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ABSTRACT

The following report describes a computer solution to help predict
the heave ana roll response of free floé,ting bodies of cylindrical shape
when excited by random seas with known spectra,

The basic concepts of harmonic analysis and statistics used in the
method are first briefly reviewed. The report then presents a detailed
derivation of the linear heave and roll response amplitude operators,
that is the expressions of the vertical and angular displacements produced
by a simple harmonic wave of one foot amplitude.

The second part of the report reviews the computation procedure
and the program's logic. It gives a detailed set of instructions for the
program users, reviews the program's capabilities and limitations, and
presents three case studies.

The heave and roll response programs are written for use .VVith

XEROX SIGMA 7 computers. Program listings are given in the appendizx.



Acknowledgments

The authors wish to express their gratitude to Mr. R. Walden
for his critical review of the manuscript.

The assistance of Mrs. A, Henry and of the Graphic Arts
Department in typing and preparing this report is also gratefully
acknowledged.

The work reported herein received support from the Office of
Naval Research (Contract No. N00014-75-C-1064; NR294-044) and

from the NOAA Data Buoy Office.



1.0

2.0

TABLE OF CONTENTS

PROBLEM STATEMENT ® 80 590000000 50PN SOPOESIOGEOLEOSEOGIEOESEOIEOSIETSES

THEORETICAL BACKGROUND

2.1

Statistical Response of Floating Bodies to

Ocean WaVe Excitationlo-'n.oon.o.....i.l.oo.o.-oo'o

Derivation of Heave and Roll Response

Amplitude Operators (RAO).........................

2.,2,1

2.2.2

Heaveresponse * 0 & 2 0 0 8 0 06 OO B O OO OO SO SR TGS
2.2.1,1 Initial conditions vveesseeeesssacs
2.2.1.2 General equation of heave

mOtion ® ¢ ¢ 000900080000 ELE OSSN

2.2.1.3 Expression of the forces

applied to the bUOY.esesesvseesens
2.2.1.4 Expression of the differential

equation of heave cvveeeseecnncess
2.2.1.5 Expression of the heave RAO .....
2.2.1.6 Phase relationship between

heave and wave.........;........
ROll resSpONSE ceeessesssceasscescnnsosnnnns
2,2,2.1 [Initial conditions teeeeeeeeecscese
2.2.2.2 General equation of roll metion ...
2.2.2.3 Expression of the moments

applied to the buoY.eeeeeeoeecesses

Page Number

1

14

14

16
17
17

18

18



Page Number

2.2.2.4 Expression of the added

moment of inertia I. «..ovvevuan.. 26
2,2.2.5 Expression of the differential

equation of roll..eeeeceecceccese 27
2.2.2.6 Expression of the roll response

amplitude operatoreieecececscesess 28
2.2.2.7 Phase relationship between

roll and Wave..eeeeeeaserensccna 29

COMPUTER PROGRAMS

3.1 Heave Computer Program (HERAO). . eeeecosceccases 29

3.1.1 Program logiCieessssseseesenssssecccnnsas 29
3.1.2 Program input ceeeeesessscossssenescnnses 31
3.1.3 Program output ceeeseeesscescecccescanes 40
3.2 Roll Computer Program (ROLLRAO) teeeeeeeecsenn 41
3.2.1 Program logiCeieeseseesesoscecescansnnnss 41
3.2.2 Programinput.;........................ 42
3.2.3 Programoutpﬁt......................... 52

CASE STUDIES

4.1 Heave and Roll Response of a Small Flat Cylinder... 53
4.1.1 Programinput ® & 80 ¢ 0 0500 &0 PG OP OB OIRE OSSO TONITS S 54
4.1.2 Program outPUt seeeseeceeeceecssoeaennses 56

4.2 Heave and Roll Response of a Ballasted

"Telephone Pole! iiiiieeeeeseesseeesosescoseesses 57



Page Number
4.2.1 Program input cceeeeseesecssssssseosnsasess 57
4.2.2 Programoutput.‘.......................... 61
4.3 Heave and Roll Response of a Complex
Shape W, H.O.I. Spar BUOV eeesesessoascsseccasonss 61
4.3.1 Program input ..cceesececsescecocscances 63
4.3.2 Program OUtPUL veeeeeeeesoecenssocnsensas 66
5.0 CONCLUSIONS AND LIMITATIONS teececesccococssnososs 67
6.0 REFERENCES..cceteecoseeetasstsssssascsssassscacenns 69
7.0 APPENDICES ciccevtscccecccecsssssssosssasscasccsnaasss 70
I. Expression of Linearized Damping Coefficient.... 70
II. Evaluation of the Coefficient ""B'' of Damping
Moment 72
[II. Evaluation of the Coefficient ""D'" of Wave
Drag Moment soueesiesscesesoscecassscasescces 75
IV. Evaluation of the Coefficient "P'" of Wave
Inertia Moment.e.eeieeeeeacessssesssessascssosnasne 77
V. Evaluation of the Coefficient ”IF;" of
Added Moment of Inertia cooeeesossessesascncscs 80
VI. Computation Method for Coefficients ""B',
D, P e ieeoesasessescesssssssosassasasasansns 81
VII. Heave Program Listing cceeeescecsccecccecccses 83

VIII. RollProgramListing......‘...l.......'l...... V 91



1.0

2.0

PROBLEM STATEMENT

The heave and roll motion of a cylindrical body of constant cross
section when excited by a simple harmonic wave is a relatively straight-
forward problem. However, very few buoys can be realistically modeled
as a pillbox or a telephone pole. Most spar buoys are made of circular
cylinders of varying diameters (see Fig. #1). Some spar buoys extend
to considerable depths below the water level. Furthermore, most sea-
ways are not made of regular harmonic waves of single frequency and
amplitude and in general irregularity and randomness of the sea surface
will prevail.

The objective of this report is to present a method which can be
used to éompute reasonable expecfations of vertical and angular displace-
ment that a complex shape buoy will experience when free floating in a
random stationary seaway.

The computer solution presented in this report was originally
derived to investigate the dynamic behavior of specific spar buoys used
by the Woods Hole Oceanographic Institution. This solution is here
presented in a generalized form, with the hope that it becomes a con-
structive addition to the solutions already in the literature.
THEORETICAL BACKGROUND

2.1 Statistical Response of Floating Bodies to Ocean Waves Excitation

Readers unfamiliar with the probabilistic theory of ship
and buoy dynamics should resort to Refereng:es I, II, and III

for a theoretical introduction to the subject.



la ~

T *ON *31d




Basic concepts borrowed from this theory and used in the
formulation of the heave and roll computer programs described in
this report are hereafter summarized.

If the probability density functionﬁ/lx) of the wave ampli-
tudes "'/)(“ for a given seaway can be explicitly expressed, then
the expectation of certain values of wave amplitudes can be
directly computed.

For example:

- The most pi‘obable amplitude o("L is the value of 4
for which
A po)
7.4

(2.1.1)

—

- The average amplitude X is given by
)

X= /“/’/99‘/9( (2.1.2)
A .
- The average of a fraction /[0\4 le{/)

wave amplitudes larger than a given amplitude X o

can be obtained

X7 =t = ﬂﬁ/rx)c/a (2.1.3)
?(o\/’/?(’)() /X - Xo

etc,
When certain restrictive conditions prevail, wave amplitudes

have been found to follow a Rayleigh dig-tribution given by:

——

A = Z“ e X

(2.1.4)
where 0(7" is the mean square value of the wave

amplitudes.
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This probability density function has been used to compute
the expectation of particular wave amplitude means and maxima.
Results of these computations are found to be proportional to the
root mean square\/’)—(——z— of the wave amplitudes. Those retained
in this study are summarized in Tables 1and 2, 'Value of expected
means'' and '"Value of expected maxima. "

Now let\S}fw)be the spectral density function of the wave
amplitudes of the given sea way. Assuming the seaway to be
stationary, then the integral over all positive frequency ranges
of \f(w) is equal to the mean square value of the wave amplitudes,

i.e.

/\f(w) dw (2.1.5)

This result can be used to compute x2' and \/9(2' . The
value ofl//)(2 thus obtained can in turn be used to compute the ex-

pected wave amplitude means and maxima listed in Tables 1 and 2.

From the definition of the mean square value

¢Z=ﬁﬂme«

and the result (2.1,.5) it is clear that the quantity

;/%ﬂ_»o \/J}w)a/‘*’ | (2.1.6)

is proportional to the amplitude of the elementary component

wave of the spectrum with frequency CV.

Now if \/(w) is the expression of the linear response of a
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Table 1

Wave Amplitude Means

Fraction, {‘,of Mean Values
Largest An:1p11- -, ?‘_‘
tudes Considered 1{: -
0.01 2.359
0.10 1.800
0.333 : 1.416
0.50 1.256
1.00 0.886
Table 2

Expected Maximum Amplitudes

Number of Maximum Wave
Waves Amplitudes
» —1
max °? r

50 2.12
100 2.28
500 2.61
1,000 2.78
10,000 3.13
100,000 3.47




free floating body to a simple harmonic wave of unit amplitude

and frequency Y , then clearly the quantity
’ } N
bwm Yw) \y(wm) dew |

is proportional to the amplitude of the body response to the

elementary component wave of frequency L,

It thus follows that

2
)?w) kf}wm) Aw

(2.1.8)
is proportional to the amount of the response mean square
value contained in the frequency band ola) centered at Wh, .

—t

The response mean squareo;alue I"z is therefore given by:
—— L

o]
The response >/{w> of the body being linear, the probability

(2.1.9)

density function of the response will also follow the probability
density function of the wave amplitudes. Thus the results tabu-
lated in Tables 1 and 2 can be used again, together with expression
(2.1.9) to compute statistical means and maxima of body response
amplitudé.

For example, the average of the one third highest response

amplitudes will be given by

with l//;z = /W:)\/?w)o[w (2.1.10)



Empirical formulation of wave amplitude spectra used in

the computer program are:

- 9.7x 0*
(/}w)_____ /6825 e Ve w ft2 - sec (Pierson Moskowitz) 2.1.11
w->

where V is the wind speed (knots).

1050
ftz— sec (Bretschneider) 2.1,12

2 |
\/'/w)=345#5 e ft?_ sec (1.S.S.C.) 2.1.13

In formula (2.1.12) and (2.1.13) /4{5' is the significant wave height
(feet) and Z; is the significant wave period (seconds).

2.2 Derivation of the Heave and Roll Response Amplitude Operators (RAQ)

2.2.1 Heave response

2.2.1.1 Initial conditions

%77

D
-

Fig. No. 2



-6 -

Let us consider a simple harmonic, deep sea wave, as

shown on Fig. No. 2. The coordinates of a point on the surface

of this wave are given by:

S A am [wé_/(gj (2.2.1)
p= A cn (wb - K5)
(2.2.2)

If we select to observe this wave at _§ =0 , then the parametric
equation of the water particle motion around this point become:
Z = /4 coo wE

where /4 is the wave amplitude, and ¢) the wave angular

frequency.

We also know from the simple harmonic wave theory (Ref. I,
pp. 14-27) that the parametric equations of water particles at any
depth £ below the mean water level would then be

-4z
5. A umwb
- Az
p = Ae Ve wi
2
where K is the wave number, 4/'=_6_()_. for deep water waves,

‘g being the gravity acceleration.

The vertical components of water particle velocity and ac-

celeration would in turn be given by:
. - A2
h = - 6(]/40_ v wl
.- - Az
2
—wiAe coo w

Z::

In this case, at time LL= 0~(- & , the amplitude of the vertical



displacement of the water particles start to decrease from their
maximum value, the water particles vertical velocity component
starts to increase and is in the downwards direction, and the
water particles vertical acceleration component starts decreas-
ing and is also in the downwards direction.,

As shown on Fig. No. 3, let ) be the distance from the
still water surface to the buoy water line. At time é:0+£the
buoy is assumed to move downwards, that is the distance X is
increasing.

2.2.1.2 General equation of heave motion

The equation of heave motion will be obtained from:

Z F = (444+W’)/5{= My X | (2.2.3)

c
,
whereZﬁ- = sum of the vertical forces applied to
L
the buoy,
/ft{ = mass of the buoy
/ﬂ(_/: added mass of the buoy due to the water entrained
in the vertical direction
/
/”Z/ = /”7-[-/’77 = virtual mass of the buoy (in the vertical
direction).

2.2.1.3 Expression of the forces applied to the buoy

The vertical forces applied to the buoy are:
- Its weight ”W”
-
- The resultant "[ '"" of the pressure forces exerted

by water particles on the top and the bottom plates of
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the watertight compartments of the buoy

- The damping force ”_D” resulting from the water
opposing the buoy vertical motion

- The friction force ”G" exerted by the water particles
vertical velocity on the buoy

-~ The inertial force ”I " exerted by the water particles
vertical acceleration on the buoy.

Forces in the direction of increasing /X (downwards) will

be considered positive.
The expression of these forces is obtained as follows:

2
- Pressure force ".l ",

With the initial conditions assumed, the pressure /:) at a depth

< is given by: Az

-_/;7/2,+/4'0_ coxwé

To help find a general expression for the resultant P » let us
consider the spar buoy shown in Fig. No. 3.

At the bottom of the buoyancy tank
< = X+ l?z_.
where /27.: depth of the bottom plate below buoy water line

Assuming A& }72. » the upwards pressure force ? on the tank

bottom is thus given by -—/(/{
2 B =_f9 {/X+é?_+/4e Cafwé ?\S

where 53 = area of bottom plate subjected to water pressure
(the entire area of the plate in this case),

Similarly the pressure force -/77" on the top plate of the buoyancy



tank is g1ven by
—\@ {0(1"/) /42. CAYC«)é}\ST'
where \87 = area of top plate subjected to water pressure.
If the spar mast has a cross section 'SM and is

watertight then obviously ST = \SB - SM

The resultant P will be the difference between the bottom pres-
sure force and the top pressure force. Being in the upwards
direction, _7.>= - (P - (’2/\ i.e, fJ

z.
P=..qu {(fg-f-jy( ¢ (4. S5 - 43) 460.5‘&;(‘/!5'& Q) }
The constant terms in the expression of the pressure force must

equal the buoy static weight hf . This can be easily established.

by = hy+H

where l/ = length of the buoyancy tank, the constant terms

V& /‘rB/)z. - J}A,)

Noting that

can be written:

S (SB(’;/*'L/)—- Sr/h/=\ﬁj [@’3-37)/?, + J'B/-//
which—obviously is the sur::m of the weight of the water displaced by

the immersed portion of the mast and by the buoyancy tank under

equilibrium conditions, and therefore is equal to the buoy weight.

The sum of the weight force and the pressure force can then be in

general expressed by:
TpW= <pg (Se- 5’)/\’ cyéJe_J’ A oo o &

where\g‘; is the surface at a depth é[ subjected to the

(2.2.4)
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pressure., \9‘" is positive if the pressure exerted upon it
is in the u‘pvvards direction, and vice versa 6:_ is nega-
tive if the pressure exerted upon it is in the downwards
direction.

This expression can further be simplified and written:

72;-”/: - Cp(.(. /(4/4 oS el
(2.2.5)
where

C =f3 (S’B- 5’7) = f3 Se (2.2. 6)

is the heave restoring force constant and

<

~¥h: —' 3
M= rq Z’Jo‘ﬁ =3 Z_}-C;CJ - (2.2.7)

- Damping force "_D".

The damping force -D.,‘ exerted by the water on a buoy component
"M will be assumed to be directly proportional to the buoy
speed O{ . It will therefore be of the form
D= -t x (2.2.8)

where éc' is the linearized coefficient of damping

associated with buoy heave motion.
It can be shown (see Appendix I) that the general expression of
linearized damping coefficients "d" for periodic motion of

amplitude X and frequency &0 is of the form

d_-__/vl‘__ JoC}J’Xc\)‘  (2.2.9)

3
where\f = water mass density = 2 s1ugs/ft3

G
N}

conventional drag coefficient

area normal to the flow,
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In order to keep the differential equation of heave motion linear,

an arbitrary constant value Xb of average heave motion must
be ‘selected to compute the linearized damping coefficients !5 .
The value of Xb selected is left as an input for the program

users. One can use, for example, a reasonable fraction of the
average wave amplitude for the sea state considered in a given

study.

The expression of _A,_' then becomes

— /
_/>c- =3;47EJD<:D‘:\Q XL W= & A‘_-

(2.2.10)
The total damping force is thus finally .
' .
- . = —60 ._é. C- .
D Z_D(_ KZ-/.?’ZJD _pcx.ﬁ Xj,
¢ I3 o

or simply

D= -BX

with
!

B wz_sﬁ _NJ::XLz'. wzlﬁé (2.2.11)

- Wave induced drag force ”G”.

The drag force GC resulting from the water particle impinging

with a velocity on a buoy component ”(. ""is also assumed to
_ y

be linearly proportional to Z . It therefore will be expressed by

G, = Cr (2.2.12)

c

where C

. is the linearized coefficient of drag associated

with water particle velocity.

Following previous reasoning the expression of C . will be
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given by
/

Ce =3—f’2j G Xw = we (2.2.13)
where /\/c is now the arbitrary average value of wave
amplitudes retained for the particular study.

A comment should also now be made regarding the water particle

A3

velocity lz . It will be recalled that the expression of IZ is
- Az

IZ = - Awe Sinwl
In the case of a plate or a cylinder of small height placed at a
distance A below the buoy W'A. and if A << é , then Z."—ré
and the speed of the water particles acting on this plate is well
established. On the other hand, if the cylinder is one of con-
siderable height, as for example the buoyancy tank shown in

Fig. No. 3, then the speeds at the top and at the bottom must be

somehow averaged and replaced by a unique equivalent speed.

For simplicity, one could consider this averaged speed‘ to be the
speed at the depth of the cylinder midpoint. For the buoyancy
tank previously mentioned this speed would then be:

A
_Awe "l '+)/.u'mwt

More appropriate values of equivalent depths could also be devised.
With these remarks in mind, the expression of the friction force
becomes

-4z

Z __/4a)44mwé2 C_’,

z being the true or the equivalent depth of the

"y

component ¢ .
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Mozre simply written, .
G- NAwsmawl (2.2.14)
with

¢ . (2.2.15)

- Inertial force ”.[”.

The inertial force _Z: produced by the water particle accelera-

tion Z on a component '"¢'" of the buoy is given by

f_ , e
e T /hfc' ?
/ ’
where ¢4/ is the added mass of the component "' and
2

is given by

;. = pCa V.

with (Alq(_
Vc'

The values of CML' and l/b depending of course on the dimen-

added mass coefficient of component ”4_'"

volume of the Z% component (ft3).

sions and shape of the component ”é‘", are left as an input for
the program users.,

The remarks on the averaged value of the water particle speed
also apply for the water particle acceleration.

The expression of the inertial force "[” is therefore given by

_4’3"
/
_7.-. ; I = - Aweswl 2,,/»7“./& (2.2.16)
T~ e B
c
or simply,
]: - @/46\)?_&\{’(4)11-
with 2 (2.2.17)
Q _ (“_/ ; "‘kzu‘ ’C’ V :_7@2‘&
= LM e ":JZ, m W &

. .
[ % [



- 14 -

2.2.1.4 Expression of the differential equation of heave

Using Z E = M?y 0.('

yields:

or,

Cx+MAcosewt - By NAwsimwb- QA0 Saswt M,z)'('

Cp+BK 4mm ) = //{(M-w‘éya;swd‘- A/co&»'nwé}

This expression can be further reduced to

Cx + B/)u-/M,A’ = cos(cut+\7‘) (2.2.18)
where E » the exciting force is given by
2) & 2

’41// ‘gp“’/ + //V“’/ (2.2.19)

and O, the phase angle between the wave and the force is

given by

"y
0 = fa/"' /\/wz (2.2.20)
M- w Q@

Expression of the heave response amplitude operator

2.2.1.5

Let us assume that a particular solution of the heave

equation is given by:
x =X, cor (W + (,0)

where (.p is the phase angle between the exciting force and the

heave response. Then,

K= Xo (doocud“coo?b - mknwktg,{usb)

X =~ Xow(/g,/mwé&ngﬁ-[- cwwl &u,z/)

X =~ Xow /cmwé' e~ Linwl i)

Introducing these values of X &( » ¢ in the equation of
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heave motion and ignoring for the moment the phase angle ¢~
yield: |
CX, (ContCOJ‘(’b - &'thé—o'uq/) |
_onw(&k« aJZ‘_"Cc-a)L,L Co\!“w:&‘mfp) |
- /mVX, Q)"-(éoo w en g - wt &‘u}bjz Vo—coma)f

Thus, Xo {(C_Mvw;)cu—asb - Bw &M}L‘} = E
and X {/_(,L,,,,le/,g,;,%- Bw C‘-’SS//} =0

From the second result,

Lar, }5—1 ~wb (2.2.21)
Therefore , C ) 4‘7’”7‘
.ﬁm% = B
I/(C-M,a)‘/ 23.«—-(@5)1
and » (}A 3 C, _ MV“)L

fle-mus) ™ o8)*

Introducing these values of £4m (lb and CeS ?L in the

first result, yields:

X, = i
(o) " or)”

The expression of the heave response is thus finally given by
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W:‘.

MU b ey
[[C- myw?) e (B (2.2.22)

The response amplitude operator being the ratio of the

heave amplitude /X by the wave amplitude /4 is thus in turn

expressed by

RAO. = X _
A

(\/’32"['- wf 2CnVed )@ Ce}jz

/(/oj\fg‘mvaﬁ(wzz'ﬁyzv (2.2.23)

2.2.1.6 Phase relationship between heave and wave

As previously established, the phase angle 0” between
wave and exciting force is given by
- wi,
’ 7 <l
£ wt Z cred

..w’l

\/’fz\fed -waCw; e 8

The phase angle }b between the exciting force and the

(2.2.24)

heave response is in turn given by
v,/
-/ ~wt LZ_, .éc',
}O:Z‘M ijc__mvwz‘ (2.2.25)

The phase angle é- between wave and heave response

is finally given by é:. OJ-.L SD (2.2.26)
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2.2.2 Roll Response

2.2.2.1 Initial conditions

Let us consider again the simple harmonic, deep sea wave

shown in Fig. No. 2.

The slope of this wave is given by:

%; KA sin (w0l - K5

If we again select to observe this wave at § = O, the ex-

pression of the slope é becomes

The horizontal components of the velocity and acceleration

n

of a water particle at a depth &£ will in turn be given by:

. —Az
5 = J(J/‘/-e C?O\Fa)t
v ~AZ

S = —wide amwl-

At the time é’: O+ & the magnitude of the horizontal
particle velocity is maximum and is positive (i.e., in the direc-
tion of increasing(g ), the magnitude of the horizontal particle
acceleration is minimum and in the opposite direction, and the
fnagnitude of the slope is minimum and starts to increase.

Let ( be the angle of roll, measured from the vertical
in a clockwise direction. At time t: 0+£, the buoy will be
assumed to foll in this direction, i.e., the angle of roll is
increasing.

These initial conditions are depicted in Fig. No. 4. Ro-

tation of the buoy is assumed to take place around the buoy center
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of gravity.,

2.2.2.2 General equation of roll motion

The equation of roll motion is given by:

(2]
——

4_, N (I* -{y 0 (2.2.27)

4 ’ .
where Z%‘ = sum of the moments applied to the buoy
f = moment of inerﬁal with respect to c.g. of buoy
= added moment of inertia due to entrained water,
alsc; with respect to buoy c.g.

-—

= virtual moment of inertia = I-{- l;:

N

2.2.2.3 Expression of the moments applied to the buoy

Moments applied to the buoy are:

righting moment caused by displacement of center of

buoyancy, %&.

- damping moment due to buoy motion in the water %p .

- friction moment due to drag forces induced on the buoy
by horizontal water particle veiocity %F .
- inertia moment due to inertia forces induced on the
buoy by horizontal water particle acceleration /9?]' .
Clockwise capsizing moments will be considered positive,
and vice versa counterclockwise righting moments will be con-
sidered negative.
The expression of these moments can be derived as

follows:
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- Righting moment - :ZR

The righting moment opposes buoy motion. Its value is

%R _=- ) /?;;; (ﬁ—@y;. - //ﬂ)'&/ﬂ- //{‘{fmafj (2.?.28)

where W —buoyweight.

b

Iz

- Damping moment - ;:E.D

distance from buoy center of gravity to

buoy metacenter,

The drag forces due to buoy motion alone oppose the roll both
above and below the buoy center of gravity. Therefore, the
damping moment is negative. Its expression is derived as

follows:

—’A‘—M"\A
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Let us consider an elémentary buoy section at a distance r from
the buoy c.g. (See Fig. No. 5)
The elementary damping force on this element will be assumed
to be of the form: .
AE = 8/r)rH cos &
or, for small angles of roll Q
A5 = br)ré
where }(/‘) is a linearized damping coefficient again given by:
bir) = A 4N Ny @
(7 = s S Co ey Niry
with
f = fluid density = 2 slugs/ft3
C_p = drag coefficient for cylinders, normal flow
\gs/"}: area across the flow = Cl/{l") Q//" with 6{//"/ the
cylinder diameter at distance !
X/p) = amplitude of cyclic motion at distance }?

r B (in order to keep the equation of motion linear

S
\l
1

an arbitrary constant value of 9 must be selected,
say @= 0 ).

(0 = angular frequency of cyclic motion, which under steady
state conditions should equal the frequency of the ex-
citing wave.

The expression of the damping force thus becomes:

AF, = S_éfc;, & o ) 1 dt né
r |
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or

|

SE = W) P O

where

——

K= 4 pC0O
3

The moment of this elementary force is:
1 3
4{76 =1 = - Odr) 1 dr

and the total damping moment is found from

FeS G:AG

%, = Oww /0/()”//"0’/"+ //m/r 7

(2.2.29)

or

%:‘B@ | (2. 2. 30)

where ,2 ‘/fé

B= qw /;///"/) 0//4+(/Q/'[§/ (2.2.31)

Appendix II outlines a method for computing these integrals.

- Wave drag moment - /)%r

Drag forces due to water particle velocity will tend to capsize
the buoy or to upright it depending on their point of application
with respect to the c.g.

The resulting moment will thus be positive above the c.g. and

negative below the c.g,.
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Fig. No. 6

Consider again an elementary buoy section of area Q///"/ 4//4
at a distance /7 from the buoy center of gravity (Fig. No. 6).
The elementary drag force due to the water horizontal velocity
on this elerhentary section will be assumed to be of the form:

where C(/y the linearized damping coefficient, will be expressed

by:

() = S p Ot Ky @

X(p) in this case is the 'amplitude of the water particle cyclic
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motion and is therefore given by

g R
Xir) = Ae

Here again, in order to maintain linearity in the expression of

the roll RAO, an arbitrary constant amplitude /4,: must be

‘selected. One could, for example, select the average amplitude

/4 of the waves in the particular sea state.

With these remarks in mind, the expression of C(r) can be

written: - -AZ
c(r) = ;%ji; dimdrA we

or -4z | '
c(r)= wpBdir)e Hr

where

_ w_'_jt C°/4h~ (2.2.32)
% \?/Zj S>F

The expression of the elementary drag force 4//;— thus

becomes

Z

- /rl‘
dﬁ:ﬂ/a) Coowl €.  Afr) dp

The moment of this elementary force is in turn:

=24z
a7, = ﬂa’f.-. ﬂ’ﬂw@omé dye) e o
Noting that the drag forces have a tendency to capsize the buoy
when applied above the buoy c.g., and to upright the buoy when
applied below the c.g., the expression of the wave drag moment

becomes:
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'/(G

| = ik ~AZ,
7?/__ = ﬁ/ Codwt- // /q/(r/ Jle \/a'//j}”e. aH

W}: = j/fa) Coowé (2.2.33)

where l"f iy |
P ﬁ //y‘/ﬁe 4//4 ////”)/ZQ a’é} (2. 2. 34)

ps ©

A method for the evaluatmn of the coeff1c1ent _D is outlined
in Appendix III.

- Wave inertia moment - ::EI

The elementary inertia force d_{ due to the water particle hori-
zontal acceleration acting on an elementary buoy section of

a
volume a/V= _/E 0/(,4) ‘?//A
4

o1 - C’Mfa/l/;mé’

is of the form:

or, for small angles @ ,

z (1}
AT - Z dr) £+
= Grplk
where C'}L = coefficient of added mass for cylinders. This

elementary force can be more simply written:

)« £ acr “Ar
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with /= —'Z‘:fc’z (2.2.35)

Fig. No. 7

The moment with respect to the c.g. of this elementary force is

in turn given by

AWy = pdpry 7 & dr p
j/'ﬂw’%b&‘u wéd//y&/”e_ z,;/r

i
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Nothing again (Fig. No, 7) that inertia forces due to the wave
action have a tendency to upright the buoy above the c.g. and to
capsize it below the c.g., the expression of the total moment

will be given by:

=z }2/’"’—6; ks
. Z
%_7‘: /w%fma)f /O/(};’/ //”e z?/);'_.,t c{[/é}){@ al

y=o <o (2.2.36)
Wy = LA 0 i wt
(2.2.37)

A méthod for the evaluation of the coefficient ,Z) is outlined
in Appendix IV,

Expression of the added moment of inertia .[F

The added mass of an elementary buoy section of volume

C/V, located at a distance ¢' from the buoy c.g. is given by.

)
A’ = S o YV
C i
M, = added mass coefficient = 1 for cylinders.

The moment of inertia of this elementary mass with respect

to the c.g. is:

~ i)/ 2
dl. =/ Ay’ = rp Ay

.and the total moment of inertia is

AV A
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Thus
: _Z;. = moment of inertia of the water displaced by the buoy
with respect to the buoy c.g.

IF can be evaluated following the method outlined in Appendix V.

Expression of the differential equation of roll

Summing the moments and applying the angular form of

Newton's law yield:

g B-point). BO Y eosot s Bl = (1+5) e

The resulting equation of motion is then:

1, 6+80+CO =A /3@.%,?@)4,,,@ +__Da)cwcut_‘j

where C: /{/g—ﬁ is the roll restoring constant.

The equation of roll motion can be further reduced to:

CO+B0+¢2,0 = Mas(utsv)

(2.2.39)
Whereﬂ » the exciting torque due to wave action,is

given by:

_/% <A V(%L+ F@? “, (.Pw) O (2.2.40)

and [J” the phase angle between wave and resulting torque is

in turn given by:

V= _ s _F (2.2.41)
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Expression of the roll response amplitude operator

Assuming again that a particular solution of the differential
equation of roll is"given by:
9 = é)o Coo (/41){.7-!- SD/
where % is the phase angle between roll and the external
torque /{_4 and introducing this value of @ and the values of
° o

its first and second derivatives 9 and O in the equation of

motion, will yield

O= . i
(C- Z,,a)ﬂa -,L[&)B)L

and
- .fa“_/ - CUB |
% -/ A .Z 2 : (2.2.42)
- Ly

The expression of the roll response will then be given

g. A W ) o
(E2u)* + @B

The response amplitude operator being the ratio of the

by:

(2.2.43)

roll amplitude by the wave amplitude 4 » will thus be given

by:

Fﬁ’ 0. +E)) GD (2.2.44)
Cha?) =, (wB)*
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2,2,2.7 DPhase relationship between roll and wave

As previously established, the phase angle O’ between

wave and exciting torque is given by:

[ cu? L 12"

U= fm" _~f (2.2.45)
Dw

The phase angle )b between the exciting torque and the

roll response is in turn given by:

-1 wbB
Sﬂ = Z&” - (2.2, 46)

C- Iva)L_J

Finally the phase angle é_ between wave and roll response

will be the sum of the two, i.e.,

? = V. 5[/ o (2.2.47)

3.0 COMPUTER PROGRAMS

3.1 Heave Computer Program. (HERAO)

3.1.1 Program logic

The operations performed by the heave computer program
can be summarized as follows:
- It computes the heave Response Amplitude Operatar,
using formula (2.2.23) for decreasing values of the

wave angular frequency @ .
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The recurrence formula used to change the value of the
angular frequency between two consecutive computations

of the RAQO is
—I;|-| -+ AT

where AT, the change in wave period is constant.

The value of AT to use for a particular set of compu-~
tations is left as a program input, and so is the range
of variation of wave periods to be considered.

It computes the phase angles between force and wave,
heave and force, and heave and wave using formulas
(2.2.24), (2.2.25), and (2.2.26), for the same set of
angular frequenciesv{a)n} .

It computes the wave amplitudes spectral density using
one of the spectral density formulas (2.1.11), (2.1.12),
or (2.1.13) for the same set{(u}'}. The choice of spectral
density formula is left as an input.

It computes the heave response spectral density R(co)
using formula (2.1.8) and the computed valqes of the
RAO for the selected set {(4)"}

It computes the root mean square values of the wave
amplitudes and of the heave respohse amplitudes by
taking, as suggested by formulas (2.1.5) and (2.1.9),
the square root of the area ﬁnder the wave and heave

amplitudes spectral density curves established for the

- )
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- It uses the statistical results of Tables I and II and the
two root mean square values of wave amplitudes and
heave response to compute the corresponding expécta-
tions of wave and heave means and maxima.,

Program input

The program is designed to handle any number of c.ases in
consecutive order. All input is format free. Values for any
parameters are entered in a continuous string, separai:ed by
commas. The program is designed to run either in the batch
mode or interactively from an on-line remote terminal. The
method of input is the same for either case. As the interactive
mode is also self-explanatory and types user prompts, the
input will be discussed for the batch mode. All depths are
considered as positive downwards. An equivalent depth is an
average, or more accurately an effective, depth at which a
body or surface is located.

Input data must be provided on the following cards:

Card 1 -- Number of pressure surfaces.,

NP an integer value, starting in column 1, used to
specify the number of horizontal pressure
surfaces.

Card 2 -- Pressure depth, surface area.

There will be as many card 2's as specified on
card 1. Each will contain the following informa-

tion.
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DEPTHP a value specifying the ""equivalent depth"
of the ith pressure surface, in feet.

AREA a value specifying the area of the pressure sur-
face, in square feet., A negative value is entered
for a surface that has exerted upon it a downward
force. A positive value is entered for surface
subjected to an upward force.

Card 3 -- Number of inertial components.

NE an integer value, starting in column 1, specifying
the number of inertial components which comprise
the buoy.

Card 4 -- Depth, added mass coefficient, volume.
There will be as many card 4's as specified on
card 3. Each card will contain the following infor-
mation.

DEPTHI a value specifying the equivalent depth of the ith
inertial component, in feet.

ADDMSC a value specifying the added mass coefficient
for the ith inertial component.

VOLUME a value specifyin‘g the volume of the ith inertial
component, in cubic feet,

Card 5 -- Number of drag surfaces.
ND an integer-value, starting in column 1, specifying

the number of drag surfaces of the buoy body.
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Card 6 -- Drag depth, linearized damping coefficient,
linearized wave drag coefficient,
There will be as many card 6's as there are drag
surfaces specified on card 5. Each card will con-
tain the following information.

DEPTHD a value specifying the equivalent depth, in
feet, of the ith drag surface.

DAMPC a value specifying the linearized damping
coefficient of the ith drag éurface, in lbs
force/(ft/sec)/(rad/sec).

WDRAGC a value specifying the linearized wave drag

coefficient of the ith drag surface, in lbs
force/(ft/sec)/(rad/sec).
Card 7 -- Cross sectional area at water surface.

CAREAWL a value, starting in column 1, specifying the
cross sectional area at the water line, in square
feet. For the purposes of this analysis this area
is assumed to be constant over the range of motion
at the water liné.

Card 8 -- Virtual mass,

VIRTMASS a value specifying the virtual mass of the
body, in slugs.

Card 9 (3F.0) -- Starting, ending, increments of wave periods.

TIMEl a value specifying the lowest wave period to be

studied, in seconds.
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TIMEZ2 a value specifying the highest wave peridd to be
studied, in seconds. This time should be an in-
tegral multiple of the incremental time (TIMEDEL)
greater than TIME],

TIMEDEL a value specifying the incremental wave period,
in seconds, used in the analysis frorﬁ TIME1 to
TIME2.

Card 10 (I,F.0,F.0) -- Amplitude spectrum selection, para-
meters.
This card has a general form as follows.
ISEASEL, PARAMA, PARAMB
The necessity and meaning of the parameters will
depend on the amplitude spectrum (ISEASEL)
selected. In reality these are double height formulas
which are converted internally to give the amplitude
spectrum. The following options are available.
ISEASEL = 1 Pierson-Moskowitz formula.
PARAMA = wind speed, in knots
no PARAMB
ISEASEL = 2 Bretschneider formula.

PARAMA

significant wave height, in feet
PARAMB = significant wave period, in seconds
ISEASEL = 3 International Ship Structure Congress

PARAMA = significant wave height, in feet
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PARAMB = significant wave period, in feet
Card 11 (A1,1X,A1,1X,2E,.0) -~ Selection of listing, line printer
plot, plot scale minimum, plot scale maximum.

ILIST enter a Y (for yes) in column 1 if you desire a
listing of the various output parameters. Any
other character in column 1 will not produce a
listing,

IPLOT enter a Y (for yes) in column 3 if you desire a
line printer plot of the RAO. Any other char-
acter in column 3 will not produce a plot. The
line printer will plot a point at each selected wave
period. A check is made on the length of the plot

for the following criteria.

N = T2 - T1 + TIMEDEL £ 250
TIMEDEL

Note: This limitation is computer dependent..

RAOMIN if a plot is desired, you may enter, beginning
in column 5, the minimum value for the RAQ
scale, If left blank, RAOMIN = 0.

RAOMAX if a plot was selected, the maximum value of
the RAO scale may be entered following RAOMIN
(separated by a comma). Under the current
version RAOMAX > 5. For best results RAOMAX-

RAOMIN should be an integral multiple of 5. If
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it is not, the program adjusts it to be so. The
current default is RAOMAX = 5.

Card 12 (Al) -~ Another case?

IEND If you wish to run another case, entera Y or
YES beginning in column 1. Any character other
than a Y in column 1 will cause the program to
tefminate.

The sequence of card types 1 through 12 is repeated for
each additional case desired,

There is a special entry mode for additional cases. Be-
cause the buoy configuration may be quite complex, itis un-
desireable to enter all the descriptive parameters if all that is
changing is the wind speed for the sea staté. Another alternative
is that all the parameters may remain constant except the inertia
terms. A special input code of -1 will allow the user to keep in
effect the values last entered for any of the parameters. T‘his
input code may be used for any of the following input cards.

Card 1

Use the pressure parameters from the previous case.
Do not input any type 2 cards.
Card 3
NI=-1
Use the inertia parameters from the previous case,

Do not input any type 4 cards.
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Card 5
ND = -1
Use the drag parameters from the previous case,
Do not input any type 6 cards.
Card 7
CAREAWL = -1
Use the previously entered value of the cross sectional
area.
Card 8
VIRTMASS = -1
Use the previously entered value of the virtual mass.
Card 9
TIME 1 = -1
Use the vpreviously entered time range and increments.
Card 10
ISEASEL = -1
Use the previously entered amplitude spectrum for the
sea state,

Usage modes

As previously mentioned, the program can be used in either
a batch or an interactive mode,
The control card sequence necessary to compile, load, and
run the HERAO program in a batch mode is as follows:
!JOB aaa,uuu

'LIMIT (TIME, 3), (CORE, 10)
'FORTRAN LS, GO
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FORTRAN source deck of program HERAO
IMETASYM SI, LO, GO
source deck for subprogram IAMTERM
'LOAD (GO), (UNSAT), (3)), (MAP), (LDEF), (LMN, HERAOR),
(PERM)
'RUN (LMN, HERAOR)
IDATA
data cards for each case
!EOD
To run a subsequent job utilizing the existing load module,
only the following cards need to be submitted:
1JOB aag, uuu
'LIMIT (TIME, 2), (CORE, 10)
'RUN (LMN, HERAOR)
IDATA
data cards for each case
'EOD
To use the run module in an interactive mode from a terminal,
simply log on and enter, to a ! prompt, the following:
START HERAOR
where HERAOR is the name of a previously created load module.
From this point, the operator simply responds to the pro=-
gram prompts as if you were punching up the cards. The only
difference is that the operator does not need to start in column 1,

but should start as though the head were already positioned cor-

rectly, Itis.,
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Restrictions

The user should not enter a wave period of zero (0. 0)or
less. While the program will still run, the integral of the wave
amplitudes from an angular fr‘equency of ©© will be unreasonable.
This in turn will cause the resulting wave statistics to be in
error. All other parameters computed should be satisfactory.
The method of integration used is that of a trapezoidal approx-
imation. The user must therefore exercise some care in
selecting the time period increment. Too large an increment
may cause the peak of the RAO or wave amplitude spectrums to
be "'smoother', resulting in lower values for the integrals of the
heave response and amplitude spectrum.

Subprograms required

IAMTERM a metasymbol subprogram which checks to see if
the program is being run in batch or from an
on-line terminal,

SEASPEC computes the double height density spectrum for
the sea state according to one of several empirical
formulas; internal.

PLOTINIT initializes the line printer plot routine; internal.

PLOTHEAV ' executes the line printer plot routine; internal.

LPPLOT (PLOT1, PLOTZ2, PLOT3, PLOT4, PLOT5, PLOT?7)

a subprogram which helps create and list a line

printer plot; fromW.H.O.I, account 3 library.
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3.1.3 Program output

The output of the program is comprised of four basic parts.
These are:

1. Summary of input parameters.

2. Summary of RAO, phases, and amplitude spectrum,

all given as a function of time and frequency.

3. Tabular summaries of wave and heave response

statistical properties.

4. Line printer plot of the RAO.

The summary of the input parameters is only given for a
run made in the batch mode. For an on-line hard copy terminal,
the users entries constitute the input summary.

The listing of the RAO, phases-, and other information is
optional, as specified in column 1 of input card type 11. The list
has the same format whether in the batch or on-line mode. Note
that the amplitude spectrum is output for the sea state.

Tabular summaries of the wave and heave response statis-
tical properties are always output and are the same regardless of
the mode of operation.

The line printer plot is also optional, as specified in column
3 of input card type 11.

Typical program outputs for the batch and terminal modes

are shown under '""Case Studies', Section 4.
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Errors and diagnostics

**NUMBER OF ENTRIES IS GREATER THAN ARRAY
SIZE ALLOWS
nnl nnZ
THE PROGRAM TERMINATES
The input for the number of components describing the buoy
configuration exceeds the array size allocated. Currently nn, = 20.
*%THE PLOT BUFFER IS NOT LARGE ENGOUGH FOR
THE PERIOD RANGE SPECIFIED
THE PLOT IS SUPPRESSED
The number of wave periods analyzed must meet constraints
described in the input section, card 11.
Timin
The program's execution time is a function of the buoy con-
figuration and the number of wave periods analyzed. In any case,
the execution time normally is negligible, being about 3 seconds
(0. 05 minutes) per case.

3.2 Roll Computer Program (ROLLRAO)

3.2.1 Program logic

The operations performed by the roll computer program
are similar to thosé performed by the heave program. They
include:

- Computation of the roll RAO, using formula (2.2, 44)

over the Set{% previously defined. The roll RAQO
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is expressed in units of degrees of roll per foot of
wave amplitude. The recurrence formula to change
the value of the angular frequency between two consecu-
tive computations of the RAO is again
- 217

“ = T + AT
where AT, the change in the wave period is a constant
set by the user.
Computation of the phase angles between external torque
and wave, roll response and torque, and roll and wave
using formulas (2.2.45, 46, 47) for the same set {Q)"} .
Computation of the wave amplitude and roll response
spectral densities S(a)) and R(w) and of the root mean

square values of wave amplitudes and roll amplitudes.

" The choice of spectral density formula is left as a pro-

gram input,
Finally, computations of expectations of means and
maxima of wave and roll amplitudes with the help of

the statistical parameters shown in Tables I and II.

Program input

The program is designed to handle any number of cases.
Almost all input is format free. Values for any parameter are
entered in a continuous string, separated by commas or blanks.
The program is designed tq run either in the batch mode or in-

teractively from an on-line remote terminal. As the interactive
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mode is also self-explanatory and types user prompts, the
input will be discussed for the batch mode. All depths are
considered as positive downwards.

Card 1 (3F.0) -- 'Period range of time.

TIME1 a value specifying the lowest wave period to
be studied, in seconds. As the wave velocity
expression contains an exponent with wave fre-
quency, the user is cautioned against using a
starting period of less than 1.0 seconds.

TIMEZ a value specifying the highest wéve period to be
studied, in seconds. This value of time should
be an integral multiple of the incremental time
(TIMEDEL) greater than the value of TIME].

TIMEDEL a value specifying the incremental wave
period, in seconds, used in the analysis from
TIME1 to TIME2.

Card 2 (I,F.0,F.0) -- Amplitude spectrum selection, parameters.

This card has a general form as follows.

ISEASEL, PARAMA, PARAMB

The necessity and meaning of the parameters will depend

on the amplitude spectrum (ISEASEL) selected. In

reality, these are double height formulas which are
converted internally to produce the amplitude spectrum.

the following options are available.
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ISEASEL =1 Pierson-Moskowitz formula
PARAMA wind speed, in knots.
no PARAMB
ISEASEL = 2 Bretschneider formula.
PARAMA significant wave height, in feet.
PARAMB significant wave period, in seconds.
ISEASEL = 3 International Ship Structure Congress
PARAMA significant wave height, in feet,
PARAMB significant wave period, in seconds.
Card 3 (F.0) -- Radius of buoy at water surface plane.
RWL a value specifying the outer radius of the
buoy at the surface (still water assumed), in feet,
Card 4 (F.0) -- Depth to keel.
DEPTHK a value specifying the depth to the keel (bottom)
of the buoy, in feet,
Card 5 (F.0) -- Average wave amplitude,
AVERGAMP a value specifying the average expected
wave amplitude, in feet.
Card 6 (F.0) -- Average roll constant.
THETABAR a value specifying the average expected
roll, in degrees.
Card 7 (I) -~ Number of buoy components.
NP a value specifying the number of buoy com-
ponents. This may be set to zero in subsequent

cases,
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Cards 8 ... (7+NP) (I, 6F.0,3A4,A2) -- Component specification.

- ISHA PE

WIDTH

HEIGHT

THICK

DENSITY

DISTCG

an integer value used as a code to specify
the component. shape.

1) hollow cylinder

2) solid cylinder

3) solid disc

4) right triangular plate

a value specifying the width (diameter or
base) of the component, in feet,

a value specifying the height of the component,
in feet.

a value specifying the thickness of the com-
ponent, in inches. Entering THICK = -1 for
iSHAPE = 1 will generate a solid (THICK =
WIDTH/2.0). For ISHAPE = 2 or 3, also
enter a -1 as it is ignored.

a value specifying the density of the com-
ponent, in pounds mass per cubic foot
(1bsm/ft3).'

a value specifying the vertical distance from
the buoy keel to the component center of
gravity, in feet. The component c.g. is

vertical vector only,
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FRACNORM a value specifying the fractional propor-

tion of the component area normal to the roll
motion. For cylinders this entry = 1.0, For
triangular plates it will vary from 0.0 (oriented
in line with roll) to 1.0 (area naormal to roll

motion).

ICOMMENT a character string used to describe the

Note:

component,

For the purpose of visually inspecting data cards used

in batch input, it may be desirable to 'format'' the

The recommended format is (I5, 6F10, 0,1X,

3A4,A2),

Card 9 (I) -- Redefined part cbde.

N

an integer value specifying the number (index)
of the component to be redefined. This allows
the user to change the dimensions of a com-
ponent(s) or to add new components. To

add a new component, the specified value of

N must be one greater than the current maxi-
mum number of parts defined for the buoy.
There may be é,s many redefinition pairs of
cards as desired. To terminate the sequence

enter a value for N = -1,
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Card 10 (I, 6F.0,3A4,A2) ~-- Redefinition specification.

This card has the same format as card 7, the component

specification, Any number of pairs of this and the pre-

vious card may be entered as desired.

Card 11 (A1,1X,A1,1X,2F.0) -- Selection of listing, line

printer plot, plot scale minimum and maximum.

ILIST

IPLOT

- RAOMIN

RAOMAX

entera Y (fpr yes) in column 1 if you desire
a listing of the various output parameters.
Any other charactér in column 1 will cause
the listing to be suppressed.

enter a Y (for yes) in column 3 if you desire

- a line printer plot of the roll RAO. Any other

character in column 3 will cause the line
printer plot to be suppressed. The line
printer plots a point at each selected wave
period. A check is made on the length of the
plot for the foilowing criteria,

- TIMEDEL

if a plot is desired, you may enter, begin-

ning in column 5, the minimum value for the
RAO scale. If left blank RAOMIN = 0. 0.

if a plot was selected, the maximum value
of the RAO scale may be entered following
the RAOMIN value (separated by a blank or

comma). For the best results RAOMAX -
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RAOMIN should be an integral multiple of
5. If it is not, the program adjusts it to be
. so, The current default is RAOMAX = 10,0,

Card 12 (Al) -- Another case?

IEND If you wish to run another case, enter a Y or
YES beginning in column 1. Any character
other than a Y in column 1 will cause the pro-
gram to terminate,

The sequence of card types 1 through 12 is repeated for
each additional case desired.

There is a special entry mode for additional cases. Be-
cause the buoy configuration may be quite complex, it is undesir-
- able to enter all the descriptive parameters to investigate the
effect of a different wind speed or sea state. Another alternative
is that the design of the buoy remains the same except for the
size of the counterweight. A special input code of -1 and the
component redefinition options allow the user to keep in effect
the values last entered for any of the parameters or components.

Cards 1-7 A -1 will maintain those values previously

entered. For card type 7, this simply uses
the same buoy and no new components are
deﬁned (no type 8 cards).

Cards 9-10 = As many of these pairs as desired may be

~ entered to define a new buoy configuration.

The entry sequence is terminated by a -1
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- for card type 9 and no card type 10.

Usage

As previously mentioned, this program is meant to be
used in either a batch or an interactive mode. The following
control card sequence is a complete list of steps nécessary to
compile, load, and execute the program ROLLRAO in the
batch mode.

1JOB aaa, uuuu
'LIMIT (TIME, 3), (CORE, 20)
IFORTRAN LS, GO

Fortran source deck of program ROLLRAQO
IMETASYM SI, L.O, GO

source deck of subprogram IAMTERM
'LOAD (GO), (UNSAT, (3), (MAP), (LDEF), (LMN, ROLLR), (PERM)
IRUN (LMN, ROLLR)
'DATA

data cards for all cases
1EOD

To run a subsequent job utilizing the existing load module,
only the following cards need to be submitted:

!1JOB aaa, uuuu

ILIMIT (TIME, 2), (CORE, 20)

'RUN (LMN, ROLLR)

IDATA

data cards for all cases

!EOD

To run the load module from a terminal, simply log on and
enter, to a | prompt, the following:

START ROLLR

From this point on you simply respond to the program

prompts as if you were punching the data cards. The only dif-

ference is that you do nat need to start in column 1, but should
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start as if you are already there. (There'is also a slight
difference in the manner in which the buoy components are
described and entered. This is explained to the user on line. )

Restrictions

The user should exercise care in entering wave periods of
less than 1.0 seconds. The water velocity terms contain a
natural exponent of the wave number times displacement from
the center of gravity and this computation may exceed the
machine computational capability.

The méthod of integration used is that of a trapezoidal
approximation over frequency. The user must therefore exer-
cise additional care in selecting the time period increment. Too
large an increment may cause the peak of the RAO or wave
amplitude spectrums to be "'smoothed", resulting in lower
values for the integrals of the amplitude spectrum and roll
response. At the other extreme, the time period of 0.0 will
cause an ''infinite'' angular frequency and the resulting wave
statistics will be in error.

Also note that the entire program is executed in single
precision. For normal buoy configurations this mode is
adequate. However, in certain cases such as the case of a
small flat cylinder (case study no. 1, Section 4. 1), the response
amplitude operator exhibited signs of instability in the numerical

computation. This can be overcome by using double precision
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Subprograms Required

IAMTERM

SEASPEC

PLOTINIT

PLOTROLL

TINPUT

BINPUT

BODYVOL

BODYMI

DISPLACE

a Metasymbol subprogram which checks to
see if the program is being run in batch or

from an on-line terminal.

- .computes the amplitude density spectrum

for the sea state according to one of several
empirical formulae; internal.

initializes the line printer plot routine;
internal,

executes the line printer plot routine; internal,
prompts and inputs data from a user on-line.
reads and sunﬁmérizes data entered in batch
mode,

computes the volume of a component.
computes the shape dependent contribution of
a component's moment of inertia.

computes those parameters associated‘with

the displacement of the buoy's components.

BUOYDAMP (WATERDAMP) computes the moments of

WATRINRT

damping for the buoy and water drag forces.
computes the inertia moment contribution

from the water wave particle acceleration.
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LPPLOT (PLOT1, PLOT2, PLOT3, PLOT4, PLOTS, PLOT?)
a subprogram which creates and tests a
line printer plot; W.H.O.I, account 3
library.

3.2.3 Program output

The output of the program is comprised of four basic
parts.. These are:

1., Summary of input parameters and physical properties

of the buoy.

2, Summary of RAO, phases, and amplitude spectrum,

all given as é function of time frequency.

3. Tabular summaries of wave and roll response statis-

tical properties.

4. Line printer plot of the roll RAO.

The summary of the input parameters is only given for a
run made in the batch mode., For an on-line_hard copy terminal,
the user entries constitute the input summary.

The listing of the RAO, phases and other information is
optional, as specified in column 1 on input card type 11. The
list has the same format whether in batch or on-line mode, Note
that the amplitude spectrum is output for the sea state. This
is derived directly from the selected double height spectrum.

Tabular summaries of the wave and rol.l response statis-

tical properties are always output and are the same regardless
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of the mode of operation.

The line printer plot is also optional, as specified in
column 3 of the input card 11.
Timin

The program's execution time is a function of the buoy
configuration and the number of wave periods analyzed. Nor-
mally the execution time is much less than a minute per case.

Errors and Diagnostics

A number of checks are made on the input parameters and
the stability of the buoy. The messages indicate the nature of
the error and take appropriate action de pending on the execution
mode,

4.0 CASE STUDIES
To illustrate the use of the computer solutions the following
three case studies are presented.

a. Heave and roll response of a flat cylinder of small
dimensions.

b. Heave and roll response of a ballasted ”teiephone pole, 't

c. Heave and roll response of a complex shape W.H.Q.I.
spar buoy.

4.1 Heave and Roll Response of a Small Flat Cylinder

This case study has relatively little practical value. Every
one knows that a thin slice of pulpwood, if thrown in the sea,
will essentially follow the heave and slope of the waves, both

in magnitude and phase. It is included here mainly for the
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purpose of program result verification.

The small cylinder considered has a diameter of one
foot. The ratio of its height to its diameter is 1:3. Its
density is 3/4 that of sea water. The heave and roll motion
of this cylinder will be studied using a Pierson-Moskowitz

spectrum with a 20 knots wind.

Program input
Buoy draft. The buoy draft is obviously 0.25'.

- Pressure surface. The pressure force is exerted ex-

clusively “on the cylinder lower face. The pressure surface is
therefore at 0.25' from the surface., Its area 5 is

TC /4 = 0.785 sq. ft. The pressure force being upwards S
is positive,

Inertial component, The added mass effect will be con-

considered to take place at the lower face of the cylinder, i.e.

at 0.25' from the surface. It will be assumed to take place

only half of the time, durihg the downwards part of the heave
éy.cle. It will be estimated to be the same as the one produced
by a flat plate of same radius as the cylinder., Thus the averaged

added mass will be:

/”’/: é’é?fqyaz%(cﬁf%y = 0. 33 slug,

Assuming the added mass coefficient to be equal to one, the

averaged added mass coefficient and volume will be
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C,m/ = %Cm = 0-50
br = quz 033 Cu- /A'

Damping/drag surface. Damping and wave drag will also

be considered to take place at the lower face of the cylinder, i.e.
at 0.25' from the sﬁrface. These effects will again be assumed
to take place only half the time.

A choice must now be made for the arbitrary values of
average heave X_L and average wave amplitude XC . Assum-
ing that the heave vequals the wave amplitude, a fair assumption
‘in this case, and selecting the average wave amplitude for winds
of 20 knots to be 3' will yield X = X = 3

Using this value of R-B and ‘X; ip expressions (2.2.10)
and (2.2.13), and a drag coefficient C, = O.9, the value of

/]

/
the linearized damping and wave drag coefficients b and C is

found to be:

61, = CI, = /8 /é /
/{. Jec./ 4(C

To account for the time average only half of these coefficients
value, i.e. 0.9, should be used as program input.

Cross sectional area at surface, This area equals /T /4

or 0.785 sq. ft.
Buoy virtual mass 277y

Wy = M+’

/h’ = buoy mass = ;’—{- % 3-/-')(473- k:g_é, ='0.392 slug.

!
4’1 = added mass = ‘ 0.333 slug
Thus, buoy virtual mass fh’)y = 0,725 slug
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In addition to these -para.metérS, the user must also

specify the arbitrary roll constant (& and wave amplitude

constant,4 . In this case the average angle roll @ will

" be assumed to equal the slope of the average wave in 20 knots

—

wind. Assuming an average amplitude /4 of 3' and an average

—

wave length of 120', the average wave slope ¢ is found to
S

be:
$.0= 2nd- = 0.157 radians
S Z. 20
A summary of the data input is shown in the Data Coding

Form Fig. No. 8 and Fig. No. 9.

Program output

Heave and roil response amplitude operators are depicted‘
in Fig. Nos. 10 and 11.

Computed expectations of average and maximum values
of wave amplitudes and of heave and roll motions are also
obtained with the help of the computer programs. Correspond-

ing values of wave slopes are calculated independently using

E =« [[Ed
where b( is the applicable Raleigh constant
and ?F(w) = /./Z\f(w) p
. w?o
/{ being the wave number = /é, and

\fw being the wave amplitude spectral density.
g p

These results are summarized in Table Nos. 3 and 4.

The heave .RAO, with a value of one over most of the
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RMS 8F WAVE SPECTRUM = 2«683 FEEY

PROBABLE AMPLITUDE
AF WAVE s 1897 FEET

FRACTIAN BF 1 EXPECTED
LARGEST AVERAGE 1 WAVE
AMPLITUDES WAVE ! NUMBER MAXTMUM
CANSIDERED AMPLITUDE 1! 8F WAVES AMPLITUDE
SeopReesnsen LA A A AKX LX) 1 LE X L LA X LA A A AR L X X J

2010 6¢330 1 50 Be6R9
*100 44830 ! 100 6118
333 3¢799 1 500 7003
*500 3370 ! 1000 79459
19000 20377 ! 10000 84399
! 100000 9.311
RMS BF RESPONSE SPECTRUM = 24684 FEET
PROBABLE AMPLITUDE
BF HEAVE RESPOBNSE = 1897 FEET
FRACTIAGN OF AVERAGE ! EXPECTED
LARGEST HEAVE ! HEAVE
AMPLITUDES AMPLITUDE 1! NUMBER MAXIMUM
CONSIDERED RESPONSE ! 8F WAVES AMPLITUDE
cwprsesssan . smeswracs | Smounrwsn sePRonean
0010 69331 ! 50 5690
«100 4831 1 100 _ 60119
0333 3800 ! 500 7+005
500 3374 1 1000 YAX T3
1,000 20378 ! 10000 84400
!

100000 94313

Table No. 3 . ' Heave Response of Flat Small Cylinder
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Amplitudes of Roll are in Degrees

Fraction of Average I Expected
Largest Roll I Roll
Amplitudes Amplitude I Number Maximum
Considered Response I of Waves Amplitude
I

.010 ’ 25,070 I 50 22.530
. 100 19.129 I 100 24,230
.333 15,048 I 500 27,737
. 500 13,348 I 1000 29.544
1.000 9.416 I 10000 33.264
" I 100000 | 36.877
Amplitudes of Wave Slope are in Degrees
Fraction of I
Largest » I Expected
Amplitudes Average I Number Maximum
Considered Slope I of Waves Slope
. I .
.010 23.905 I 50 21.483
. 100 18. 240 I 100 23.104
.333 14,349 I 500 26.448
. 500 : 12,728 I 1000 28,171
1.000 8.978 I 10000 31.718
I 100000 35.163

Table No. 4 ‘Roll Response of Small Flat Cylinder
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wave periods considered, clearly indicates that the small
cylinder is a perfect wave follower. Averages and expected
maximum values of heave when compared to corresponding
values of wave amplitude confirm this expected result.

The roll RAO, being in degree of roll per foot of wé.ve
rather than per degree of slope does not immediately correlate
roll and wave slope. It shows simply that roll is large at
small periods, and tends to zero as the wave period increases,
which is of course precisely what the slope of the wave does.
The computed statistical averages however do confirm that
for practical purposes the roll angle is strongly correlated to
wave slope. It thus appears that this first study case is a good
test of the program validitsr.

Heave and Roll Response of a Ballasted '"Telephone Pole'

We next consider a cylindrical body made of two cylinders
of same diametelr, but of different lengths and densities, as
shown on Fig. No. 12,

The density of the large cylinder is 16 1bs/cu.ft. The
density of the small cylinder is 384 lbs/cu.ft. As in the previous
case, the heave and roll response of this body will be studied
using a Pierson-Moskowitz spectrum with a 20 knot.s wind.

Program input

In order to provide the necessary input data to the heave

and roll programs, the following computations must be first

performed.
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17.5'

et ot et —
N

Y 7

Fig. No. 12

Buoy draft.

weight of small cylinder = M x1x1x2x384 = 2413 lbs
weight of long cylinder =/ x1x1x22x16 = 1105 11:‘.‘5
Total Weight = 3518 lbs
Draft = — 3518 - 47 5
R x1xlx64

Number, depth, and area of pressure surfaces, In this

simple case there is again only one pressure surface, namely
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the pole lower face. It is located 17.5' from the surface. Its

area "...(' Mis

Szax/x/, S =3.14sq. ft.

The pressure force being upwards, S is positive.

Number, depth, added mass coefficient and volume of

inertial components. In heave motion, the added mass effect

will be considered to be essentially produced by the pole lower
end. There will thus be only one inertial component, acting at
17.5' from the surface. The added mass effect will be estimated
to be the same as the one produced by a sphere of same radius
as the pole (long cylinder approximation), but acting only half

of the tifne. Thus the averaged added mass will be expressed

b
’ ’_-Z/c,,f%L =.ﬂ(’64 x,_f;) =2.08 -r{js
The corresponding added mass coefficient and volume

are therefore

"' = 2Gy = 0.850
Vor = é‘/!vr_..-.«/ = 419 cu .

Number, depth, damping and wave drag coefficients of

drag surfaces. Damping and wave drag effects are assumed to

be also essentially produced by the pole lower face. Thus there
will be only one drag surface located at 17.5'. These effects

will be assumed to take place only half of the time.
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The average heave /\<-l: will be assumed to be half of
the average wave amplitude -5(.( and the later will be assumed
fo be 3', Using these values of )?E and ;5( in expressions
(2.2.10) and (2.2.13) together with C = 0.9, yield
bl= 3.6 hif [ red.
= (.2 /'{; e e
Again, to account for the fact that damping effects'are
assumed to occur only half of the time, only half of the co-
efficients values, i.e. 1.8 and 3. 6 respectively, should be ﬁsed

ag program input,

Cross sectional area at surface.
HR2= reiyl = 3./4 37-/5 .

Buoy virtual mass 7y .

- 35/8 = 109 slugs
" 3a.%
”m (:‘_ 2,08 slugs
my = M-Mr;’ = 111,08 slugs

In addition to these computed parameters, the program

user must select the arbitrary average roll constant & and

wave amplitude ,4 . For this example @ is set equal to
5° and »4 equal to 3.0 feet.

Obviously the number of buoy parfs is two, Their characa-

teristics are summarized as follows:



- 61 -

Part Name Sha pe Width Height Thick Density C.G.
No. (ft) (ft) (ft) (Ibs/cu. ft) Above
Keel
(ft)
1 Upper Solid 2 22 16 13
Cyl. Cyl.
2 Lower Solid 2 2 384 1
’ Cyl,
All pertinent input data are listed in the data coding form
shown in Fig. Nos. 13 and 14,
4.2.2

Program output

Values of the heave and roll response amplitude operators
of the telephone pole for the prescribed period interval (50 seconds)
and increment (1 second) are presented in the typicé,l computer
printouts shown in Fig. No. 15 and Fig. No. 16. The response
amplitude operators are also graphicaily represented in Fig.
Nos. 17 and 18. Expected average and maximum values of
wave amplitudes and pf heave and roll responses are as tabu-
lated in Tables 5 and 6.

Heave and Roll Response of a Complex Shape W.H.O.]I,

Spar Buoy

Fig. No. 19 shows the dimension and shape of the spar
buoy to be studied next,

Heave and roll response will be again established using a
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PERIRD ANG FREQD
1000 +628E 01
2000 +314E 01
3e000 209E 01}
40000 157E 01
50000 ¢126E 0t
62000 ¢105E 01
70000 ¢898FE 0o
Be00 ¢78%F 00
Se000 ¢698E nD

102000 #628E 0o
112000 ¢571E 0o
12+000 ¢B24E 00
13¢000 4B3E no
140000 *449E nop
15¢000 419E 00
160000 ¢393E no
17000 ¢370F 00
18e000 349F ng
19¢000 #331E 00
20000 o314E 0O
21000 ¢299E 0N
22000 +286FE QO
23e¢n00 «273F 00
24000 0262E 00
25¢000 251E 0O
26000 *242E 00
27000 ¢233F OQC
2R%e¢000 224F Q0
29¢000 217F 00
30000 +209E 0O
31000 «203E 00
32000 *196E 00
33«000 *190FE 00
34000 185F 00O
3%+000 180F 00
36000 *17%E 00
37000 ¢170FE 0O
38¢000 ¢16BF 0D
394000 161FE 0O
400000 «1B7E 00
412000 #153E 00
42,000 ¢1%50FE 00
430000 #146FE 00
444000 «143FE 00
45¢000 ¢140E 00
46000 ¢137E 00
47000 9134E 0O
480000 ¢131F 00
43000 «12BE 00
504000 126F 00
Fig. No. 15

RAR
000
o001
2062
*701
30246
12381
1015873
1078
1044
1028
10018
1012
12009
1006
1005
1e004
10073
1+0072
1002
1001
1+001
1+001
1+001
1001
1¢001

1000 -

1000
1000
Ten00
1+000
1000
1000
1en0n
12000
l1e000
1000
1000
1000
1+000
1000
1000
1000
1000
1000
1+000
1+000
1000
14000
1000
1+000

- 6lc -

WeF PWASE FeM PHASE WeH PHASE

50e¢115 -

110136
40703
2596
10646
10138

*833
*637
507
* 407
* 336
* 282
' 240
0207
* 180
+158
0140
125
0112
o101
*092
2084
077
+Q70
[ X0]-3)
*060
WB6
* 082
o043
*045
Q4?2
* 040
* 037
*Q35
*033
*031
e 030
' 023
027
e 025
P 0P4
* 023
022
021
*020
019
*Q18
018
Q17
0016

»179027
»1782863
=178+42n
=1764519
*6¢319
®{e427
me74%
we48n
"e342
" 259
-.aou
noléé
ve]138
=e116
=100
=+08%
o076
0067
*e060
=054
e Q4R
o044
s 040
we37
e 034
*e031
“e 029
=027
=e 02K
=e 023
®e22
w020
049
"e18
w17
LE Yo R K-
*eQ18
=014
"e(014
w"e013
*e12
=e01?
"e011
*s011
"e0Q10
=010
LA Telok]
"+ 009
"e009
*e008

-128!912
167727
w173e716
21730923
o4y6713
we289
' NRY
0157
»160

e {48
0132
e116
«103
091
081
2072

' D6H
058
+0B3
o048

' Ob4
D40

e 037
O34
0031
0029
027
2025
023

2 D22
2021
o019

' 018
2017
D14
00158

*» 015
o014
2013
o012
012
011

e 011
010
010
«009

+ 009

+ 009

+ 008
«00R

AMP SPEC
+ 002
» 055
e4nh

10597
Lep22%
84094
11382
110477
7928
524
«333
0135
Q10
¢«000
s 00N
000
*+000
000
000
000
000
000
+ 000
2000
000
+0Q0
« 000
« 000
e 000
*« 000
« Q00
+ 000
¢ Q00
*000
000
* 000
¢ 000
* 000
*+ Q00
+000
* 000
000
e Q00
¢ 000
¢ 000
+ 000
« 000
* 000
« 000
e 000

Heave Response Amplitude Operator
"Telephone Pole!"



~ 614 -

IN DEGREES/FBBT 8F WAVE AMPLITUDE

RAS IS

PERIBD ANG FREQ
1¢000 +628E 01
2:000 «3314E 01
3¢000 0209E 0%
4en00 1578 01
5¢000 ¢126E 01
64000 ¢10SE 01
7¢000 +8398E Q0
Renp0 +785F 00
9¢000 ¢698E 00
10000 ¢628E 00
110000 *571E 00
12000 524k 00
13e000 ¢48B3E Q0
140000 *445E 00
150000 *419E 00
160000 ¢393E Q0
17+000 ¢370E 00
183¢000 ¢349E 00
19000 ¢331E 00
200000 ¢314E 00
210000 #299E 00
22000 +286E 00
23+000 *273E 00
244000 262E 00
25+000 +251E 00
269000 242E 00
27+000 +233E 00
28000 +224E 0O
29000 *217E 00
30¢000 +20%9E 00
319000 +203E 00
32000 «196E 00
33¢000 *190E 00
340000 ¢185E 00
35000 +180FE On
36¢000 ¢175E 00
37000 ¢170E 0O
38¢000 9165E 00
3%9.000 ¢161E 00
409000 ¢157E 00
41000 +1583E 00
42000 +150E 00
43000 +146E 00
444000 #143E 0O
450000 «140E 0O
460000 #137E 00
470000 «134E 00
48+000 #131E 00
49000 «12BE 00
500000 ¢126E 00

Fig. No. 16 -

RAS
2373
1898
2e241
40270
140488
S5+609
204622
10638
10955
«371
' ARF
556
461
*390
*334
*290
284
1225
201
180
v162
0147
e 34
0123
113
1104
1096
089
083
sq78
073
068
 Xo]-L]
060
Yol-X4
0873
‘051
Q4R
046
s043
Nkl
039
037
'N36
N34
033
031
*030
029
)28

WeT PHASE

CLYYY Y
114370
145846
163392
170591
1734937
175732
176806
177+800
177+978
1784329
178578
178773
178930
1790054
1790126
179243
1790268

179+315

179357
179¢393
179¢523
179+610
179¢5842
1794497
179547
1790629
179601
1794396
1790762
179897
179926
179963
»n]1790955
179+621
179778
179+¢438
n179¢805
w]179¢875
1790417
«179¢352
1791696
«179¢358
w{ 79559
1794657
179571
«178071
1788501
1774426
178549

TeR PHASE WeR PHASE

u172+8529
171544
*169¢158
w1620214
©112:39¢
19060
*8¢363
«5.052
®3e 488
*2:587
*2e014
10620
®1¢3364
*1e124
..960
-.830
we726
X1 1Y,
“e570
510
XX T Yo!
w17
=e379
0347
»e318
*0293
=e271
=252
*e234
"e21 R
w204
“e191
“e179
vel69
*s159

*s 150
weld?
"e134

*e 128
=012
w115
LR B No]

*s 105

"0 100

" 09§
=091
“s087
*e084
»e080
»e077

77884
o57+174
234312
14178
584200
1544877
1674369
171753
174015
175391
1764315
1764968
1774437
1774806
1784094
1784296
178¢517
1784628
1784746
1784847
178934
1794106
179230
1794195
1794179
179249
179.358
179349
179¢162
179+¢843
179693
1794738
179784
»180¢123
1790462
179.628
1794296
179939
«1800002
179.296
179467
179586
179462
#179+658
179562
179¢479
«{78+158
1780417
177046
178472

AMP SPEC

e Q02
2055
'Y T
1597
40223
8¢09%4
11382
11477
7928
3524
¢933
¢ 135
010
*+ 000
¢ Q00
¢ 000
*¢Q00
*000
+ Q00
000
*000
* 000
*000
000
000
e 000
*+000
*000
*000
000
000
* 000
*Q00
2000
*+ 000
000
«Q00
0000
1000
000
0000
+000
*«000
s000
000
000
000
*Q00
+000
*+000

Roll Response Amplitude Operator
"Telephone Pole'
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HEAVE RESPBNSE AMPLITUDE B©BPERATEHR

1.000 ".'..-.'Q+..Q.'.'-.*‘.‘..-..Q*..QQQ.,-!*....”.--‘+

~ YN I -~

» I ! 1 I {
I# I I 1 I I
I * 1 1 ! I !
[ 1 ! [ » 1 !
! 1 * ! I I I
I ] » l ! I 1
! T# I [ ! !
1 * I I ! I
I » ! ! ) !
11000 #--o---ﬂ-wh--n—--w--+-'------n*w'w---q--#-inuvnn-w+
I * I ! ! !
I » I [ 1 !
I » I 1 ! !
I * 1 1 I !
I * I I ! I
! * 1 I I 1
1 * 1 ! I I
! * I ! ! !
P [ * I [ I 1
E 21000 #------"-ih’q---9-¢¢'----'~--00-Q---,-n+9qw-.-q-.¢
R I * 1 I I !
1 I * I 1 1 I
8 1 . 1 ! ! !
») I * ! [ ! 1
I * [ ! I !
I * ! I I 1
) » ! 1 1 !
I * I 1 I !
1 d I l I !
31.000 #u---.-n-Q*------n-,#o.n-Q-.qgén-q-qp,..+upnuu.q-q+
I * ) I [ !
1 * I 1 ! 1
1 » 1 1 ) !
! * I I I I
1 * I ! I 1
! * ! ! l !
I * I [ I 1
I * 1 I I I
I . I ! I !
41.000 #Q.’---,,ﬂ’--’.‘.'.-*-..--..-'*!.’--.Q-".,...--'-*
I * I I l !
I * I I [ 1
I * ! 1 ! I
I » 1 l I 1
1 » [ 1 I I
1 * I 1 1 )
! * I I I I
)| * ! 1 I » !
I » 1 I 1 |
51000 #q-9---"-*--poo-v--*-----w---#--q-g-q-n+---un-nw9+
Q00 -~ 1+000 24000 30000 4.000 5+000
*STOP» 0

DATA INFERMATISN-IGNBRED

Fig. No., 17 . b/’//



R8L L
- 1+000

11,000

O®wwaIMmY.

— YT D~

219000
31000
41,000
514000
#STAP* o

- 61f -

RESFPONS f AMPLITUDE @BPERATBOR
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Fig, No. 18
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RMS BF WAVE SPECTRUM =

PRBBARLE AMPLITUDE

BF WAVE

FRACTIBN OF
LARGEST
AMPLITUDES
CBNSIDERED
«01C
+100
0333
500

1000

RMS BF RESPBNSE SRPECTRUM

AVERAGE
WAVE

AMPLITUDE

64330
40830
3799
33790
2377

PROBABLE AMPLITUDE

BF HEAVE RESFUNSE

FRACTIAN BF

LARGEST
AMPLITUDES
CONS!DeRED

010
*+100
0333
' 50N

1000

Table No.

5

AVERAGE
HEAVE

AMPLITUDE

RE SPUNSE

10291
Te852
6e177
Rek79
3865

e bl P v e} R P} Sl = i

2¢683 FEET
12897 FEET

EXPECTED

WAVE

NUMBER MAX I MUM
BF WAVES AMPLITUDE
LEX X L 2 A N ¥ J L A A A A K X X J
50 5epA2Y9
100 6011%
500 7+003
1000 7 e 459
10000 Be399
100000 Fe311

4e362 FEET
3084 FEET

EXPECTED

HEAVE

NUMBER MAX ] MUM
BF WAVES AMPLITUDE
mewmawSewn cymenRgaw
50 94248
100 Fe946
500 11386
1000 124128
10000 134654
100000 154138

Heave Response of Telephone Pole
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'RMS OF WAVE SBPECTRUM e

PROBABLE AMPLITUDE

B8F WAVE

FRACTIaN BF
LARGEST
AMPLITUDES
CONSIDERED
[ Y YIXITY LD ]
0010
0100
+333
+300

1000

RMS BF RESPONSE SPECTRUM

AVERAGE
WAVE

AMPLITUDE

6¢330
4830
3799
3370
2377

PROBABLE AMPLITUDE

8F RELL RESPONSE

AMPLITUDES OF RBLL ARE IN
AVERAGE

FRACTISN BF
LARGEST
AMPLITUDES
CONSIDERED
[ X X LN K2 W A & 2 J
+010
100
"~ +333
«500
1000

Table No. 6

ROLL

AMPL I TUDE

RESPONSE

coaunTSgen

41716
3183}
25:040
22+211
150668

1
!
!
1
1
!

”I
1
!
!
1

— et P $=af bl P e Pl = =G

20683 FEEY

10897 FEET

NUMBER
8F WAVES
TPemmeees

50

100
8500
1000
10000
100000

17+684 DEG

12.502 DEG

DEGREES

NUMBER
BF WAVES

‘..’....'

50

10
500
1000
10000
100000

EXPECTED
WAVE
MAXIMUM

AMPLITUDE

swewenoww

50689
60118
74003
72459
8+.399
9311

EXPECTED
ROLL
MAX ] MUM

AMPLITUDE

I IIXT YY)

3724489
40¢319
46+154
49160
55350
61362

Roll Response of Telephone Pole
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H [RESERVE BUOYANCY

(OPEN TO SEA)

STEM
(OPEN TO SEA)

COUNTER WEIGHT
DAMPING PLATE

Fig. No. 19

4 sPaR g
¥
N7 v
V) SEA SURFACE
1 1
o
%
12
%
% /@
T ~_(9 |
n I (Z)
BUOYANCY
| TANK
Ei‘//fés 38'
WATER
BALLAST
TANK
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Pierson-Moskowitz spectrum with a wind of 20 knots.

This relatively complex shape buoy is made of the follow-

ing parts:

A reserve buoyancy cylinder 3 ft. high, 2.5 ft. in
diameter, made of 2 lbs/cu. ft. polyurethane foam.

A spar 24 ft. long made of 8" 0. D by 1/4" thick wall
aluminum tubing.

A spar base plate, made of 4 ft, diameter by 1/2"
thick aluminum plate.

A 3'.0" diameter by 8'.0" long buoyancy tank made of
3/16" steel plates, The buoyancy tank is filled with
4 1bs/cu. ft. foam.

A 3'.0" diameter by 8'. 0" water ballast tank made of
1/8'" steel plates. The tank is filled with sea water.
The bottorﬁ plate is 4'.0" in diameter.

A 10'.0" long stem made of 6 5/8'" O.D. schedule 40
steel pipe filled with sea water,

A 4'.0'" diameter by 1/2" thick damping plate,

A counterweight cylinder 2.5 ft. in diameter by 0, 848

ft.high, made of cast iron.

The physical parameters of the buoy main components are

summarized in Table No. 7.
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4.3.1 Program input

Computations and considerations in the support of pro-
gram input are as follows,

Buoy draft, The weight of the water displaced by the
buoy equals the weight of the buoy.

Weight of water displaced by the stem

Z«ﬁ" (0+552) S lox 64 = /53. 16
Weight of water displaced by the ballast tank

N x3x3x Ex64
#

i

369 . N
Weight of water displaced by the buoyancy tank
;x3x3x5x54 = 36/3. U

Weight of water displaced by the immersed portion of

the spar of length '%"

A (0. é’éé/ Z{X 64 = 22.295 4
) F

Solving for é_

4= 7773.84 = (153.16+4x3,619.0) & /2.0
22295

The buoy draft is therefore 38'.

Number, depth and area of pressure surfaces. There
are two pressure surfaces to consider, namely the top and the
bottom of the foam filled buoyancy tank., The area of the first

pressure surface \S:, is given by

J:=’Z/ﬁ,2— Kzzj where

?l is the radius of the tank, K/

1.5'

0.33'

1

/?7_ is the radius of the spar, })77_
Thus §; = 17(1.5% - 0.332) = 6,71 sq. ft.
\S; is located 12' below the surface. The pressure force acting

on \S‘I being downwards, \5; is negative., The area of the second
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pressure surface \92. is in turn given by

S = 1(7?,2' - 7.06 sq. ft.

It is located 20' below the surface. The pressure force is
upwards and thus ‘qzis positive,

Number, depth, added mass coefficients, and volume of

inertial components., For computing the heave response, two

distinct added mass effects must be accounted for: the added
mass due to the water entrained by the top and bottom plates

of the buoyancy and water ballast tanks, and the added mass due
to the water entrained by the damping plate.

The first added mass effect will be assumed to be the
same as the one produced by a sphere with a diameter equal
to the diameter (4') of the plates located at the top of the
buoyancy tank and the bottom of the water ballast tank. The
equivalent depth will be selected midway between the tv;/o
plates, i.e. 20' below the surface. The added mass coeffj-
cient for a sphere isé . The volume VO/., of this first

.inertial component is 3

vol, = Inr /3) = 33.5/ c«,-/é.
The second added mass ef\i;ect will be considered to

take place at the buoy keel, i.e. at 38' below the surface. The

formula for the added mass of a circular plate of radius "a;"

being

/

_ 8 3
M ._\__S_fa.__.= mfl/OL
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An arbitrary added mass coefficient of 1 will vield a volume Vﬂl{_

VoL < 8 a3_ 8/,\°_ 2. .
L, 30__5@,)_2/ 33 a«/é

Both effects in this case are happening all the time.

Number, depth, damping and wave drag coefficients of

drag surfaces. Damping and wave drag will be assumed to be

produced mainly by or on the upper and lower faces of the
buoyancy tank and water ballast tank and by the damping plate
at the buoy lower end. There will thus be two drag surfaces,
one assumed to be located half way between the two ends of

~ the tanks at an equivalent depth of 20', and the other at the
buoy keel 38' below the surface. Assuming XB = ..l. X

and X = 3' the corresponding damping and wave drag

coefficients given by expressions (2.2.10) and (2.2.13) are

fapvir & b h‘,g..(l- )

found to be P Yty
S> Cl] j" /

A/ ﬁx&xaﬁy/“l/z)x/s = /4. 40
3R

b, = 4 x2xl2xn(z)y 1S = /7.20
3z

nyﬂgxl'Z.szx3 = 28.80

= i
3r
:’/_ 38. 40

i

X/Zx/Z(Z)Xs

Cross sectional area at surface.

n R = 7y 0.33% = 0.342 - )
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Buoy virtual mass.

Added mass of first inertial component

r_ 2 &4 4 fo. 3 = 33.3 slugs
m, = L x 2 x YA =
Y 27322 3¢ &) _
added mass of second inertial component

m” = §x fé X (2)3 - 42.4 S].U.gS
z S 322
Buoy mass 'm'
m = 7773 84 _  237.85 slugs
322 ) /
Virtual mass w, = ,;,1_,_,;."4 4,11- = 313.55 slugs

As in the preceding case study, the program user must
also provide an arbitrary value of average buoy roll 5 and
wave a.mplitudeA_. In this case 5 andJ are selected to
be 5° and 2.5 feet respectively,

All pertinent data are listed in the data coding form

shown in Fig. Nos. 20 and 21.

Program output

The heave and roll response amplitude operators are
graphically represented in Fig. No. 22 and Fig. No. 23. The
expected average and maximum values of wave amplitudes and
of heave and roll motion are summarized in Table Nos. 8 and 9..

As a point of interest, Table No. 10 presents a succinct
performance cbmpa.rison of the three buoy types when sub-

mitted to the same random excitation,
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RMs 8F WaVE gPECTRUM ®
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*333
'50n

1°000

RMS BF RESPONSE SpEGTRUM

AVERAUGE
WaVg

A"PLITUDE

ooge"Peew

6+330
4+83p
30799
3:37g
2377

PRBBABLE AMPL]TUDE

8F RWgaVg RgsPoONsg
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CBNSIBERED

'Y EIEIXYX R X BN

,010
*100
*333
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Table No., 8

AVERAGE
HEAVE

AMPL [ TUDg

REsPBNsE

0
1:252

10145

Rt

Heave Response of Complex Shape Buoy

@ bl @ Pl = = P R PO =l

24683 FEET
10897 FEET
gXPgCyeD
v WAVE
NUMBER MAX I MUM
6F WaVgs AMPL1yUDE
[ E L X L & & R | oepveEIRee=
50 5.489
100 60418
$00 7003
1000 70459
10000 89399
100000 9311
809 FEET
572 FEET
EXPECTED
WEAVE
NUMB MaX [ MUM
ar wAsEs AMPLITUDE
Seeseweaw -......'..
50 1a9%s
100 12844
500 2111
1000 20248
10000 2+%31
- 100000 2¢8pnb

=P 0 =t el G0 g g —E =8
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RMS BF WAVE SPECTRUM = 2+683 FEET
PRBBABLE AMPLITUDE
BF WAVE s 1897 FEET
FRACTIaN 8F ! EXPECTED
LARGEST AVERAGE 1 WAVE
AMPLITUDES WAVE 1 NUMBER MAXIMUM
CANSIDERED AMPLITUDE BF WAVES AMPLITUDE
e wseeeaseswe ewmeanssann | Pawewean seneesens
2010 64330 ! %0 Se689
0100 4e330 I 100 60118
0333 3799 ! 500 : 7+003
¢500 30370 ! 1000 7489
1000 24377 1 10000 8.399
! 100000 9311
RMS 6 RESPONSE SPECTRUM = 7489 DEG
PROBABLE AMPLITUDE
8F ROBLL RESPUNSE = 5¢298 DEG
AMPLITUDES B8F RBLL ARE IN DEGREES
FRACTIAN OF AVERAGE 1! EXPECTED
LARGEST R3LL 1 ROLL
AMPLITUDES AMPLITUDE 1 NUMBER MAXIMUM
CONSIDERED RESPONSE 1 BF WAVES AMPLITUDE
PoeBEncanew mwesssnse | YoaeweWew mavewpepe
e 010 17+667 ! 50 15877
0100 130481 ! 100 17076
¢333 10+605 1 500 19547
500 94407 1 1000 20820
1000 64636 1 10000 230442
! 100000 25.928
Table No. Roll Response of Com‘plex Shape Buoy
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Table No. 10

Performance Comparison

Buoy Type Average Heave Significant Heave
Average Wave Amplitude Average Wave Amplitude
Flat
Cylinder 1.000 3.961
Telephone
Pole 1. 625 6.591
Spar Buoy 0.301 2.791
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CONCLUSIONS AND LIMITATIONS

The theoretical introduction and the case studies presented point
out the positive aspects of the computer solution as well as some of its
limitations. In the formulation of the equations of heave and roll motion,
an attempt has been made to account for the effects qf the water particle
velocity and acceleration. The depth dependence of these effects has
been included. The model thus obtained is more realistic than simpler
models which consider only buoy displacement and wave slope as the
predominant exciting forces.

As illustrated in case study number 3, the response of buoys of
relatively complex shape can be easily studied. The heave a.nd roll
response amplitude operators can be used to compute the response of
the buoys to waves of known or specified amplitude and frequencies. In
addition to this time domain approach, specified spectral del-'xsities can
be used to derive certain statistical expectancies of buoy heave and roll
amplitudes. Parametric studies of buoy performance can thus readily
be made.

On the other hand, to satisfy the condition of linearity, certain
assumptions are made which introduce in the solution a degree of
arbitrariness difficult to evaluate., Certainly the initial choice of the
average values of wave amplitude, buoy heave, and buoy roll angle
used to compute the linearized coefficients of drag and inertia will
reflect on the accuracy of the solution. To improve this accuracy an

iterative procedure can be followed which replaces the initial assumed
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values by computed ones until sufficient agreerﬁent is achieved.

Experimentally verified values of linear equivalents of inertia
and viscous effects would greatly help validate or improve the com-
puter solution described in this report. The assumption of small
roll angles, also required by the condition of linearity, further
limits the use of this program.

Energy dissipation by wave radiation is not considered. This
factor could be important in large disk buoys. Finally the effects
that mooring lines and tether lines would have on the buoy response
have not been included, thus restricting this solution to free floating
buoys.

Despite these limitations, the rationale used in the derivation
of the solution and the program input flexibility make the computer

solution useful as well as practical.
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7.0 APPENDICES

APPENDIX I

Expression of Linearized Damping Coefficient

‘When the drag force on a body moving with a velocity V is assumed to be
linearly proportional to the velocity, the expression of the force is simply

D =4V

_ -

In most cases, however, drag forces are expressed in terms of V ,
using the familiar formula 2

D= LpCAY

2

Wheredp = water mass density

S

A

/
If the motion of the body is periodic, with amplitude /\0 and frequency

drag coefficient

body area across the flow (blunt bodies).

W= f_@_, i.e. if for example

r 0(: \Io A (A)Z_
then the amount of energy dissipated per cycle by the damping force
is given by 7 e

va
E: o\/iacz/f:‘/Dz Vdé: éf@/d/‘ds/is(éﬂ@éjsa/é'
o

or

The amount of energy dissipated per cycle by the linear damping force is

in turn given by T T - ‘ I 2

Ee [r,de = fo st = o 02 fomuwt) ot
o D )

or

éf:. = X Q{/\/oz—w
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Assuming both forces to dissipate the same amount of energy will yield

the expression of the linearized damping coefficiént 0[ , hamely

d= % pGAX w
- S



Evaluation of the Coefficient ""B'" of Damping Moment
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APPENDIX II

'""B'"' has been previously defined as:

Fig. No. 24

Let us consider a buoy made
of different cylinders as shown
on the sketch. (Fig. No. 24)
Let a/, , q’ » be the values of
d{lyand é’ and éz be the
corresponding limits of the
variable /7 The integration

of the first integral

P=S
2
S )
/;:0

yields:
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Y4, F&L
4 Ji o o [ty = dht, dbd 4]
J=0 =4, ¢ 4 “

This result obviously leads to the recurrence formula
J=s
3 ! — % . \
S < : 5 4 ld-du)  i=42
i 4 < :

Let now 0?71 ’ ML 'WS be the values of q/(/') and é (‘,’ the

corresponding limits of the variable }g‘ . The second integral can then

be evaluated as follows:
p-Ae ;- C’} A  nels
3
Jﬂﬂe¥0;uﬁw m, [+ m [N + Wy /f
f‘ =0 =6 R=(,

_ 4 é
= f/{é@"wzj'f'é WZ‘ 4’73/1‘/‘; ng

This result in turn yields to the recurrence formula
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The expression of the coefficient ""B'" is therefore

where
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APPENDIX III

Evaluation of the Coefficient ''D'" of Wave Drag Moment

The coefficient ""D'" has been previously defined as

AR ~2AZ /Z‘ -2Az
D = ﬁ' /af(ﬂ)//'e anr /(2/(/‘) -
(=0 K=o

The integrals can be readily evaluated with the help of the following argu-~
ment. For small angles (9 » the projection of A on the vertical is

approximately equal to /.

Thus, from /;’ =0 to /;’ = 5 = i J- /7'

and from fz'_:O to /:Z'zm_ =z :—J J’.‘—/';_

Introducing these values of & in the integrals yields

ke =8 2 4’/4 { = ke kK

D =/3e /(/4/6 rdr _ /q/(/”) e drﬂ}

/‘-. K=o

Considering the same buoy geometry as in Appendix II, and evaluating the

first integral over the domain of variation of JV' yield'
24’/ 2'(4
i {d (4%, ~1) +// c/[ (e/rél /) ~ e(Zﬁ;y}
78

This result leads to the recurrence formula:

s A 244,

4,
/;;\,f{(/?)/fe Ayt :4(1 ) a/Z (244, —1) -¢ 2(24’4-_, /{7

L= hR
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Similarly, the evaluation of the second integral over the domain of variation

of /2 yields: : ——ZA([
/fz/"e: (24 41) 17

- 246, 246
* 2% e (ZKQ+)—& (ZA’Z..L)_/

K
4” -2A€3 -24C,
28 [ By )

The recurrence formula thus is

K-Ae - 247, -24¢;,
~Jqm e dn = L

/«s/m//z R =) \MZE_ (zxrm// e(z +/27
/53& \/..//2,3

Thus, the expresswn of the coefﬁc1ent 'D' is finally

~2As . 244, -
- ﬁg /La’ [e 2;5//4—// - & (247, -))/

, g,
_/_) [e—(;;/ #/) - € z(/;kf 1/)/}
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APPENDIX IV

Evaluation of the Coefficient ""P" of Wave Inertia Moment

"P'" has been previously defined as

Y= e _‘4,21

P=p ﬂ/ﬂ) re d/‘ + /ﬂ’(f‘/ e an }

Using the change of variables previously discussed, the integrals in the

bracket can be written:

K (&7

‘/q/(}’) re 47 I//(Z/ 17 € .4//;-

L o -7,
‘/a/(ﬂ)ra ah 4 /q’(/a) Ie dr'}
0
Noting that b A AN Q
..K/;,‘e_ dr = S (-1
a K b

the evaluation of the integrals yield:

NG S -

1) over the first interval
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2) over the second interval,

/ (/m) e.(/m /)/

It thus appears that

S Az K, /A-é
- dH = it <) —e M -/
/:/(er Cs s S ) -l -

and evaluating over the range E/ g/z’-' < (Z (4/(,4) 4’71

yield: Y ¢ - £4
o {e /fc"(/@+7 _ & (/f{ﬁ/}

4/1

which show-s that

-4y

‘ ) (4 . Az _/f( o
fo/(/zjfzea//z-/—?_f [e (f@//
o ;
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The expression of the coefficient ""P'" is therefore

A b #he

?dZe (4, ) e (44, - /
+) [e_ //rf /,?ﬁ)/f(
£ - 4)7}

/= Tn g
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APPENDIX V

Evaluation of the Coefficient ”IF” of Added Moment of Inertia

The moment of inertia of the water displaced by the buoy with respect
to the buoy c.g. is evaluated with the help of the parallel axis theorem,
and is given by
=2
Go= JIE, + V(5 R)
4 L
where (::_ /Z 3. M
!
-Z-()‘()‘ = moment of inertia of cylinder ”L.” with respect
C

to its own c. g.

70). = L5 (RUAT)

with /’/(; = mass of water displaced by cylinder ""¢"
R,_ = radius of cylinder AL

A/L = height of cylinder "L._"

= distance of c.g. of cylinder "¢;" to keel

x|

A

distance of buoy c.g. to keel,
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APPENDIX VI

Computation Method for Coefficients "B", "D'" and ""P"

The actual computation of the roll response amplitude operator in cbm-
puter program ROLLRAO is performed using different forms of the
expressions for some of the moments. This was done because the buoy
configuration is input as geometrical ""'solids" rather than surfaces. It
was, therefore, more straightforward to implement the computation of
the damping forces using an iterative procedure on the components., The
following expressions give the form of the equations used.

For the buoy damping moment, "B"

- Czh L. 4 12=Zg.
B= X2 T d tpm(2-Zeg) 3¢ (2-20)) [T

2=Z77

c=)

4G &
where M = _~_£__‘.’__O_ as defined in Appendix II
n

d,_': diameter of the ith buoy component

an = depth to the buoy center of gravity

L8

. depth to the bottom surface of the ith buoy component

depth to the top surface of the ith buoy component

<7
% _ Z-Z?
" (Z'2C9) - /z-Za}/

A = number of buoy components

For the water damping moment, '""D"

-—z{‘&;' Yy 2 1((2-2,3) Z= 2&_‘

D=2 ) ftutr) g Su])

*

t=)
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Cwhere B = wéff@

and /: CO/;, as defined in Appendix III,

For the water particle acceleration inertia moment ""P"
-— A/Q lem /r/Z-Zta) Z:ng

Po . }y [ H(e-2) - 1) +/0//
=7 z=Z7,;
where Y= T PCm  as defined in Appendix IV.
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APPENDIX VII

Heave Program Lis'ting

PRBGRAM HERAB

VERSIBN 20 JAN2 1977 Re GOLDSMITH
VERSIBN 1e1 JUNE, 1974 Re -GOLDSMITH

THIS PRBGRAM IS USED 18 CAMPUTE THE HEAVE RESPONSE
AMPLITUDE BPERATBR, AND ASSBCIATED PHASE ANGLES, FBR
SPAR TYPE BUBY SYSTEMS

VERSIBN 20 » MBDIFIED TH INCBRPBRATE A WAVE DRAG COEFF

LAGICAL [AMTERM

DIMENSIBN DEPTHP(25),AREA(25)

DIMENSIAN DEPTHI(25),ADDMSC(25),VOLUME(25)
DIMENSIBN DEPTHD(25))DAMPLC(25), WORAGC(25)
DIMENSIRAN MAXWAVNB(6) s WYMAXCBF (4) ) HEVMAXHT(4)
DIMENSIBN FRACAMPS(5),AVRCHEFF (5),AVRESPNS(5)

DATA NCRsNLP/105,108/

DATA NMAX/25/

DATA P1/3+141592/sRTBO/57.2958/
DATA RHB2G/10990352 32174/

DATA FRACAMPS /0+0120+10,0¢333,0:50210 /

DATA AVRCAEFF /2359518002104 1621.256,00886 /

DATA MAXWAVNBR /5021002500210005,100002100000 /

DATA WVMAXCHF / 2e12)2:285206152e7823e1323,47 /
&*i*iii%'l*lI!'*l'#*i*&d}*}l&'ii.*' .

INITIALIZATION

NP ® QO
Nl = Q

ND = O
CAREARL * 0.0
VIRTMASS 2 040
ISEASEL. = 0
TIMEL = 04200
TIMEZ = 5040
TIMEVEL = 0+200
NINDV = 0.0 ’
P12 = PI*2.0
RHEBG & RHB#*G

CHECK FBR BNl INE
IGNFLAG = ©
IF (JAMTERM (IDUM) ) IBNFLAG = |

INPUT DATA

CONTINUE
WRITE (NLP»9400)

INPUT NUMBER BF PRESSURE SURFACES
IF (IBNFLAG ¢EQe 1) WRITE (NLP,9410)

INPUT NTEST '
IF (NTEST +GTs NMAX) WRITE (NLP»9700) NTESTsNMAX ;3 STBP 100



60.
'610
62+
63
&4 e
65
66,
67
68,
£9.
70
71,
72,
73
74
75
76
77
78
7S.
80,
3
82.
83
BG4
88,
86,
87,
BB,
89,
90
91.
92-
93.
94 .
95,
96.
97,
98
99.
100.
101.
102.
103.
104.
105,
106
107
108,
109.
110,
111
112,
113,
114
115«
116,
117
118,
119,

aoon

150

175

200

250
275

300

350
375
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IF (NTEST +LTe 0) GB T8 175

IF (NTEST +GEe O) NP ® NTEST
IF (NP +ER. 0) GB T8 200
INPUT PRESSURE TERMS
IF LIUNFLAG +EQe 1) WRITE (NLP,9420)
DB 150 I = 1,NP
INPUT DEPTHP(1)4AREA(])
CYNT INUE
BUTPUT TERMS
CONTINUE
IF (IBNFLAG +EG. 1) GB T8 200
WRITE (NLP,9430) NP
IF (NP «GTe 0) - WRITE (NLP29440) (DEPTHP(1)JAREA(])s Ix1sNP)

. INPUT NUMBER BF [INERTIAL CSMPANENTS
CONTINUE
IF (IOGNFLAG «EQs 1) WRITE (NLP,9450)
INPUT NTEST : .
IF (NTEST +GTe NMAX) WRITE (NLP»9700) NTESTANMAX 3 STBP 200
IF (NTEST +LTe p) GB TH 275 . o .
1F (NTEST «GEe 0) 'N] = NTEST
IF (N] «EQs Q) GB TB 300 -
INPUT [INERTIAL TERMS
IF (IBNFLAG +EQe 1) WRITE. (NLP29%40)
DB 250 [ = 1aN]
INPUT DEPTHI(1)2ADDMSC{I)2VBLUME (1)
CANTINUE
BUTPUT TERMS .
CBNTINUE
IF (19NFLAG +EQs 1) GO® T8 300
WRITE (NLP,9470) NI
IF (NI «GTe 0) WRITE (NLPs9480) (DEPTHI(I)'ADDMSC(I);VGLUNE(I)o
I=1,NI)

INPUT NUMBER 8F DRAG SURFACES
CONTINUE ' .
IF UIGNFLAG #EQe 1} WRITE (NLP,9493)
INPUT NTEST
IF (NTEST «GTe NMAX) WRITE (NLP2s9700) NTEST,NMAX 3 STBP 300
IF (NTEST oLT» 0) GB T8 375 .
IF (NTEST +GEs 0) ND = NTEST
IF (ND «EQs Q) GO THB 4900

INPUT DRAG CHMPANENTS
IF (IONFLAG 2EQe 1) WRITE (NLP,9500)
. SUM DRAG SURFACE CBEFF F(DEPTHmg)

SUMLCO = 0.0
DB 390 I = 1aND

INPUT D:PTHD(I):DAMPC(I),WDRAGC(I)

SUMDCp = SUMDCp + DAMPCI(])
CSNTINUE

BUTPUT TERMS

CENTINUE .
IF (IBNFLAG «EQs 1) GB TO 400
WRITE (NLP,9510) ND

- IF (ND «GTs 0) WRITE (NLP,9520) (DEPTHD(1)sDAMPC(1),WDRAGC(I),

1 = 1,ND)

INPUT WATER LEVEL CRBSS SECTIBN AREA
(T8 SIMPLIFY THE COMPUTATIGBN THIS IS ASSUMED

CONSTANT BVER THE RANGE 8F VERTICAL MBTION AT
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120. c THE WATER (INE)

121. 400 CBNTINUE

122. IF (IBNFLAG +EQs i) WRITE (NLP,9530)

123, INPUT CSATEST

124, IF (CSATEST «LTe 0eQ) G8 TOB 450

125 CAREAWL » CSATEST

126, 450 CONTINUE

127. IF (1ONFLAG oNEe« 1) WRITE (NLP29540) CAREAWL
128. RF 5 CAREAWL *RHAG .
129. C )

130. c INPUT VIRTUAL MASS

131 IF (IBNFLAG +EQ. 1) WRITE (NLP,9550)

132. INPUT VMYEST

133. IF (VMTEST +LTs 0«0} GB TB 550

134, VIRTMASS s VMTEST

135, 550 CBNTINUE

136. IF (IBNFLAG eNE» 1) WRITE (NLP,9560) VIRTMASS
137. c .

13Re. c : INPUT TIME RANGE

135. IF (IBNFLAG +EQe 1) WRITE (NLP,9570)

140 READ (NCR,9025) T1,72,13 :

141. IF (T1 «LTe 0.0) GO TB £79

142 TIMELl = T4 .

143, TIMEZ = T2

144, IF (TIME2 LT TIMELl) TIMEZ = TIME]Q

145. IF (T3 sLEe Qe0Q) T3 = TIMEDEL

146. TIMEVEL = T3 :

147 675 CONTINUE :

148, [F {(IGNFLAG oNEe 1) WRITE (NLP,9580) TIMEL1sTIME2,TIMEDEL
149 c ’

150 - C INPUT WIND VELSCITY FBR SEA STATE

151, 700 CANTINUE ‘ _

152 IF (IBNFLAG +EQ« 1) WwRITE (NLP;9590)

153. REALD (NCR,9020) ISTEST,»WAVEHT,WAVEPER

154, 1F . CISTEST +GT. 3) ISTEST = ef

155 IF (ISTEST «LTe 0) GO T8 775

156, ISEASEL = [STEST '

157. IF (ISEASEL ¢EGs 1) WINDV = WAVEHT

158, WINDVPAL ® WINDV##4 .

159 WAVEHTP2 s WAVEWT#WAVEHT

160. WAVPERP4 = WAVEPER##4

161 775 CBNTINUE

162. IF (IBNFLAG +EQ. 1) GB T8 800

163, - IF (ISEASFL »EQe 0) WRITE (NLP,9600)

164, IF (ISEASEL +EQe 1) WRITE (NLP,9601) WINDV
165, IF (ISEASEL +EGQGe 2) WRITE (NLP,9802) WAVEWT,WAVEPER
166, IF (ISEASEL +EQe 3) WRITE (NLP,9603) WAVEHT,WAVEPER
167 C

168, c CHECK BUTPUT BPTIBNS

169, 800 CHNTINUE

170 IF (IONFLAG «¢EQs 1) WRITE (NLP,9605)

171, READ (NCR,9000) ILsIPaRMINaRMAX

172, ILIST = O

173, - IF L «EQe 1HY) ILIST =}

174 IPLUT = O

175. IF (IP +EQe LHY) " IPLOT =t

176, IF (IPLBY +EQe 1) CALL PLOTINIY

177, C .

178 c COMPUTE RESPUNSE AND PHASE COMPBNENT OGN TIME ITERATION
179. c !



180
181,
182.
183,
184,
185,
136,
187,
188,
149,
190.
191,
192,
153.
194,
195,
196
137.
198
199,
270.
201,
202,
203
2N& .

205, -

206
207«
208,
209.
21C.
211.
212
213.
214
215«
216
217.
218,
219.
220
221
222
223.
224
225,
226
227«
228,
229
230.
231.
232
233
234
235.
236.
237,
238,
239,

300

1100
C

aon oOo0n an an on

1200

1400
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CONTINUE
IF (ILIST oEUs 1) WRITE (NLP,9610)
RRSINTG = 0.0
SINTG = Q.
DB 2000 TIME = TIME1,TIMEZ2:TIMEDEL
FREQ = PI2#10700000000¢0
IF (TIME «NE. 0¢0) FREQ = P]2/TIME
FREGP4 = FREQ®*4
FREWPS = FREQ*FREQP#4 ~
EXFTERM m «FREQ*FREW/G .

SUM PRESSURE CBMPANENTS
SUMP 3 5.0
REVPEAT 1100, FBR = (1,NP)
SUMP = SUMP + RHBG#AREA(I)*EXP(EXPTERM&DEPTHP(I))
CUNT INUE
SUM INERTIAL CUMPBNENTS
SUM] = 0e0
REFPEAT 1200, FBR I 3 (1,NI)
SUMI a SUMI + ADDMSC(I)*VBLUME(])*cXP(EXPTERM*DEPTHI(]1))
COUNTINUE
SUM] = RHAFREQN#FREG@*SUML

SUM DRAG CBMPONENTS.
SUMD = a0
REPEAT 1300, FBR I = (1,ND)

SUMD = SUMD » wDRAGC(I)*EXP(EXPTERM'DEPTHD(I))
CUNT INUE S .
SUMD = FREQFREW¥SUMD
SUMDC = FREG#FREUW*SUMDCO . e

COMPUTE RESPENSE AMPLITUDE OPERATOR
RNUM = (SUMP e SUM[)»»2 + SUMD* %2
RUENEM .2 (RF = VIRTMASS*FREQ#FREQ)#%2 + gUMDC#»2
RAY = SART(RNUM/RDENEGM)

COMPUTE PHASE BETWEEN FORCE AND HEAVE
PH] » RTAD#ATANZ(«SUMDC, (RF « VIRTMASS*FREQ#FREQ) )

CBMPUTE PHASE BETWEEN FORCE AND WAVE
SIUMA ® RTSD#ATANZ(SUMD, (SUMP = SUMI) )

CAMPUTE PHASE BETWEEN WAVE AND HEAVE
THETA 3 SIGMA + PHI

GET SEA SPECTRA
CALL SEASPEC

AS

CAMPUTE RESPBNSE AND INTEGRATE
RRY = RAD*RAQ*S
IF (TIME «LEe TIMEL1) GB TBO 1400
DELF = FREGLAST = FREUW
RRSINTG = (RRS + RRSLAST)#0+50#DFLF + RRSINTG
SINTG = (S + SLAST)#Qes0DELF + SINTG _
CUNTINUE
RHRS{,AST = RRS
SLAST = §
" FREWLAST = FREQG

BUTPUT LIST IF IT WAS SELECTED
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240, IF (ILIST oLE. O0) GB TGO 1500

241 WRITE (NLP»9615) TIME,FREWIRAB,SIGMAIPHISTHETA,S
242 Cc : ’ .
243. o! CHECK FBR PLBT

244 1500 CUNTINUE

245 IF (IPLBT +LE. Q) GO T8 2000

246 CALL PLAT3 ('#!',RAB,TIMESL)

247, 2000 CANTINUE

248 C

249, o GET STATISTICS

250 C ) .

251 c - CBMPUTE RBBT MEAN SQUARE BF WAVE
252, RMS = SORT(SINTG)

253, PRABAMP = (Qe707#RMS o

254 c— COMBYUTE AVERAGE WAVE WEIGHT
255, D3 2300 1 = 145 ’

256 AVRESPNS(]) = AVRCOEFF (])#RMS

257, . 2300 CONTINUE

258, c COMPUTE MAXIMUM WAVE AMPITUDES

259. DB 2400 I = 1,6 . .

260 HEVMAXHT(I) s WVMAXCBF (])#*RMS

261 2400 CONTINUE 3

262 WRITE (NLP,9635) RMS

263, WRITE (NLP,9640) PRBBAMP

264, WRITE (NLP,9645) (FRACAMPS{I),AVRESPNS(1},

265, + MAXWAVNB (1), HEVMAXHT(I), [s1,5),
266« + MAXWAVNE (6), HEVMAXHT (6)

267 C

268, c CAMPUTE RHBT MEAN SQUARE BF RESPONSE
269. RMS = SGERT(RRSINTG)

270. PFRIBAMP 8 0e707#RMS

271 o _ CAMPUTE AVERAGE RESPANSE OF WEAVE
272 L8 2500 1 s 1.8

273, AVRESPNG () = AVRCBEFF(])*RMS

274, 2500 CANTINUE

275, c CAMPUTE MAX]IMUM AMPL ITUDES OF HEAVE
276« D2 2600 1 = 1,6

277 HEVMAXHT(I) = WVMAXCOF () *RMS

278, 2600 CABNTINUE

279 wRITE (NLP»9620) RMS

280 WRITE (NLP,9625) PRBBAMP

231 WRITE (NLP,9630) (FRACAMPS(1),AVRESPNS(]), R
282, + MAXWAVNDB (1), HEVMAXHT (1), I=%1s5),
283, + MAXWAVNO(6) , HEVMAXHT(8)

284, C :

285, c CHECK FBR PLBT

2%A . c

287, IF (IPLBT +LEs 0) GB8 T8 3000 )

288, . CALL PLATHEAV

239, 3000 CHYNTINUE :

290 IF (JBNFLAG +EQe 1) WRITE (NLP,9655)

291 READ (NCR,9915,END®S8000) IEND

292 ' IF (IEND «EQe 1HY) GO TO 100

293, c ‘

294 . c

295. C

296 8000 CONTINUE

297 sSTOP

298, c

299. 9000 FERMAT (A1,1XsA1,1Xs2Ee0Q)



300.
301.
302+
303.
KL
305,
306,
307.
308.
309.
310
311.
312.
313.
314
315.
316,
317,
318,
319.
320
321,
322
323>
324.
375,
326
327
328,
379.
330
331.
332,
333,
334.
335
336.
337
338
339.
340,
341,
342
343.
344,
345
3460
347
348,
349.
350-
351.
352
353,
354,
355,
356
357,
358.
359,

c

9015 FBRMAT
9020 FORMAT
9025 FORMAT

9400 FERMAT
+

9410 FERIMAT

9420 FBRMAT
+

5430 FBlMaT

9440 FBRMAT
+

Y450 FHRMAT

9460 FBRMAT
+ .

9470 FBRMAT

3480 FORMAT

+
9490 FERMAT
9500 FBRMAT

+

-

9510 FORMAT
9520 FBRMAT

+

+
9530 FERMAT
9540 FBRMAT
9550 FBRMAT
9560 FARMAT
9570 FBARMAT
9580 FORMAT

+

9590 FERMAT

+ ¢+ 4+ 4+ 4

3600 FBRHAT
9601 FBRMAT
.
9602 FORMAT
»
*
9603 FERMAT
+
+
9608 FORMAT
) +
9610 FBRMAT
L
9615 FOBRMAT
9620 FBORMAT
9625 FBRMAT
'S
9630 FBRMAT
+
+

A
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(A1)
(1:FeQsF.0)
(3Fe0)
(1H1,? HEAVE RESPYNSE ANALYSIS PREGRAMt/
J ALL DEPTHS ARE PBSITIVE!'/)
{/' INPUT THE NUMBER BF PRESSURE SURFACES 8!)
(/' ENTER FBR EACH SURFACE!'/
' DEPTH (FT), AREA (SO FT) (e AREA FBR DBWNWARD FORCE)1)
{/' NUMBER BF PRESSURE SURFACES =',15)
(/' DEPTH (FT)s AREA (SQ FT) (= AREA F3R DOWNWARD FBRCEY 'y
(F10+322XsFRe?) )
(/' INPUT THE NUMBER HBF INERTIAL CAMPBNENTS B81)
(/' ENTER F8R EACH CUMPANENT!'/
' DEPTH (FT)s2 ADDED MASS CBEFF, VBLUME (CU FT)!' )
(/' NUMBEFR BF INERTIAL CBMPBNENTS «!,I15)
(7 DERTH (FT) ADDED MASS CBEFF VBLUME (CU FT)'/

(F10¢3:6X2F10¢3,7X2F12+3) )

(/' INPUT THE NUMBER BF DRAG SURFACES 8')

(/1 ENTER FBR EACH SURFACE?,
t DEPTH (FT), DAMPING CBEFF, WAVE DRAG CBEFF:
't (LBF/(FT/SEC)/(RAD/SEC))! )

(/' NUMBER BF DRAG SURFACES =1,15)

(7t DEPTH (FT) DAMPING CBEFF WAVE DRAG CBEFF!
' (LBF/(FT/SEC)/(RAD/SEC))!' /
(F10e3s3XsF11¢32 SX2F11e3).)

(/' ENTER CRBSS SECTION ARFA AT SURFACE (SQ FT) Be)
(/7' CRBSS SECTIYNAL AREA AT SURFACE =',F10s4s' SQ FtET')
(7' ENTER VIRTUAL MASS (S_LUGS) 81}
(/'  VIRTUAL MASS =', Fi1e2, ' SLUGS'")
(/v ENTFR START: ENDs [NCREMENT BF PER]BD RANGE (SEC) CANY
(/' . PERIBD RANGE, IN SECHNDS START END DELTA'/
C6XsFBe3;FBe302XsF8+3)

(/1 ENTER SEA SPECTRUM TYPF AND PARAMETERSH

/1 x 120 0

/1 PIERSONeMBSKBWITZ 1, wIND SPEED (KNBTS)

/1 BRETSCHNE IDER | 22 SIGNIF WAVE HT (FT), SIGNIF?
' WAVE PERIBD (SEC)!

/1 1e5s5¢Co 3, SIGNIF WAVE HT (FT), SIGNIF?
' WAVE PERIHUD (SEC)? )
(/7' SEA SPECTRUM = 1,01)
(/' PIERSUNeMUSKAWITZ SEA SPECTRUM ¢

/0 WIND SPEED 3 1,F10.3s1 KNBTSY)
(/' BRETSCHNEIDER SEA SPECTRUMI

/1 SIGNIFICANT WAVE KT = ',F10,3s!' FEET!

V2] STGNIFICANT WAVE PERIBD s ',F19e3s' SEC!)
(7! 1eSeSeCe SEA SPECTruUM!

/1 SIGNIFICANT WAVE HT g 1,F10432!' FEET!

A SIGNIFICANT WAVE PERIBD = ',F10,3,' SEC!)
(7' ENTER Y B8R N FBR A LISTING, FPLBT 9F RESPBNSE 1t/

! FBR PL®T, YRU MAY ALSS ENTER RA3 MIN,MAX 87)
(1K1/! PERI®D ANG FREG RAB WeF PHASE FeH PHASE
"WeH PHASE AMP SPEC 1)
{F10°31E10¢3sF10¢3sF1003sF1ne32F103:F10+3)

t7//7/77' RMg BF RESPONSE SPECTRUM #',F1043,' FEET!)
(7' PRBBABLE AMPLITUDE 1/
' OF HEAVE RESPBNSE 31,Fine3,! FEET!)
(77
FRACTIBN OF AVERAGE 1 EXPECTED ¢
A LARGEST HEAVE !

HEAVE '



360,
361,
342
363.
364
365,
366
367
348.
369,
370
371
372
373,
374,
375
376
377,
378,
379,
320.
381.
382,
383.
384,
385
386.
3R7.
338,
389,
390.
391 .
392.
393.
394.
395.
396
337,
39%.
399.
400Q.
401.

402,

403.
404,
405
406,
407.
408,
409.

410. .

“11.
412
413,
41be.
415.
416
417
418,
419.

o o o000 o0oon
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/' AMPLITUDES AMPLITUDE 1 NUMBER MAXTMUM !
/' CANSIDERED RESPONSE 1 BF WAVES AMPL1ITUDE
/! waevscemwsas cesORanmy I evgawvew Pronevenw !
S(/T4sFS5e3s T162FT03s T28,1011, T33216s T43,)F9e3) .
/ TPBs1 11, T33216, T43sF9e3 //)

9635 FBRMAT (1W1///7/' RMS BF WAVE GPECTRUM 3',F10¢3,"' FEET!)
9640 FOBRMAT (/' PRBBABLE AMPLITUDE 1t/
' BF WAVE 81,F10e3," FEET?)
9645 FBRMAT (// ‘

+ 4+ ¥+ &

+

+ /' FRACTIBN BF ¢ EXPECTED ¢
+ /! LARGEST AVERAGE 1 WAVE '
+ /7' AMPLITUDES WAVFE ! NUMBER MAXTMUM '
+ /' CBNSIDERED AMPLITUDE 1 6F WAVES AMPLITUDE !
- /! ewsesncewsae ewscoaens | LY Y weemacenn ¥
+ B(/T4,F0e3s T16,F9+35 T28,'1', T33s16, T43,F943)
* / T28,111, 133216, T431F9e3 )

9655 FERMAT (/1 D8 YBU WANT ANBTHER CASE 871)

c

9700 FORMAT (! »e# NUMBER 8F ENTRIES IS GREATER THAN ARRAY S]ZE ALLBWS!
+ Z14Xa18220X217) : ;
* /! THE PRBGRAM TERMINATES!' )

X 2R AR 222222 2222 2R FR 23R 22 SRR ES RS RA R RS SRS SR 2N Y 3

aNele

SUBROUTINE SEASPEC
[F (ISEASEL +EQs 0) S 2 1e0 } RETURN . . ) e
GB T8 (4100,4200,4300): ISEASEL
c PIERSHN = MBSKHWITZ
4100 CONTINUE
S 8 135«0/FREGPS#EXP (9700007 (FREQNP4#WINDVP4))
c CARRECT FYR DuUBLE HEIGHT SPECTRUM
S 8 S/8e0
RETURN
C BRETSCHNEIDER
4200 CONTINUE
S 8 420008 WAVEHTPR/(WAVPERPLAFREQPS)* .

+ EXP(=10500/{WAVPERP4*FREGPLY)
c CHARRECT FUR DBUBLE HEIGHT SPECTRUM
S = S/8.0
RETURN
C [eSeSeCe

4300 CONTINUE
S % 2760eNSAAVERTP2/(WAVPERP4SFREQPS ) #
+ EXP(2630.0/(WAVPERP4*FREGF4))
o CHRRECT FUR DBUBLE HEJGHT SPECTRUM
S = S/840 ,
RETURN A

HRNBRBRRBBRRERREBBRBERRRBBBRRRBERRERERRRAERRG SRR RRRBRE NN

SUBKBUTINE PLOTINIT
THIS SUSRBUTINE IS USED T8 INITIALIZE A LINE PRINTER
PLBY BF THE HEAVE RESPONSEe
DIMENSION IPLOTBUF(3300)

DATA [BUFSIZE /3300/



4200
421
422,
423,
4P4 .
425,
426
427«
428
429.
430
431.
432,
433,
434,
435,
436
437,
438.
439,
440
441,
442,
443
bybe
445
G446,
447«
Liu8e
449
450
451
452,
453,
454 .
455
456
457

c

o0 a00n

1490

5000

9710
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IF (RMAX +GTe RMIN) GO T8 1430

RMAX & 100%RMIN :

IF (KRMAX (EQe 0,0) RMAX 3 500

CONTINUE

RDEL = RMAX = RMIN

RMAX 3 IFIXIRDEL/5¢0 + 04999)%5,0 + RMIN

NLINES = (TIME2 « TIMEL)/TIMEDEL

NBARS = (NLINES + 91171040

TMAX = TIME1 + NBARS#10¢0*TIMEDEL

NLINES & {TMAX « TIME1)/TIMEDEL *+ 1.0

IF (NLINES eLTe IBUFSIZE/13) GA T8 5000
IPLBT » Q

WRITE (NLP,9710)

RETUKRN

CENTINUE

CALL PLOTY (NBARS,10s45,10)

CaLL PLBT2 (IPLBTBUF,RMIN,RMAX, TMAX, TIMEL)
RETURN ’ v

FARMAT (/1 ww#as THE PLUT BUFFER ]S NBT LARGE ENBUGH 1 S .
+ Y2 FUR THE PERIBD RANGE SPECIFIED !

+ /! THE PLOT IS.SUPPRESSED!')

SRR RRRRBRER AP RERRER BB EBRFE R R ERRRRRERRRERRERRD RN ENee N

SUBRBUTINE PLBTHEAY

THIS SUBRBUTINE IS USED T8 BUTPUT THE LINE PRINTER
PLBT BF THE HEAVE RESPBNSE.

CALL PLBTE (32,33, 'HEAVE RESPUNSE AMPLITUDE BPERATBR!)
CALL PLBT4 (14%,!' PERIBD (SEC) ')

CALL PLBT7? (10} .

RETURN

END



i.
2e
3.
'

b6
7
8¢
9.
10,
it
12,
13.
14.
15.
16,
17

18.

19,
20,
21
22,
23,
24 .
25.
26
27
28+
29,
30.
31,
32.
33.
ELYY
35
36
37
38.
39.
40
41.
42,
43.
44
45,
464
47,
48

49.

S0
51,
52
53,
S4e
55.
56.
57
58
59,

(@] OO 0000000 00n0

o

0 [g] o o0

o000
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APPENDIX VIII
Roll Program Liéting _

PROBGRAM ROALLRAQ

. VERSIBN 1.0 SEPs 1976 Re GBLOSMITH

THIS PRBGRAM [S USED 18 CBMPUTE THE RBLL RESPINSE
AMPLITUDE OPERATHR, AND ASSOCIATED PHASE ANGLES, FOR
SPAR TYFE BUBY SYSTEMS,

CURRENT VERSIBN RESTRICTS DESIGN T8 CYLINDRICAL AND
TRIANGULAR BBDIES BN END, AND RECTANGULAR PLATES

LBGICAL IAMTERM

DIMENSIAN FRACAMPS (5), AVRCOSEFF(5), AVRESPNS(SI o
DIMENSION MAXWAVNG(6), WVMAXCHF (&), RBLLMAX(6).

CBeMMON
CHEMMUN

CHMMON

o+

COMMEN
+
CAMMON
CBMMUN
+
CaMMEN
CEMMYN
+
CHMMUN
CEMMUN
.

- CBMMON

/
/
/

/

1BDEV 7/ NCR,NLP : oL

TP / TIMEL,TIME2,TIMEDEL,FREQ,WAVEN

SEASTATE 7/ ISEASELswINDV,WAVERTsWAVEPER,
WINDVP4 s WAVERTPR,, WAVPERP

BINS / NPARTS, ISHAPE(50),WIDTH(50) HEIGHT (50), THICK(50),

DENSITY(50)2DISTCGK(50)1FRACNORM(50)

RABUTS / VBLUME (50)sWEIGHT (50) e

WATERDIS / WD(50),HD(50),XD(50),VD(50), Focsoa,'

DEPTHB(DLO) ,DERPTHT(S0) . . A e

CBNSTANT / P1,RTBDsRHA,G
RURY / NPMAX,RAL,AVERGAMP, THETABAR,PERIBDg,

DEPTHK, BUSYCGK, DEPTHCG, BUBYCEK, DEPTHCS, WDISPLAC

CREFS / ORAG(S).CUEFM(SJ
MBMENTS / BUBYMI;ADDMI.VIRTINRY:WATERI";BUBYHR:

BURYMDT,BUBYMD, WATERMD, DAMPM e e e e,

ﬁUTPUTS /7 ILIST,IPLOT,RMIN;RMAX

DATA NCRJNLP /105,108/ )
DATA Pl,RTED /3,141592257.2958/
DATA RHB,G /7 19930352 324174/

MAXIMUM ARRAY SIZ2ES

DATA NPMAX /50/

DRAG CREFFICIENTS FBR CYLINDER AND PLATE

DATA DRAG / 1425 1¢25 1455 0405 Qo0 / L

ADDED MASS CBEFFICIENTS F8R CYLINDER AND PLATE

DATA CBEFM / 1092 1e0¢ 1002 0907 Q0 7/

STATISTICAL CBEFFICIENTS

DATA FRACAMPS /0+01,0+10,003333,0¢502190/

DATA AVRCBEFF /2+35951e80001%41651¢25620886/
DATA MAXWAVNE /50,100,500,1000,10000,100000/
DATA WYMAXCOF /2e1222¢25812¢6112¢789301323e47/

[T 22 2222422222222 FES YT Y'Y Y SOy

INITIALIZATIUN

P12 % PI#2.0
RHBG 3 RHA#G
TIMEl = Q.2
-TIMEZ « 5049
TIMEVEL = 0.200
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- 60. ISEASEL = ¢
-3 R WINDV = 0.0
62, WAVEHT = 0.0
63, WAVEPER & 00
64 Rwl, = 0«0 '
65 AVERGAMP a 340
66, THETABAR & 11,5/RT8D
67 NPARTS = ¢
A8 c
69, 100 CBNTINUE
70 Cc .
71 o CHECK FBR ON LINE AND INPUT MBDE
720 IBNFLAG = ¢
73. 150 CABNTINUE
74 WwRITE (NLP»9400)
75. IF (IAMTERM (IDUM) ) IONFLAG = 1 3 CALL TINPUT . ..
76 IF CIBNFLAG «EQe 0) CALL BINPUT
77, . IF CIPLBYT oeW. 1) CALL PLBTINT T i o e e e e
78, C
79. C CEMPUTE TBTAL BUBY WEIGHT, = DISTANCE FREM KEEL T8 .
80 " C CENTER HF GRAVITY, DEPTH BF CG
81 o e e
82. BUBYWGT = 0.0 -
8283 SUMT = Q.0 e e e e e e e e e e
B4 DB 400 1 = 1,NPARTS ’
a5, .. BUBYWGT = BUSYWGT + WEIGHT(I) e e e
86. SUMT = SUMT + wEIuHT(I)*DISTCGK(I)
87 400 CHONTINUE o O O
88, BUAYLGK 3 SUMT/RUBYWGT :
&89, _ DEPTHCG = DEPTHK o BUBYCGK o e o
90. ’ Cc
91 c CBMPUTE THE PART BASIc MOMENT OF INERTIA CONTRIBYTION =
92. C
93. SUMT = 00 e it e e et e+ e e et e s
G4 e . DB 500 [ = lanARTS
95. CALL BODYMI (ISHAPE(I),HEIGHT(I),,IDTH(I)sTHICK(I),pINERT)
6. c : FAR THE BODY ABBUT 1TS OWN AXIS
97, PMI = WEIGHT(I)®PINERT/G . e e
98, C ABBUT THE CG
99, AMICBMP & (WEIGHT(I)/g)#({DISTCo(]) » BUBYC)ws2 . . . _ .
100 SUMT = SUMT + PM] + BMICBMP
1¢1., 500 CBNTINUE e e e et e e
102. ) BUBYMI = SUMT '
104, C GET DISPLACEMENT CBNTRIBUTIBNS
105, c B} —_—
106 CALL DISPLACE .
107 o .
108 BURYLGCB » BUAYCBK « BUBYCGK
109, c
110 WRITE (N _P,9405) ByBywGTawpISP AC
111 C COMPUTE DISTANCE TB METACENTER FREM CB
12 C
113. - SURFINRT s Pl#RWL*¥4/4eQ
114, BUAYCEBM s gURF INRT#RHBG/WD]ISPLAC
115 c
116, c COMPUTE RIGHTING ARM, gM
117, c
118, BUBYCGM = BUBYCGCB + BUBYCBM



120.
121,
122
123,
124,
125
126
127,
128,
129,
130.
131.
132
133,
134,
135.
136,
137
138.
1399
14Q.
141
142,
143,
144,
145,
146
147
148,
149.
150
151,
152,
153.
154
1588,
156,
157,
i58.
159,
160
161
162«
163,
16#,
165.
166
167«
168.
169,
170,
171,
172,
173,
174,
175,
176
177,
178.
179.

(aXalg] OO0 Q00

aOaOnon OO0O00O0N0 x aXaXale!

0o x (g Xeke

(aNgl

+
+
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CHECK FUR STABILJTY :
IF (BUBYCGM «LTs 0¢0) WRITE (NLP,9700) BUBYCEK+BUBYCaM,
: BUBYCGK 1
STBP 550

PEYZITZT IR NE R R Y BT FIY PRSP0 N YU gy
COMPUTE RIGHTING MUMENT TERM

BUIYMR = BUBYWGT*#BUBYCGM
BUBYMRG = .BUBYMR/G

CAMPUTE NATURAL PERIBD BF RBLL
FIRST GET VIRTUAL MBMENT
VIRTINRT = BUBYMI + ADDM]
PERIBDO = 2.0#PI#SURT (VIRTINRT/BYSYMR)
WRITE (NLP,9410) PERIBDD

MAKE ASSUMPTIBN BF UNIT AMPL]TUDE
AND START FREGUENCY ANALYSIS -

IF CILIST «EGe 1) WRITE (NLPp945q9) .
RRSINTG = 0.0 : :
SINTG = Q.0 .

BUTPUT BUSYMI,BUBYMR,BUBYMRG

AR T L2 T R AR Ry ey O Ty T P T T T YT YT Y Y S

NBTE: THE CALL TB BUBYDAMP IS PLACED WERE T8 .
SIMPLIFY THE COMPUTATIBNe. THE CHONSTANT TERM .
1S COMPUTFD HERE AND THE FRE7T 1S MULTIPLIED

IN AT THE BEGINNING BF THE FREQUENCY ITERATION,

L E A E 22 A AL AT ISR IR LI IZTEI PR XY ESE Y T
CalL BUBYDAMP . e
p8 2000 TIME = TIMEL,TIME2sTIMEDE(
FREQ = PI2#1.0E+10 e
JQF (TIME WNE. Qep) FREG = PIp/TIME
WAVEN = FREQ#FREQ/G o

*#% CHBMPUTE DAMPING MBMENTS

_ SEE NSTE ABBVE
BUBYMD = BUBYMDT*FREQ
CALL WATERDAMP

*%¥% CAMPUTE WAVE INERTIA MBMENTS

CALL WNATRINRT -
BUTPUT RUSYMD,WATERMD,WATERIM \

ETEM = RUBYMRG + WATERIM
FTEM 3 WATERMD

SET MAIN COMPBNENT
E = ETEM+FREQ#FREQ
F & FTEM®FREQR
PHASE RETWEEN wAVE AND TBRQUE
SIGMA = RTBD*ATAN2 (®EaF)

EXCITING TORQUE
T % SQRT (E#E + F*F)



1830,
181«
182,
183,
184,
185,
186
187
188,
189,
190.
191
192,
193,
194.
195.
196,
197.
198,
199,
200.
201.
202,
203.
204
205,

2064

207,
208,
209,
210,
211,
212+
213»
214,
215,
216
217
218,
219,
22Qe
221~
222,
223,
224
225,
226
227
228,
229,
230«
231,
232
233,
234,
235,
236
237,
238,
239,

o0 0o oo aonoon

aon

00

aoanon 0

1400

1500

2000

2300
c

[glg]

2400
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PHASE ANGLE BETWEEN TBRQUE AND RBLL
ATEM = BUBYMD*FREQ
BTEM = BUAYMR o VIRTINRT#FREQ#FREQ
PHI = RTOD#ATANZ (=~ATEM,gTEM)

RALL RAD
ROLLRA® = T/SHRT (ATEM#ATEM + BTEM#*BTEM)

PHASE ANGLE BETWEEN WAVE AND RBLL
THETA » SIGMA + PH]

GET SEA SPECTRA
CALL SEASREC o e

COMPUTE RESPBNSE AND INTEGRATE .. . .. . . _ _ . ...

RRS = RALLRAB*RULLRAG#*S

[F (TIME oLE. TIMEL) GB TO 1400 . .. .. ... . .. . .

DELF = FREGQLAST = FREQ
RRSINTG = (RRS + RRSLAST)*0.50%DglLF + RRSINTG. ==
SINTG * (S + SLASTI*0,50%DglF + SINTG

CONTINUE e e n e e L

RRSLAST = RRS
SkAST = S —

FREQLAST = FREG

BUTPUT LIST IF 17 WAS SELECTED
IF (ILIST sLEe 0) GB T8 1500

“WRITE (NLP,9455) TINE,FREU RALLRAB*RTED,SIGMA, PHI THETA s

CHECK FH8R PLOT
CUNTINUE N e
IF (IPLAT +LE. 0) GB T8 2000 :
CALL PLRT3 ('#',ROLLRAB#RTEO, rIMg,1)

CONTINUE S R T
GET STATISTICS

CIMPUTE RH8T "EAN SQUARE BF WAVE
RMS = GQRT(SINTG) _
PRBBAMP = 0+707#RMS R
CBMPUTE AVERAGE WAVE HEIGHT
D8 esoo 1 = 1,5
AVRESPNS(1) = AVRCBEFF(1)%RyS |
CONTINUE
CRMPUTE MAXIMUM WAVE AMPLITUDES
P8 2400 I = 1,4
ROLILMAX(IT) = wVMAXCBF(1)#RMS
CAONTINUE
WRITE (NLD,Qsoo) RMS
WRITE (NLP,9505) PRBBAMP
WRITE (NLp:QSIO) (FRACAMPS(]),AVRESPNS(I),
MAXWAVNB (1 ),RELLMAX(I), Iny,5)
MAXWAVNB(6) ,RELLMAX(8)

CBMPUTE RBAT MEAN SQUARE OF RESPSBNSE
RMS = SGRT(RRSINTG)
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240. - PRBUAMP = 0.707#RMS
241, o ; CAMPUTE AVERAGE RESPANSE BF ROBLL

242, D8 2900 | = 145 _

P43, AVRESPNS (1) & AVRCBEFF ()*RMS#RTAD

244, 2500 CHANTINUE ’

245, c COMPUTE MAXIMUM AMPLITUDES BF ROLL

246, L3 2600 I & 126

247 ROLLMAX (1) = WYMAXCBF(]1)*RMS*RTBD

248, 2600 COBNTINUE

249 . WwRITE (N P,9515) RMS#*RTHAD

250 wRITE (NLP,9520) PRBBAMP#RTED

251 WRITE (NLP,9525) (FRACAMPS(1),AVRESPNS(IY,

252. + . MAXWAVNBC(I),ROLLMAX(L), I=1,5),

253 + MAXWAVNO(6)sRBLLMAX(6)

PSR4 C

255. C CHECK FBR PLET

256 C

257, : IF (IPLBT JLEe« 0) G8 T® 3000

258, Call PLBTRBLL ,

259. 3000 CONTINUE . . : e e

260« C :

261 IF C(IBNFLAG +EQe 1) WRITE (N_P,9485) - . - e
262, REAU (NCR,9085,pND=8000) IEND

263, IF (lEND +EQe 1MY) gH.TB 150 e e e e,
Ph4e o :

265 8000 CBNTINUE e e e

266 ST8P .

267, c . - . T
268. 9085 FBRMAT (Aq)

269. c . . e e

270 9400 FBRIMAT (1Hi,! ROLL RESPBNSE ANNALYSIS pPRBGRAMY/

271, ' + ' ALL DEPTHS ARE PBSITIVE '/)

272. 9405 FBRMAT (/' CHECK FBR BUBYANCY BUBY WEIGHT = ',F10, 1,' LBSH'/
273, + ' . WATER DISPLACED = .1F10011' LasyYy
274 9410 FORMAT (/v NATURAL PERIOD =1,FRe3,1 SECBNDSH) .

275, 9450 FHRMAT (1MH1/) RAB [5 IN DeGREgS/F88T OF wave AMPLITUDE'/ .
276 + ' PERIBD ANG FRER RAB weT PHASE TeR pPHASE 0
277« + tWaR PHASE AMP SPEC 1) . .
278, 9455 FORMAT (F10.3,E1003,F10¢3,F10.3,F10.3,F10.3,F10,3)

279« 9485 FARMAT (/' DO yBU WANT ANBTHER CAGE B1')

280, 9500 FBRMAT (1H1////1 RMS BF WAVE SPECTRUM =1,F{Qe3st FEET))

231, 2505 FBRMAT (/' PREBBABLE AMPLITUDE ¢+ B

282.. + ' 8F WAVE s1,F10e3s1 FEETY)

283 9510 FORMAT (// . L S .

284, + /' FRACTIBN BF 1 EXPECTED !

285 + VAl LARGEST AVERAGE ) G WAVE . !

286 + /' AMPLITUDES WAVE I NUMBER MAXTIMUM !

287 + /' CONSIDERED AMPLITUDE 1 8F WAVES AMPLITUDE ¥

?88' + /! wwesvesawesas essonensy I cevewmcew YT E Y !

2R9. + B5(/T4sF5e3s T16sF9e3s T2B,']10, T33s16, T43:F943)

290 + 7/ T28, 111, T33216) T43:F943 )

231. 9515 FBRMAT (////7//7/' RMS BF RESFONSE SPECTRUM =1 ,F10.3,"' DEG L

292 9520 FBRMAT (/' PROBABLE AMPLITUDE '/

293. + ' 8F RULL RESPSNSE =t,F1pe¢3;!' DEG ')

2%4. 9525 FRRMAT (/7

295. + /' AMPLITUDES 8F ROLL ARE IN DEGREES'/

296 + /' FRACTIBN BF - AVERAGE 1! EXPECTED v

297, * /" LARGEST R8LL 1 ReLL '

298 + /7' AMPITUDES AMPLITUDE I NyMBER MAXIMUM !

299. * A

/' CONSIDERED RESFONSE ! BF WAVES AMPL1TUDE



c

[aXelsNe

c
4300 CONTINUE

na o o0 NN

9700 FBRMAT (//

4100

4200

1499

+
+
+

+

+

+

+

+
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/! wemsvamewee mwerecens ] TPeemeegs ceneanene

S5(/T4sFSe3s T164F9e3, T28,011, T33216, T432F9¢3)

/ T2B, 11V, T33216, T434F9e3 /)

] » CENTER.

' ##x STHP EVERYTHING « THIS BURY WILL RBLL BVER1/
' THE CENTER BF GRAVITY IS ABSVE THE METAt/
MC ABBVE KEEL 3 ',Fge2s! FEETY/

' CG ABBVE KEEL = ',Fge2s' FEETY)

l*{'iill*i*i*#ﬁ&**ii%}l'i&*!ii*.'**'liiiiiﬁﬁiliiii*'il**i

SUBRBUTINE SEASPEC
IF (ISEASEL +EQe 0} S ® 1e0 § RETURN e
FREUP4 s FREQ##4
FREWPH =3 pREWP44FREQ . e
GB TU  (4100s420024300)2 ISEASEL
PIERSAN = MHSKEBWITZ .
CeNTINUE

5 = 135-Q/FREGP5~EXP(-97000'0/(rREQP#'wINDVP4)) e

CORRECT FOR DBUBLE HE]GHT SPECTRUM
S = 5/800 . o . . .
RETURN

RRETSCHNE IDER
CBNTINUE :
S ® 420nen*WAVEHTP2/(WAVPERP4*FREQPS)®
EXP(«1050.,0/(WAVPERP4*FREVPY) )

CHBRRECT fOR DBUBLE HEIGHT SPECTRUM
S = 8/800 '
RETURN
1eSeSeCe

S 3 276D¢0#WAVERWTP2/ (WAVPERP4 #FREQPS)#
EXD(_630,0/(WAVPEPP4*FREGP#)) o
CARRECY FBR DBUBLE HEIGHT SPECTRUM
S =3 S/8.0 . e e
RETUKRN : .

lll"ilb**i#il'&*i‘*b**'*!'i*i!“i*'*'ﬁ*'*i&*i*’?’.i"Il*iV

SUBRBYUTINE PLBTINIT

THIS SUBRBUTINE IS USED T8 INITIALIZE A LINE PRINTER ~~~ ~ =

PLABT BF THE RBLL RESPBNSE, _ :
SILE LIMITED FOR BN«LINE USE BNLY

DIMENSIAN [PLOTRUF(1300) o

DATA IBUFSIZE / 1300/

IF (RMAX ,GT« RMIN) GB T8 149p

RMAX = 100#RMN

Ir (RMAX +EQe 0s0) RMAX ® 1040

CBNTINUE

RDEL s RMAX = RMIN .

RMAX 3 [FIX(RDEL/5¢0 + 00999)#5.0 ¢« RMIN

NLINES = (TIME2 = TIME1)/TIMEDEL
NBARS = (NLINES + 9.1)/10.0
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360« TMAX = TIME1 + NBARS#10.0#TIMEDEL

-361. ’ NLINES » (TMAX = TIME1)/TIMEDEL + 1.0

362 IF (NLINES +LT. IBUFSIZE/13) GO T8 5000

363. IPLBT = 0

364. WRITE (NLP,9710)

365, RETURN

366 C

367, 5000 CONTINUE

"368. CALL PLATY (NBARS»10+5210)

369, Cabl PLBT2 (IPLATBUF ,RMIN,RMAX, TMAX,TIMEL)

370. RETURN .

371. c .

372, 9710 FBRMAT (/1 »axww THE PLOT BUFFER 1S NBT LARGE ENBUGH ¢t

373, + e . FBR THE PERIBD RANGE SPECIFIED

374, * Vi THE PLBT 1S SUPPRESSED!')

375, c

376 C

377« .C FHERBRSBREBXBRBBERABRBRBBEBRRRR R DR RS RRRERRBEFRERRRERR RN ®
378. C . :
379, SUBROUTINE PLBTROLL e

380, c

331. c THIS SUBRBUTINE IS USED TA AUTPUT THE LINE PRINTER

332 c PLBT BF THE RBLL KESPHNSE.

383, o ‘ . R S O
384 CALL PLBTS (3,33:'ROLL RESPONSE AMPLITUDE BPERATHBR1)

385, Call PLATY (14,' PERIBD (SEC) ") o

386 CALL pPLBTS (2:,2Rs' DEGREES pRER FUBT AHPLITUDE ')

387 CALL PLBT? (10) e I

338, RETURN

389. c _ o U

390, END
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beo
Se

7.
8.

10.
11.
i2.
13
14,
15.
16,
17,
18.
19.
20,
21,
22»
23,
24
25.
26,
27
28,
29.
30.
31.
32.
33.

35
36,

38.
33.
40,
'S
42
43.
b4,
45
46,
47,
48,
49,
50
51
52
53.
54
55
56.
57
58,
59.

[sXaNelsRalsg]

noo

200

300

400

500
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SUBRBUTINE TINPUT

COMMUN
C8MMBN
COMMUEN
+
CBMMUN /
+
CBMMUN
CBMMBN
COMMON
+
CAMMON /

NN\

NN N

WRITE (NL
READ (NCR
IF (T1 oL
TIMELl = T
TIMEZ = T
IF (TIMER
IF (T3 oL
TIMeVEL =

_CFNTINUE

WRITE (NL
ReAL (NCR,
IF (ISTES
IF C(ISTES
ISEASEL =
IF (ISEAS
WINDVP4 =
WAVEHRTP?

WAVPERPY

CENTINUE
WRITe (NL

READ (NCR,

IF (RWLTE
RWL = RwL

CONTINUE
WRITE (NL
READ (NCR
IF (¢KTES
DEPTHK =

CeNTINUE
WRITE (NL

VERSION 140 SEPs» 1976 Rs GOLOSMITH
THIS RBUTINE INPUTS DATA FBR THE RBLL RAQ IN 8NaLINE MBDE

18DEV 7/ NCR,NLP

TP / TIMEL,TIME2,TIMEDEL,FREQ, WAVEN

SEASTATE / ISEASELswINDV,WAVENT,WAVEPER,

WINDVP4)» WAVEHTP2,, WAVPERPY

RINS / NPARTS, [SHAPE(50),WIDTHI50) ,HEIGHT(50), THICK(50), .
DENSITY(50):DISTCGK(SO):FRACNBRM(5O)

RBUTS 7/ VULU”E(SO)nWEIGHT(SO) -

CBNSTANT / Pl,RTBD,RHB,G

BURY / NPMAXsR,LsAVERGAMP, THETABAR,PERIBD0,
DEPTHK,BUBYCGK, DEPTHCG, BUBYCBK, DEPTHCB,WDISPLAC

AUTPUTS 7/ ILIST,IPLBT,RHINJR“AX e e

INPUT TIME AND RANGE
Ps9400) e . o,
2:9000) T1,72,73

Te 000) GY TO 200 ... ..

1

2 e s e s o e i s o i oo eoe e ot eeet e o

LTe TIMEL) TIME2 3 TIMEQ

Ee 0e0) T3 = TIMEQDEW .. o . o oo

T3
SELECT SEA STATE PARAMETERS

P,9405)

9J305) ISTEST, WAVEHT, WAVEPER o

T +GTe 3) [STEST s ef
T «LTe 0) GB TO 300 = . .
ISTESTY

EL +EQe 1) WINDY = WAVEHT

WINDV##y
e WAVEHT*WAVENWT
s WAVEPER®#4

ENTER WATER PLANE RADIUS

P»9410)

ST oLTe 000) GO TH 400 .

TEST SO
INPUT DEPTH T8 KEEL

PyI415)

,9015) ZKTEST

T «LTe 00) GY T8 500

IKTEST

ENTER ESTIMATED AVERAGE AMPLITUDE

P»3420)

U VOO OO e s e e n L e ot e ot < et e e+ e e+«

9010) RWLTEST e



60
-3
62
63,
64
65,
66
67.
ABe
69,
70.
71
72
73
74
75
76
77+
78,
75
80
81.
B2

83e . .

R4,
RS,
86,
87
88,
89.
90

91, .. ..

92
93.
94
95.
96

37« ..

93,
99.
100,
101,

102+

103,
104,
105,
106«

107«

108.
129,
110,
111
112,
113,
114,
115,
116
117.
118,
119.

aonon a0

a0

0o

c
c

600

700

1000

1050

1100

1400

- 99 .

READ (NCR,9020) AMPTEM
IF (AMPTEM «L.Te 0Q°e0) GB 7O 600
AVERGUAMP s AMPTEM

ENTER ESTIMATED AVERAGE ReLL
CBNTINUE -
WRITE (NLP,9425) .

REAL (NCR,9025) THETATEM B
IF (THETATEM «LTe 0+0) GO T8 700
THETABAR = THETATEM/RTBO - R

CONTINUE
DEFINE BuBY

N s Q

CANTINUE . e e+t o e e <

WRITE (N P,3455)
READ (NCR,9n055) NPTEM e e
IF (NPTEM LLEs o) - GB THB 2000

WRITE (NLps9460)
N =g i .

LB, BN ENTRY e e

CBNTINUE

IF (N oGT. NPMAX) WRITE (NLP»9725) . NPMAX }_

WRITE (NLP,9465) N
READ (NCR,9065) IDUM . .

WRITE (NLP2»9479)
READ  (NCR,9070) KyWyHaT,00%,F .

GET INPUTS FHR CBRRECT SHAPE

IF ((K oGTs 5) #+BRe (K sLTe 1)) BUTPUT K ;
. ~ G9 T8 1050 _

IF (W JLE. D¢0) WRITE (NLPs9705) 3 BUTPUT
WIpTHIN) = W L , .

IF (M oLTs 000y WRITE (NLP29705) , BUTPUT
METGHMT(N) s H e
IF (D JL1, 0.0) WRITE (NLP,9710) 3 B8UTPUY
DENSITY(N) = D . - .
IF (X oLTs gep) WRITE (NLPs3745) 3 BUTPUT
DISTCGK(N) = X —

GO T8 (1100s1100,1100,140021500)2 ¥

CYLINDERS
CBNTINUE .
IF (T oEQ. =eg) T = WEgeQ
IF (K 4EQe 2) «8Re (K Qs 3) ) 71 & WHb,0
IF (T oLTe 000) WRITE (NLPa9705) ; BUTPUT
TRICK{N) » T/1240
FRACNSRM(N) = 1,0
ISHAPE(N) = 1
GB T8 1800

TRIANGLE
CONTINUE ‘
IF (T oLTe 0e0) WRITE (NLP29705) ;3 BUTPYT
THICKIN) = T/12,0

W) GB
o, GO
‘D) Gpg
X G6
T GO
T Ge

T8 1050
co 108h
18 1050
o igEy

T8 1050

T8 1050

G8 T® 200 o

HQQITEHYNLP;97067“T_M_



120,
121,
122.
123,
124,
125,
126
127
128,
129.
130.
131
132,
133,
134,
135,
136,
137.
138.
139.
140,
141,
142
143.
144,
145,
146
147,
148,
149,
150,
151,
152,
153,
154
155,
156,
157«
158,
159,
160,
161,
162,
163,
164,
165,
166,
167,
168,
169,
170
171.
172,
173.
174,
175.
176.
177.
178.
179.

c
c

1500

1800

a0on

- 2000

3000

9000
900%
9010
9015
9020
9028
9055
9065
9070
9075
9080

9400
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IF ({F «GTe 1e0) oBRe (F LTe 0:0)) WRITE
+ ) i G8
FRACNBRM(N) = F

ISHAPE(N) = 2

GO T8 1800

RECTANGLE
CONTINUE
IF (T «LTe Do0) WRITE (NLPa2S705) 3 BUTPUT
THICK(N) » T/12.0 .
IF ((F +GTe 1¢0) oBRe (F oL.Te 0«0}y WRITE

(NLP»9720) 5 QUTPUT F
T8 1050

T G& T8 1050

(NLP29720) ; OUTPUT F

+ __ } GB T® 1050

FRACNBRM(NY = F

ISHAPE(N) » 3 .

G8 T (800

C8MPUTE VBLUME AND WEIGHT
CBNTINUE

CALL BBDYVEL (ISHAPE(N):H;w:TH!cKtN):V) e

WEIGHT(N) s V#D
VBLUME(N) a V

CHECK NUMHER BF ENTRIES
IF (N +«GE, NPTEM) GB TP 2000 .
N = N + §

G@ T 1050 ] ) L e e -

PART CHANGE . . .. oo

CONTINUE

IF (NPTEM oGT. ) NPARTS = NPTEM ~~~

NPTEM = Q B Y o

NPARTS = MAX (NPARTS,N)

WRITE (NLP»9475) e

READ (NCR,9075) N .-
IF ((N oGTe O) o¢ANDe (N (LE. NPARTS + 1))

CANTINUE e e e e

WRITE (NLP)9#803

READ (NCR,9080) IL,IP,RMIN,RMAX _

ILIST = 0

G8 18 1050 .

IF (1L «EQe 1WYy) ILIST » %

IPLOT = O
IF (1P «EQe 1HY) IPLET »

RETURN . .

FORMAT (3F+0)
FBRMAY (1,F.0,F.0)
FBRMAT (F.0)
FBRMAT (F.0)
FBRMAT (F.0)
FEBRMAT (F.0)
FBRMAT (1)

FHRIMAT (A}

FEGRMAT (1,6F+Q)
FBRMAT (1) :
FORMAT (A1, 1X,A1.1X.2F.0)

FORMAT (/r ENTER START, END, INCREMENT OF

PERIBD RANGE (SEC) 91)



180,
181,
182.
183,
184,
185,
186,
187+
138,
18S.
190.
1381,
192,
193
134,
195.
196
197.
198.
199,
200,
201.
202,
203
204,

205..

206
207
208,
209,
210,
21t
212«
213
2l4.

215. .

216
217
218,
219.
220
221,
222.
223
224,
225
226
227,

3408

+ ¢+ 4+ 4 4+

9410
9415
9420
425
9455
3460

9465 .
9470
9475
9480
A
c
9700
+
9708
- 9710
9715
9720
9725
+
+

LA K L SR R R B A AR R AR

FORMAT (/¢
VAl
/7
/!
'

/'
WAVE pPERIBD

'
FBRMAT (/1
FBRMAT (/!
FBRMAT (/1
FARMAT (/1
FBRMAT (/1
FBRMAT (/¢

i

- - .- -

FORMAT (/
FORMAT ¢
FHRMAT (/1
FarMAT (/¢

1]

FBRIMAT (/,
'

FORMAT (/1
FORMAT (/4
FaRMat (/1
FORMAT (/1
FORMAT (/,

: '

1.

END

[ wb D D W o W W
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ENTER SEA SPECTRUM TYPE AND PARAMETERS!

s 10 0!

PIERSHUNeMRSKBWITZ 1, WIND SPEED (KNBTS)!

RRETSCHNE IDER 2» SIGNIF WAVE HT (FT)s SIGNIF?
WAVE PERIBD (SEC)? '

1e5¢S4Cos 3, SIGNIF WAVE HT (FT), SIGNIF!

(SEC)! )

WATER PLANE RADIUS AT SURFACE (FT) 81)

DEPTH TB KEgL (FT) B1)

EXPECTED AVERAGE AMpLITUDE (FT) 81) .

ENTER EXPECTED AVERAGE REBLL (DEG) 91)

ENTER NUMBER BF BUAY PARTS 8')

#%» FOR EACH pART NUMBER YBU MUST ENTER '/
"SYME IDENTIFIER BEFARE YBU RETURN, 1/

ENTER
ENTER
ENTER

THEN ENTER  K,W,H,T,DsX,F v/
K ® SHAPE CBDE 1 = H8LLAW CYLINDER v/
2 = SBLID CYLINDER v/
3 = DISC _ v
4 = TRIANGULAR (RT) pLATE 1/
, . . 5 = RECTANGULAR PLATE'Z. . . ... .
W s WIDTH BR BUTSIDE DIAMETER (FT) v/
H & HEIGHT (FT) L LY A
T » THICKNESS (IN) 1
A =1 ENTERED FBR CASg Kagq WILL ASSUME '/
A sslip (T = w/a/712) v/
.. - ... FBR CASES K=z2,3 ENTER_ANYTHING 1/
D = DENSITY (LEM/FT##3) v/
X = DISTANCE FRgM KEEL Tg PART CG (FEET) _ '/
F = FOR PLATES BNLY», FRACTIONAL AREAt1,

RF THE PLATE NBRMAL T8 MBTIBN(/
- ENTER 1 FBR_CYLINDERS
' PART NB8s 's [32'Bry
ENTER KypwsHsTsDsXaF 1)
ENTER PART NUMBER T8 CHANGE (eq T8 STOP) B1)
ENTER Y AR N FBR LIST AND PLBT gPTIeNS!'/
FBR PLOBT YBU MAY ALSHE ENTER RAB MIN AND MAX 6!,

#%# YBURE KIDDING « THE CODES ONLY GB FR6M ¢ T8 § 1/
TRY AGAIN '/)
»ex WHAT kIND OF SHApE 1S THIS B8'y S

* R
* % %

WHAT DY YBU HAVE IN THERE 84)
WHERE IS 17 8Y) . e
RANGE BF F = Ge0 T8 140 8°')
ANLY 1513, COMPANENTS ARE ALLBWED 4o/
BUBY DgFINITIBN ypRMINATES 1/
BuB@y CHANGES wILL PROBCEED '/)Y . . ..

* * %
» % %

272



33,

36
37
38.
39.
400
41
42,
43
44,
45,
46
47.
48
49,
S0
51
52
53
54
55
S6e
S7e
58,
59,

(g] (e XeNaNaNalaNele]

o o0

175

200

275

300

375
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SUBROUTINE BINPUT
VERSIAN 1.9 SEPs 1976 Re GBLOSMITH
THIS RBUTINE INPUTS DATA FBR THE RALL RAB IN BATCH MBDg

DIMENSION JCOMMENT(4)s ID(10)

CBMMUN / 1RADEV / NCR,NLP

COMMOUN / TP / TIMEY,TIMEZ,TIMEDFL,FREQ,WAVEN

C8MMUN / SEASTATE 7/ ISEASEL,WINDV,WAVEHT,WAVEPER,

* wINDVP4a WAVEHTP 2, JAVPERPS

COMMYUN / RBINS / NPARTS:ISHAPE(SO)nNIDTH(BO):HEIGHT(SO):THICKCSO)J
+ DENSITY(50),DISTCGK(50),FRACNIRM(50)

COMMUN / RRUTS /7 VBLUME(SO)swEIGHT(S0)

CBMMUN / CRANSTANT /7 P]l,RTBD,KHD,G

COMMON /7 BUMY / NPMAX,RW| ,AVERGAMP,THETABAR,PER18D0,

. D&prux,uueycok.DEPTHcG:BuBYCBK.DEPTHcsiwDISPLAc -
COMMUN / AUTPUTS / ILIST,[PLBT,RMIN,RMAX . T

DATA ID st H CYL 's' S CYL ')t DISC 's0 TRI PLT!s? RCT PLTY,

INPUT TIME AND RANGE
READ (NCR,9005) T1aT20T3
IF (T1 +LTe Q040) GB T8 175

TIMEL = T3 o e e e e e e e e+ o e o+ o+ i e

TIMEZ = T2 _
IF (TIMEZ LLTe TIMEL) TIMEZ ® TIMEL oo o e e e o
IF (T3 oeLEe 0+0) 13 = TIMEDEL :

TIMEVEL = T3 . e e o e ot e e et e+ =t e e
CAONTINUE )
WRITE (NLP,94038) TIMELITIMERSTIMEDEL .- . . o

SELECT SEA STATE PARAMETERS ... o it
CONTINUE

READ (NCR,95010) ISTEST, WAVEKT, WAVEPER . ot e

IF (ISTEST «GTe 3) ISTEST 2 ei

IF (ISTEST LT, O} GB 7B 275 e e e e e e
[SEASEL = ISTEST

IF (ISEASEL +EQe 1) WINDV = WAVEHT

WINDVPY = WINDV##4

WAVEHTPZ = WAVEHT#RAVEHWT . . . o

WAVPERPY 5 WAVEPER##4

CANTINUE : o o el
IF (ISEASE[ «EQe 0) WRITE (N P,9410)

IF (ISEASEL «EQe 1) WRITE (NLP,9411) WINDV .

IF (ISEASFL «EQ. 2) WRITE (NLP,9412) WAVEHT,WAVEPER

IF (ISEASEL ¢EQe 3) WRITE (NLP,9413) WAVEHT,WAVEPER

ENTER WATER PLANE RADIUS
CONTINUE :
READ (NCR,9015) RWLTEST
IF (RWLTEST ¢LTe Qe0) GB T8 375
RWL = RWLTEST
CONTINUE



60
61,
62,
63,
&40
65.
66
67
68
69,
70
71
72
73,
74
75
76
77,
78,
79,
80
31.
22
83
B4

85,.. .

86«
87,
88
29.
30
91.
92,
93,
4.
95,
96
97

95
100
101
102+
103,
104,
105
106.
107.
108,
159,
110,
111.
112.
113,
114,
115»
116
117,
118.
113,

no

c
C

aonan an

400

475

500

878

600

675

700

1000

1050

WRITE (NLP,9430) THETABAR#RTSD

+

WRITE (NLP,9415)

- 103 -

RWL,

INPUT DEPRPTH T8 KEEL

CBNT INUE
READ (NCR,9020) ZKTEST
IF (LKTEST +LTs 0.0) G8 T8 475
DERTHK = ZKTEST
CBNTINUE
WRITE (NLP,9420) DEPTHK

ENTER ESTIMATED AVERAGE AMpLITUDE
CANTINUE .
READ (NCR,9029%) AMPTEM
IF {AMPTEM LLT, 0.0) GO T8 575
AVERGAMP s AMPTEM
CANTINUE
WRITE (NLP,9425) AVERGAMP

CONT INUE
READR (NCR,9030)
IF

(THETATEM LT

THETATEM
0.0)

THETARAR s THETATEM/RTHD

CBNTINUE

CONTINUE

DEFINE. BVBY . .

N = Q o
CBNTINUE
REAL (NCR,35055)

IF (NPTEM oLEe 0) G8 Tauéooam”“'

WRITE (NLP,9455)
WRITE (NLP,9460)
N e 1

GO T8 675 . . .

NPTEM

NPTEM

LBBP BN ENTRY

CONTINUE
IF (N +GT,
ReaD (NCR,9070)

NPMAX )

WRITE (NLP»9725) NPMAX j
KoW,H,T7,0,X%,F, 1CaMMeNT

SET INPUTS FBR CORRECT SHAPE

IF ((K «GTs 5)
IF (w oLEe 000)
WIDTH(N) = W

IF (M LT, 2.0)
HEIGHT(N) = H
IF (U oLTe 0e0)y
DENSITY(NY = D
IF (x .LT. 0-0’
DISTLGK(NY = X

-BRQ

(K oLTe 1))
WRITE (NLP29705)
WRITE (NLP,9705)
WRITE (NLP»9710)

WRiTE (NLP,9715)

gu
ST
5

]

i
]

GB TV (110021100,11002140021500)2 K

CYLINDERS

1100 CB8NTINUE

TPUT X 3
8P 1050 .
BUTPUT W
BUTPUY H
guTPUY D ,

8UTPUY X

STEep 1050

. §Tﬁﬁ“i6§6w~fwunw

STBP 1050

STBP 1050

-ST8P 1050

WRITE (NLP,9700) 1



120.
121
122,

123,

124
125,
126
127«
128,
129.
130,
131,
132,
133,
13%.
135.
136,
137
138,
139.
140
141,
142«
143,
144,

145« .

146,
147,
148,
149.
150.

151 .

152.
153,
154,
155
156
157
158.
159,
160
161
162.
163
164,
165,
166,
167
168,
169,
170.
171.
172
173,
174,
175,
176.
177,
178,
179.

C
c

onon

c

- 104 -

IF (T +EQs =1e0) T = WabeO

IF ({K +ENe 2) «BRe (K «EQe 3) )
IF (T +LT, Ds0) WRITE (NLP,9705)
THICK{N) = T/12+0

FRACNBRM(N) = 1.0

ISHAPE(N) = 1

GO Tt 1800

TRIANGLE

CANTINUE

IF (T oLTe 0eQ)
THICK(N) = T/12.0
XF ((F .GT. 1-0) .BR. (F .LT. 0'0),
+ i
FRACNBRM(N) o F

ISHAPE(N) s 2

Gg T9 1800

1400 :
WRITE (NLP29705)

RECTANGLE
1500 CANTINUE
IF (T ol.Te 0o0}
THICKIN) = T/12.0 o o
IF ((F ¢GTe 1e0) eBRe (F <LTe 0¢0))
+ R B
FRACNGRMIN) s F
ISHAPE (N)

WRITE (NLPs9705) J

T = W*bep :
BUTPUT T

BUTPUT T

WRITE (NLP,9720) i
STEP 1400 .. .. .. ..

BUTPUT T 3
WRITE (NLP»9720)
STBP 1500....

8 3 e . e

STeP 1100

STOP 1400

STBP 1500
BUTPUT ¢

BUTPUT F

GO T¢ 1300
o COMPUTE VBLUME AND WEIGHT

1800 CONTINUE

CALL Bepyvey (ISHAPE(N))H:WJTH]cK(N)pV)
WETGHT(N) o VoD

'VOLUME(N) = V

WRITE (NLP,9465)
+ » JCOMMENT et e
CHECK NUMBER BF ENTRIES
IF (N «GEe NPTEM) GB T8 2000
N s N+ .
Ge T® 1050 = ... . .

COBNTINUE
IF (NPTEM oGT» 0)

2000

NPARTS & MAX (NPARTS)N) )
REAL (NCR,9075) N o
IF ((N +GTe Q) «ANDe (N +LEe NPARTS + 1))

*

3000 CHBNTINUE

READ (NCR,9080) ILsIPsRMINSRMAX
ILIST = O

IF (1L ¢EQe 1HyY) ILIST = 1
IPLYT = O

1IF (IP JEQ., 1HY) [PLET =
RETURN

NPARTS = NPTEM T
NPTEM s O . e e e

NlID(ZGK'l):ID(Z*K)ANOH:THICK(N):Dox:F

PART CHANGE e e

WRITE (NLP,9470) §

G 18 1050
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180, 9005 FARMAT (3F+0)

"181. 9010 FHRMAT (1,FeQsF.0)

182, 9015 FARMAT (F,0)

183, 9Q02¢ FBRMAT (F.0)

184 9025 FBRMAT (F.q0)

185, 9030 FBRMAT (F.0)

186, 9055 FHRMAT (1)

187 9070 FORMAT (1,6Fe0s3A42A2)

188, 9075 FERMAT (1)

189, " 9080 FORMAT (A1,1X2A121X22F Q)

190. c ’

191, 9405 FBRMAT (/1 PER1GD RANGE, IN SECBNDS START END DELTAV/

192. + 26X FBe3,FB843,2%X,F8,3)

193, 9410 FBRMAT (/1 SEA SPECTRUM = 1.0t} e o

194« 9411 FORMAT (/+ PIERSHUN=MUSKBWITZ SEA SPECTRUM 1

195, + /¢t WIND SPEED = ',F10,3,"' KNBTS'Y) .

196, 9412 FORMAT (/' BRETSCHNEIDER SEA SpECTRUM!

197, : + /1 SIGNIFICANT WAVE HT a 1,F1p0s3s0 FEETY . . -
198, + /1 SIGN]IFICANT WAVE PERIBD = ' ,F10,3,!' SEC!)

199. 9413 FORMAT (/' 1+SeSece SEA SPECTRyM! . = e e s e
200 + 7" SIGNIFICANT WAVE HT s 1,F1043," FEET!

201 + /) SIGNIFICANT WAVE PERIBD = 1,F1ge3s SECY) .. _ . .

202, 9415 FaRMay (/' WatgR PLANE RADIUS AT SQURFACE = ! ,F6,2,!' Fy")

203. 9420 FERMAT (/v DEPTH TH THE «EEL = ',Fée22!' FT') e e

204 Y425 FRRMAT (/y ESTIMATED AVERAGE AMPLITUDE = ysFgeps FTy)

205, 9430 FBRMAT (/' ESTIMATED AVERAGE RSLL s ',F6,2,' DeG') s
206+ 9455 FHRMAT (v NUMBER BF PARTS = 1,]3)

207 9460 FBRMAT (// e e I I S
208, - ' CeGo '/

209, + ' o e et ettt e o DENSITYYa
2100 + 't ABRVE1/

211, + t PARY .. WIDTH  HEIGHY  _TRICK .. . (LBSMy 1,
212, + ' KEEL FRACTY!/ :

213, + ! N® = SHAPE (FT) (FT oo AFTY ..  FT®*#3)V,
214 + ' (FT) NORM  COMMENTS ',

215, + ! euae ®eencves sesecwe esestsn  sscevmse mceswseel;
216. + : ] Swesuw cusee --.--.-.p-.----")

217, 9465 FBRMAT (15, 2xs2A4s FB8e2, FBe2) Figeks F10els F7e2s F7e2s 2x04A4)
218+ 9470 FORMAT (/) .

219, C . - L B
220« 9700 FARMAT (/' «as YBURE ¢IDDING = THE CBDES BNLY g FRBM { T8 5 )

221 3705 FARMAT (/) ##% WHAT KIND OF SHAPE IS THIS & 0 .
222, 9710 FaRMAay (/' #%# WHAY DY YAU HAVE IN THERE 8 ")

223. 9715 FHERMAT (/' w#% WHERE IS IT B ¢ty B R S
224 3720 FOBRMAT (/, #x% RANGE BF F = peg T8 (e B 1)

225, 9725 FORMAT (/1 ##w ANLY 1,13,' COMPBNENTS ARE ALLGWED Yo
226, ’ . 1 THE PRBGRAM TERMINATES ',)

227 . c I : U - _

228. END



2o

3.

be

Se

1)

7e

8

9.
10,
11.
12,
13.
14«
15.
16,
17
18,
19,
20,
21
22
23
240
25.
26
27
28
29.
30
31

32; .

33.
34
35.
36,
37
38,
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SUBRUUTINE BBDYMI ([S,HsW,TsPM])

c
g VERSION 1e0Q : SEPs 1976 Re GBLDSMITH
¢ THIS RAUTINE CBMPUTES THE BASIC SHAPE MBMENT BF INERTIA
o ASSUMING UN]JFBRM DENSITY .
c .
CaMMUN 7/ [BDEV / NCRyNLP
c
C . .
IF (LIS oGTe 3) «BRe (IS o Te 1)) WRITE (N P»9700) IS
c + : STBP 10
GB T8 (10022002300} IS .
c
o CYLINDER . _ . e e e
100 CONTINUE
WT ® W = 240%T e e et e e e -
IF {WT LT, 0,0) WT = 0,0
PMI B (Whiy + WTHWT)/16e0 + H¥H/1240 . . . e e
RETUKRN .
c . R
c TRIANGLES '
200 CBNTINUE . -
C ##«+MAST PLATES ARE SMALL S8 THE INERTZA IS IGNBRED FOR NBW
ML B 000 e e e e e
RETURN : .
c .. .. . - _ e e e e
c RECTANGULAR PLATE ‘
300 CONTINUE e e — e e
PMI = He¥H/42+0 .
RETURN e e e e e e T
c _
c v o . : . R e e
9700 FBRMAT (//1  w#»# WHAT KIND BF SHAPE IS CODE +, 16/ .
T . . PRUGRAM STEPS IN RBUTINE BBDYMI') _
o : '



2
3
LXS
Se
6
7o
8
9,
10.
11.
120
13,
14,
15,
16
17.
184
19,
20«
2l
22
23.
24
25

26.. . .

27
28,
29.
30
3.

32, .

33.
34,
35,
36
37,

o
g VERSIBN 140 SEFs 1976 Re GOLDSMITH
c C8MPUTE THE 88DY VELUME
o
CEMMBN / [BDEV / NCR,NLP : B
COMMUN / CEBNSTANT 7/ PI,RT8D,RHB,G
c
c . . _
IF (CIS «GTe 3) «BRe (IS oL Te 1)) WRITE (NLP2S700) IS J
+ . STOP 10
G8 TY (100,200,300), IS '
c .
c
c : CYLINDERS N o L
100 CHONTINUE y
WT = W = pen#*T e B
IF (WT LT, 0.0) WT ® 0,0 v o
V 8 HeplIafyew o WT*WT)/%00. =
RETURN
c o L o
c TRIANGLES -
200 CONTINUE e e
vV = O.SGHGN-IT - T
. RETURN  ____ . _ . S N
. e
o _ RECTANGULAR PLATE . .
300 CANTINUE | ’ T
V s HeWeT I
RETURN o T o i
C e e e e e e
c .
9700 FORMAT (//1  %e» WHAT IN THE WRRLD IS SHAPE CBDE 1, &/
. . ' PRBGRAM STAPS N RBUTINE BRDYVBL!) T
£\ e
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SUBRBUTINE BODYVBL (IS,H,WaTyVy




1.
2
3.
4o
S5e
-0
7
8

10
11
12.
13.
140
15,
16.
17
18.
19.
20.
21.
22
23,
24
25
26,
27
28,
29,
30
31.
32.
33,
EL Y
35,
36,
37
38,
39.
400
41
42,
43,
bio
45.
46
47,
48,
49,
50
51
52
53.
54
55,
56
57
58
59,

aoononon

(g Xglg]

O O oo0on

VERSION 10 SEPs 1976 Re GBLOSMITH
THIS RRUTINE IS USED T8 CAMPUTE THRBSE PARAMETERS
ASSQCIATED WITH THE BUAY DISPLACEMENT
CBMMBN / BINS / NPARTS, [SHAPE(5A) s WIDTH(S0) +HEIGHT (50) s THICK(5g) s
+ DENSITY(50),D1STCGK(50) ,FRACNARM(50)
C CHMMEN 7/ gRUTS / VBLUME(S0)2WEIGHT(50)
CBMMEN / WATERDIS 7 wW(5A)aHD(50)aXD(S50)2VDISOY2FD(50) s
+ DEPTHB(S0) ,DEPTHT (50}
CAMMON / CBNSTANT 7/ PlIRTHBDIRHA,G
CAMMUN / BUBY / NPMAX,RAL,AVERGAMP,THETABARL,PERIBDY,
* ‘ DEPTHK,BUBYCGK, DEPTHCG, BURYCBK, DEPTHCB, WDISPLAC
CaMMEN / MBMENTS / BUBYMISADDMILVIRTINRT,WATERIM,BUBYMR,
. BUBYMDT,BUBYMD, WATERMD ,DAMPM
RHBG = RHB«G . — -
WOISPLAC & Ne0 .
SUMLBK = neg e e e
ADOM] = 0,0
BEGIN LBBP BN EACH PART
DB 1000 1 = 1,NPARTS
IS = [SHAPE(I) . . e e e e e
H B HEIGHT(])
W s WIDTH(T) e e e
T = THICK(I)
V ® VBLUMECT) i e
X = DISTCGKI(T)
F s WEIGHT(I]) - . _
wo(I) = W )
HO(I) = H R o TR
xD(1) = X
CBMPUTE DEPTH BF PART BOTTOM AND T8P
DCU » DEPTHK » X )
CHECK SHAPE o o e e e e
GY TB (100,2005100)s IS
CYLINDER AND RECTANGULAR PLATE .
100 CENTINUE
. TEM = H/240 ; . B e
DB = DCG + TEM
DT = DCg = TEM
59 T8 300
' TRIANGLE
200 CUNTINUE
Py = DCG + H/3+0
DT = DCG « H#0,6667
aen THE ABPVE IS ONLy A GUESS « CORRECT
GY T8 300
{F PART TOTALLY BUT O8F WATER IGNBRE
300 CUNTINUE

- 108 -

SUBRBUTINE DISPLACE

IF (DB +LEs 0+0) VCOR = V ; GO T8 750



60,

61,

62
63,
64
65
66
67.
68,
69.
70
71
72,
73,
“The

75+

76
77
78,
79.
80,
81
82
83.
B4
a5,
86»
87,
88,

59.'

90.

91, . .

92.
93,
94,
95.
96,
97
98,
99,
100.
101.
102.
103
104,
105.
106,
107,
108.

0O QOO0 0

aonn

2 laXs T s)

359

L AL 2

400
600

750

" RETURN
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IF PART TOP IS IN WATER 8K
IF (DT «GEs 0+0) VCOR s 0s0 5 @8 T8 750

CRMPUTE VBLUME CBRRECTIBN FBR BUT 9F WATER

IF (1S oNEs 1) sANDe (IS «NE. 4)) GU TA 350

CYLINDER AND RECTANGULAR PLATE M8D
XD(]) = DEPTRK = DB/2ep
HUCI) = DB
GY T8 600

TRIANGLE M@&D . . . C
CINTINUE .
IF (IS «NEe 2) GBS T8 400

XU(]) SHBULD ALSB CHANGE IF My |§ Te BE CBRRECT ALS® HD

AU(I) = Hsw/ARS(OT)
G3 TO 600
CUNTINUE e e s

CONT INUE ' e

CALL B8Bn0YVEL, (ISIAB&(DT)IWD(I)ITJVCGR,
DT = 0.0 et e e

VBLUHE IN WATER .

CONT INUE
VL) e y
DEPTHB()
)

s DB
DEFPTHT(]) =

WEIGHT OF WATER. . _

WOTW = YD(I)*RHOG

WOISPLAC = WDISPLAC + WGYwW . .

SUMCeK = SUMCuk + wsTwixD(l)

vCBR U S O

DT S e e i e et et 1 oo et et e e e e

FOUD) ® WaTW

COMPUTE THE ADDED MI 6F THE WATER g8OY._

ABBUT ITS BWN AXIS

CALL BODYMI (I1SsHD(I)aWD(I)aT,WBADYMIY - . =~

ADWMY & VD(])#RHB# (XD(]) « BUBYCGK)®#»2
ADUML s ADDMI + WGTW#WgBDYMI/g + ADWMI .

1000 CSBNTINUE ) o e e

COMPUTE THE CENTER BF By@YANCY.

BUBYCEK » SUMCBX/WD]SPLAC
DEPTHCB = DEPTHK » BUYYCBK

END



l.

2e
3.
4o
Se
b
7e
-

10
11.
12.
13,
14
15,
16
17,
i8,
19,
20+
21.
22
23
24,
25.
26,
27
28.
29+,
30.
31.
33.
34,
35,
36.
37
38.
39.
40,
41.
42
43
b
45,
“6.
47,
49.
850
851,
52
53,
54
10
56
57
58,
53
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SUBRBUTINE RUBYDAMP

C8MMUN
COMMUN

*

20

30

40

CeMMUN
+

CEMMUN

COMMON
+

CHMMEN

CBMMON
+

NN

VERSIBN 1.0 SEPs 1976 Re GOLDSMITH

THIS RBUTINE COMPUTES THE BUBY DAMPING MOMENT
ASSUMPTIBVS {= THAT THE ANGLE B8F R8LL IS tSMALL?

SR THAT THE HgRIZBNTAL CAMPBNENT gfF
BUBY MBTIAN AND WATER yELBCITY HAVE

PERPENDICULAR EFFECT.

. = DAMPING FBRCE IS LINEAR AND PRBPORTION

T8 SPEED

TP / TIME1,TIMER2,TIMEDEL,FREQ, WAVEN

BINS / NPARTS, ISHAPE(S0),WIDTH(50),HEIGHT (50), THICK(50),

DENSITY(501sD1ISTCGK(50)2FRACNARM(50)
WATERDIS / WD(bn)nHD(So):XD(SO):VDKSQ) FD(SO?:

DEPTHB(50) ,DEPTHT(50) _ e e e

CANSTANT 7/ PlsRTBD,RHB, 5
BURY / NPMAX,RWL,AVERGAMP,THETABAR,PERIB8Dg,
DEPTHK,BUBYCGK, DEPTHCG,BUBYCBK, DEPTHCB, WDISPLAC
CPEFS / DRA&(S)-CUEFH(R) :
MBMENTS / BUBYMI,ADDMI,VIRTINRT,WATERIM,BUBYMR,
BUBYMDT,BUBYMD, WATERMD, DAMPM

ALPHAT® 4,Q%RHB#THETABAR/(3+0%P1)

THIS SECTIBN COMPUTES JUST THE BUBY DAMpING -

BUBYMDT = 0.0
D8 50 I = 1,NPARTS e e

IF (VD(1) oLEe OsQ) GBI TO® SQ _

GY TH

CHECK If ITS BUT GF wATER

CHECK SHAPE
(20230:30)s ISHAPEL(])
CYLINDER

CBNTINUE S S
XB = DEPTHB(]) » DEPTHCG :
XT 3 DEPTHTI]) = DEPTHCG

HD 8 025, IDTH{I)*(SIGN (XBQG“‘XB) - SXGN (XT"aIXT) Ny

GY TO &g L mmwﬂ”ww.mww_““ﬁ,j;

CONTINUE . e e

TRIANGUL AR RECTANGULAR PLATES

PAREA = VD(I1)/THICK(]} :
XC = BURYCGK « XP(1) e
PMU s PAREA*XC#XC#FRACNBRM(]) '

GY T8 40

COUNTINUE

ALPHA = ALPHAT#DRAG(]ISHAPE(]})
BUBYMDT = BUBYMDT + ALPHA#FMD
AUTPUT ALPHA#PMD

50 CSNTINUE

ﬂ*l“'{iii.liil'Qi.Oil’iil'}ill...l.'i"'llil'i.’

NBTE: T8 SIMPLIFY THE CBMPUTATIBN THIS TERM HAS BEEN
COMPUTED aS A CBNSTANTe THp FREGUENCY
CONTRIBUTIAN IS MULTIPLIED IN AT THE BEGINNING
BF THE MAIN FREQUENCY ITERATIBN IN THE MAIN
PRBGRAM ,
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60. C S22 2 YR 2 ARSI A RIS AR AR ISR YR YRS FRR LR 2

61. RETURN '

62, o

63, Cc Y YIS I IZT RS2 TS T LT TNY R RS TR Y IR

b4 o '

65 ENTRY WATERDAMP

66 o

67s c WATER MBMENT 8F DAMPING

68, Cc

69, BETAT s 4,0*RHO*AVERGAMPFREW/(3+0#P])

70, WATERMD = 0.0

71 C . )

72 c CB“PUTE DAMP ING

73, P8 1000 1 = 1,NPARTS

74, c CHgCK [F ITS BUT 6F NATER

75¢ IF (VD{!) oLEes OeQ) B TU 1000_-r,“w“”

760 c CHECK SHAFE

77 GY T8 (100230023000 ISHAPECLY .
78, c CYL INDERS

79, 100 CONT INUE et et e o e it oo o et e e e+ e
80, XB = DEPTHMB(]) = DEPTHCG

81. . XT ® DEPTHTII) = DEPTHMCG . . .

824 WAVEXR 8 WAVEN#Xpg#2+0

83 WAVEXT & WAVEN®XT W 0 0
R4, WNAVENP2 a WAVEN®WAVEN

85¢ .. .. .. .. TERKMB ® ((=wAVEXH = 1«0)%EXP (=WAVEXB)_+_1+0)

86 TERMY » ((=WAVEXT ® {+0))®EXP (oWAVEXT) + 1+0)

]7. - WMD = (TERMB o« TERMT)®WIDTH(I)#gXP (.Z.Q*NAVEN*DEPTHCG) e
88. + . /(e OxyAVENP2) ) .

B9, .. . @G89 T8 900 o e e e e e e e
90, o . ' )

91, . Cc . - TRIANGULAR AND RECTANGULAR PLATES. .« o
92 300 CONT INUE

93, PAREA 8 VO ZYHLCK O ) o e
94, XC = BURYCGK o XD(])} .

B0 . 26 3 DERPTHK = xD(]) ST U e e
96. c WATER MBMENT . o

97 . WMD = PAREASXC#FRACNBRM(])#EXP (.WAVENuzc) ~ o

98, Gy 18 900 _

99, . 900 CONT INUE . O O
100 C .

101, C GET TOTAL DAMPING = e N

102 BETA = BETAT#DRAG(ISKAPE(]))
103, . o WMU = BrraA®WMD o O S
104, ' WATERMD = WATERMD + me
105. 1000 CENTINUE o e e e e e e e e e e
106, C ’
107 c TBTAL DAHPING MBMENT . .
108. c _,

109, DAMPM a BUBYMD + WATERMD
110, c .
111, RETURN
112, (of
113, - END
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SUBRUBUTINE WATRINRT

VERSIBN 140 SEPs 1976 Re GOLDSMITH

THIS RBUTINE CHUMPUTES THE CBEFFICIENT FBR THE INERTIA

MBMENT DUE TB WATER PARTICLE ACCELERATISON,

CHMMUN / TP / TIME1.TIMED,TIMEDEL,FREG, WAVEN

CBMMUN / RINS / NPARTS,[SHAPE(S0),WIDTH(S0),HEIGHT(50), THICK(50),

+ DENSITY(B50)+DISTCGK(50)»FRACNARM(50)

COMMUN / WATERDIS 7 WD(50)sHD(S0)2aXD(50)2VD(50)2FD(50)

+ DEPTHB(50),DEPTHT(50)
COMMUN 7 CANSTANT 7 PI,RTBDIRHB,G
CUMMUN / BURY / NPMAX,RWL,AVERGAMP,THETABAR,PERIBD(,

- DEPTHX,B8UBYCGK,DEPTHCG, BUBYCBK,DEPTHCB, WDISPLAC |

CAMMUN / CBEFS / DRAF(S):CBEFM(S!

CAMMUN , MRMENTS / gUB¥YM],ADDMY, VIRTINRTANATERIMpBUBYHRJ_

+ BUBYMDT»BUBYMD , WATERMD, DAMPM

BETAT = Pl#RHB/440

CONST 5 BETAT/(WAVEN®WAVEN)*EXP (eWAVEN#DEPTHCGY _ ___ __ .. .. ...

D8 1000 I = 1,NPARTS

o CHECK IF TS BUT BF WATER __

IF (VD(1) oLEs 0eQ) GB TH 1000
CHECK SHAPE

COMPUTE WATER PARTICLE INERTIA MOMENT _ _ .

WATERIM 8 000 e e e e s e e oo e

GY TO t10023002300)7 ISHAPE(!) -

CYLINDERS

100 CONTINUE et et et ot e e o e e

X8 = DEPTHB(]1) =» DEPTHCG

XT & DERTHTUI) w DEPTHCG o o

WAVENXH = wAVEN#XB

WAVENXT 5 WAVEN®*XT

TERMIB = (=WAVENXB = 1,0)*EXP (<«WAVENXB)
TERM1IB =3 + TERMIB + 10 A
TERM{T 5 (=WAVENXT = 1+Q)%EXP («WAVENXT)

TERMIT = + TERMIT + 1.0

WMl » cBVST*(wIDTH(I)'wIDTH(I> )#{TERMIB =~ TERMIT)

G8 T8 900 e e e e o e e

300 CUNT INUE
####CURRENTLY SET TB ZERSB

wMl = 0,0

GU T8 900 . L e

900 CONT INUE
AM] & "WMT*CBEFM{ISHAPE(]))
WATERIM = WATERIM + WM]

1000 CONTINUE
c

RETURN

END

TRIANGULAR AND RECTANGULAR PLAYES . . . .
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