1, or quadratic, curve 2, decrease of in-phase loadings from 0 to 0.6\.

(c)

o - N W oa o U d® b o

S.C.F.

"Spatial Correlation Factor vs. ratio of nodal distance

to wave length".
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The second method is described in ref. 6 and consists in a theoreti-
cally developed wave correlation. Briefly it is as follows:
The wave coherence along the bridge is assumed to vary exponentially

and for two points at distance Az assumed to be of the form:

v, (82/3) = exp(-a(az/n)®) (4.3)

The values of o and B depend on the wave directional spectrum. In Fig.
4.2 are shown curves of the form y=exp(-ax8), and in Fig. 4.3 are shown
curves for the wave coherence between two points at distance z on the

bridge obtained for a directional spectrum of the form:
S(f,8) = S(f) cos"(6-6 ) (4.4)

Using least square fitting the values of o« and 8 can be obtained by
fitting curves of fig. 4.2 to those of fig. 4.3. (A1l these have been
done using a small program COHER). Results for o and g values are shown

in Table 4.1.

The nodal load cross-spectral densities can be written in the form:

SRiRj(w) =;§Kw) pij(w) Sy (v) (4.5)

where P (w) depends on o, 8 and the nodal distances and can be easily

J
computed using numerical integration (eight point Gauss quadrature method
nroved to be adequate).

Then the nodal loads are constructed from N series of uncorrelated loads,

Xi(t)a i= ],--..N, as:

Ri(t) = ¢ a.. X.(t) (4.6)



In order for the nodal loads to satisfy (4.5) the computation of aij

is reduced to an eigenvalue problem and aij are obtained as:
L T
[a1J] = [Q] [/\] [Q] (4-7)

where [A] is the eigenvalue matrix of [pij] in respect to a unit matrix

and [Q] are the corresponding eigenvectors.

Table 4.1. Results of Program COHER for o and 8 €oefficients Fitting
Eq. 4.3 to Curves of Figure 4.3.

D

o 0° 10° 20° 30° 40° 60° 80°
n=2 a 4.47 1.70 1.42 1.14 .90 .53 .32
B 1.9 1.27 1.23 1.20 1.13 1.21 1.39
n=4 o 4.44 2.36 1.49 1.15 .87 .44 .20
B 2.14 1.74 1.44 1.37 1.35 1.38 1.50
n=6 o 3.09 2.33 1.68 1.08 .82 .38 .14
B 2.12 1.95 1.78 1.53 1.51 1.48 1.58
n=8 o 2.33 2.09 1.61 1.10 .75 .34 1
B 2.09 2.04 1.92 1.74 1.62 1.58 1.65
n=10 o 1.87 1.77 1.44 1.05 .70 .31 .08
B 2.07 2.05 1.98 1.85 1.70 1.65 1.69
n=12 o 1.57 1.52 1.28 .97 .64 .28 .07
B 2.06 2.06 2.00 1.92 1.74 1.70 1.73
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V. Monte Carlo Simulation of Random Sea State

In a wave spectrum there are an infinite number of sea states, each
one resulting in different loading on the structure.

To estimate the expected response values a Monte Carlo simulation
is followed in this program.

For this the structure response is calculated for N sets of different
nodal loads resulting from the same wave spectrum.

The mean and standard deviation between these sample response values
are calculated, and they approximate the expected response value and its
standard deviation provided the sample number N is large enough.

To figure out an appropriate value for N, runs should be made with
different N values and from the variation of the results the value of N
can be judged. From experience a value for N between 8 and 16 seems
adequate. As an example Fig. 5.1, 5.2, and 5.3 show results for N = 8, 16, 24.
The small difference between the results for N = 16 and 24, shows that a

value for N = 16 is adequate.
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VI. Frequency Domain Analysis

First the response to short-crested harmonic waves of single fre-
quency w is calculated assuming the structure oscillates in a steady
state with frequency w. Again two methods are implemented corresponding to
the two approaches of 4, above. To take into account the wave spatial cor-
relation (para. 4), the nodal loads are computed as follows (Fig. 6.1.):

i nodal points

-1 ' & S

4

|
i
1
i
. ]
I N
. 1

—l L, —

Figure 6.1. Nodal point numbering.

Ci-z(w>Li—1)Li-1 + ¢ (w,ly )Ly (6.1)
2 §(w) nlw) sin(ut+d,)

o0~ |

where: ci(w’Li) is a spatial correlation factor, S.C.F., as described
in para. 4.

3 (w) is the frequency and wave direction dependent hydrodynamic
force coefficient, converting wave amplitude to wave force per unit bridge
Tength, and is described in para. 3 and computed in Table 3.2.

n{w)is the wave amplitude for each frequency component of the
wave spectrum,

- ¢; is a random phase angle taking into account that the nodal loads
are uncorrelated. This angle can be chosen with a uniform probability
between 0 and ¢. A value of ¢ equal to =m/2 produces less correlated

loads than equal to 2m [6].
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N
b) R (t) = &(w) n(w) }

z . sin(wt + ¢.)
J Jd

a.,
17 W

Here the nodal loads are constructed from N uncorrelated time

series, as described in para. 4, and aij are obtained from Eq.

(4.7) for the wave coherence function assumed to be of the

form of Eq. (4.3).

The structure loaded as shown in Figure 6.2, and oscillating in a

steady state wi]] have displacements:

Figure 6.2. HNodal Harmonic Loads
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and

r
1

r.
(3

[
1

(t)

r. sin{wt + ¢.) = ». sinwt cosy. + r. cosut siny.=
1 ( w’b ) 1 Ii)'L 1 Ll)’Z,
a. sinut + b. cosuwt

1 1

(t)

(t) = -aiw2 sinwt - biw2 coswt

a.w coswt - b.w sinwt
1 1

and in matrix form:

{r

(t)} = {a}sinwt + {b} cosuwt

and for the nodal load:

{R

(t)} = {A}sinut + {B} cosuwt

where {a} ={a,}, {b} = {b,}, {A} = {A;}, {B} = {B,)

and,

or,

A.

1
B,
in

in

= kle;_jluby o)y
= ;E{Ci_] (M’Li-l )L‘I:-1+ C’l: (w’L’I: )L‘L}
case of (6.1)

+ ¢ (w,L L, 38(w) nlw) cos ¢;
§(w) nlw) sin ¢,

]
12

= &(w) nlw)
)
N

= §{w) n(w)jzl aijsin 2

a. :.Cos ¢-
1 i ¢:f

case of' (6.2)

Writing the damping in the form: [c] = 2 £(w) wlm]
relation (2.1) becomes:

T - wm] -2 m?lmd | f@)] (A

| 2 gw?m] (K] - w?[m]} [{b} {B}
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"
v

Solving (6.9) thesin and cos terms, {a} and {b} for the displacements

are obtained and consequently the bending moments and shearing forces.

The corresponding maximum values are computed as:

max r, = Ja 2 + b 2 (6.10)

(2 1 1

H (w) S(w)

1
]
]

s

A Ao

Figure 6.,3.a, Response to unit Figure 6,3,b, Wave Spectrum.
amplitude waves

The frequency response H{w) to unit wave ampiitude (n(w) = 1) is
evaluated for different wave periods and different sets of random phase
angles. Maximum average values and standard devigtions between the sets
of random shifts are computed and the maximum values along the bridge are
plotted for each wave period.

For the response due to a wave spectrum (Fig. 6.3.b), the wave
field is constructed by the superposition of certain number of harmonics
with amplitude n(w) = /S{w)Aw and the structural response amplitude is
computed as:

r= | Hw) n(e) do | (6.11)

0
- Again the response to a wave spectrum is computed for different sets
of random phase angles for the wave harmonics, and maximum, average and
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standard deviations values are computed and plotted along the bridge
length. The above procedure is as if we superimpose Figure (6.2) for
different wave periods and amplitudes n{w), with a result shown in Figure
(6.4) in which the structure is loaded with different time series having
the same energy spectrum, and being either the uncorrelated case (6.1)

or the appropriate correlated case (6.2).

A AL Do a A A AR AL AR Aa Al
U\ " Y W v "“""

Tide

__(l/’H,A TV .A.“llLl‘
Uu “" “ ..,v '\! "y'V'."' " vV

Figure 6.4. Nodal wave loading

VII. Time Domain Analysis
The mode superposition method has been adopted for the time domain
analysis, being a more economic solution as the higher mode shapes do not

participate in the response. Constant hydrodynamic coefficients S.C.F.
and load correlation matrix, are assumed. as computed for the peak spec-
trum frequency. The generalized Jacobi's method [1] is used in the eigen-
value solution. The above method seems more appropriate due to the small
number of eigenvalues and to the fact that the condensed stiffness and
mass matrices, although not banded, are strongly diagonal which helps in
the fast convergence of Jacobi's method.

The wave time series are inputed or constructed from the wave spec-
trum as described in [47, by superposition of harmonics:

M
wit) = .Z IE(u%) Sin(wit'Fu%) (7.1)

1=1
where: Y, are random angles from 0 to 27 and w, , ©=1,2.... M are fre-
1
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quencies in which the wave energy spectrum is split, chosen either at
equal spacing or at equal spectra areas between them. n(w) = S{w)dw
(Fig. 6.3.b).

To construct different samples of time series the above time series
w(t) are shifted at random intervals. If the time series are constructed
from the wave spectrum, for each set of random shifts the time series are
reconstructed from (7.1) with different phase angies, y. For the cor-
responding cases of (6.1) and (6.2) the nodal loading is constructed

as.:
a) Ri(t) = {Ci-z(wo’li-l)Li-J + ci(wo’Li)Li} ?S(wo) W(t+Ti) (7.2)
_ N
b) Ri(t) = 6(w0)j£1 3 w(t+tj) (7.3},
b
c) R.(t) = E(wo)gz 3 W,(t) (7.4)

where Tj is the shifting interval range between 0 and TSH’ where

TSH should be inputed and should be about two to four times the peak
wave period. E(wo) and ci(wo’Li) are described inpara. 6 and cor-
respond to the peak wave frequency,wo. In the third case the time
series wj(t) are constructed using linear filtering methods as is
discussed in para. 4.

The decoupled equations of motion are integrated using Wilson's
theta method [1], which is unconditionally stable for 6 > 1.4.

To be able to manipulate the large amount of data in a small
central memory, the time integration and all further manipulations
are done by writing the time series in blocked form, the optimum
size of which is computed by the program tominimize execution time
and meet memory limits. Again maximum, average and standard devi-
ations are computed between the sets of randomly shifted time series
and plotted along the bridge length. Also, representative time
series of the response from each set of randomly shifted series can
be plotted for three bridge locations, left bridge end, left quarter
span and middle of the bridge.
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VIII. Response to boat wake
For the response to boat wakes the wave forces have been modelled

as shown in Figure 8.1.

Sinusoidal Envelope

H—ah

-O-—T—d

T,/2
Figure 8.1. Boat wake (Tm/T = 9)

From observed data it seems that a ratio ﬁﬂ/T of 3 to 15 is ap-
propriate.

The loading of the bridge at a time t (t = O when the wake is at
the left end) is shown in Figure 8.2 and can be represented by the
following relations:

moving wave train

bridge
axis

Xp =
=V (t-T, /2 )}~

¥
-

Figure 8.2. Boat wake loading

- Xp=X X 4= X
i f(x) = d(w,e)(g)s1n(%f V )s1n(%£-4%r-) for Rp <x & Xy (8.2)
f(x) = 0, for x < xgor x>X, and x, = Vt, xp = V(t -%?)

V is the boat speed parallel to the bridge. Assuming linear displacement
field for the bridae (Fig. 8.3) we have for node <:
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T
b3

Figure 8.3. Linear displacement field for node 7.

X = %.1
N;(x) = % X; 1§ X €%
Xi,7 = X
_ T+l
N; (x) "X, T, X; € XS %9 (8.3)
N (x) =0 X <X 70 X2 Xpyg
Applying virtual work, the nodal loads are computed as:
oL
R; (x) = jNi(x) f(x) (L = bridge length) (8.4)

0

Relation ( 8.4 ) can be integrated explicity for the nodal loads.

Another way of computing the boat wake response is by loading the
nodal points with a time delay (At) between them, where:

At = %% (aA2: nodal distance) (8.5)

The forces would be determined by multiplying ( 8.1 ) by §(w,8) and
by an appropriate "contribution 1ength", which may or may not be the '
same as the nodal spacing.

The latter case of computing the nodal loads, can give erroneous re-
sults if the nodes are not closely spaced and the "contribution length"
properly chosen. Results of boat wake response are shown in Figure

8.4 for a breakwater with flexible connecters.
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IX.  EXAMPLE OF BREAKWATER

The response of a breakwater of length (8 x 75' = 600') with rigid

or flexible connectors will be modeled as an example.

1 2 3 4 5 6 7
. I I ] 1 I 1
cured A 3 I §F M I Fewn
25 g 75 T8 TS 50 " g5 [T g5 7
] >la— g | 'F‘“—’f
4 k/ft 4 k/ft
Figure 9.4
y N
x
0 AN
N——
5' x < - - X
44 3/4" 3.55'
¥ b
Yy
E 16' >+
— Figure 9.2

Pontoon Cross Section
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PONTOON PROPERTIES

Cross section area:

Ac =16 x 5 - (16-3x0.396) x (5-2x0.396) = 17.67 ft

Moments of inertia:

;=16 x 53 (16-3x0.396) x (5-2x0.396)° _
XX 12 12

_ 5 x 16> (5-2x0.396) x (16-2x0.396)% , (5-2x0.396) x 0.396

IYY 12 12 12

3 4

= 473.27 ft

547.96 ft4

{

Io = IXX + Iyy = 74.69 + 473,27

J =3 x (5-0.396)% (16-0.396)° 4
[2x{T6-0.396) + 2x(5-0.396)]

0.39%

202.28 ft

417000 k/ft?
0.22

Modulus of Elasticity E
Poisson Ratio v

_ - 3.55 x 16 x 0.064 _
m, = my = 5.7 = 0.113  k slug/ft

_ 547.96 _ 2
mt = W x 0.113 = 3.50 k S]Ug ft=/ft

is the mass fnertia per unit length)
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Hydrodynamic Coefficients for Example Breakwater

B/T = Width/draft = 16/3.55 = 4.5

o = normalized frequency = w/B/2g = 2“/1./737§(§§T§) = 3.13/7

pgB/2 = hydrodynamic force factor in translation = 0.064(16/2) = 0.512
pg(B/2)2 = Hydrodynamic force factor in roll = 0.064(16/2)% = 4.096

From Table 3.1 the mass and damping coefficients are found to be:

T Mass Damping
(sec) o sway heave roll sway heave roll
2 1.56 1.052 2,87 1.25 0.167 0.017 0.001
3 1.04 1.30 2.76 1.25 0.24 0.111 0.004
4 0.78 1.64 2.76 1.26 0.17 0.23 0.006
5 0.63 1.74 2.92 1.26 0.10 0.31 0.005
6 0.52 1.69 3.15 1.27 0.05 0.36 0.003
The Hydrodynamic Force Coefficients are:
Force &(w,0) - Force Coefficient, Cf,
T non-dimensional for FLOAT program
(sec) o sway heave roll sway heave roll

.56 0.56 0.28 0.05 0.29 0.14 0.20
.04 0.75 0.72 0.07 0.38 0.37 0.29
0.70 1.04 0.12 0.36 0.53 0.49
.63 0.54 1.25 0.1 0.28 0.64 0.45
.52 0.38 1.40 0.09 0.19 0.72 0.37

YOI WMN
COO——
~J
(0]

If the directional and short crested effects are to be included in the
Hydrodynamic Force Coefficients and an exponentially decayed load correla-
tion instead of in an SCF equation the following values from Table 4.5 would
be used*:

Force §(w,0)*- Force Coefficient, CF,
T non-dimensional for FLOAT program
(sec) o sway heave roll sway heave roll

1.56 0.53 0.15 0.03 0.27 0.08 0.12
1.04 0.69 0.59 0.06 0.35 0.30 0.25
0.78 0.60 0.94 0.10 0.31 0.48 0.41
0.63 0.44 1.18 0.10 0.23 0.60 0.41
0.52 0.31 1.31 0.08 0.16 0.67 0.33

O WN

* this case was not run here but makes a good comparison run.
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Flexible Cgonnectors Modeling

v
H
e
/ x
Y /’/
| A0 il
/ S
// /
4,830
X/
Figure 9.3
y
Shearing areas: A = A = 2x(§J X (19) x 4.83 = 6.7 ft2
X y 6 12 ’ ’
Moments of inertia: I = 2x (18 4'833=156ft4
oments O inertia. XX X -12 X ]2 .
I = 2x (‘—0)x483x(5+§—)2=93621=t4
yy 12 : 12 :
) 19 5.2 4
J= 2x (19) x 4.83 x (5 + 2)° = 236.2 ft
Modulus of elasticity E = 1000 k/ft2
Poisson's ratio v = 0.48
Shearing moduTus G = 510 k/ft
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Example of Breakwater with Flexible Connectors Every 75 Feet
INPUT DATA
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1FTY .1283E+01

MAX DISPL

(kPssFT) - 1561E+04

MAX MOMENT

tkps1 . 2101E+02

MAX SHERR

0.4
0.2
__._—-————\
0
1 2 3 4 5 B 7 8
PONTOON NUMBER
1.0

41/ N | \

0.4

N/ BN N\
/

2 3
PONTOON NUMBER

\
N
D
2

T~ )
0.4 / /[T / \//\\\\
7 N

0.2

1 2 3 4 5 [ 7 8
PONTOON NUMBER WERYY LINE MAXIMUM OF RAND SHIFT
HID = LINE AVERAGE OF RAND SHIFT
LiGHT LINE ST.OEV. OF RAND SHIFT
FLORTING BREAKWATER - EXAMPLE RUN FREQUENCY DOMAIN ANALYSIS
F1G. SWAY RESPONSE TO WAVE SPECTRUM HS= 3.00 TSz 2.96
Figure 9.6.d

Example Breakwater with Flexible Connectors Every 75 Feet
QUTPUT DATA

72



tFT) .12178401

MAX DISPL

(kPSeFT) 2010E+04

MAX MOMENT

{kps1  .2428E+02

MAX SHEAR
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LIGHT LINE ST-DEV. OF RAND SHIFT

F1G.

FLORTING BRERKWATER - EXRMPLE RUN

SHRY

_ RESPONSE TO WAVE SPECTRUM
Figure 9.6.e

TINE DOMAIN ANALYSIS

HS:=

3.00 TS=
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FLOATING BREAKWATER

NUMBER OF PONTOONS .........
FLAQ FOR DIRECTION

FLAG FOR SAME PONTOONS...... -0
FLAG FOR RIGID CONNECTORS... 1
FLAG FOR SAME CONNECTORS..... 1
FLAG FOR RUN MODE .......... 1
FLAG FOR UNITS.............. -0
FLAG FOR TIME SERIES INPUT... 1
FLAG FOR S.C.F. .......... 1
FLAG FOR LOAD CORRELATION... =0

FLAG FOR BOAT WAKE ANALYSIS< -0
FLAG FOR WAVE SPECTRUM 2
FREQUENCIES FOR HYDR COEFF..
MIE}E FREQUENCY FOR HYDR C..
PLOTED MODE SHAPES
OUTPUT FREQUENCIES.........
MAXIMUM ITERATIONS FOR ElG..
TOLERANCE IN COMPUT EIGEN...

NUMBER OF FREQUENCIES IN

FREQUENCY RESPONCE ........ 24
LOADING PATERN ............ 1
NUMBER OF RANDOM SHIFTS oo 8
NUMBER OF FREQUENCIES IN

WAVE SPECTRUM ............. 48

0 SWAY + HEAVE + ROLL
SWAY

HEAVE

ROLL

SWAY + HEAVE

SAME

DIFFERENT

RIGID

FLEXIBLE

SAME

DIFFERENT

EIQENVALUE SOLUTION
EIGENVALUE + FREQUENC RE SP
FREQUENCY RESPONSE

EIGENVAL + TIME SERIES
ALL THE ABOVE

FEET-KPS
METERS-KNEWTONS
SIMULATED FROM SPECTRUM
AT EQUAL FREQUENCY - INTERVALS
1 SIMULATED FROM SPECTRUM AT
EQUAL SPECTRA AREAS
INPUT TIME  SERIES
READED FROM TAPE 11
INPUT VALUES '
LINEAR PREASURE DECREASE
QUADRATIC PRESURE DECREASE
MORE ACURATE
UNCORELATED
EXPONENT CORRELATION
REGULAR ANALLYSIS
BOAT WAKE ANALYSI1S
BOAYT WAKE ANALYSIS
SPECTRUM [NPUTED
BRETSNE IDER
JONSWAP

OQO=OQ 2N -2O=O-O“OArLN—

Nl ONLO—-=ODBN—-QOLN

" .100E-05

0 EVERY NODE
1 IN THE MIDDLE OF PONTOONS

RANDOM SHIFT REGION 2%P1/(R) Rs 4.00000
EXPONENT FACTOR FOR LOAD CORRELATION DECAY ALPHA =  8.00000
. . T T BEIA & iluvuub
WATER SPECIFIC WEIGHT ..... 06400
NUMBER OF CONNECTORS........ 7
NUMBER OF NODAL POINTS...... 24

Figure 9.7.a

Example of Breakwater with Flexible Connectors Every 150 Feet
OUTPUT DATA
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HYDRODYNAMIC coEFFICIENTs
00000 0 0600 000 00 0000 0 06 00 0000 00 0600 .00 36 2 00 0 0000 .00 00 3 00 00 360 06 600 06 06 00 0 0600 30 0 0 00 04 4

MASS DAMPING FORCE/WAVE
PERIOD 2.00 SEC
SWAY 1.070 .185 .300
HEAVE 2.960 ,022 .110
ROLL 1.250 .002 .120
PERIOD s 00 SEC
VALUES USED FOR E1GEN. SOLUTION
SWAY 1.340 ,240 .360
HEAVE 2.750 .125 .340
ROLL 1.250 .002 .270
PERIOD 4.00 SEC
SWAY 1.650 .180 .330
HEAVE 2.750 .180 .480
ROLL 1.250 .003 .410
PERIOD 5.00 SEC
SWAY 1.740 .090 .230
HEAVE 2.960 .320 640
ROLL 1.260 .003 .300
PERIOD 6.00 SEC
SWAY 1,700 .050 .160
HEAVE 3.190 .370 .700
ROLL 1.270 003 .280
TIME SERIES ANALYSIS
TIME INTERVAL IN SECONDS... .200
TOTAL TIME IN SECONDS...... 100.00
SHIFT TIME IN SECONDS....... .00
THETA FOR WILSON INTEGR..... 1.40
PARTICIPATING MODES SWAY
PARTICIPATING MODES HEAVE
PARTICIPATING MODES ROLL
BLOCK LENGTH ...... s 1
NUMBER OF BLOCKS ......... 3
STD DEV FROM WAVE TIME SERIES  .6607E+00

Figure 9.7.c

Example of Breakwater with Flexible Connectors Every 150 Feet
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EIGENVALUE SOLUTION SWAY
303030 30 0. 303636 30 34 30 30 6 6 00013006 30 36 36 6 03 30360036 30 36 30 3 6 0636 30 30 0 2

MODE OMEGA FREQUENCY  PERIOD
1 .836 .13805 7.516
2 .850 .13535 7.388
3 1.246 .19829 5.043
4 2.517 . 40059 2.496
5 4.053 .64503 1.550
6 15.058  2.39665 A7
7 20.311  3.23257 .309
8 26.692  4.24822 .235
9 37.614 5.98649 67

10 42.123  6.70424 149
11 48.603 7.73555 129
12 53.582 8.52793 A17
13 103.000 16.39464 061
14 103.808 16.52178 .061
15 106.949 17.02166 .059
16 109.699 17.45937 .057
17 197.772 31.47676 032
18 197.843 31.48820 032
19 199.167 31.69888 032
20 199.976 31.82754 031
21 % .694E+07* .110E+07 000
22 % .694E+07% .110E+07 000
23 % .694E+07* .110E+07 000
24 * .695E+07% .110E+07 000

Figure 9.7.d

Example of Breakwater with Flexible Connectors Every 150 Feet

OUTPUT DATA
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-1140E+0t

(FT)

MRX DISPL

.9529E+03

MAX MOMENT  (KPSwFT)

-8063E+01

(KPS

MAX SHEAR

A

1.0

0.8

0.6

0.4

0.2

1.0

0.8

0.6

0.4

0.2

0.8

0.6

0.2

4——1-I=EEEEEE /\\\/’\\.———~’

1 2
PERIOD IN SEC

£

=

1 2
PERIOD IN SEC

[ |
Y\ A avi
A YA

“a T~

FlG.

1
PERIOD IN SEC

FLOATING BREANWATER
SHAY RESPONSE TO UNIT ARMPLITUDE SINOSOIDAL WRVES

Figure 9.8.c

Example of Breakwater with Flexible Connectors Every 150 Feet
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tFT) .1062E+01

MAX DISPL

.2093E+02 MAX MOMENT (xPssFT1 . 1745E+04
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MRAX SHERR
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LIGHT LINE ST.0EV. OF RANO SHIFT
FLOATING BRERKWATER FRECUENCY DOMAIN ANALYSIS
FIG. SWAY RESPONSE TO WAVE SPECTRUM HS= 3.00 TSz 2.96

Figure 9.8.d

Example of Breakwater with Flexible Connectors Every 150 Feet
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Appendix A
Program FLOAT

Computer program to compute response of floating bridges and break-

waters in short-crested sea states.
Programmed by C. Georgiadis, U.W. 1980

Card 1
columns

Card 2
columns

(8A10)
1-80

INPUT DATA

Title of the problem.

(15,1111,14,415,F5.0,15,F4.0,11,2I5) General Data

1-5
6

10

1

12

13

NP
IFLO
=2
=4
IFLY
=0
IFL2
=0
=1
IFL3
=0
=1
IFL4
=0
=1
=2
=3
=4
IFLS
=0
=1
IFL6
=0
=1
=3
IFL7
=0
=1

Number of pontoons.

Flag for desired direction of motion:
Sway + heave + roll

Sway

Heave

Ro11

Sway + heave

A11 pontoons are the same
Pontoons are different

Rigid connections between pontoons
Flexible connections between pontoons

A11 connectors are the same.

Connectors are different

Run mode:

Eigenvalue solution only

Eigenvalue solution and frequency response
analysis

Frequency response analysis

Eigenvalue and time series analysis

A1l the above.

Units

Units in kps and feet

Units in kN and meters

Wave time series input:

Wave time series are simulated from wave spectrum
at equal frequency intervals

Wave time series are simulated from wave spectrum

at equal spectra areas.

Wave time series are inputed in cards

Read time series from a computer file
S.C.F.

Constant S.C.F.

Frequency dependent S.C.F. linear pressure

87



columns

13{cont.)

=2
=3
14 IFL8
=0
=1
15 IFL9
=0
=]
=2
16 IFL10
=2
17-20 MPI
21-25 MPO
26-30 MREQ
31-35 MOUT
36-40 ITER
41-45 TOLE
46-50 MPQ
51-54  DRAN
55 NLO
=0
=1
56-60 NRS
61-65

NFS

. computation.

decrease.

Frequency dependent quadratic pressure decrease
Frequency dependent exponentially decayed co-
herence (y= EXP(-a(z/A)B)
Correlation between nodal loading:
Uncorrelated loads

Exponentially decayed coherence %
Boat wake response:

Analysis for regular waves
Analysis for boat wake. Nodal load computation
for very closely spaced nodes. (Not too accurate).
Analysis for boat wake, more accurate nodal load
Nodes not necessarily as close.
Flag for wave spectrum input

Wave spectrum is input from cards
Pierson-Moskowitz spectrum is constructed by the
proqram,
JONSWAP
program.

Number of inputed periods for hydrodynamic coef-
ficients. (The program will Jinearly interpolate
between these values for the periods of the fre-
quency response analysis). Maximum MPI=7.
Middle period for hydrodynamic coefficients.
From the MPI values the program will choose the
hydrodynamic coefficients corresponding to MPO
period for eigenvalue and time series analysis
(default MPO=MPI/2+1.

Number of required eigenvectors to be plotted.
Number of required eigenvalues to be printed
(default all).

Maximum number of sweeps in the eigenvalue solu-
tion by the Generalized Jacobis method (default
=30).

Exponential factor for convergence tolerance in
eigenvalue computation. Should be inputed as
negative number (default =-6 and convergence
tolerance = 107%).

Number of periods for frequency response calcu-
lation (max = 48 and less than 16*NP2/9).

Range of random phase shifts in the frequency
domain analysis. The random phase shifts are
calculated in the range O to 27/DRAN (default
DRAN = 1).

Nodal loading pattern:

Loading every nodal point (half pontoon spacing)
Loading in the middle of each pontoon
Number of random loading shifts (max =
Jess than 2*NP+1, default = 1).

Number of periods for which the wave spectrum is
inputed (not larger than 4*NP2).

spectrum is constructed by the

48 and

84

= EXP(-a(z/N)B) )



" 66-70 ALPHA o factor for exponentially decayed load correla-
- tion (default = 8).
" 71-75 BETA 8 factor for exponentially decayed load correla-
i tion (default = 1).
" 76-80 RANDOM  Any number to be used to start the random number .
generation, if for another run you want the same

. random:sloading shifts, these numbers should be
the same.
Card 3 (16F6.0) Pontoon Properties "

If all the pontoons are the same, IFL1=0 (column
7, card 2), then supply only one card. Other-
wise supply as many as the pontoons (NP).

columns 1-6 L Length of pontoon
" 7-12 B Width of pontoon
" 13-18 Iyy Moment of inertia for lateral (sway) motion
" 19-24 IxXx Moment of inertia for vertical (heave) motion
" 25-30 J Moment of inertia for torsion (roll) motion
" 31-36 m Translational mass per unit length (sway, heave)

(mass units: weight in kps or kN divided by
acceleration of gravity in ft/sec2 or m/sec2).

" 37-42 my Rotational mass per unit length (rol1)(polar
inertia divided by acceleration of gravity).

" 43-48 Left pontoon end cable stiffness

" 49-54 Middle pontoon end cable stiffness.

" 55-60 Right pontoon end cable stiffness. For the pon-

toon ends in case of rigid connectors input half
cable stiffness except for bridge ends. In case
of supplyina one card with pontoon properties
input half cable stiffness for the pontoon ends.
" 61-66 S.C.F. (spatial correlation factor) Necessary
to be inputed only if IFL7=0 (column 13 of card
2, default=1).
" 67-72 Exponential factor s. In case of Targe moments
of inertia they are computed as I*105 (where I
inputed values for Iyy, Iyx, J in columns 13-18,
19-24, 25-30).

Card 4 (2F10.0) Pontoon material properties:
columns 1-10 E Modulus of elasticity
" 11-20 v Poissons ratio (shearing modulus is computed as

G = E/2(1H)).

Card 5 (6F10.0) Connector properties:

‘ This card must be omitted if rigid connectors
IFL2=0 (column 8, card 2). Also input only one
card if all connectors are the same IFL3=0

' (column 9, card 2), otherwise input (NP-1) cards.
columns 1-10 L¢ Connectors length

11-20 Iny Moment of inertia for lateral motion
" 21-30 Ioxx Moment of inertia for vertical motion
" 31-40 J¢ Moment of inertia for roll
" 41-50 Acyy Shear area for sway

" 51-60 Acyy Shear area for heave
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Card 6
columns

Card 7

Columns

Card 8

Card 9
columns

(2F10.0)

1-10 E¢
11-20 v¢
(12F6.0)
1-6
7-12
13-18
19-24
25-30
31-36
37-42
43-48
49-54
55-60
61-66
67-72
(16F5.0)
(16F5.0)
1-5  H
6-10. Tq
1-15 Tgg
16-20 V

Connector material properties:

This card must be omitted if the connectors are
rigid.

Modulus of Elasticity

Poissons ratio (Gc = E¢/2(1+vc)).

Hydrodynamic coefficients:

Input as many cards as the' specified number MPI
(column 16-20, card 2).

Period in seconds

Virtual mass coefficient BSy(sway)

Virtual mass coefficient Bfy(heave)

Virtual mass coefficient 8fy(roll)

(By = structural mass + hydrodynamic mass)
|4 structural mass

Percent of critical damping g5, (sway)

pPercent of critical damping £#v(heave)

Percent of critical damping £By(roll)

Hydro. force per unit length for unit wave (sway)
Hydro. force per unit length for unit wave
(heave)

Hydro. force per unit length for unit wave (roll)
(unit wave: H/2 = 1)

Draft of cross-section

Width of cross-section

(Draft and cross-section width need to be in-
puted only in the last of the above cards and
are used only for label purposes)

Periods for which the frequency responsé analysis
will be done. Supply as many cards as needed

for the periods MPQ (column 46-50, card 2) to be
imputed with the above FORMAT. In case of equal
period spacing, input only one card with the
first (column 1-5) and last (column 6-10) periods.
In case of time series inputed in cards or from

a computer file (IFL6-2 or 3, column 12, card 2)

or boat wake (IFL9 = 1, column 15, card 2)
do not supply this card, instead supply card 9.

This card will be omitted if card 8 is supplied.
Significant wave height

Significant wave period.

Needed to be inputed only in case of boat wake
and represents the period of the modulation
wave.

Boat speed (ft/sec or m/sec)
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Card 10 (16F5.0)

Card 11 (16F5.0)

11-15
16-20
21-25
26-30
31-35

aQQq<—=xT
wn

These cards must not be supplied if time series
are not simulated from wave spectrum (IFL6-2 or
3 or IFL9=1), otherwise input wave periods in
seconds corresponding to the spectra amplitudes
which will be inputed next. Supply as many cards
as needed to input NFS (column 61-65, card 2)
periods with the above FORMAT. Periods should
be inputed in ascending order, and to bound the
periods of frequency response (card 8) If the
maximum period is less than 5, the frequency
response plots will be from 0 to 5 seconds,
ot?grwise from 0 to 10 seconds. Maximum value

These cards should be omitted if card 10 is
omitted, otherwise input wave spectra ampli-
tudes corresponding to the previous inputed
periods. The spectra amplitudes correspond to
the two-sided spectrum, wave amplitude squared
versus frequency in Hz for the corresponding
frequencies of the inputed periods. Supply as
many cards as needed to input NFS (column 61-65
card 2) values with the above FORMAT.

In case the program constructing the spectrum
(IFL10=1 or 2 column 16, card 2), supply only
one card with FORMAT (16F5,0) and the following
data. (Omit cards 10 and 11).

Lowest spectra period

Highest spectra period

(The above periods should bound the periods of
frequency response, card 8)

Significant wave height (default Hg = 1).

Peak wave period (default Tg = 3)

For JONSWAP spectra (default y = 3.3)

For JONSWAP spectra for f < f¢ (default o,= .07).
For JONSWAP spectrum for f > f¢

(default oy = .09).

The computed spectrum are assumed to be of the
form:

Pierson-Moskowitz

S(F) = ag?(2n)™*F Sexpl-(5/4) (F/s) "]
JONSWAP:
S(f) = a92(2ﬂ)_“f—seXP[(-(5/4)(f/fs)_“] X

Yexp[-(f-fs)z/(chzfsz)]

o values are adjusted to obtain desired H..
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Card 12 (4F10.0,5I5)
column 1-10 DT

" 11-20 TO
! 21-30 TSH

" 31-40 THETA
" 41-45 MODE(1)

iy 46-50 MODE(2)
51-55 MODE(3)

! 56-60 NFR

" 56-60 NFR

" 61-65 NRSS

Card 13 (12F6.0)

Time series analysis information

Time interval in seconds for simulating time
series and computing response (default =1)
Total time of time series in seconds (default=10q)
Time interval inside which the random time
shifts will be done

Value of & for Wilson's integration method
(default =1.4).

Number of participating mode shapes in sway.
Number of participating mode shapes in heave
Number of participating mode shapes in roil.
(default all the mode shapes).

Multiplier for number of frequencies for the
wave time series are simulated using NFR*MPQ
frequencies. (MPQ has been inputed in columns
46-50 of card 2 :

Multiplier for number of frequencies for the
wave time series when simulated from spectrum.
The time series are simulated using NFR*MPQ
frequencies. (MPQ has been inputed in columns
46-50 of card 2, default = 1).

Number of response time series from the random
shifts to be plotted, less or equal to NRS
(column 56-60, card 2), default =1. The plotted
time series correspond to the response at the
end, quarter span, and half span bridge posi-
tion.

Wave time series:

These cards need to be inputed only if IFL6 =2
(column 12, card 2). Supply as many cards as
needed to input all wave amplitudes at equal
time intervals DT defined in previous card 11.
In case of reading time series from a computer
file (IFL6=3) supply only one card with FORMAT
(15) and the number of time points NT on the
TAPE. NT can be larger or smaller than the time
steps (TO/DT) used in the program. The computer
file should have the local name TAPE11 and the
time series should be written as:’
WRITE(11)(A(3),d=1,NT).
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PROGRAM COHER

Appendix B

Programmed by C. Georgiadis, U.W. 1980

Program to compute the wave coherence with the ratio (A z/2) where Az

distance between two points on the bridge and A the wave length. Also

fits the results to curves of the form: y = e

B
@X" " The program is set

for the directional spectra of the form: S(f,6) = S(f) cosn(e-eo) but can

easily, in a couple of minutes, be modified for other kinds of spectra.

The program outputs also nice plots for the wave coherence.

INPUT DATA
Card 1 (315)

columns

Card 2 (2012)

Card 3 (10F5.0)

1-5

6-10

11-15

(M)

(NT)

(ND)

Number of cases. Each case corresponds
to different n value for the spectrum.
(Max M=20)

Number of wind directions.
(Max NT=10)

Number of integration points for angle
(default 100).

The more integration points the smoother
the results for high ratios (az/x).

Values of n with the above FORMAT.

Values of wind direction eo with the above
FORMAT.
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Appendix C

Programs HYDRO1, HYDRO2, HYDRO3
Computer Programs tc Compute the Hydrodynamic Coefficients for Floating
Bridges and Breakwaters
Programmed by C. Georgiadis, U.W. 1980

The programs are based on arguments discussed in Chapter 2. The com-
puter code is the same for all of them. HYDRO1 takes into account the sea
bottom, HYDRO2 and HYDRO3 are for deep waters. HYDRO3 computes only hy-
drodynamic exciting forces for different wave directions. HYDRO1 and !l
HYDRO2 compute all the hydrodynamic quantities for different bridge mode
shapes. They are written in FORTRAN IV and the computer code has been
optimized in order to be less expensive in the CDC machines. The memory
is adjustable with the program needs. The required blank common length
is approximately 4*(NE+2)*NE, where NE is the number of boundary elements.

The outputed results are in a format discussed in Article 2.7 in
normalized or dimensional form if the basic dimensional quantities are
inputed (output values 8y for hydrodynam1c added mass, & for hydrodynamic
added, percent of cr1t1ca1 damping, f/[( )p g( ) ] for normalized sway and
heave force, m/[( )p g( Y27 for norma11zed ro]] moment). Figures B.1 and
B.2 show the regwon shape for each of the programs as well as the basic
dimension nomenclature followed in the input data. On these figures,

Ni» No, N3, Nj represent number of boundary elements of corresponding
regions. In the case of Figure B.2, the length of the region AC is ad-
justed for each frequency according to the input valuey = BC/(wave length).
A value vy around 1.0 gives good results. In the case of Figure B.1, the
solution should be done in a small bandwidth of frequencies so that AF or
BC are not too long compared to the wave length.

|
E::::=:::ﬁi-_,___-" o

i
|
1

Figure B.1. Fluid Region for HYDRO1. Figure B.2. Fluid Region for HYDROZ
and HYDRO3.
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"INPUT DATA
Programs HYDRO2 and HYDRO3

CARD 1 (6A10)

columns 1-60 Title of the problem
CARD 2 (511,815, 25X,F10.0) General data |
columns 1 FLAG1 Execution mode

=-1 The program stops after contruction and
plot of the mesh.
Normal execution of the Program

" 2 FLAG2

Output results are not smoothed

Output results are smoothed

" 3 FLAG3 Blank .

" 4 FLAG4 Output units for frequency

: Normalized frequencies (o=w/B/2g )

Frequencies in Hz :

Period in seconds

Maximum values for plots

The program finds optimum values.

Standard values are used so different plots

will be in the same format

" 6-10 N1 Number of elements on vertical side of the
cross-section

' 11-15 N2 Number of elements on horizontal side of
the cross-section

" 16-20 N3 Number of elements on free surface (for
each side of the structure).

" 21-25 N4 Number of elements on the infinite semi-
circular boundary.

" 26-30 NF Number of frequencies for which the hydro-
dynamic coefficients are going to be com-
puted (max=20)

" 31-35 NH Order of harmonic in which the bridge os-
cillates (not necessary in HYDRO3)

" 41-45 NI Blank

" 41-45 NT Number of wave directions for which the
exciting forces will be computed (for
HYDRO2 max=4, for HYDRO3 max=6)

" 71-80 FMAX Maximum value for normalized frequency
which is going to be used in the plots

- (default=2.0)

-0 O

" 5 FLAGS

0O N = O

Wou

CARD 3 (8F10.0)
Input wave directions with the above FORMAT,
total NT values.
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CARD 4 (8F10.0) Structure Properties

columns 1-10 BT Width to draft ratio for the cross-section

" 11-20 AL Normalized bridge length {g¢=2L/B)

" 21-30 B2 Half cross-section width (B/2)

" 31-40 co Vertical distance of cross section centroid
from free surface, positive above free sur-
face.

" 41-50 Al Polar moment of inertia of the cross-section

" 51-60 G Acceleration of gravity

" 61-70 W Water specific weight

" 71-80 SW Ratio of free surface length to wave length

(default=1)

(The values of B2, CO, AI, G, W, default
are equal to 1, so if not inputed normalized
results are obtained) :

CARD 5 (16F5.0)
Input normalized frequencies for which hy-
drodynamic coefficients will be computed
total (NF) values. If more than 16, input
two cards with the above FORMAT. If fre-
quencies are equally spaced, input one card
with the first and last values in columns
1-5 and 6-10.

Program HYDRO1
For this program input values are similar to the previous one so:

CARD 1, CARD 2, CARD 3, are the same except in CARD2, N1, N2, N3, N4
correspond to numbering in Figure B.1, CARD 4 is as follows:

. CARD 4 (6F10.0) Structure properties
columns 1-10 AL
" 11-20 B2
" 21-30 co
" 31-40 Al
" 41-50 G
" 51-60 W

Card 5 Same as HYDRO?

Card 6 (110,2F10.0) Nodal coordinates
columns 1-10 Node number
“ 11-20 x (normalized x = X/(B/2)) coordinate
21-30 y (normalized y = Y/(B/2)) coordinate

Repeat CARD 6 for nodes of cross-section and
for nodes of bottom. If the node numbering
is not in sequence, the program linearly



interpolates for not-inputed nodes. Neces-
sary to be inputed first and last node for
the two above regions. So cross-section
nodes start at 1, end at N1+1, bottom nodes
start at 1 and end at N2+1 node.
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