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1. About cgFLOAT

Although the structural modeling of a floating bridge or breakwater poses no particular difficulty, the
implementation of the short crested 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 cgFLOAT, 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 floating 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 optimisation for reduced cost and central memory requirements.

10. Graphical output of results in convenient format.

Following is a brief theoretical background of the program (more in this can be found in ref. 6)
Additional publications, references 25 to 34.

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, Ref. [9, 10,

18].

2. How to get started
Short introduction

You run cgFLOAT. Open a file in a folder you choose.

In cgFLOAT you complete all the data in the corresponding pages. (General, Load correlation,
pontoons, connectors, Hydr. Coefficients, Wave data ).

In the page Computations, by pressing Run Float, the FLOAT computational modulus is running and
the output is created and text shows on the screen. You can preview the output file with Note-Pad or
Word with the corresponding buttons.

In the page Graphics you can see the graphical output (mode shapes, frequency domain, and time
domain analysis), by pressing the button Show Graphs.
It will be helpful to follow the examples in the \DOC\Examples\ pdf or word files.

With the menu [Tools/Unit Conversion], and [Tools/Cross Section Areas] extra tools to help you
converting units or to compute cross-section areas are included.
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Files

The program is installed in a folder \cgFLOAT. Inside this folder a subfolder \Examples is created,
where some examples are included and a folder \Projects, where you may create your project files.

The files in the folder \cgFLOAT are :

FLOAT, [Dos application (32 bit)]. The main solution modulus of program FLOAT.

This program runs with Input a text file FL_IN.TXT and produces an output text file FL_OUT.TXT. Both
these files are in the same directory with FLOAT.

The Input file structure is described in the program users manual. In this user manual, the word Card
means a Line in the text input file. The data in this file must be input in strict format as it is described in
the program users manual.

cgFLOAT, [Windows application (32 bit)].

By running this program you create the input text file. The Float program runs automatically from
inside cgFLOAT and consequently you obtain the output text file. cgFLOAT creates its own data file in
a folder the user specifies. The main file with the data has the form FileName.FDT.

cgFLOAT also creates in the same folder with the FileName.FDT, the files FileName_INP.TXT and
FileName_ OUT.TXT files that are the input and output file of the program FLOAT. So to work with the
results you simply open with a text editor the file File_Name_ OUT.TXT.

\Examples

Example01: floating breakwater with rigid connectors. Loading, standard spectrum.
Example02: floating breakwater with rigid connectors. Loading, standard spectrum.
Example03: floating breakwater with flexible. Loading, standard spectrum.
Example04: floating breakwater rigid connectors. Unequal pontoons

Example05: floating breakwater with flexible connectors. Unequal pontoons

In the folder \Doc for each example a doc or a pdf file is included with step-by-step directions of how to
run the program with the particular example.

Tools
From the menu Tools:

rllni‘t choice punit value  p unit kind rresult converted units converted unit
Section properties © RUNET® =)
+nit Converfsion © RUNET® prom &
ILength lArea ] \J’olume] Fprce ] Stress] ass ] Spec. weight] . \ A \ . \ I \ I u ‘m \
Length b= [200 = [m
|e6 |m »| = [2655 |re | by h= [150 d= |15
r |' =[150 =|20
m |cm |mm |ft |in | dI el. . o | il |
m 1.000 100.00 1000.00 323 3837 Lt tL.d h A= | 1.2300E+004 e= | 730814
cm 0.01000 1.000 10.00 00323 0.39370 dig boc= |3.41DDE+DD? lyy= |4.DSBBE+DDT
uu 0.00100 010000 1.000 000325 0.03337 |.b—‘4 W'50(1=| 4.6660E+005  Wyyny= | 4.0983E+005
& 0.30420 3048 304.80 1.000 1200 Who2=| 4433364005 = | 4432364007
in 0.02540 2540 25.40 0.08333 1.000
A zection area, & distance of centroid, [xx, [yy: moments of inertia,
W, Wy section modulus, Ik torsional inertia
Bl Clese | 2 el = _Blome | 2 hob |
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3. Running an example

General data

5’" cgFLOAT dynamic analysis of long floating structrure: [Example0DZ.FDT] i = |EI|£|
File Tools Help

| Load corelation F‘ontnonsl Connectolsl Huydr. Coeff. I ‘Wave data | Computations | Graph\csl

General data
Project File Praoject title
IC:\F’rogramfiler\ﬁunel\winFLDAT\EHamp\es\EHam Get file | Save tn lilal IEHampIe‘I In metric

Unitz Frequency responge analpsis [chapter 6. page 48}
“ Un!ts in Kps and fest Lowest spectral period [zec) 1.00
& Units in kM and meters . )
Higest spectral period [sec] £.00
Direction of motion}
M Sway Mumber of periods for frequency response computations [max 48] 2 >
¥ Heave ";nadbsiml.lflaFinnl [tc:aptE;E |:;ag: 44] » = ‘
& ol urnber of simulated random loadings [max 48] >
r—Time series analysiz [chapter 7, page 52]
—Run Mode L X IW
ol Bl st Time interval for computations dt [sec) .
ol ey esaese Tatal time of time series To [sec] 100.00
¥ Time domain analysis Timne interval for random shifts Tsh [zec] 10,00
I~ Boat'wake response Wilzons integration theta [default=1.4] 1.40
[ Eigenvalue solution Parlicipating modes Sway |12 j Heave I1 2 3" Fh:||||1 2 j
Mumber of eigenvectors to be plotted |7 vl
. . Boat wake rezponse (chapter 8, page 54)
Mumber of eigenvectors ta be pinted I vI St o el e = 100
M axirurn iterations in eingenyalue solution 0+ Sigrificant wave period [sec) Ts= 300

Converarnce tolerance in eigenvalus computation
[specify the negative exponent]

‘

Madulation wave period [sec] Tss= I 12.00

Boat speed [ftésec or mizec] W= I 18.00

program licensed to : RUMET NORWAY as cgFLOAT 2 Runet®

After you open the file, the data are saved at various moments automatically.

Chapters Frequency Domain Analysis, Time Domain Analysis,Boat \WWake Response explain the
methods of analysis.

Load Correlation

The Load Correlation is explained in Spatial Correlation of Nodal Loads

5’" cgFLDAT dynamic analysis of long floating structrure: [Example0DZ.FDT] R : = |EI|£|
File Tools Help

0ad 00"9|a“0n"4| F‘ontnonsl Connectolsl Hydr. Coeff. I ‘wave data | Computations | Graph\csl

Load correlation [§ 4, p 35-43]

General

—5.CF. [spatial correlation factar)

¢~ Canstant 5.C.F. [0.60xwave length] """"""""D';”""Ex

8 = (= o) g
= Frequency dependent, linear pressure (i i =
~ Guadvatic preseure decrente g > S
Fi d dent, quadrati d o
Tequensy dependent. quadratic pressure deciease W-(:;}U- %) N%lﬂsﬂ i
{* Frequency dependent, exponentially decaved coherence [best choize]
" Expanentislly decayed wave coher,
~Nodal Load Canelatiorr R
Az Az

" Uncanelated loads ¥ (T] = W(—U(Tlﬁ)

{+ Ewponentially decaped coherence [best choiss]

Factar alpha for exponentially decayed coherence o= | 4.50

Factar beta for exponentially decayed coherence B= 1.80

Mumber for randam number generation [any number) n= (23
The best choice for 5.C.F. iz frequency dependent, exponentially decayed coherence ;I
In thiz caze the nodal comelation will be computed from the wawve coherence.
If you choose constant S.CF., the value of SCF must be supplied for each portoon in the pontoon properties.
In order to differentiate between solutions, you may specify different number for random number generation.
The coefficients alpha and beta for the coherence can be found in Table 4.1 page 37 of the manual.

|
program licenzed to - RUMET MORWAY as coFLOAT € Runet®
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Pontoon Properties

The structural model is explained in Structural Model
Pontoons Properties

ﬁchLDAT dynamic analysis of long floating structrures® [ExampleD0D2.FDT] = IEI |£|
File Tools Help

| Conneclorsl Hudr. Coeff. | Wave data| Computationsl Graphicsl
Pontoon properties [§ 2. p 3-6]

General | Load correlation

Mumber of Pantoons IB vl L

Pontoon similarity x

f* Al portoons are the same

' Paontoons are different

Modulus of Elasticity (kps/it2 or kN/m2) E= | 25000000.00 - |

Poizsong Ratio w= | 0.220 kel ke?2 ke3

|
| Llength] | B width) | Iy | Ik | J | sy | mt | [ | [ | K3 | sof | exp |
3.658 1171 0120 0.353 2840 4560 437180 1.000
L Pontoon length in [ft or m) -
B Pontoon width in [ft or m)
lpy  Moment of inertia for lateral [sway) motion in [ft4 or md)
I%  Moment of inertia for vertical (heave) motion in [ft4 or md]
J Moment of inertia for tarzion (roll] mation in [ft4 or md) LI
program licensed to: RUNET NORWAY as cgFLOAT € Runet®

Connectors properties

chgFLDAT dynamic analysis of long floating structrures® [Example002.FDT]
File Tools Help
| Hydr. Coeff. | Wave datal Computationsl Graphicsl

General | Load comelation | Pontoons

Connector properties [§ 2. p 3-6]

—Rigid or flexible connections between pontoons
* Rigid connections betwesn pontoons

= Flexible connections bebween pontaons

—Pantoon similarity
& &l connestars are the same

" Connectors are different

Modulus of Elasticity [kpsAt2 or kM/m2]  Eg = I 10000.00 LI
Poiszonz Ratio Ve = I 0,450

The connectors property, must be supplied if you have flexble connectars between the pontaons. d
Lc  Connectors length in [ft o m)

leyy Moment of inertia for lateral mation in (ftd or md)
lcxs Moment of inertia for vertical motion in [ftd or md)
Je Maoment of inertia for rall in [ft4 or md)

AicEw Shear area for sway in [ft2 or mz2)

Acyy Shear area for heave in (ft2 ar m2)

=

program licensed ta : RUMET NORWAY as cgFLOAT 2 Runet®
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Hydrodynamic coefficients

The values for the hydrodynamic coefficients are created automatically by pressing the button
Generate Values. Chapter 3 of the users manual has the corresponding tables of hydrodynamic
coefficients. The values for the added mass are (1+ ) where b the values of the tables, (structural
mass + added mass)/structural mass.

More about hydrodynamic coefficients

5’"" cgFLDAT dynamic analysis of long floating structrures® [Example002.FDT] =|g|1|
Fle Tools Help
General I Load conelation | Pontoons | Cannectars iF Wave data | Computations I Graphics I
Hydrodynamic coeffisients [§ 3, p. 7-34]

Total humber of supplied hydrodynamic coefficients [interpolation between) =7

Mumber of middle period [uzed for eigenvalue and time series analysis| H } B ]

Cross section width [ftor m] B= I 366 T

Crogs section draft [ftorm] T= IW BT IW I

T sec BvS | BvH | BvR | Zv5 | ZH | ZR CfS CiH CiR

1 18 1.072 2077 1.248 0177 0.026 0.0m 105810 E.E31 1.720
2| 23 1179 2945 1.246 0.227 0.073 0.004 12457 10.872 212
EN 27 1.349 2865 1.247 0.227 0139 0.007 13.237 14712 370
I 1.5597 2831 1.258 0168 0.235 0.003 12320 13358 4775
3 39 1.682 2979 1.265 0121 0.288 0.o08 10,703 21.793 4737
5_ 45 1689 3140 1.270 0075 0338 0.008 2411 24 256 4228
7| 54 1632 3395 1.272 0.040 0.380 0.004 5.943 26.722 3333

Cf5 : Hydradynamic farce per unit length far unit wawve [H/2=1] for sway ;I
CfH : Hydrodynamic force per unit length for unit wave [H/2=1] for heave

CfR : Hydrodynamic force per unit length for unit wave [H/2=1] for ol

=

program licensed to : RUNET MORWAY as cgFLOAT © Runet®

Wave data

Boat Wake Response
Wave Coherence

5’"& cgFLOAT dynamic analysis of long floating structrures® [Example002.FDT]
File  Tools

=lolx|

Help

General I Load corelation Pontoonsl Conneclorsl Hydr. Coef Compulationsl Graph\csl

wave Time series simulation [§ 7. p. 52-5b]

‘wWave spectrum
7 Wave spectium values supplied [periods-amplinds)
* Pierson-Moskowitz wave spectium

© JONEWAP wave spectium Pierson-Moskowitz
5= ag?2eyt jlenp
JOMNSWAP

B fislog (223 f exp
oi=0 07 faf==ip, o2=01 for >ip

Fa

I 1.00
I £.00
I 200

Y:

Lawer spectra perind (sec) Significant wave height [t or m) Hs 07E

Mumber of spectra frequensies [max 128) |54 vl

al=[007m o2 =000
"Simulation of wave time series from wave spectrum

I
i
|
. .
Higher spectia period [sec) |

Peak wave period Ts

JOMSWAP spectra coefficients 3.300

= Time series simulated from spectrum at equal frequency interyvals

{+ Time series simulated from spectrum at equal specta areas

1 2 |z [+ s s |7 s s [mw [n [ [13 [14 15 [
T sec
H
<] | =
If wou mark the simulation of wave time series from spectrum, you must specify the kind of spectrum. -
The spectral ampliude is computed from he program, to obtain the specified wave height Hz
Usual coefficients for JOMSWAP spectrum are gamma=3.30, sigmal=0.07, sigma2=0.09
If wou mark to supply the wave spectiumn values, enter bellow the pairs T, H for the wave spectm.
The spectra amplitudes H caorespond to the two sided spectrurn, and they are
wave amplitude squared versuz frequency inHz. LI

program licensed to : RUMET MORWAY az cgFLOAT € Runet®

cgWindwaves A program for Forecasting of wind generated waves
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Computations

Press Run FLOAT to run the main computation modulus.
The output file is created in the directory of the data file and has the ending FileName_OUT.TXT.
With the buttons [Output to NotPad] and [Output to Word] you can preview the output file from the

NotPad or the Word.

ﬁchLDAT dynamic analysis of long floating structrures® [ExampleD02.FDT]
File

Tools  Help

=1olx|

General I Load cnrrelatlnnl Pnntnnnsl Ennneclnrsl Hydr. Coeff | Wave data  Computations |Graphlcs|

Print | nput |

I ake Input File

Get Output File | Output to NoteF‘adl Dutput to word | % Printt Output |

Examplel In metric [12/0172003 13: ~|
£00004113101 7 4 7

B

FLAG FOR UHITS.............. L

FLALF FOR TIME SERIES INFUT... L

s

K

18.23 3.66 1.171 0.120 0.353 2.8 PROCEAN FLOAT by [ GEORGIADIS copyright RUHET weme. manet. no
Z5000000 0.zz0
1.800 1.072 3.077 1.248 0.177 0.0
2.300 1.178 2.945 1.246 0.227 0.0 Examplel In metric [16/01/2002 13:87:42]
2700 1.345 2.865 1.247 0.227 0.1
3.400 1.597 2.891 1.258 0.168 0.2
3.900 1.682 2.979 1.265 0.121 0.2
4.500 1.6%% 3.140 1.270 0.075 0.3 HMEER: OF ONTOCHI . ;
5.400 1.632 3.395 1.272 0.040 0.3
l.00 .00 FLAL FOR DIRECTION ........ o 0 30AY + HE AVE + ROLL
1.00 £.00 0.76 5.00 3.30 0.07 0.0 1y
0.zo 100,00 10.00 & HEAVE
2 ROLL
4 SWAY + HEAVE
FLAG FOR IAME PONTOOME. ..... @ 0 SAME
1 DIFFERENT
FLAG FOR RIGID COMMECTORS. .. @ 0 RIGID
1 FLEXIELE
FLAG FOR IAME COMMECTORS. ... 0 0 SAME
1 DIFFERENT

0 EIFEMVALUE SOLUTION
1 EIFENVALUE + FREEQUERC EE 5P
& FREQUENCY REIPONIE

2 EIFENVAL + TIME SERIED

4 ALL THE ABOVE

o FEET-¥PS
1 METERS -XHEWTOHZ

0 SIMULATED FROM SFECTE
AT EQUAL FEEUENRY INTEESALE

=l

program licensed to: RUNET NORWAY as

cgFLOAT © Runet®

Graphic results
These graphic results can be preview or printed:

Mode shapes - Frequency response - Time domain Response - Response to harmonic wave

Responce time series - Wave data

# cgFLOAT dynamic analysis of long floating structrures® [Fxample002.FDT]

/oS

File Tools Help Update

Get Graphics Data!

General i Load correlation! Pontoonsi Connactors! Hydr. Coeff. ! Wave datai Computations  Graphics i

ﬁ Show Graphs 1 Graphic contents i @ Preview Glaphs} PrintGraphs i @ Export to PDFi Export to *Word i

|
SWAY frequency domain analyzis

Mode Shapes  Frequency response i Time Domain Response 3 Fesponse to hamonic wave! Fesponse time series l “Wave data i

HEAVE frequency domain analysis

ROLL frequency domain analysiz

DISPLACEMENTS (M) 0.G545E+00

DISPLACEMENTS (M) 04200E+01

ROTATIONS (Ral) 0.3053E+00

0307

02304 -

0154

0.077

L e e ML

TORSIONAL MOMERTS [ KI*h )

33.0

28.5

19.0

954

SHEAR FORCE ([ WM) 01031E+03

0o

program licensed ta - RUMET Manway as

cogFLOAT 2 Runet®
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4. 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 considered 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 linear 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 Ref. [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 connectors (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 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:

() (r(9) +[e(r ©) +[K](r®) =ROY (21

11 3 fe 7 g i1
I_?_ J.‘».*"v 8 ~I~$ ‘]‘\13 nda ‘I‘\Eﬂ- l\m L
¥ 41 5’]}

— 17 g’ 3

'\ ponthan - “pentosr 7 pontoon 3 por<oon 4
) Model fur conviwzus structireg

cukivised degrees of fraedor

‘T L 7 g 11 x| 11+ 13
c2 i +15______n3 s 1_.2___ ~1 t\LE j
1’ 2* 4’ 5 5

partoon 1 con, 1 'pont-:mr g Teon, 2 pontnm ] "

'y

_I'f'-::r:e' urosoruglura witn Flzevlc cannectors

\l i
-
(Rl
T
et
W
i
o
£k
l -\.1
]
=
l =
z\‘ﬁ

- L — - | —— -
Sway - Hedva |

Etemant degrzes of freadom
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12 -6L -12 -61
-6L 4L° 6L 2L
-12 6L 12 6L
6L 2L? 6L 4Lf

E,I

73

[(kF1=—+1F

Bending stiffness
for pontoons

156 -22L 54 13l
L
(&%= 452_0 223l 4L®oqan 3Lt

130 - 307 220 402

Buoyancy stiffness

s=wb Heave

s=wb /12 Roll
w :water specific weight

b :cross - section width

Gole [ -Bele

0

L“"rd

gz | Defeq Yede

1] 1]

= QJ"

Torsional stiffness connectors

Stiffness and Mass Matrices

[K5]=

36 -3 -36 -3L
s Gpdp | an?a - 12

(Kr]=
L [-36 3L 36 3L

SAL o123 4

Torsional stiffness
for pontoons

156 -22L 34 13L

po_oml [-220 4L 3L oar?
[M7]=f—

420 | 54 -13L 156 220

13- 3% 2oL a4?

Mass matrix

hydr. + struct.mass

(s

m= ” p gdA (Heave, Sway); m = ”p gr2 dA (Roll)

struck.mass

4 A
Gode Ged
LG LG
o Bl -Edl
LC LC
Ged , Ged |
LC LC
o Bl 0 Edk
LC LG

Bending stiffness connectors

where : [m], [c] virtual mass and damping matrices (structure + Hydrodynamic).

[k]
{R(t)}
{r(t)}

structure stiffness + buoyancy matrix
exciting wave forces
nodal displacements

The above equation is solved in frequency and time domain as discussed in paragraphs 6 and 7

below.

actual pontoo: ~1)

rigid connectors

Tlesible connantors

rigid canneclors

f1l.".ﬁ|‘.‘il.’!l.]5_ poantocns

——

5.

Hydrodynamic Coefficients
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The hydrodynamic forces in the oscillating structure are: added mass (proportional to the structure
acceleration), added damping (proportional to the structure velocity), and exciting force (proportional to
the incident wave). The way these forces are computed is described in Ref. 6, and Ref.33. Here are
presented in summary some results in tables and graphs for practical use obtained using program
HYDRO. Detailed description of the theory behind this program and its use can be found in the above
references.

In the graphs and tables following are presented the coefficients:

A 2. 5 for the Hydrodynamic mass.

£1.£2: 43 for the Hydrodynamic damping

%.%2. % 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 M, = [By(py, Al (3.1.4)
heave My = Ba(py A) (3.1.b)

ol Mg =By (B2)% + c2Bilpa &) (1)

Added Damping:

The above coefficient represent percent of critical damping in respect to the virtual mass.
Exciting Forces:

SWAY  Fonay = 6100w )B/2)(0(e)) = CF n(d) (4.2.3]

heave  Froae = d3(@,g)(BR)N(E) =CHalt) (321

ol Fron = 6300 §)B2)* (A(2)) + €7 Fopay = CEA+ C Fopay (3.2.c)

To take into account the directional wave spectrum the coefficients (delta) have been modified, (Table
3.2)

All, the above coefficients are frequency dependent and in the graphs the normalized frequency has
been used

T Mormalized frequency o= m,.@fzg

Hydrodynamic Mass (rectangular section B/T = 4, 6, 8)

Hydrodynamic Damp (rectangular cross section B/T = 4, 6, 8)

Hydrodynamic Force for Wave Direction (rectangular cross section B/T = 4, 6, 8)
Hydrodynamic Exiting Force for Different Wave directions (rectangular cross section B/T = 4)
Hydrodynamic Exiting Force for Different Wave directions (rectangular cross section B/T = 6)
Hydrodynamic Exiting Force for Different Wave directions (rectangular cross section B/T = 8)
Table 3.1 Hydrodynamic Coefficients, Tabulated Results of Figures 3.1, 3.2, 3.3
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Hydrodynamic Damping
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Table 3.1
o= MASS DAMPING FORCE
L'JWJE‘QQ SnaY [HEAVE | ROLL [ SWAY HEAYE ROLL |SWaAY | HEAVE |ROLL
A0 J42 1.923 261 049 353 00z M 1.410 076
B0 806 1.722 | 258 092 307 03 554 1.270 092
Ja J7d 1.604 | 255 148 204 003 Fm 1.130 096
.80 BA0 1.551 252 204 199 03 796 990 0e7
i .80 482 1.546 | 251 245 149 001 832 854 0B8
= | 1.00 334 1575 | 251 264 A07 o1 824 T 045
1.10 225 1621 | 253 2h4 074 Rulun] 704 F14 022
1.20 RE 1672 | 254 281 051 Rulun] 7ad 516 002
1.30 104 1.720 | 285 230 034 Rulun] 70e 433 17
1.40 075 1.758 | 285 207 024 Rulun] F&1 3RO 031
1.50 057 1.784 | 255 184 7 0 B15 291 042
a0 491 2995 | 287 029 414 00 226 1.459 125
B0 A41 2672 | 285 053 377 010 319 1.337 164
J0 Ratale] 2457 | 278 086 332 014 A1 1.216 193
B0 529 2323 | 265 23 281 016 487 1.097 207
o 80 4A8 2253 | 282 156 229 016 538 979 204
= | 1.00 3RS 2234 | 243 180 REN 014 AR3 8RR 189
1.10 284 2282 | 237 193 137 011 569 7B1 66
1.20 23 2293 | 235 195 A0 Rulifs] AR2 BR7 138
1.30 189 2346 | 235 REl 073 004 540 535 110
1.40 119 2400 | 237 181 053 03 523 AN 083
1.50 .090 2450 [ 239 169 033 00z A97 A7 061
a0 3R9 4083 | 303 020 A47 a0y 57 1.484 138
B0 A08 3642 | 304 037 A7 013 220 1.370 182
J0 429 3.338 298 060 377 18 284 1.260 29
B0 A24 3.134 284 [08R 331 023 A 1.152 244
o .80 392 3.005 BT AN 281 025 385 1.046 252
= | 1.00 342 2937 291 132 232 024 414 942 247
1.10 285 297 239 147 18R o A3 845 230
1.20 230 2933 232 1545 145 7 A37 ab 206
1.30 183 2972 228 A7 RN 013 436 BT 7T
1.40 145 3.025 227 184 083 010 A28 605 148
1.50 114 3.081 228 148 .0R2 007 413 533 122
Table 3.2
T HFORC. THETA=0 | HFORC. THETA=20 | HFORC. THETA=40 | H.FORC.THETA=60 HFORC THETA=80
SWWAY | HEAVE [ ROLL | SwWiaY| HEAVE | ROLL| SWAY | HEAVE [ROLL | SWAY | HEAVE [ROLL | SWAY | HEAVE| ROLL
50 | 375 | 1394 | 076 | 352 | 1383 | 071 | 283 | 1.375 | 059 | 191 | 1.393 | 038 | O&7 | .346 | 013
B0 | 527 | 1244 | Do | 495 | 1222 | o8B | 424 | 1210 | o072 | 273 | 1208 | 046 | 100 | 286 | 017
70 | ees | 1096 | o097 | B29 | 1059 | oot | B3 | 1049 | 078 | 355 | 1006 | 049 | 140 | 196 | D18
80 | 757 | o954 | ome | 726 | 8w | o83 | 684 | E96 | 074 | 425 | 813 | 045 | 188 | 152 | D18
= [ 80 | B4 | 820 | 071 | 777 | 742 | 066 | 761 | 751 | 058 | 477 | 633 | 034 | 246 | 120 | 015
& [1o0| 87 | 701 | 048 | 791 | BO1 | 044 | 786 | B14 | 036 | 513 | 473 |02 | 311 | oes | 008
@ (10| 792 | B00 | o24 | 7o | 482 | o2 | 771 | 488 | 014 | sS40 | 339 |00 | 383 | o7 | .o02
120 | 749 | 516 | 002 | 748 | 389 | o001 | 736 | 379 |oo8 | s60 | 233 | .01 | 460 | B0 | 016
130 | Bo7 | 445 | 017 | 703 | 39 | o0 | B9 | 289 | o025 | 572 | 1s5 |02 | 53 | 047 | 032
140 | B40 | 379 | 032 | B4s | 264 | 034 | BE3 | 216 | 040 | sr7 | 00 | 040 | 610 | 03 | 049
150 | 586 | 2 | o041 | 577 | 215 | o044 | B3 | 160 | 052 | 573 | oe4 | .0s1 | 671 | 097 | 0BG
50 | 220 | 1445 | 124 | 207 | 1433 | 117 | A71 | 1.421 | 096 | 112 | 1.443 | 063 | 039 | 334 | 022
60 | 309 | 1312 | 2 | 291 | 1289 | 152 | 244 | 1268 | 126 | 159 | 1266 | 082 | D57 | 246 | 029
70 | 397 | 1183 | 1m0 | 374 | 1144 | 79 | 322 | 121 | as2 | 210 | 1os2 |oes | o077 | 17 | 036
80 | 471 | 1060 | 205 | 447 | o9 | 1ma | 3w | =2 | 488 | 289 | soo |08 | 01 | 14s | o4t
w | o0 | 524 | 944 | 205 | 502 | m58 | 194 | 460 | 851 |72 | 305 | 728 |1 | 28 | 13 | 045
& | 100 | 553 | 839 | 190 | 537 | 726 | 162 | 603 | 729 | 163 | 346 | s70 |08 | 188 | 089 | 046
[un}

1.10 | 862 746 BB | 554 609 60 525 B13 144 382 431 099 180 .070 046
120 | 853 BE5 37 | 654 514 133 531 05 120 412 315 56 227 055 043
1.30 | 433 600 V06 | 439 439 03 528 406 054 436 221 070 266 044 037
1.40 | 404 535 077 | .a0g .380 074 523 320 069 452 150 0583 .309 034 030
150 | 472 AB3 055 | 467 325 048 S17 247 046 459 100 036 352 027 021
A0 [ 164 | 1470 | 137 | 145 | 145858 | 129 119 1.444 | 106 078 1.466 | .069 027 348 024
BO [ 218 | 1347 | 181 | 230 | 1323 | 170 189 1297 | 41 S 1297 | 092 039 .240 032
O 277 | 1228 | 27 | 282 | 1188 | 205 222 1186 | 172 146 118 | 112 053 181 040
B0 | 333 | 1115 | 242 [ 0316 | 1082 | 228 274 1.022 | 194 = 942 128 063 139 047
o |90 | 377 | 1.010 | 251 | 362 920 239 319 8599 206 218 774 138 084 109 0582
1.00 | 407 915 246 | 396 795 236 .356 784 206 252 519 41 inll 086 056
1.10 | 424 831 228 | 419 583 222 .381 B77 185 286 482 139 120 068 056
120 | 428 759 202 | 430 580 159 .399 574 176 316 363 132 141 053 056
1.30 | 422 696 70 | 428 516 169 410 478 153 343 0264 | 120 163 .042 0583
1.40 | 409 B33 38 | 414 456 135 420 389 129 .364 186 105 188 032 050
1.50 | 380 563 12 | 388 401 103 428 310 105 377 128 057 214 025 045

B/T
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6. 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 consists 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. (Measurements in Hood Canal
and Evergreen floating bridges show that after a distance 0.6\ 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. 13.

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 0.6A(lamda).

_0af 02
c—a[l d,r,a] (4.1

_0gf, 0225
c—m[l rTa ] (4.2)

for E 0.5
A

Figure 4.1
Spatial Correlation Factor vs. ratio of nodal distance to wave length

The second method is described in Ref. 6 and consists in a theoretically 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:

rultefr) = expl- altzfr)| (43)

The values of a and B (beta) depend on the wave directional spectrum. In Fig. 4.2 are shown curves of
the form y=exp(-axp), 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.81= 50 cod' (8 - 8p) (4.4

Using least square fitting the values of o and B can be obtained by fitting curves of fig. 4.2 to those of
fig. 4.3. (All these have been done using a small program COHER). Results for a and 8 values are
shown in Table 4.1.

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

Sripl@) = 8w g (@)=, (@] (4.5]

where pij (w) depends on a,  and the nodal distances and can be easily computed using numerical
integration (eight point Gauss quadrature method proved to be adequate).

Then the nodal loads are constructed from N series of uncorrelated loads,
Xi(t),i=1,....N, as:

&m=§%xﬁh (4.6)

7=l
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:

lrg ] =[] [8)4 [oF @

User’s Manual 19



cgFLOAT RUNET software

where [A] is the eigenvalue matrix of [pij] in respect to a unit matrix and [Q] are the corresponding
eigenvectors.

B, | O° 10° 20° a0° 40° BO° a0°
n=2 | of 447 | 170 | 1.42 | 1.14 A0 A3 32
Bl o181 [ 127 | 123 [ 120 | 113 | 1.2 1.39
n=4 | o 444 | 236 | 1.49 | 115 a7 A4 .20
Bl 214 | 174 1144 | 1537 | 135 | 138 | 1.50
n=6 [ o 309 | 233 | 168 | 1.08 82 .38 14
Bl 212 | 195 | 1.78 | 163 | 151 | 1458 [ 1.55
n=0 | of 233 | 209 | 1.61 | 110 75 34 .
Bl 209 | 204 | 152 | 174 | 162 | 155 [ 1.65
n=10 o | 1.87 | 177 | 1.44 | 105 20 NG 03
Bl 207 | 205 | 195 | 185 [ 1.70 | 165 [ 1.65
=12 o| 157 | 152 | 1.28 97 B4 .28 07
Bl 2068 | 206 | 200 ) 192 [ 174 [ 170 | 1.73

Table 4.1 results of Program COHER for o and  Coefficients Fitting Eq. 4.3 to Curves of Figure 4.3

7. Monte Carlo Simulation of Random Sea States

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

Ref.5 and Ref.29

8. Frequency Domain Analysis

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

a)

Ri(t) = [E” a -|—i—1:"|—i;|_1 + . (@ L) L

Cilelilis a spatial correlation factor, S.C.F ..

F(@) iz the hydrodynarmic force coefficient, (Table 3.2
@) iz the wave amplitude.

¢ iz a random phase angle.

]E[ﬁ:]-n{m]-sin[mt+¢;] (6.1

This angle can be chosen with a uniform probability between 0 and ® (phi). A value of ®(phi) equal to
n/2 produces less correlated loads than equal to 2 (pi) [6].

(] [m:lj%aij sinlut + ;0 B2

.
=
—
n
=y
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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 will have displacements:

Figure 6.2 Nodal Harmonic Loads
Hit) =1 - sinfat +gq) = k- sinat - cosy; + 1 - cosat - sing, = (6.3.3)
=@, sinat + b, -cosat

and
filt]=a, @ -cose - by - - st {5.3.h

Elt)=-a, @ sinet-b o cosat (5.3.0)
() = fa} - sinat + b} cos at (5.4)

IRt = (Al sinat+ B} cos at (6.5

I
=
b
I
+
)
I
o

where {a}= 'I[ai}- '{h}
and]

A= 00 e lia) La + G (el Li}?'{ﬂ’j'?ﬂﬂ*)' COSf; (b.6.3)
%{Ci_l-(m.u_lj-u_wci-(m.uj-u}-ﬁiml-niw:l-siﬂﬁ (6.6.b)

or
— N
A = 8] ’?(ﬁl)'%au COS4,; (B.7.3)
i

in case of (6.2).

Writing the damping in the form :
[e]=2 Slu) w[rm]  (6.8)

relation (2.1) becomes:

[]-aim] -2¢ @ [m]l{{ai} _ {{*ﬂ‘}} (6.9)

2£-0%m] [-0?[n]
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Solving (6.9) the sin 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:

maxr, = fa? +b? (B.10)

) S ()t

I

! [

r-""

b b
Figure 6.3.a Response to unit Figure 6.3.b. Wave Spectrum
amplitude waves

The frequency response H(w) (H/omega) to unit wave amplitude [n(w) = 1] is evaluated for different
wave periods and different sets of random phase angles. Maximum average values and standard
deviations 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 the square root of the corresponding
spectral area, and the structural response amplitude is computed as:

Lin)

r=JH|:mj-Jj{mj-dm (.11)

Again the response to a wave spectrum is computed for different sets of random phase angles for the
wave harmonics, and maximum, average and 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).

Figure 6.4 Nodal wave loading
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9. 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
spectrum frequency. The generalized Jacobi's method [1] is used in the eigenvalue 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 inputted or constructed from the wave spectrum as described in [4], by
superposition of harmonics:

M
W(ﬂ=;ﬂi(ﬂﬂ-5i”(ﬂﬁ ) (7.1)

where : yi are random angles from 0 to 2r and wi ,i=1,2.... M are frequencies in which the wave
energy spectrum is split, chosen either at equal spacing or at equal spectra areas between them

|
) = JSlelde (Fig53.h)

To construct different samples of time series the above time series (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 angles, y. For the corresponding cases of
(6.1) and (6.2) the nodal loading is constructed

as:

al Ryit) = {Ci—l'(ﬁ’H-Li—lj'Li—l o lawg L) L dmg ) wit + T) (7.4)

by Rilt) = 8lwy) 'Zlaij Wit + ) (7.3
J—
_ N

c) Rilt) = dlmg) 2 ay wilt) (7.4)

j=1

where Tj is the shifting interval range between 0 and TSH, where TSH should be inputted and should
be about two to four times the peak wave period.(delta) and Ci are described in para. 6 and
correspond to the peak wave frequency. In the third case the time series wij(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 theta >=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 to minimize execution time and meet memory limits. Again maximum,
average and standard deviations 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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10. Boat Wake Response

For the response to boat wakes [Ref 32] the wave forces have been modeled as shown in Figure 8.1.
& Sinusoidal envelope

Figure 8.1 Boat wake (Tm/T =9)

sin[zrz%] - Siﬂ[zﬂf %J B.1)

From observed data it seems that a ratio Tm/T of 3 to 15 is appropriate.
The loading of the bridge at a time t (t = 0 when the wake is at the left end) is shown in Figure 8.2 and
can be represented by the following relations:

moving wave Lrain

———e -
¥ x\

nitl =

x| T

= wt e

Figure 8.2. Boat wake loading
] sin[z—ﬁ- o H] for wp £ ¥ <u, (B2

fl)=¢ ] 5'”[ T TV

fix) =0, far x<xp or ¥ rx, andi, =W, }{B=\/{t—TT""]

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

i-2 i-1 i 41— Q42
-
< nodal points
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Figure 8.3. Linear displacement field for - node i .

Ni[}{:l=}{__£ ¥y Lndx

i~ X

Hoo = K
i) = K.|+11_ i CH S Ky 8.3)
Ni[}{j=lill+ ' %Ky, K Y Ry,

Applying virtual work, the nodal loads are computed as:

Rilx) = ﬁl\li(}{j ) (L =bridge lengthy 8.4

Relation ( 8.4 ) can be integrated explicitly for the nodal loads. Another way of computing the boat
wake response is by loading the nodal points with a time delay (At) (deltat) between them, where:

At = % (¢ nodal distance) 8.5)

The forces would be determined by multiplying ( 8.1 ) by 3(®,0) and by an appropriate "contribution
length", which may or may not be the same as the nodal spacing.

The latter case of computing the nodal loads, can give erroneous results 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 connectors.

11. Wave Coherence

The wave coherence along the bridge is assumed to vary exponentially and for two points at distance
Az assumed to be of the form:

roldeft) = expl- altiz/2)” | (4.3)

The values of a and 3 depend on the wave directional spectrum. In Fig. 4.2 are shown curves of the
form y=exp(-axp), 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.81= 50 cod' (8 - 8p) (4.4

Using least square fitting the values of Table 4.1 for of a and 3 are obtained.

B[ 0O° 10® 20° a0° 40° BO° a0°
n=2 | o 447 | 170 [ 1.42 | 1.14 .30 A3 32
Bl 18 [ 127 | 123 [ 120 |13 [ 1.2 | 1.38
n=4 | o 444 | 236 [ 1.49 | 115 A7 .44 .20
Bl 214 [ 174 | 144 [ 1537 | 135 [ 138 | 1.580
n=6 | o 309 | 233 [ 163 | 1.08 g2 .34 4
B 212 [ 195 | 1.78 [ 163 | 151 | 1458 | 1.58
n=o0 | o 233 | 209 [ 161 | 1.10 i 34 N
Bl 209 [ 204 | 192 [ 174 | 162 | 158 | 165
n=10 | o 1.587 | 1.77 | 1.44 | 1.05 70 el 03
Bl 207 [ 205 | 198 [ 185 | 1.70 | 165 | 169
n=12 | o 1.57 | 1.52 | 1.28 97 54 .28 07
Bl 206 | 206 | 200 [ 192 1174 [ 170 | 173

Table 4.1 results of Program COHER for o and B Coefficients Fitting Eq. 4.3 to Curves of Figure 4.3
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12. Examples
Example 1 of Breakwater

The response of a breakwater of length (8x 75’ = 600’) with rigid or flexible connectors will be modeled
as an example.

1 z B 4 5 & 7
! I I T I | m 1
sk A4 3% 3 §F M JT Esun
A3 75' 75" 75! 73!/ 75
4 KifL 1 kifL
Figure 9.1
dl
T 40 &vér_\—
B %= -
[
l -_.-:d:q. 5/4° N 3,58
¥ 1; *+
Figure 9.2
PONTOON PROPERTIES
Cross section area :
Ao =165 -6 -3%0396 )= (5-2x0396) =
= 17.67 ft2
Moments of inertia:
- 16x5% (6 -3x0396)x(5-2x0396) _
" 12 12
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_ 50 96

t

%0113 = 3.50 k slug ft 24t

(mt is the mass inertia per unit length)

Hydrodynamic Coefficients for Example Breakwater

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

o = normalized frequency =aJB/2g = E%JMIE[EE.EJ =313/T

B /2 = hydradynam ic force factar intranslation =0.084 (16 /2) = 0.512
a(B/2)% = hydrodynam ic force factor inroll =0.084(16 #2)* = 4.096

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

T Mass Darmping

(gec) T Sway heave roll Swiay heave roll
2 1.86 1.052 2.a87 1.25 0167 0.7 0.001
3 1.04 1.30 276 1.25 0.24 0111 0.004
4 078 1.64 276 1.26 017 0.23 0.00B
o) 0.63 1.74 2.92 1.26 0.10 0.31 0.005
=] .52 1.69 3.15 1.27 Q.05 0.36 0.003

The Hydrodynamic Force Coefficients are:

T Force 8w 0) Force Coefficient, Cr

(sec non-dimension al for FLOAT prograrm
T sway  heave roll sway  heave roll
2 1.56 0.55 0.28 0.05 0.29 0.14 0.20
3 1.04 0.75 072 0.07 0.33 0.37 0.29
4 0.78 0.70 1.04 012 0.36 0.53 .49
g 0.63 0.54 1.26 0.11 0.28 0.64 0.45
5 0.52 0.38 1.40 0.05 0.19 0.72 0.37

If the directional and short crested effects are to be included in the Hydrodynamic Force Coefficients
and an exponentially decayed load correlation instead of in an SCF equation the following values from

Table 4.5 would be used*

T Force 8w 0) Force Coefficient, Cp

(gec) hon-dimensional for FLOAT program
T Sway heave roll Sy heave Faoll
2 1.66 0.53 0.15 0.03 0.27 0.038 012
3 1.04 0.69 0.59 0.06 0.35 0.30 0.25
4 078 0.60 0.94 0.10 0.31 0.48 0.41
5 0.63 0.44 1.18 0.10 0.23 0.60 0.41
o] 0.52 0.31 1.31 0.03 0.15 0.67 0.33

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

Flexible Connectors Modeling
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Figure 9.3

Shearing areas:

A, =ay = 2x| 2 || 2 ] a g =67 12
e gl |1z

Moments of inertia:

Y 4z’
x
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2
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1 12

10 5
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12 12

Modulus of elasticity E = 1000 k/ft?
Poisgson' s ratio y =48

Sheating modulus 5 = 510 kAt?

User’s Manual 28



cgFLOAT

RUNET software

Example 2 of Breakwater

Consider breakwater of Fig.

r 012 m (4357
-? // AR A i S, ::',_:
15 m , 2 !
= :
(5 #) ﬁ 1m (35 ft)
l r 5~ .f. & ﬁ — ..1_
b——500m—

(16 #)
Width/draft ratio B/T = 4.00/1.00 =4
Normalize frequency factor

2m | 4.00
- S o= w82 = T\ gg ;
Converting wave period T in sec : wd

to o normalized frequency
Cross section under water area : A=4.00 x1.00 = 4.00 m?
Distance of cross section centroid

rom free surface : C=-0.25m
Water specific mass : pw=1000kg/m?
Acceleration of gravity : g = 9.81 m/sec?

From Fig. 6, 7, 8 or Table 2 we get for added mass and damping coefficients and existing force, in

nondimensional form:

Mass o) Cramping Lio)

T Sway Heave FRaoll Sway Heave Raoll
141 0075 1758 0266 0207 0024 0.001
05 0408 16850 0251 0254 0128 0.001
071 0766 1600 0255 01594 0248 0003
057 0737 1782 0259 0079 0321 0003
047 0740 1923 0261 0049 0353 0002

W
O e b oo —
o

And in dimensional form:

ADDED MASS : see Eq. (6.1, b, c)

Added mass

T A oway Heave  Roll

sec cyllfsec o kg/m  kg/m kg m/m
2 314 141 3000 FO032. 4099,
3 209 09 1632 62400 4118,
4 1.7 071 3084, 6400, 4272,
g 126 0457 3148, 7128, 4340,
G 1.0 042 2960, 7B92. 4361,

ADDED DAMPING FORCES : see Eq. (7.1, b, ¢)

Force &(a,0)

Swea Yy
0.661
0.528
a.710
0.504
0.391

Heave
0.360
0.790
1.116
1.31
1.41

Fall
0.031
0.055
0.095
0.0s87
0.076
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Added damping force

T i

sec cyllfsec o

2 319 1.4
3 209 095
4 1.9 071
g 126 057
5 1.06 047

SwiE
kgim
5590,
5980.
3416,
1423,
716

Heave
kgim
1663,
479,
a09a.
o0z,
oEE7 .

Raoll
ko mim
476,
433
402,
241,
1249,

HYDRODYNAMIC EXCITING FORCES : Eq. (8.1, b, ¢)

Wave direction 6=0°

T

Hydrodynamic force for unt wave amplitude

w

o
sec cyllfsec
2 319 1.4
3 209 095
4 1.37 071
g 426 037
5 1.03 047

Sway Nim Heave Nim

70B3.
15500,
21896,
25702,
27664

For the case of directional waves depending on the choice of spreading function the coefficients are
evaluated from Tables 4, 5 and 6.

12969,
16245,
13930,
5903,
7671,

Rall
M.rmdm
-2026.
-1864.

244,

937,

1064,
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8.4.d Floating Breakwater Boat Wake 15 mph Sway
Response to Wave Time Series

9.2 Pontoon Cross Section

9.3 Flexible Connectors Modeling

User’s Manual 31



cgFLOAT RUNET software

14. List of Symbols

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

A LInderwater cross-section area, Ac cross-section area

an Marmalized cross-section area [ %o =’E"'tE"’Q)2]|
(undenawater)

B Cross-gection width

C Centraid of cross-section

C Centraid of cross-section

5 ~H AR

Cr Cr. Cy Hydrodynamic Force Coefficients defined by
Egs. 3.2a, b, c.

C Distance of centroid to free suface (positive upwards)

D Depth of fluid region

d Mormalized depth (d = DABLY)

E, Ep, Ec Maoduli of elasticity, subscripts for pontoons

or connectors

El Flexural rigidity
8 Mormalized modulus of elasticity
_2F
# /Ow - gk
F Cut-off frequency, force f Frequency in Hz,
force per unit length
H Wave height, Hit) = 2n(t)
H Significant wave height (H1/3)

lix, Iyy Cross section morment of inerti|
ik, Iyy Mormalized momertt of inertia

lo Cross-gection polar moments of inertia
I=[[rda
e
q Acceleration of gravity
k Wave number (k = 271/4 = wiy)
ki lateral stiffness normalized
k, =4k, /0,55
Y Coherence
8, Blw) Hydrodynamic force coefficient - nondimensional
o)

Mon-dimensional hydrodynamic force coefficient
including directional effects

n Wave surface height frorm mean (= )
i Wave direction relative to bridge axis
h Wave length

£ pR op8 pH pR
. Cm Sty by by Fercent of critical damping, subscript
for hydrodynamic or wirtual mass, superscript
for sway, heave and rall

o Water specific mass
T Mormalized frequency
T= m,,lﬁﬂg
] Wave potential
i Mondimensional wave potential
] Cyclic fraquency
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L Bridyge length
Li nodal distance from node i to i+1
Lij nodal distance from node i to |
| narmalized distance (| = LB/
M haoment
m mass per unit length, moment per unit length
M1iz), M2iz), Mifz) Displacement functions
o Crrigin of axis on freewater surface
Ri MNodal loads
Rpp. ()
R Correlation between Ri and Fj
Rf(zl,zz,r) Correlation between farces at distances
Z1 and 2
ri Modal distance

(o), 3 SPectrum
Sl ), Sl 1) WWave Spectrum

S“’(AHJ(E'?)’ S&’E”J(m) YWave cross-spectra between
points A and B or Z1 and 22

Sf(x-"-:'(m) Force cross-spectra between points 1 and 22

T Crozs-section draft, wave period

t Tirne vatiahle

200, E Coordinates

¥, ¥, Z Mormalized coordinates (e, x = XiB/2))

A Underwater cross-section area, Ac cross-se

an Marmalized cross-section area [ 7o =4tz
(underwater)

B Cross-section width

superscript far sway, heave and roll

15. List of Tables

3.1 Hydrodynamic Coefficients,Tabulated Results of Figures 3.1, 3.2, 3.3
3.2 Hydrodynamic Exciting Forces for Different \Wave Angles, Tabulated Results of Fig. 3.4

4.5.a Hydrodynamic Force Coefficients, including directional effect B/T=4
4.5.b Hydrodynamic Force Coefficients, including directional effect B/T=6
4.5.c Hydrodynamic Force Coefficients, including directional effect B/T=8
4.1 Results of Program COHER for and Coefficients Fitting Eq . 4.3 to Curves of Fig. 4.3
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