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A BSTRACT

The following report describes a computer solution to help predict

the heave and roll response of free floating 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 ampiitude 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 with

XEROX SIGMA 7 computers. Program listings are given in the appendix.
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1.0 PROBBLEM 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 compute reasonable expectations 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.

2.0 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 References I, II, and III

for a theoretical introduction to the subject.
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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 function, /1 ') 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 probable amplitude •Xp is the value of t(

for which d
/•t-j (2.1.1)

- The average amplitude ( is given by

- The average of a fraction//(/•°i) of

wave amplitudes larger than a given amplitude •

can be obtained
00

00
"p)4 4,

etc.

When certain restrictive conditions prevail, wave amplitudes

have been found to follow a Rayleigh distribution given by:

- (2. 1.4)

where /rl- 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 squareAF of the wave amplitudes. Those retained

in this study are summarized in Tables land 2, "Value of expected

means" and "Value of expected maxima."

Now let•W(c)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 S•) is equal to the mean square value of the wave amplitudes,

i.e.
00

dw (2.1. 5)
0

This result can be used to compute Xa and AT-•-. The

value of/- 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

>0
and the result (2. 1. 5) it is clear that the quantity

-•v/ •//4 1•) t.,d(2, 1.6)

is proportional to the amplitude of the elementary component

wave of the spectrum with frequency 60.g

Now if •C, is the expression of the linear response of a
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Table 1

Wave Amplitude Means

Fraction, ',Pof Mean Values
Largest Ampli-
tudes Considered

0.01 2.359
0.10 1.800
0.333 1.416
0. 50 1.256
1.00 0.886

Table Z

Expected Maximum Amplitudes

Number of Maximum Wave
Waves Amplitudes

50 2.12

100 2.28
500 2.61

1,000 2.78
10,000 3.13

100,000 3.47
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40 . free floating body to a simple harmonic wave of unit amplitude

and frequency A D then clearly the quantity

is proportional to the amplitude of the body response to the

elementary component wave of frequency 4)4.

It thus follows that

is r Jlportional to the amount of the response mean square

value contained in the frequency band C centered at W.11 .

The response mean square value r is therefore given by:

j'Y""'P(" "'(2. 1.9)
0

The response /6',) of the body being linear, the probability

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

amplitude.

For example, the average of the one third highest response

amplitudes will be given by

YS'

with _ (2.1.10)
/o)N
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Empirical formulation of wave amplitude spectra used in

the computer program are:

~f(~) l6.7tei sec (Pierson Moskowitz) 2. 1.11

where V is the wind speed (knots).

\4'4)- J2,•56 /2ft 2?- sec (Bretschneider) 2.1.12

ýý4 -54

// -ft - sec (L S. S.C.) 2.1.13

-4w. 5

In formula (Z. 1. 1Z) and (2. 1. 13) 0 is the significant wave height

(feet) and x is the significant wave period (seconds).

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

2.2.1 Heave response

2.2. 1. 1 Initial conditions

77

Fig. No. 2
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Let us consider a simple harmonic, deep sea wave, as

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

of this wave are given by3

(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:

where .4 is the wave amplitude, and 6) 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 7 below the mean water level would then be

2..

where /K is the wave number. 4A . for deep water waves,

being the gravity acceleration.

The vertical components of water particle velocity and ac-

celeration would in turn be given by:

Z - Or

In this case, at time t'f 04- , the amplitude of the vertical
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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 downwazds 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 X be the distance from the

still water surface to the buoy water line. At time ý-.•the

buoy is assumed to move downwards, that is the distance ý< is

increasing.

2.2.1.2 General equation of heave motion

The equation of heave motion will be obtained from:

S~..

whereF sum of the vertical forces applied to

the buoy,

4I mass of the buioy

added mass of the buoy due to the water entrained

in the vertical direction
/

-- / •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 "'/"

- The resultant "F" of the pressure forces exerted

by water particles on the top and the bottom plates of



S7a
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Fig. No. 3



the watertight compartments of the buoy

- The damping force '0 it resulting from the water

opposing the buoy vertical motion

- The friction force "7" exerted by the water particles

vertical velocity on the buoy

- The inertial force 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:

- Pressure force "2I.

With the initial conditions assumed, the pressure /3 at a depth

Z is given by: k•..

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
Z N+h=

where /22= depth of the bottom plate below buoy water line

Assuming ,)•-4 . , the upwards pressure force on the tank

bottom is thus given by -P.

where = area of bottom plate subjected to water pressure

(the entire area of the plate in this case).

Similarly the pressure force P on the top plate of the buoyancy
T'
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tank is given by

where %Sr area of top plate subjected to water pressure.

If the spar mast has a cross section "SM and is

watertight then obviously -Sr.U '3,-- 5M

The resultant I will be the difference between the bottom pres-

sure force and the top pressure force. Being in the upwards

direction, P, - ( - P i.e.

-J7 (- re-

The constant terms in the expression of the pressure force must

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

Noting that

where 4/ = length of the buoyancy tank, the constant terms

.Jn (J,, -%9# )
can be written:

J( 0,/) - S & e + 7
which obviously is the sum 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:

(2. 2.4)

where •. is the surface at a depth subjected to the
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pressure. _S4 is positive if the pressure exerted upon it

is in the upwards direction, and vice versa --Z is nega-

tive if the pressure exerted upon it is in the downwards

direction.

This expression can further be simplified and written:

P4- W ~ + 4 co -YC4

(2.2. 5)
where

C S7 OS (2.z. 6)

is the heave restoring force constant and,..

i ci (2.2.7)

- Damping force

The damping furce.D),. exerted by the water on a buoy component

"L" will be assumed to be directly proportional to the buoy

speed /X . It will therefore be of the form

-2k - & (2.2.8)

where J 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 "at" for periodic motion of

amplitude X and frequency 4,3 is of the form
d=r p•An.fC,•J'X4 (2. 2. 9)

wheref = water mass density = 2 slugs/ft 3

C = 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 X, of average heave motion must

be selected to compute the linearized damping coefficients

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 -" then becomes

,3,-- fX = o
3 7Z(2.2. 10)

The total damping force is thus finally

or simply

j--=
with

C- L
- Wave induced drag force ".

The drag force resulting from the water particle impinging

with a velocity k on a buoy component "I" is also assumed to

be linearly proportional to * It therefore will be expressed by

G . (2.2. 12)

where C- is the linearized coefficient of drag associated

with water particle velocity.

Following previous reasoning the expression of ' will be
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given by L

SC.,'•.~~(2 2 -• • I.z.13)

where X . 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

velocity • It will be recalled that the expression of /Z is

In the case of a plate or a cylinder of small height placed at a

distance A below the buoy W-4. and if 4, ý'• , then 7,.

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 si-nplicity, 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:-co - ( , ,e-2 .4u,j MW t

More appropriate values of equivalent depths could also be devised.

With these remarks in mind, the expression of the friction force

becomes

~X =

(g being the true or the equivalent depth of the

cf. .
component j_
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More simply written,

-=V-,,WJA,1,,UW (Z.2. 14)

with

C: (2.2.15)

- Inertial force

The inertial force ..2 produced by the water particle accelera-

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

where 4,f is the added mass of the component "4" and

is given by /

with (o = added mass coefficient of component "L"

= volume of the Z4 component (ft 3 ).

The values of (C•Alf and V depending of course on the dimen-

sions and shape of the component "i", 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

IX 7! - ,44)• . (2.2.16)

or simply,

1= - Zoz I e- Ve-

with * _ , . (2.2.1)
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2.2. 1.4 Expression of the differential equation of heave

Using A? tX ,( yields:

or,

This expression can be further reduced to:

where , the exciting force is given by

-- ( ,y 4 (/ 2 Z(2.2.19)

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

given by ( .

t241  (2.2.20)

l- WtQ

2.2.1. 5 Expression of the heave response amplitude operator

Let us assume that a particular solution of the heave

equation is given by:

where q is the phase angle between the exciting force and the

heave response. Then,

X- C (44gt M +e|-

Introducing these values of.' , , in the equation of

I ..Iw --
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heave motion and ignoring for the moment the phase angle a-

yield:

X?( (eVt t-A

Thus,

and

From the second result,

Therefore

"( )-
and

C- 4'vU

Introducing these values ofS!4*,'A € and C.6S in the

first result, yields:

Xp

The expression of the heave response is thus finally given by
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VC~ 
~ lb -r(e

The response amplitude operator being the ratio of the

heave amplitude •X by the wave amplitude W is thus in turn

expressed by

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

" ,- eoZ7c, e (2..2.24)

06I

The phase angle between the exciting force and the

heave response is in turn given by

1~t44f(2.2.25)

The phase angle C between wave and heave response

is finally given by -- (2.226)
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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:

If we again select to observe this wave at £ = 0 , the ex-

pression of the slope € becomes

-- 5

The horizontal components of the velocity and acceleration

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

At the time 0*"• the magnitude of the horizontal

particle velocity is maximum and is positive (i.e., in the direc-

tion of increasingf ), the magnitude of the horizontal particle

acceleration is minimum and in the opposite direction, and the

magnitude of the slope is minimum and starts to increase.

Let (Q) be the angle of roll, measured from the vertical

in a clockwise direction. At time &= O9., the buoy will be

assumed to roll 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:

P (2.2.27)

where = sum of the moments applied to the buoy

T = moment of inertial with respect to c.g. of buoy

Z= = added moment of inertia due to entrained water,

also with respect to buoy c.g.

Z'V = virtual moment of inertia = I÷ 2=

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, q .

- damping moment due to buoy motion in the water /47h

- friction moment due to drag forces induced on the buoy

by horizontal water particle velocity tp.

- inertia monment due to inertia forces induced on the

buoy by horizontal water particle acceleration 4, •

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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0 Righting moment - "

The righting moment opposes buoy motion. Its value is

given by:

;t .( - = - #~(1 ?9CiZ/) (2. 2.Z8)

where buoy weight

, =distance from buoy center of gravity to

buoy metacenter.

- Damping moment -

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:

0

d(r)

S dF

'r r
d

Fig. No. 5
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40 Let us consider an elementary buoy section at a distance from

the buoy c.g. (See Fig. No. 5)

The elementary damping force on this element will be assumed

to be of the form: ,

or, for small angles of roll &

where (/) is a linearized damping coefficient again given by:

with

= fluid density = 2 slugs/ft3

(P = drag coefficient for cylinders, normal flow

Tr'M= area across the flow = 6((o) 4ý with 4t'()the

cylinder diameter at distance t"

X/r)= amplitude of cyclic motion at distance /1

t= 0 (in order to keep the equation of motion linear

an arbitrary constant value of 0 must be selected,

say G ).

i ) = 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:

. F
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or

where

A'---JD(%Q(2.2.29)
The moment of this elementary force is:

D

and the total damping moment is found from

o r

(2.2.30)

where 1-4

S(2.2.31)

Appendix II outlines a method for computing these integrals.

- Wave drag moment - TF

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.

1 -F



- 22 -

.- dr -

d FF

d FF

Fig. No. 6

Consider again an elementary buoy section of area 1ft/ di.

at a distance 1't from the buoy center of gravity (Fig. No. 6).

The elementary drag force due to the water horizontal velocity

on this elementary section will be assumed to be of the form:

S= C (r) f

where the linearized damping coefficient, will be expressed

by:

M in this case is the amplitude of the water particle cyclic
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motion and is therefore given by

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

the roll RAO, an arbitrary constant amplitude must be

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

A4 of the waves in the particular sea state.

With these remarks in mind, the expression of C(ecan be

written: A r,

o r

where

The expression of the elementary drag force thus

becomes

The moment of this elementary force is in turn:

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 e'xpression of the wave drag moment

be come s:



- 24 -

c

or,

T F (4 ~o42.2. 33)

where

d~ I (2.2.34)

A method for the evaluation of the coefficient -D is outlined

in Appendix III.

- Wave inertia moment - 1?"

The elementary inertia force d!due to the water particle hori-

zontal acceleration acting on an elementary buoy section of

volume

is of the form:

"ýf= C= JdVr C43

or, for small angles (9 L

where ct = coefficient of added mass for cylinders. This

elementary force can be more simply written:

0M
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with • =, h• (2.2. 35)

/

dFr

Fig. No. 7

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

in turn given by

=of
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Nothing again (Fig. No. 7) that inertia forces due to the wave

action have a tendency to upright Uhe buoy above the c.g. and to

capsize it below the c.g., the expression of the total moment

will be given by:

(2.2.36)

o r,

(2. 2. 37)

A method for the evaluation of the coefficient P is outlined

in Appendix IV.

2.2.2.4 Expression of the added morrient of inertia IF

The added mass of an elementary buoy section of volume

OV, located at a distance tA arom the buoy c.g. is given by

added mass coefficient = 1 for cylinders.

The moment of inertia of this elementary mass with respect

to the c.g. is: t

C/Z = iŽcV

and the total moment of inertia is

z~=/; =fj 4 ~~'v(2.2. 38)
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Thus

Z• =moment of inertia of the water displaced by the buoy

with respect to the buoy co go

'F can be evaluated following the method outlined in Appendix V.

2.2.2. S Expression of the differential equation of roll

Summing the moments and applying the angular form of

Newton's law yield:

_-',, L•.•.,,•<$)_, +~ C<,lc)t 4wu,,,,=,<- (r+ )<•

The resulting equation of motion is then:

7. 3d9  C&:9= ?- ")4A Z+I ') 6)

where C: W is the roll restoring constant.

The equation of roll motion can be further reduced to:

CO .. , 1 4 (2.2.39)
whereA , the exciting torque due to wave actionis

given by:

A 7- (PC) 2,(2.2.40)

and '-the phase angle between wave and resulting torque is

in turn given by:

Cw• - L
- '..• -(2,.2 -'.41)
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2.2.2. 6 Expression of the roll response amplitude operator

Assuming again that a particular solution of the differential

equation of roll is given by:

where P is the phase angle between roll and the external

torque /R and introducing this value of 19 and the values of

its first and second derivatives Q and -) in the equation of

motion, will yield

S_~4a4J ~oy

and

c- 1z,,r (2.2.42)

The expression of the roll response will then be given

by:

(2.2.43)

The response amplitude operator being the ratio of the

roll amplitude by the wave amplitude ,will thus be given

by:

O = ,• ( Z (2.2.44)

4V
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2. 2. 2.7 Phase relationship between roll and wave

SA s previously established, the phase angle 0 ' betw een

wave and exciting torque is given by:

t, (2.2.45)

The phase angle between the exciting torque and the

roll response is in turn given by:

-~ (2.2.46)

Finally the phase angle between wave and roll response

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

3.0 COMPUTER PROGRAMS

3. 1 Heave Computer Program. (HERAO)

3. 1 Program logic

The operations performed by the heave computer program

can be summarized as follows:

It computes the heave Response Amplitude Operetors

using formula (2. 2. 23) for decreasing values of the

wave angular frequency GO •
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The recurrence formula used to change the value of the

angular frequency between two consecutive computations

of the RAO is
(Ott"

Tn., + AT
where AT, the change in wave period is constant.

The value of -T 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 frequencies fC44I}.

- 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 {G•nj. The choice of spectral

density formula is left as an input.

- It computes the heave response spectral density "R(w)
using formula (2. 1.8) and the computed values of the

RAO for the selected set f .

- It computes the root mean square values of the wave

amplitudes and of the heave response amplitudes by

taking, as suggested by formulas (2. 1. 5) and (2. 1. 9),

the square root of the area under the wave and heave

amplitudes spectral density curves established for the

set f
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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 expecta-

tions of wave and heave means and maxima.

3. 1.2 Program input

The program is designed to handle any number of cases in

consecutive order. All input is format free. Values for any

parameters are entered in a continuous string, separated 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 mort. 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 Z'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 specifying 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.

Ii4
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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 surface, 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 line.

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.

TIMEI a value specifying the lowest wave period to be

studied, in seconds.
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TIME2 a value specifying the highest wave period to be

studied, in seconds. This time should be an in-

tegral multiple of the incremental time (TIMEDEL)

greater than TIME1.

TIMEDEL a value specifying the incremental wave period,

in seconds, used in the analysis from TIME1 to

TIMEZ.

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 (Al, IX,Al, 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 uutput 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 RAO

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 adjust3 it to be so. The

current default is RAOMAX = 5.

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 program 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 un-

desireable to enter all the descriptive parameters if all that is

changing is the wind speed for the sea state. 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. This

input code may be used for any of the following input cards.

Card 1

NI = -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.

!| • i
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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 previously 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

!METASYM SI, LO, GO

source deck for subprogram IAMTERM

LOAD (GO), (UNSAT), (3)), (MAP), (LDEF), (LMN, HERAOR),
(PERM)

!RUN (LMN,HERAOR)
!DATA

data cards for each case

!EOD

To run a subsequent job utilizing the existing load module,

only the following cards need to be submitted:

!JOB aaa,uuu
LIMIT (TIME, 2), (CORE, 10)

!RUN (LMN,HERAOR)
DATA

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. It is.

r
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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 frequency of ONO 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

he, e 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.

PILOTINIT initializes the line printer plot routine; internal.

PLOTHEAV executes the line printer plot routine; internal.

LPPLOT (PLOTI, PLOT2, PLOT3, PLOT4, PLOT5, PLOT7)

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

nn1 nnZ

THE PROGRAM TERMINATES

The input for the number of components describing the buoy

configuration exceeds the array size allocated. Currently nn 2 '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.

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 those performed by the heave program. They

include:

- Computation of the roll RAO, using formula (2. 2. 44)

over the set (fS previously defined. The roll RAO
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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

6XTMe
where 6T, 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 R t

- Computation of the wave amplitude and roll response

spectral densities S(w) and R(oi) 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.

3.2.2 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 to 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.

TIMEl 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 usi,.g a

starting period of less than 1.0 seconds.

TIMEZ a value specifying the highest wave 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 TIME1.

TIMEDEL a value specifying the incremental wave

period, in seconds, used in the analysis from

TIME1 to TIMEZ.

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.



- 44 -

ISEASEL = 1 Pierson -Moskovitz fornul,.

SPA RA M A w ind 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.A

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

ISHAPE 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

WIDTH a value specifying the width (diameter or

base) of the component, in feet.

HEIGHT a value specifying the height of the component,

in feet.

THICK 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.

DENSITY a value specifying the density of the corn-

ponent, in pounds mass per cubic foot

(lbsm/ft 3).

DISTCG 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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FR.ACNORM 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 normal to roll

motion).

ICOMMENT a character string used to describe the

component.

Note: For the purpose of visually inspecting data cards used

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

data. The recommended format is (I5, 6F10. 0, IX,

3A4, A2 ).

Card 9 (I) -- Redefined part code.

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 as 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,AZ) -- 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 (Al, 1X,A1, IX, ZF.0) -- Selection of listing, line

printer plot, plot scale minimum and 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 cause

the listing to be suppressed.

IPLOT 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 ca',ase 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 following criteria.

T2 - Tl + TIMEDEL < 100
TIMEDEL

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

ning in column 5, the minimum value for the

RAO scale. If left blank RAOMIN = 0.0.

RAOMAX 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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PRAOMIN 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.

1)sage

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 necessary to

compile, load, and execute the program ROLLRAO in the

batch mode.

!JOB aaa, uuuu
!LIMIT (TIME, 3), (CORE, 20)
!FORTRAN LS, GO

Fortran source deck of program ROLLRAO
!METASYM SI, LO, GO

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

!RUN (LMN,ROLLR)
!DATA

data cards for all cases
!EOD

To run a subsequent job utilizing the existing load module,

only the following cards need to be submitted:

!JOB aaa, uuuu
!LIMIT (TIME, 2), (CORE, 20)
!RUN (LMN, ROLLR)
!DATA

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 not 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 method 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 certaiin 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



-51

computations.

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 amplitude density spectrum

for the sea state according to one of several

empirical formulae; internal.

PLOTINIT initializes the line printer plot routine;

internal.

PLOTROLL executes the line printer plot routine; internal.

TINPUT prompts and inputs data from a user on-line.

BINPUT reads and summarizes data entered in batch

mode.

BODYVOL computes the voltume of a component.

BODYMI computes the shape dependent contribution of

a component's moment of inertia.

DISPLACE computes those parameters associated with

the displacement of the buoy's components.

BUOYDAMP (WATERDAMP) computes the moments of

damping for the buoy and water drag forces.

WATRINRT computes the inertia moment contribution

from ths water wave particle acceleration.
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LPPLOT (PLOT1, PLOT2, PLOT3, PLOT4, PLOT5, PLOT7)

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 a function of time frequencyr.

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 mude. 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 roll 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.

Timing

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 depending 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 "telephone pole."

c. Heave and roll response of a complex shape W.H.O.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 tVe 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.

4.1.1 Program input

Buoy draft. The buoy draft is obviously 0.251.

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 ,S is

rt /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, during the downwards part of the heave

cycle. 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:

S0.3 3 slug.

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

averaged added mass coefficient and volume will be
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3

Damping/drag surface. Damping and wave drag will also

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

at 0. 25' from the surface. 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 Xj(, and average wave amplitude )(C Assum-

ing that the heave equals 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 - 3,

Using this value of X6 and -C in 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 and C is

found to be:

C11 %fC ,?Ad

To account for the time average only half of these coefficiencs

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, -Mo

=buoy mass Y ()I)' -0. 392 slug.

4, = added mass = 0. 333 slug

Thus, buoy virtual mass = 0.725 slug
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In addition to these parameters, the user must also

specify the arbitrary roll constant e and wave amplitude

constant,4 . In this case the average angle roll G 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 4 is found to

be:

Z11,4 = 0. 157 radians

A summary of the data input is shown in the Data Coding

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

4.1. 2 Program outp2ut

Heave and roll 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

where g is the applicable Raleigh constant

and ef(6 = %_16 )

kT being the wave number - and

r")J)being the wave amplitude spectral density.

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 PF WAVE SPECTRUM P 681 FEET

PROBARLF AMPLITUOF

qF wAVr 1.897 FEET

FPACTIMN F I EXPECTFD
LARGrST AVFRAGF I WAVE

AMPLITUDFS SAVE 7 NUMBER MAXIMUM
CRNSIDrqFRD AMPLITUDE I RF wAVFS AMPLITUOE

310 6.330 ! 50 5,6A9
.10n 4,830 1 100 6,118
• 31 3.799 1 So 79003
0500 3.370 1 1000 7.459

1'900 29377 10000 8.3q9
I V10000 9,311

RMS OF RESPONSE SPECTRUM P ',684 FEET

P5MBA;LF AMPLITUDE

•F HEAVE PESP6NSP * 1.897 FEET

FRACTION OF AVERAGE I EXPECTED
LAPGFST HEAVE I HEAVE

AMPLITUDFS AMPLITUDF I NIJMBER MAXIMUM
CoNSIDERED RESPONSE I VF wAVES AMPLITUDE

mama11 11 "won.11 I et1111111 Mama-Mo."

6010 6o331 I 50 5,6q0
.100 4s831 1 100 6.119
9333 3,800 ! 500 7"005

""o3.171 I 1000 7e441
1.000 2.378 I 10000 80400

1 10000 99313

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
Largest I Expected

Amplitudes Average I Number Maximum
Considered Slope I of Waves Slope

I
.010 23.905 1 50 21.483
.100 18.240 I 100 23.104
.333 14.349 I 500 26.448
.500 12.728 1 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 wave

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 validity.

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

We next consider a cylindrical body made of two cylinders

of same diameter, but of different lengths and densities, as

shown on Fig. No. 12.

The density of the large cylinder is 16 lbs/cu. ft. The

density of the small cylinder is 384 lbs/cu. ft. As in the previous

caee, the heave and roll response of this body will be studied

using a Pierson-Moskowitz spectrum with a 20 knots wind.

4.2.1 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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- I

22'

17.5'

2

Fig. No. 12

Buoy draft.

weight of small cylinder = IC xlxlx2x384 = 2413 lbs

weight of long cylinder = it xlxlx2Zxl6 = 1105 lbs

Total Weight = 3518 lbs

Draft = 3518 - 17.5'
?rxlxlx64

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

Sarea "..f" is

•..=7fxv / .S z 3 .14 sq. ft.

The pressure force being upwards,S!9 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 samin radius

as the pole (long cylinder approximation), but acting only half

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

by 9L 2 ,o6,

The corresponding added mass coefficient and volume

are therefore

VOL 4./~ IS CA

3N

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 will be assumed to be half of

the average wave amplitude XC and the later will be assumed

to be 3'. Using these values of/, and XCin expressions

(2.. 10) and (2.2.13) together with = 0.9, yield

,..;. 7.4c..

Again, to account for the fact that damping effects are

assumed to occur only half of the time, only h:alf of the co-

efficients values, i. e. 1. 8 and 3. 6 respectively, should be used

as program input.

Cross sectional area at surface.

rf 9, = a ý/ %
Buoy virtual mass 4fl.

351- 109 slugs

2.08 sluga

- /• = 111.08 slugs

In addition to these computed parameters, the program

user must select the arbitrary average roll constant { and

wave amplitude -. For this example 10 is set equal to

5 * and 4equal to 3.0 feet.

Obviously the number of buoy parts is two. Their charac-

teristics are summarized as follows:
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Part Name Shape Width Height Thick Density C. G.
No. (ft) (it) (ft) ( abs / cu. ft) Above

Keel
(ft)

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 typical computer

printouts shown in Fig. No. 15 and Fig. No. 16. The response

amplitude operators are also graphically represented in Fig.

Nos. 17 and 18. Expected average and maximum values of

wave amplitudes and of heave and roll responses are as tabu-

lated in Tables 5 and 6.

4.3 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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Fig. No. 15 Hleave Response Amplitude Operator

"Telephone Pole"
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Fig. No. 16 Roll Response Amplitude Operator
"Telephone Pole'
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151000
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Fig. No. 18
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WI1S e WAVE SPECTRUtM * ?@A FEET

PWqiAPRLE AMPLITUUEF
OF WAVE * t@897 FEET

FRACTIIN OFI EXP'ECTF*D
LAWUEST AVEhRAJE. T WAVE"

AMPLITUDES WAVb. T NUmt$EI MAXIMU"
CINSIDFRED AMPLITUDE I eF WAVES APMPL.ITUDý
ww uewwo wwww owwwwwww I *......w wwww*.*..

901C 6$.j0 1 50 596F9
910140dJ T 100 6@118
o31307!9I 1 500 7.00o3
Osn3#310 1 1000 7*4159

1600() 29.7 1 10000 8.399
T 1110000 9.311

RM 5 RESPUNSE SPELTRUM a 4.362 FEET

PR06A@LF AMPLITUUF
5F WEAVF WES~eNSE a 'J.Q84 FELT

FQACTIOýN VP AVEN'AUE I EX~tLCTEQ
LARGF'ST WEAVE I HEAVE

AMPLITTUDFS AMPLUIrJDE I NUMHEW MAXIMUP'
C~kSTDrRED RFSPUNSE 7 OF WAVES AMPI1TUDE

.oln 10.c!!1 1 50 90248
#In7961D 1 100 9*9'a6
$316.117 1 500 2103A6

050n S.479 1 1000 1201?8
1 710 1*6 10000 1306,54

1 10)0000 15 0 13c

Table No. 5 Heave Response of Telephone Pble
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RMS OF WAVE SPECTRUM g p*683 FEET

PROBABLE AMPLITUDE

SF WAVE 1.697 FEET

FRACTION OF EXPECTED

LARGEST AvERAUE I WAVE

AMPLITUDES WAVE I NUMBER MAXIMUM

CONSIDERED AMP61TUDE I OF WAVES AMP61TUDE

00690060060 909906000 I aftwomwee evemeWWS

.010 6.330 1 50 50689

.100 ,6830 1 100 60118

0333 3.799 1 500 7.003

500 3*370 1 1000 70459

14000 2*377 1 10000 6.399
1 100000 903tl

RMS OFP RESPONSE SPECTRUM @ j7.685 DEG

PROBABLE AMPLITUDE
OF ROLL RESPONSE 4 ,s02 OEG

AMPLITUDES OF ROLL ARE IN DEGREES

FRACTION OF AVERAGE I EXPECTED

LARGEST ROLL I ROLL

AMPLITUDES AMPLITUDE I NUMBER MAXIMUP

CONSIDERED RESPONSE I OF WAVES AMPL'TUDE

00 41.716 1 50 370489
0100 31.631 I 100 40.319
.333 25•0•0 1 500 46.154

0S5O 22.211 1 1000 49.160

1.000 15.668 1 10000 550350

1 100000 61.362

Table No. 6 Roll Response of Telephone Pole
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*,.,

24' ,- SEA SURFACE

12'

APPROX. 53 4
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7 38'

8'at WATER
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o TANK

S-(OPEN TO SEA)

10' ,, STEM
4 (OPEN TO SEA)

ff .. •COUNTER WEIGHT
DAMPING PLATE

Fig. No. 19
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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 31. 011 diameter by 8'. 0" long buoyancy tank made of

3/16" steel plates. The buoyancy tank is filled with

4 lbs/cu.ft. foam.

- A 3I. 0" diameter by 81. 0"1 water ballast tank made of

1/8" steel plates. The tank is filled with sea water.

The bottom plate is 4'. 0" in diameter.

- A 10'. 0" long stem made of 6 5/8" 0. 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 conside.rations 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

Weight of water displaced by the ballast tank
A__ x 3)c3• 6 xg ¢(./

Weight of water displaced by the buoyancy tank
_ Jx 3x C .4, = 11U9. /

4'
Weight of water displaced by Lhe immersed portion of

the spar of length ,s,

Solving for

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

,where

"7•' is the radius of the tank, '¶ 1.5'

is the radius of the spar, 0i. O. 33'

Thus 4 '(1.5' .. 0.332) 6.71 sq. ft.

5 is located 1Z' below the surface. The pressure force acting

on • being downwards, is negative. The area of the second
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pressure surface rS is in turn given by

= 1CZ =7.06 sq. ft.

It is located 20' below the surface. The pressure force is

upwards and thus S- 5is 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 two

plates, i.e. 201 below the surface. The added mass coeffi-

cient for a sphere is - . The volume VOLt of this first

inertial component is
3Z 3. = W

The second added mass effect will be considered to

take place at the buoy keel, i. e. at 381 below the surface. The

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

being

a. 1JkO
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An arbitrary added mass coefficient of 1 will yield a volume VOLz

33 //
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 X -- -.

and X 3' the corresponding damping and wave drag

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

found to be

S- / /.e4o

)"Z ' e~l 2- 8.'40

Cross sectional area at surface.

K
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Buoy virtual mass.

Added mass of first inertial component

K /X _ -4X(Z-)3  
. 33.3 slugs

S3?.?- 3tZ
added mass of second inertial component

-Z 3?X 42. 4 slugs

Buoy mass '•4 I

S= 7 7 73 .8 4 2 237. 85 slugs

Virtual mass 4 - + / , 313.55 slugs

As in the preceding case study, the program user must

also provide an arbitrary value of average buoy roll & and

wave amplitudeA . In this case 5 andA 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.

4. 3. 2 Program output

The heave and roll response amplitude operators are

graphically represented in Fig. No. 22 and Fig. No. 23. The

cxpected 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 comparison of the three buoy types when sub-

mitted to the same random excitation.
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Fig. No. 22
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Fig. No. 23
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RMS OP WAVE SPECTRUM 2,683 FEET

PRSBARLE AMPLITUDE
OF WAVE 1.89? FEET

FRACTIeN er ! EXPECTED
LAROEST AVERAUE I WAVE

jiMOLPTUDES WAVE I NUMBER MX IMUM
CNSIDERED AMPLITUDE I OF WAVES AM LITUDE

o010 6o330 1 so 5,6A9
'100 4o830 I 100 6.118
0333 3o799 1 500 7o003
o500 31370 1 1000 7o*59

£0000 24377 1 10000 81399
1 100000 9'311

RMS BF RESPONSE SPECTRUM a .809 FEET

PROBARLE AMPLITUDE
OF HEAVE RESPONSE S *572 FEET

FRACTIIN eF AVERAGE EXPECTED
LARGrS! WEAVE I HEAVE

AMPLITUDES AMPLITUDE I NUMBsR MAXIMUM
CONIDERED RESPON SE I OF' WAVES AMLI1TUDE

.010 I

1000 : 0 1 at 4#
3314145 Io Belli

#Boo 1:916 1 1000 0411,000 16 1 10000 20331
1 100000 208C6

Table No. 8 Heave Response of Complex Shape Buoy
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RMS Or WAVE SPECTRUM p p,683 FEET

PR98ARLE AMPLITUDE
OF WAVE 1 t.897 FEET

FRACTIeN OF I EXPECTED
LARGEST AvERAUE I WAVE

AMPLITUDES WAVE I NUMBER MAXIMUM
CONSIDERED AMPLITUDF I OF WAVES AMPLITUDE
swemew.wwuw oememwe@g I sesamesm *wasUsewS

,010 6.330 1 50 5.689
1100 40o30 I 100 60118
.333 3o799 1 500 7?003
o500 3,370 I 1000 7.459

16000 2o377 1 10000 8.399
1 100000 9.311

RMS er RESPONSE SPECTRUM a 7.•49 DEG

PROBABLE AMPLITUDE
OF ROLL RESPUNSE a ro295 DEQ

AMPLITUDES OF ROLL ARE IN DEGREES

FRACTIIN OF AVERAGE I EXPECTED
LARGEST ROLL I ROLL

AMPLITUDES AMPLITUDE 7 NUMBER MAXIMUM
CONSIDFRED RESPONSE I OF WAVES AMPLITUDE

wameww@sm aes~fte I *umm@Wes 0900000*9"
.010 179667 ! 50 15o877
,100 13o461 1 100 17.076
.333 10e605 1 500 19*547
.500 9.407 1 1000 20o20

1o000 6.636 I 10000 23M442
1 100000 25o9p8

Table No. 9 Roll Response of Complex 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

flI!1qIIIr IIIillI tgI l l IIlIlI l ilBIi II nII/I~ir l
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5.0 CONCLUSIONS AND LIMITATIONS

The Lheuretical 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 of 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 and 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 densities 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



-68 -

values by computed ones until sufficient agreement 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 usý. 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 is assumed to be

linearly proportional to the velocity, the expression of the force is simply

In most cases, however, drag forces are expressed in terms of V

using the familiar formula

A, C> LV
where water mass density

C = drag coefficient

= body area across the flow (blunt bodies).

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

-- ., 1. -. if for example

then the amount of energy dissipated per cycle by the damping force

is given by 7" "'r

V ~ tdk dOF V

or

~2-

The amount of energy dissipated per cycle by t&e linear damping force is

in turn given by *" T

or
or

SI Ill I rlI IIIII llil= i lii fli i iil X i-;i''])
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Assuming both forces to dissipate the same amount of energy will yield

the expression of the linearized damping coefficient 0, namely

If
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APPENDIX II

Evaluation of the Coefficient "'B" of Damping Moment

"B"' has been previously defined as:

- Let us consider a buoy made

of different cylinders as shown

h 2-S on the sketch. (Fig. No. 24)

S L et Q/ be the values of

c.g. -a- o ~sand 4, and ýzbe the

mI corresponding limits of the

S r2 1 variable 1/. The integration

m3 K of the first integral
S13= KG

yields:

Fig. No. 24
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This rt'4ult obviously leads to the recurrence formula

Let floW be the values of and e Z the

rL 4 3

corresindring limits of the variable . The second integral can then

b. evaluatfd as follows:

I , W .--z., ,- es

4.4

This re-sult in turn yields to the recurrence formula

- /:/. dV/
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The expression of the coefficient "B" is therefore

where
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APPENDIX III

Evaluation orf the Coefficient "D" of Wave Drag Moment

The coefficient "D" has been previously defined as

D =(113 14e de -Jc'~ ~

/7so Wro

The integrals can be readily evaluated with the help of the following argu-

ment. For small angles 9 , the projection of / on the vertical is

approximately equal to t4.

Thus, from ,0 to i -. Z = ,9-I I I

and from =0 to z - z -

Introducing these values of , in the integrals yields

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

first integral over the domain of variation of y yield:

This result leads to the recurrence formula:

S -

(fe(-A(4'
in2z
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Similarly, the evaluation of the second integral over the domain of variation

of 1. yields:

z- -,r•, _2•e,

/' z,,'/•e -e~Q."

The recurrence formula thus is

S4,. - _, Z. ea .

Thus, the expression of the coefficient "DII is finally

('I , -/ý) - e. 2k-

40 to .0 - (2ko~r
€,1

V/

with __..

and=
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APPENDIX IV

Evaluation of the Coefficient iiP" of Wave Inertia Moment

"P"t has been previously defined as

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

bracket can be written:

"0 J

or

Noting that

4I r / ,46

Then, over the intervals

the evaluation of the integrals yield:

1) over the first interval

-- 71# e-4r-{
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2) over the second interval,

It thus appears that

e.-

As far as the second integral is concerned, noting

A2-

e
w-z

and evaluating over the range el Q<' ( ¢ ,

yield: 2]- ee
which shows that

0/0

=-
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The expression of the coefficient ''P" is therefore

with

• 

FC
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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

I I.--- j

where 2)

= moment of inertia of cylinder "/f with respect

to its own c.g.

- 4

with It mass of water displaced by cylinder "L"

= radius of cylinder "'L"'

-height of cylinder 'lL "

distance of c. g. of cylinder to keel

Il" = distance of buoy c. g. to keel.



- 81 -

APPENDIX VI

Computation Method for Coefficients "B", "D"1 and "P"

The actual computation of the roll response amplitude operator in corn-

puter program ROLLRAO is performed using different forms of the

expressions for pome 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"

-j =--w 2 d... 4* - (z -zl ( 2C

where f •.0 -_J_ as defined in Appendix II
3rc.

Cis diameter of the ith buoy component

Z17 =depth to the buoy center of gravity

,Z& =depth to the bottom surface of the ith buoy component

Z•F w depth to the top surface of the ith buoy component

z-f number of buoy components

For the water damping moment, "D"

ll 1II
txl z Z
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wherei

and "em as defined in Appendix III.

For the water particle acceleration inertia moment "P1f1

"- *%I "."U Z*B

where )u y .fco as defined in Appendix IV.

LO
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APPENDIX VII

Heave Program Listing

1. C PROGRAM HERAO
2. C
3. C VERSIIR% 2*0 JAN# 1977 'Re GBLOSMITH
4. C VFRSIMN l.1 .JUN~p 1976 Re GMO.DmITW
s. c
6. C THIS P'R'(.IAM IS USED TM CemPUTE THE HPEAvE RESPONSE

7o C AMPLITUDE "PRAT~w, AND ASSOCIATED PHASE ANG4Es# F.OR
go C SPAR TYP~E dUUY SYSTEMS
9. C

10. C VERSION 290 - MODIFIED To INCORPORATE A WAVE DRAG CUEFF

It, C
12. C
13. LOGIC-AL IAMTEktM
140 C
15. 0ImLNSI"N DF.PTHP(~?b)#AREA(25)
16. UIL~~NSIIN DE'T'4!(25),AO1ThSC(25),veLUME(25)
17. DMM5NSJ DEPTH0(R5)sVAMPC(?b ~,WVRAGC(25)

184 DIMENSIRN MA)COAVNU(6) ,4VMAXLttFt( JEVMAXHT(6)
19. OlImENSIMN FRACAMPS(5) ,AVPCeEFF(5) aAVRESP'NS(5)
209 C
?I- D~ATA NCRuNLP,'105#108j"

220 DATA NMAX/25/
23o D)ATA PI/3914159/oRTOLU/5792958/
240. DATA W~d*G/t.99035& 32,174/
25. C
Ph, UATA FRACAMPS /0*.010.oI,0o333,0*50A1*O
P7. L)ATA AVRCIEFF /po359,1.$rn0*1.4Ijj*1256po@886/
?,~J DATA MAXhWAVN% /5i0AI00*bU~,1O000,0000,I0000/

?90 DATA wVMAXC4F / 2*l22o2Q*u2*6Ii2*78#3oI3,p3*47
30. C
11. C
32. C INITIAL14ATION
33. C
34. NP 0
35o NI 8 0
36. ND a 0
170 CA'ltAIL s 0.0
38. VIRTMASS a 0.0
19. ISEAbEL. a 0
koo TMIM. a 0.200

410 TIMEe N 50.0
42. TImEWEL a 09200
43. WI.NUV a 0.0
44, PIZ a PI'.00

450Wm"UL a RHM03
46. C
47. C CHFCX FfRI ON-L.INE
468. IINFLAG 0 0
490 IF 41AMTER'4 (IDUm) IONFLAO 1
50. C
Sig C INPUT DATA

52. C C~IU
5o 100 BrIU

54. "~RITh. (NLP*9400)
55. C
56. C INPUT NUMNER OF PREESSURE SURFACES
57. 1IF (IONFLAG aEQ@ 1) WRITE (NLP#9410)
so* INP'UT NtEST
590 IF (NTEST,*GT. 'IMAY) WR~ITE (NLPP97001 NTES7*NMAX j STOP 100
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60. 1 F INTEST *LT. 01 GO TO 1715
61. IF (NTEST .(3~. 0) NP 0 NJTEST
62. IF (NI. sEt~. 0) GO TM 200
63. C INP.UT PRI...SURE TER.MS
64. IF (IONFLAG , F~s 1) bWHITE (NLP#94?0)

65e O(J 1150 1a IsNP

67. 150 CUNrINUE
68. C "UTPUT TERMS
69. 175 cvNrINUE
700 IF CIOjNFLAG E*. 1) GO TO 200
71. *PITL. (NLP,9430) NP
72. IF INI. sGT. 0) WHITE (NLPA9i440) (DEPTI'TIiP(AREA(I)s mlulNli)
73. C

4a C INPUJT NUM6ER eP INERTIAL COMPeNENTS
75. 200 CBN~TINUE
76. IF (IbNFL.AG sEQ. 1) WHITE (NLPP9490)
77s INP.UT NTEqT
78. l1ý (NTEST .CiTs NMAX) I.R'ITE (NLP#9700) NTESTPNM4AX s STOP 200
79o IF (NTEST .LT. M) GJO TO 2715
80, IF (NTEST *GE. 0) NJ 8 NTEST
81. IF (NJ sElls 0) GO TO 300

g. C INPUT INERTIAL TERMS
83s IF CIdNFLAG 'EQ. 1) WRITE INLP#9460)
84v. 04 2bQ I a IsN!
95. INPU~T L)EPTHI(T),ADOmSC.(I)pV5LUME(I)
86. 250 C~ONTINUE
87. C OUJTPUT TERMS
88. 275 CONTINUE
89. IF 11UNFLA3 sED. 1) GO TO 300
90. WRITt (NLP*9470) NI

91. IF (NI .GT@ 0) WHITE (NLP#9J#80) (DEPTNI(I)DADDMSC(I)svOL.UME(I)D
9p.. # Iw1.NI)
93s C
94. C INPUST NUMdEJ4 OF ORAG SURFACES
95. 300 CONTINUE
96o IF (IMNFLAG *ED* 1) WRITE (NLP*9490)
97. INPQ7 NTERT
989 IF (NTEST .c~re NMAX) WRdITL (NLPs9700) NTEST#NMAX j STOP 300
99, IF (NTEST -LTs 0) G~O TU 375

100. IF (NTE3T *GEe 0) NO a NTEST
1010 IF I-NO sEfQ. 0) 00 TM 4UQ
10p. C INPUT D'WAU Ct9MOONENTS
103. IF (IOiNFLtAG sEQe 1) WHITE INL.P#95oO)

104. SUMDRAU SURF ACE CeEFF F(DEPTH8O)
ID0. s *u. 061)

10be Ob Jt0 I a laN0
Wo. 1Nw'UT OFPTHO(I)a0AmP'C(I)#W0RAGCj!)
106. SUm0C3 a SLJMDCO + DAMOC(I)
109. 350 CINTINLJE
110. C OUJTPUT TERMS
111, 3715 CPNTINU.E
112. IF (IONFL.AO .EQ* 1) (JO TO 400
113. *RITL (NLPa9510) ND

114, IF (NU @GT. 0) v4RITE (NLPI9S2O) iD)ETI.40(IOAMPC(I)DwDQAGCCI)a
115. + I 9 lewD)
116. C
117. C INPUT WATER LEVEL C'kOSS SECTION AREA
118. C (Tn SIMP'LIFY THE COMPUTATION THIS IS ASSUMED
1190 CeCNSTANT OVER TH4E RANGE OF VERTICAL MOTION At
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120v C TH4E WATER LINE)
121. 4.00 CONTINUJE
i?2. IF 110NrL.AG sEQs 1) WH'ITE (N4,Pj9530)

1?39 INP~UT CSATEiT
JP4.IF (LSATEqT LTt o0*0 GO TO 450

1250 CARJ.AiL a CSATEST

126. '450 L9N1INUE
1?7. IF (IONFLAG 9NE* 11 WRITE (NLP.95i0) CAREAWL

128. iiF * LAREAwL*RI*4G
1296 C
130. C INPUT VIR4TUAL. MASS

131. IF (IINFLAG .EQ. 1) WRITE (NL.P,95lS0)
132o INPUT VMTEST
133. Ir (VMTEST .LT* 090) GO TO 550

1349 VIRTMASS a VMTEST

135. 550 CtINTINUF:
136. IF (IfINFLAG *NE& 1) WH~ITE (NI.P#9560) VIRTM~ASS

137o C
13. C INPUT TIME RANGIE

1399 IF CIONFLAG sEO.- 1.) WHITE (NLPa9570)

1400 Rg,*A) (NCI4,9n'25) T~IT2#r3
141. IF (TI eLT. 0,0) GO TO 675
ld4a. TIm~.1 a TI
143s TIME2 m T2
144. IF (TIME? @LT* TIMEI.) TIP'E2 a TIMEI

145. IF (,3 #LEs 0.0) T3 1! TIMFL)EL
146. TImr.ULJEL a T3
147. 675 C!NTINUE
148. IF (LUNFLAG sNE. 1) WRITE CNL.P#9580) TImElaTIMEZTIMEDEL

149- C
15c). C INPUT WINL2 VELOCITY FOR SEA STATE
151. 700 C5NTINUE
152. IF (IONFL.AG .EO. 1) WHITE (NLP#9590)

153- WEAL) (NCR#9'020) ISTESTpvqAVLHToWAVEPER
1534. IF (ISTEST .GT. 3) ISTEST a*I'

155. IF (ISTEST eLTs 0) GO TO 775
156- ISFA5LL a ISTEST

157. IF (ISEASEL EF~s 1)2 WINDV 9 WAVEH1T
15.8. W~INL)V4 a W'INDV'4'

1`190wAVLHTPP a WAVEW~T*WAVEI4t
160. 4IAV'tRP4 * WAVEPFH*04
161. 775 CeNIINUE
162. IF (IbNFLAG sEQ. 1) GO TO 800

163o IF (ISEA4FL *Los 0) WH4ITE (NLP#9600)O
164o IF IISEASEL *EO. 1) WHITE (KLPo9bell) WINOV

165. IF (ISEAsrL .EQ* 22 WHITE (KLP,96Ci2) WAVEHTD'.AVEPE

166. IF (ISEA51 L os 3) WRITE (NI.,PA96 0 3) WAVEHTSWAVEPER

167. C
160ke C CH4ECK( lUTPUT UPTI5NS

1690 800 C5NTINUE
170. IF (Lt)NFLAO 'EQ. 1) WRITE (NLP#9605)

171. WEAL) (NCR*9000) ILpI~iJDINowMAX
172* ILIST a 0
173' IF (ILI eEO. lHY) ILIST a 1

17'49 IPLOT a 0
175' IF (IP *EQ9 iWY) IRLOT a1

176. IF (IPL5T tEge 1) CALL PLOTINIT

177. C
178. C COMPUTE RESPO3NSE AND PWASE COMPONENT ON TIME ITEIRATIO4

179. C
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180. 900 CONTINUJE
I~l. IF (ILIST #EU9 1) WRITE (NLP0,610)
182. RR9INTO a 0.0
183. SINTU 0 0.
11'4o U5 2UJ0 'TIME m TIMEIPTIME2#TIMFOEL
jRA3. FNLU a PJP*jg1oOOO0oO3.3
186. IF (TImr *NE* Oo0) FREQ a P12/TIME
19~7- FNL.t.94 v FREG*#4
188. F f~t PS a REG*FRI;EPdb
1139. EAX'TERM a PiRQrQFRJEQ/U
190. C

1q1* C SUM PRESSUPE CeMPMNENTS
1929 SUMiP a .

193. *kýWEAT 1100# FI~R Is (1,NP)
194. SUMiP a SUMP + NH0AREA(I)*FXPCEXfJTERM*OEPTH.P(I))
195. 1100 CONTINUEF
196. C SUM INERTIA4 COMPINENTS
197o SUM! a*0
1980 R~wKAT 1200o FRR I * (t#N!)
199. bUM! m SUM! + A0DMSC(I)OVeLUME(!)OEXP(EXPTERMODEPTM!(I))
2130. 1200 CONTINUE
20o1 SQM1 a R*FQEU*FREU*SUMI
202. C
203. C SUM DRAG COMPONENTS
2140 SUmD a *
205. REWEAT 1300p FOR I a (1,ND)
206. SumD a SUMO + WDORAGC(I)*EXP(EXpTERM*DEPTHD(!)I
2'?. 1300 CONTINUE
2,08o Si.mL) a FRFeFREW*SUmD
209. SWUMC a FRE(U.FWW*SUMUOC
21C- C
211. C CeMIJUTE RLSPONSE AMPLITUDE OPER4ATOR
212. RNVM * (SUMP a SLJMI)**2 +*Un*
213. 4UN& (RF - V!RTMASS*FREQ*FRE0)**2 + SLJmoC2o
214. QAO a S'IRT(RNUM/RNLENeM)
215. C
216o C C5MPUTE PHASE BETýLiEN FORPCE AND H4EAVE
217. PHI a RTe)*ATANJ2(.SIMDC*CRF aVIRTivAS5*FRE(.FRE(Q)
218. C
219. C C9MPUTE PHASE eE'rkEEN FURCL AND WAVE
Pp0. SIUaMA a PT5Q*ATAN2(SUM0#(5UMP o SUM!)
221. C
?22. C CmMPUTE FHASL ý$E7'EEN WAVE AND HEAVE
P-23- TMLTA a SIGMA + PH
2P4. C
225. C GET SEA SP'ECTR4A
2o?6e CALL SEASPLC
227. C
2?8. C CIMPUTE RESPONSE AND INTEGRIATE
229o R~b a e#O*
230o IF (TIMFJ .LL. TIMEI) OR TO 1400
211. DEL.F a rPF:(4.AqT FRE
232. '4NSINTG a (RRS Q wSLAST)%0s50*DEL.F + RRSINTO

213o SINTG a (S * SLAST)O.0.OOOLLLF 4 SINTO
234o 1400 CO~NTINUE
23s. RMSLAST a *
236o SLAST a S
237. FKLU.LAS? FREG

239. C OUJTPUT LIST IF IT WAS SELECTED
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2*0. I~IILIST oLE. 01 301 TO 1500
24.1.11TET (NLP*9615) TtME.F~tWoA*#SOMA#gWj,yWETA*$

1*3. C Cb4ECK Ff"R P40T
244. Isoo CONTINUE
~*5. 1I, (IPLF1? 9LE. 01 30 TO 2000
14.6. CALL PLMT3 (90'.14A0.TIMEPI)

247a 2000 C5NTINUE
2%80 C
24.9. C GlET STATISTICS
2%j0. C

251- CCmwJDUTE RUIT MEAN SQUAP4E OF WAVE
2%20 w"S S'JRT(SINTC3)

P530 WRIOAMp a O.707.RMS
294.. C COMP'UTE AVE.RAGE WAVE NEIGWHT
295. 1"9 "00 1 a 1405

p56. AvILSPNS(I, a AVRCCEFF(I)ORMS
v~7.2310 CVt'NINUE
2,. C COMPUTE MAXIMUM WAVE AMPLITUDES

L'si. Do~ d'00 I a 1.6
2060. o4tVMAXI4T(I) a WVMAXCOF(I)ORMS
261. 2400 CONdTINUE:
262. ARMT (NLP#96351 RMS
263o 041Itk (NLP#96401 P~eHAMP
264o WRITt (NLP*q46451 (FRALAMPS(I)*AVPgFqpN

5 (j),265. MAXWAVNfdb(I)EVIwAXwT(I), 1410510266. MAXWAVNO(6)DI.tVMAX0Tl6)
267. C
268. C COMPUTE RUI MEAN SQUARE OF RESPONSE
269a WSEM S SQRT(RRSIJTc3
P70. -1RIOAMP a 0.70OReIMS
271. C COMPUTE AVERA(JE RESPONSE OF WEAYE?72* ue etooQ I a I.5
273:. 50 AVMESPNSII) 4 AVRCeEFF(II1*MS
?74.. 20 C;INTINU
275. C C"MPUTE MAXIMUM AmPLITUDES OF HEAVE276- 05 db00 I a 1.6
277. 1&Mx~ ) v WVMAXCBF(I)OMMS278. 2600 C?!NwlINmUElo
279. *lyt. (NI.P,96PO) 41MS
213. *RITk (NLP#96251 PW04AMP
241f *iRITt (NLODq630) (FWALAMPS(I,.AVRESPNS(I),
?82* MAXoAVNd(IIDIEVMAXmT(I,, 141451o283o # MAXIWAVNV(61,I.EVmAXHT(6)

258. C CHECKC FOR PLOT

2876 IF (IwLeT *LE. 0) (10 TO 3000
284o CALL. PLMTbdEAV
249, 3000 L4tlNu)E
290. IF (IONFLAO *Eg. 1) WRITE (N4P#96S§)
291. WAUl (NCR#9llblEN~uws0ooI IENO
292. IF IIE.NOJ .EU.o Iwv GO TO 100
293. C
2,4.. C
295. C
296. 8000 CONdTINUE
297. ST900
296. C
299q. 9000 FeRMAT (A¶,IX&AI.1X,2E~o)
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300. 9015 F04MAT (Al)
301. 90?0 FORMAT (UVO.p.F*0l
3020 9025 FORMAT (W@*0)
303. C
3040 9400 F@RMAT (1flwt HEAVE RESPONSE ANALYSIS PRO13RAMI/
305. 1 ' ALL OEPT4S ARE POSITIVEI/)
306o 9410 FORMAT (/1 INPU T TME NUM4ER MF PRESSURE SURFACES 0')
307* 9420 FNRMAT (/1 ENTER FUR EACH SUWFACEI/
308. + OIPTH (FT)a AREA (SO FT) (a AREA FOR DOWNWARD FORCE)M)
309. 9430 FPRMAT (/9 IM~rR OF PRESSUE SURFACES 81,15)
310. 9440 FORMAT (/1 r)EPTW (ýt)& APEA (SO FT) (a AREA FeR DOWNWARD F'OCE)'/
311. + (Flo.3*2X*Fh*2) )
312, 9490 FPRMAT (/' INPUT THE NUMBER OF INERTIAL COMPONENTS 01)
313. 9460 F4MMAT (/0 ENTER IOR EACw CeMPIENTI/
314. + DEPTH (FT)i AIDEU MASS COEFF, VMLUME (CU FT)
315. 9470 FORMAT (/f NUMBFR OF INERTIAL CPMPRNENTS aeI5)
316. 9480 FORMAT (/t DEPTH (FT) ADLED MASS COEFF VOLUME (CU FT)'/
317. + (F¶0o3,6XpFVO.3o7XiFl2.3) )
318. 9490 FOqMAT (11 INPUT THE NUM4ER OF DRAG SURFACES 0')
319. 9500 FORMAT (I' ENTER FUR EACH SURFACEI/
320o + I SFPTW (FT), DAMPING CREFFs WAVE DRAG COEFF1
3?1. 4 f (LHF/(FT/SEC)/(RAD/SFC))9)
322. 4b10 FeRMAT (/I NUMBER OF URAG SURFACLS .'ej5)
323. 9520 FORMAT (/I DEPTH (FT) DAMPING COFFF WAVE DRAG COEFF1
3P4. + I (L4H/(FT/SEC)/(RAD/SEC))W i
3P5. + ?F10*3,3XsFlI.3j 5X#FII.3) )
3?6. 9530 FPRMAT (/f ENTER cRVSS SECTION AREA AT SURFACE (SQ FT) 0')
327. 9!40 FORMAT (/I CRMSS SLCTIINAL AREA AT SURFACE *',F10.4,' SO FEET')
Ip. 9•50 FORMAT (/1 ENTER VIRTUAL MASS (SLUGS) 61)
3P9. 9 i560 FRfRMAT (/1 VIRTUAL MASS a's Flt12, ' SLUGS')
330. 9570 FRRMAT (, LNTFR START, ENU, INREMENT OF PERIOD RANGE (SEC) 9,)
331. 9b80 FMRMAT (/1 PERIOD RANUE, IN SECdN05 START END UEWTA'/
332o 4 26XpFdo3*F8.3A2xpF8*3)
333. 9590 FORMAT (It ENTER SEA SPECTRUM TYPE AND PARAMETERS,
334. + / a 1.0 0
335. 4 /1 PIEkSON.MISK"*ITZ 1I irIND SPEED (KNOTS),
336. 4 /1 PRETSCHNEIDER 2o SIGNIF WAVE HT (FT), SIGNIF1
337. 0 1 WAVE PERIM (SEC)'
338. 4 /I I,0,Soc, 3, SIGNIF WAVE HT (FT), SIUNIF'
339* + ' WAVE PERIOD (SEC)W
340. 9600 FnRMAT (/9 SEA SPECTNUM * 1.01)
341. 9601 FORMAT (/v PIEQS"N.MMUSAWITZ SEA SPECTRUM ,
342. * /0 WIND SPEED a ,,FIO.3,, KNOTS,)
343. 960p FORMAT (/I bRETSCHNEIDLR StA SPECTRUMI
344. 4 /1 SIUNIFICANT WAVE WT a ',F10,.J' FEET'345. 4 /1 SIGNIFICANT WAVE PERIOD * IF 1 0 . 3 0' SECC)
346. 9603 FORMAT (/. I.S.S.C. SEA SPECTRUM, ,

347. / 1 SIINIFICANT WAVE WT a ',Fo03,*' FEET'
34s. /I qIUNI9ICANT WAVE PFRIeO 6 1FI%•.3,9 SEC')
349. 9605 FORMAT (/1 ENTER Y e0W N FUR A LISTING, PLOT OF RESPONSE */
350. + I FOR PLOT# YRU MAY ALSO ENT.R RAI MINPMAX 8')
351. 9610 FORMAT (1HI/' PEwIOD ANU FREW RAO W-F PHASE F-M PHASE
3Me 4 IW*W PMASE AMP SPEC ')
353. 9615 FORMAT (FtO.3,ECO.3eFtO0.,FlO,3.P10.3aFlO.3FiFo.3)
354. 9b20 FPRMAT (////t// RMS OF RESPONSE SPECTRUM v'qF103,' FEET')
355. 9625 FORMAT 1/1 PROBAdLE AMPLITUUE 9/
356. 9 ' OF HEAVE RESPONSE =*IF,1O3&1 FEETI)
357. 9630 FORMAT (//
358. It FRACTION OF AVERAGE I EXPECTED 0
3590 /' LARGEST HEAVE I WEAVE
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360. 4 /1 AMPLITUDES AMPDLITUDE I NUMI9ER MAXIMUM
361. 4 /1 CINSIDERED RESPONSE I MF WAVES AMPLITUDE 1
362. /1 *...o... on. .0000-00 **.ee... wooew.....

363. 5(/T'.r5o3# T16,I'9ols T28#011# T33016a T43PF9@31
364 + TNe '1;, T33016,p T43#F9.3 U

365* 9635 FORMAT (I'/ WMS OF WAVE SPE.CTRUM 9'DFIO.3#l FEET')
366. 9640 FORMAT H(/9 dL AMI'LITUUE I/
367. + eF WAVE PloFlo*3#1 FEET')
368. 9645 FORMAT /
369. /I FRACTION OF I FXPECTED
370. + /f LAI(GFST AVE44AGE I 4AVE
371. /1 AMPLITUDES WAVF I NUMBER MAXIMUM I
372o 4 / CeSIDEREUL AMWLITUDE I OF WAVES AMPLITUDE 1
373. + /I .. w .*..*so *. * .*......1 .000

374e 4 b(/T4#rS.3, T16PF9.3j T28s~'ll T33sI6p T43,79.3)
375a + T28olils 7330161 T43sF9.3
376. 9655 FORMAT (/1 00 YMU WANT ANOTHER CASE 10')
377. C
378. 9700 FOR4MAT (I *#* NtJmtiEW MF ENTRIES IS GREATER THAN ARRAY SIZE ALL1)WSI
379. /14X&I8jOX#I7A
3P0. /I TH~E PNt'GRAM TERMIKATES')

381a C
3142t C
383. C
384. S~RUTINJE 9EASPEC
395e IF 115EASEL .ED. 0) S a 1t0 I RETURN
3866. (i TO~ (4100#4200#4300)t ISEASEL
3A7- C PIERSON a MOSKOWJITZ
3488. 4100 CO~NTINUE
389. S U1.50/EQP9*ExPI97970O/(o/FIE03P'*WINDVP4))

390. C CMR'4ECT F-I DtIU8LE HEIUHT SPECTRUM
391. - b/asQ
3920 RETURHN
393. C F3RETSCWNEIDEH
3940 4200 CINTaNuE
3950 S 0 4200sCWAVEWT2/(w~AVPERP4*FRLQPS)o
396. 4 EXP(1.05n0(WAVWPH'4*FRFLUP4))
397. C CMWI*.CT FIR LUUULE HEIGHT SPECIRUM
398a S a 5/800
3990 R4ETUR~N
400. C I.s.seC.
401. 43D0 CP3NTINUE
'.02. S a e76l.l.AAVEWTP2/(WAVPEWIJ4eFREQP9)0
403. 4 ExP(w6309C/(WAVPERIJ4#FREDP4))
It0,. C COýRRECT FOR DO~UBLE HEIGHT SPECTRUM
'.050 S m 8/800
"306. RETURN
407. C
4408. C
409. C
410. C
4110 SU&3qUUTI~4E PLMTINIT
412. C THIS StJSHOUTINE IS USED T5 INITIALIZE A LINE PRINTER
##13. C PLOT eF THE HEAVE RESPONSE.
414. C
415e DIMELNSION IPLOTSUF(33001
416. C
4417. DATA IdWJFSIZE /3300/
413. c
419. c
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'.20. IF (N4MAX oGTo RMINI 00 TO 1490
4?10 *WMAX 0 100*ItMIN
'.224, IF INM.AX oEU* 0*0 RMAX 4 5.0
'.23o 1490 Ct9NTINUE

4;34*WDEL. 4 q?4A) % RMIN
'.250 HMAX 0 IFIX(RDEL/5*0 4 00999)0540 RMIN
'.26. C
'.27. NLINL5j a ( TIME2 TmE/T1mE0E%.

4?8* Nt4A9~b m 114LINES 991)/1000
4.29. TMAA a TIHEI + NOAHS*1090*TIME0EL
'.30. NLINE.S a (TMAX - TIMEWAT!MEDEL * 1.
431. IF (NLINES *L.T. IdJISIZE/13) GM TO 5000
4.32. IPLU.T a a
4.33s WRITk. (NLP*9710)

'.35. C
'.36. 5000 CONTINUE
4.37& CALL W'L3TI (NHARS010,j5*101
'.38. CALL. P~L'3T (IPL9T6UVNMlN.IRMAXpFMAX.TIMEll
4.399 RETUR4N
'440. C
44'1. 9710 FORMAT (/f 00*0. TH4E PLO~T BUFFER IS NOT LARGE ENOUGHI

442, FOR THE. PERIOD RANGE SPECIFIED
44'30 1 THE PLOT 1b SUPPRESSED')
'4'.. C
'.459 C
446 C

4.'7* C
'489. SUHHOUTINE PLOTMEAV
'.49. C
450. C THIS SUH~eUTIKE 15 USED TO OUTPUT THE LINE PRINTER
4510 C PLOT OF THE HEAVE I4ESPeNSE.
452. C
4.53. CALL. PL(eTq (3*31p'b4EAvE RESPONSE AmPLITUL)E OPERATOR')
'.54a CALL. PLt3T4 (14#' WERMt) (SEC) 11
4955. CALL PLOT? (10)
'.56o RE.TURN
4.57. ENO
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APPENDIX VIII

Roll Program Listing

3. C PROURAM KOLLRAO
2. C
3. C VERSION too SEP. 1976 R. GOLOSMIr,4
"4 C
5. C THIS PROGRAM IS USED T9 CeMPUTE TW.E ROLL RFSPSNSE
bo C AMPLITUDE OPE~RAT"Roi AND ASSOCIATED PHASE ANGLES, FOR
79 C SPAR TYPE O'4dy SYSTEMSo

9. C CURRFNT vERSIIýN RESTRICTS DESIGN TR CYLINDRICAL AND
10. C TRIANGULAR duDIES MN ENO, AND RECTANGULAR PLATES.
Ile, C
12. C
130 LSiIC.AL IVPATERM
14. C
1s- DIMLNSIqN FRACAMPS (5)o AV'4CeEFFIS)o AVRESPNS(5)
16. UIMLNSION MAXWAVNI(6), kVMAXCNtF(6), R"~LLMAX(6)

is* COMMO1N / !e0EV / NCW#Ni.P
19. CLM'4N / TP / T~TME1#TIME2#TIMEDFLoFQE0,WAVEN4
20., ClMmMN / SEASTATE / ISEASELw!NDVwAVEHTwAVEPER#
?to + WINU.VP4#WAVETP'PWAVPERP4
22. COMMt'N / B3INS / NPRSIWP(0piT(0#EGT5)TIKS)
23. + DLNSITY 0jITG(5)FANR(0
24. COtMMON / 41ý')TS / VOLUME;50,,WE'tGHT(5o)
25. COMMON / WATEROTS I-Olo#D5)X(0,v(0jOS~
26. DEIPTW8(b0)pDEPTHT(50)
P7. L9MMON /CPNSTANT - PI#RTeD.RHe#G
28. CeM~MUN / U'1Y /NMMAXRLsAVERGAMPTHETAOARPERIOOO,
?go DEPT KdOCUoETCUH CKETC~wIPA
30. COMMOWN / ýEFS / WAUC51,COEFM1(5)
31# COMMO1N / mMENTS / iU11YMIADD)MT,WI/TINRTjWATERIM.6UOYMR,
32. 4 bUYM0TdUeYMQhWATERMD#DAMPN1
33o ClmmON MU¶TPUTS / IL.ISTIPL5TpRmIIDRMAX
14p C
35. C
36. DATA NCR#NLP /105#108/

370DATA P1,'~lT /39141592#')7*2955/
36. DATA RHeon / 1*99035o 3?.174/
39. C MAXIMUM ARRAY SIZES
40. DATA NPMAX /50/
41. C DRAG CF)EFFICIENTS FOR CYLINDER AND PLATE
42. DATA ORAU / 1.2p 162# le~p Os0. 0.0 /
43. C ADDED MASS CL'EFICIE.NTS FOýR CYLINDER AND PLATE
44o DATA CeFFM / 1.' 1p 0 It 0' 0.0.oto 0.0
45. C qTATISTICAL COEFFICIENTS
4b* DATA FWACAmPS /r)0a1,0&10#0.3333,o.50*I.O..
47. DATA AVRCOýEFF /Po359*.'*00*1@4I6#1.256.o@g86/

4S. DATA MAXWAVk4 /R~j010O.500g01000, 0s0,1OO00/
49. DATA wVMAXCIF /?'.12p?o2dp2.61.2s78#3oI3,3s47/

Sig C
532. C
530 C INITIALhZATION

556.l a RI*400
579 Tl t4k1 a 0.2
See *TImE2 a 50.0

ss. T1'4EUEL 0*0200
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60. ISEAbEL *0
61. WiINDY a 0.0
62. wAVk.mT 0.0
63o *AViýOER 0*00
64f, WwL a 0.0
65. AVEMI*AMP o a
66. TI4FtAMAI a 1/RS
67. NPAHTS a 0
480 C
69. loo CeNTINUE
70. C
71. C CHECKC FOR~ ON LINE AND INPUT MODE

72. JeNFL.AG a 0
73. 150 CONtINUE
74, *WT INLP#4400)
750 IF (IAMTE~m IIDUM) IeNFLAI3 I 1 CALL TINNYT

76. IF (IONFI.AG sED. 01 CALL BINPUT

770 IF (IFLeT EU. 1) CALL PLOTINIT
7A. C

79o c C~bPUTF TOTAL dUOY WE!GMTs DISTANCE FROM KEEL TO

go. C CENTER OF GRAVITY# DEPTH4 1F ICG

820 slJyoU~T w 0.0
1130 SULMT a 0.0-.

64. ol 400 1 r liNPARTS
s~o tUdY(WGT w BUOYWOT + 14EIGHT(I)

8.0 SUm? a qL~mT + wEIC3'T(I)*DISTCGK(I)

870 400 CONTINUE
88. M4U9YLcK s SIJMT/SUOYWOT

1k9* DEPTHCG aDEPTN'c a * YO

go, C CMUTE TH4E PART UASIC MOMENT OF INERTIA CONTRIBUTION
91. C CM
920 C
93o SUjMT a 0e0
94. D8 b00 I s 1jNPARTS

95. CALL. s@DvmI (fSHApE(I)mHEIQHTII)DwI0TH(I) ITHICK(IlopINERT1

96. C FORq T'4E WtDY ABOUT ITS OWN AXIS

97, PM1 a WEIj3NT(t)*RINERT/G
98. C A'B~UI THE CO

990 4M1COMP v (wiEtciIT(I)/u)*(DISTCOa((I) 0 NUOYCO0)*O2

100. SUmT a SUM? * PMI * 6MICOMF
ici. 500 CONTINUE
102. dUlymI - SUP4T

*1040 C rjET DISPLACEMENT COINTRIBUTIONS

106. CALL DISPLACE
1070 C
101tt HUIYLUCJC a HunVCSBC 9 t3L~YCOK

logo C
110. APIITL (NLP,04051 dUOYwGTsWDISPLAC

III, C CeMPUTE DISTANCE TO METACENTER FReM C9

112. C
113' SURFINRT *PIa0lwL**4/4go
114. 00YTLdM a URFINRT*RH1G/wD35PLAC
Its, C
116. C COmPUTE RIum4TINO ARM# GM

1170 C
Ila* 8LJOYI.0t4 s USYOO*OYCGW decM
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120. C CWECI( FUR STAUILITY
1219 IF (UUOYC5M 90T. 0.0) WR~ITE INLP*9700) 8U5YCBI(,aU8YC8Ms
122. BURYCOK 1
123. STOP' 550
124. C
125. C
126. C
127. c CemPUTE HIGHTING mdmENT TERM

129. OU9ymIR 8 UM4yGT*t0VOYCGM
130. dUayMR0 s .JOYMH/G

132. cC!%MPUTF NATUIRAt PERIOD OF' ROLL

133. C FURS7 GET VIRTUAL MOMIENT
134. VIRIUNRT s F30YMI + AUDMI

135. PE~4IO00 a 2*00PIOSWiRT CVIHTINRT/bU5YMR)

j37. C
138. C MAKE ASSUMPTION OF UNIT AMPLITUDE
1391p C AND START FREUUENCY ANALYSIS
14()- C
j141 IF 1tITS *E~o 1) WHITE (NL.P#9450 1
142. RRSINTG a 0.0
143o SINT(. m 0.0
144. UUTW'UT i3UýYMI*501OYMW#13UdYMRGJ
145. C
1460 C NeTE: THE CALL TO dUOeflAMM IS PLACED HEFRE TO
1479 c 9IMPIIFY TH4E CeMPLJTATIr"No THE C5NSTANT TERM
148s C IS COmPUTFD HLRE AND THE FRE-1 IS MULTIPLIED
149- C TN AT THE BEUINNING OF THE FR4EQUENCY ITERATION.

1,30 C
151. CALL. t8U8VrAMP
152v [1 eOo0 TIME a TImE1,TIME2jTIMF'DEL
153o F4EQ a PI2.1,OE+1O

154. IF~ CTIMr oNE, 090) FREG a P12/TIME
155. wAVEN a FREQ.FRLU/0
1%.o C
15370 C *eCOMP'UTE UAMPINU MOMENTS
1580 C
1590. C SEE NOTE ABOVE
160. '4UUYMO m 4iUeYM0T*FREG
161. CALL WATERDAMP
162. C
163. C #** CemPUTE WAVE INERTIA MOMENTS
164. C
1650* CALL AATRINRT
166. x IUTPUT RUl9YMD#WATERM0DWATERIM
167. C
168. C
169. ETLM a BUUYMRG 4 WATERIM
170. FTEM a WATERMO
1710 C
172. C SET MAIN COMPONENT
173. E a ETEm*FREG*FRE(J
174, F a FTEM*FREO
175. C PH~ASE BETWEEN wAVE A4D TORQUE
174. SIfJMA m RTDD*ATAK2 (*E&Fl
177, C
178. C EXCITING TORQUE
179. T *SORT (CEE + F*F)
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Imll C PHASE AN0LE BETWEEN TORQUE AND R4LL
182. ATk.M 0 AURYMOOFI4EG
1S3. 'JTt.M a RUP.IYMR .VIRTINRT*FPREQ*FREQ
184. PHI RT8O.ATAN2 (-ATEm*gBTEM)
18$$ C
196. C RMLL RAO
187. C
188. Rdt.LRAI a T/SfNRT (ATEM*ATEM + bTEM*OTEM)
1890. C
190. C PWASE ANGLE BETWEEN WAVE AND ROLL
191. C
1929 THe.TA a SIUMA + PH4I
193. C
19*. C OFT SEA SP'ECTR4A
195. CALL SEASPEC
196. C
197. C CIMMPUTE R~ESPONSE AND INTEGRATE
198. Rk a RqLL4AM*RdLLRAe0S
199. IP (TIME .LE, TIMElI GO TO 1400
200. Di.LF N rRFULAST w * E
2~11 R'4SINtG a *RR + SLAST,*0*50*0ELF *RRSINTG
202. SINTG E (S + SLAST)*0950*DELF + SINTO
203o 1400 CONTINUE
2040 R~bLAST a RRS
205. S6AST 6 S
2,16* Fktu(LAST * FREQ
?07. C
208. C OUTPULT LIST IF IT WAS SELECTED
2o9. IF (ILIST .LEv 0) GO TO 1500
210. W41TE (NL~p94S5) TIMEPFWREURLLRAa*RTODSZGMAPI41,TH.ETAS
211. C
212. C CH.ECK FOR PLOT
203 1500 CONTINUE
21'. IF (IPLeT sLEo 0) Cie TO 2000
215. CALL. PLI'r3 (PeljeLLFRAllRTOD,t-IME.1)
216. C
2179 2000 CONTINUE
218. C
219. C GET STATISTICS
ppof C
221. C CIMMPJTE RleT MEAN SQUARE OF WAVE
222. RMS a SGRT(SINTG)
223. PIdRAmP a0.707*RmS
224. C CMM9'UTE AVERAGE WAVE HEIGH4T
2250 DO e300 I a 105
22.6. AV4ESPNS(I) a AVRCeEFF(I)OPMS
227. 2300 CONTINUE
2as. C CnMPLJTE MAXIMUM WAVE AMPLITUDES
229. uO 2*00 1 m 1,6
230. ROLLmAX(I) a wVMAXCOF(I)*I4MS
231. 2400 C!NtJINUE
232. w4ITk. CNLP#9500 1 RMS
233, wRIrk. (NLP.9505) PRedAMP
2340 wRITE (NLpsq510I (FIWACAMpS(i)IAVRESPNS(I)i
235a + MAXWAVNO(UDRPeLLMAX(I)# I'1,5)a
236. MAXWAVNe(6)#RVLLMAX(6 )
227. C
238. C CRMPUTE ROO9T MEAN SQUARE OF RESPONSE
239. RMS *SQRT(RRSINTG)
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240. PRetAMP 0 O.707#4MS
241. C CIMPUTE AVERAGE RESPONSE OF R0 LL

242. Us euo0 I m 1.5
243. AV4LSPNS(l) m AVRCOEFF(I)ONMS*RTOD
244e 2500 C"NrINUE
245. C CIM"UTE MAXIMUM AMPLITUDES OF RILL
246s UO 2600 1 2 1.6
247. ROLLMAX(J) a WVMAXCOF(I)eOMS*RTOD
248. 2600 CONTINUE
249. w~irt. (N1.00515) I4MSORTID
250. wIlt. (NLP,05201 W MAMP*bTOD

251. *QIrb (NLPj95?51 (FRACAMPS(I),AVPEqPNS(I),
252. MAXWAVNe(I)D•PLLMAX(I|) I115)1
253. 4 MAXWAVNO(6)#RVLLMAX(6)
P540 C
255. C CHECK FeR PLOT
256. C

257. IF (IPLOT sLEo 0) GO TI 3000
258. CALL PLSTReLL
259. 3000 CONTINUE
2AO. C
261, IF (IONFLAG ,EQ. 1) WRITE (NLP,9495)
262. WEAL (NC4,9085EN•rD•8000) lEND
263o IF (I{.NO *Eo. 1wY) 013 TO 15D

?64.
265. 8000 CONTINUE
266, STOP
267. C
268. 9085 FeRMAT (Al)
269. C
270s 9400 FORMAT (IWI, ROLL RESPONSE ANNALYSI:S PROGRAM'/
271. 4 ALL DEPTHS ARE POSITIVE V/)
272. 9405 FORMAT (/f CHECK FVR OURYANCY HURY WEIGHT a ',FIO.1,' LSSMI/
273. wATFR DISO'LACED • 'laFO.i'' LHS4')
274. 9410 F()RMAT (/, NATURAL PERIOD mf#FA§3,1 SECONDSI)
275. 9450 FfIRMAT (1HI/9 RAO IS IN DEGPEES/FOOT OF WAVE AMPLITUDE'/
276. ' PERIOD ANG FREU RAO N.T PHASE T-R PHASE I
p770 4 ,w.R PHASE AMP SPEC 01

278. 9455 F9RMAT (FlO.3,ElO,3,FIO.3 , FIO.3,FIOo3,FIO,3,F1O,3)
279. 9485 P44MAT (/' DO yRU WANT AN"TMER CASE Of)
2RO* 9500 FqRMAT (1wj111// RMS OF WAVE SPECTRUM amF1oo3e. FEET#)
281. 9505 FoJRMAT (/l PReMAd.E AMPLITUDE v/
252. + f (F WAVE o.oF1o.3s9 FEET')
283. 951c FORMAT (/
284. + /I FRACTION OF I EXPECTED I
215o + /I LARGFST AVERAGE I WAVE 1
256. + /I AMPLITUDES WAVE I NUMRER MAXIMUM 1
2117e /I COK'SIDERE AMPLITLIDE I IF WAVES AMPLITUDE I
P 86. + /I ....... ... ........ q I ...... I....
2490 + b(/T4,F5.3. T16OF9.3a T28,'I, T33,16p T43.F9.3)
P90. / T24,'lop T33#16, T43.P9s3
291. 9515 F1RMAT C/1t///' WMS OF RESPONSE SPECTRUM *9,F10.3o' DEG 9)

P92. 9520 FORMAT (it PRO4AdLE AMPLITUDE ,/
293. + I OF ROLL RESPONSE utF10.3of DEG t)

294e. 9525 FORMAT (1/
295. + /I AMPLITUDES OF ROLL ARE IN DEGREES'1
296. 4 /1 rRACTIRN OF AVERAGE I EXPECTED i
29t + /I' LARGEST ROLL I ROLL
2969. /' AMPLITUDES AMPLITIDE I NUMBER MAXIMUM 9
299,. /1 CONSIDERED RESPONSE I OF WAVES AMPLITUDE I
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301. 5(/T4pFS.3# t16#F9o2, T28gpill T33#16# T43#F9*3)
302. , TM~'Ils T33#16* T43oFI.3/)
303. C
304. 9700 FORMAT (//1 . STOP~ EvEI4YTfNIU . THIS BU"Y WILL. POLL OVEI~'/
305. 4 9THE CENTER OF 3RAVITY IS ABOVE THE METAI/
306. 4 L ENTER* MC ABOVE KEEL. a OPF6*201 FEET,/
307o 4 ICG ABOVE KEEL a tiF6#2*1 FEETI)
30a, C
339s C
310. C ... .. *.*...e...e*o.....*eo*e
311. C
312o SUa(OUTINF SEASPEC

313. 9 (I~ SEAS9:L *E! o~ S) 5 a As RETURN
314. FREUP4 a PU*

315- i.WEuwb a FREWP4*FREG
316. U4* TO c4100#42rn0D43OO)o ISEASEL
317. c PIERSON - MeSKOWIT4
'418. 4100 CONTINUE
319. 5 a 135.0/FRE~p9eEXPI-97000.O/(FHEQP444IN0VP4))
3200 C C9RHECT FOR DOUBLE HEIGHT SPECTRUM
321o s a /l
322. I4ETkP(N
323. C BRETSCHNEIOEIR
3P4* 4200 CONTINUE
3;)5* 5 w r01.oeWAVEWTP2/(WAVPERP4*FREGP5)*

326, EXP(.1050.0/CWAV~rR~4*PPFP4j)
3?7. C C"RRECT FOR D"UBLE Hr-IGHT SPECTRUM
328. 5 a /0
329. RETUR~N
330v C I.s.Soc.
331. 4300 CONTINUE
332o s a d76C.oo*WAVFWTP2/(WAVPERP4*FREQP5)*
333o E XpC.630.0/WAvFEPF4FREQF4))
334. C CmHRECT FOO DOUB~LE HEIGHT SPECTRUM
335. S m b/8.0
336. RETUR4N
337. C
338. C
339. C
340. C
341. SuswOuTINE PLMTINIT
342. C THIS S(UHRCUTINE IS USED TO INITIALIZE A LINE PRINTER

343. C PL5T eF THE HRLL HESPeNSE.
3449 C SlLE LIMITED FOR ONwLINE USE ONLY
3#65 C
346. OI'4EN5IfIN IPLOTPUF(13001
347. C
348. DATA IB.JFSIZE / 1300/
349o C
350o C
351o IF (I*IAX .GT* RMIN) GO TO 1490
352. 4MAA N IOOURMIN
3539 IF IP4mAX .EU* 0.0) RmAX a 10.0
354. 1490 C"NTINUE
355. RD4Ot a RmAX - RMIN
356. RMAA 0 IFIX(ROEL/500 4 O.999)05*0 + RMIN
357. C
31589 NLINk.S *(TIME2 *TIMEI)/TIMEDEL

35,NIdAk$ (NLINES 9* 1)/10.0
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360- TMAX is TluEl + NJAAWS*10*0*TImE0FL.

361. NLINL.S a (TMAX w TIMEJ1)/TImEDEL + t.0

364!* liz (iN-.NES -LT. ItOUPSIZE/13) Oe~ Ta 5000

363o IPLO1T a 0

365. WETUMN
366o C
367. 5000 C!ýNTINUE

366. CALL. POtTJ (NqA'RSe1005110)

16f9, CALL. ILMT2 (IJLfTYLJFNMINpNMAX,TMAWTIMEI)

370. WETU04N
371o C

372- 9710 FqR'MAT C/s *. THE P~LOT tUFF'EP IS NIMT LARGE ENeUGH

373. 4Ft"R TH4E PV-RIMD RANGE SPECIFIED

374a ' TH4E PLOT IS SUPPRESSED')

375. C
376o c
377s * c
378. c
379o sudNRLJT1NE PLUTrRell

381. c TWIS SUJROUTINE IS USED 71 ýWTPUT THE LINE PRINTER

382, C PL9T eF THE RL.L RESPONSE*

383v C
394 CALL. PLOTq (3 01 tvROLL RrSP"NSE AMPLITUDE OPERATORI)

345. CALL PLITd4 (1.4i, PERIOD (SEC) 1)

386. CALL PLt'T9 (2*2901 DEGREES PER FdeT AMPLITUDE 11

397o CAL.L PLRT7 (10)

388, HETU~NN
389. C
3900 END
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1. ~SUBROULTINE TINPUT
2. C

3. C VEQS!BN 1.0 SEP. 1976 Re GOLDSMITH~
4. C
S. C THIS ReUTINE INPUTS DATA FOR THdE M~L RAO IN qNwLINE MODE
6. C
7. C
a. CO3MMON / le')EV / NCI4.NLP

90 CeMMtf /' TP / TIME1,TIME2&TIMEDELFREW, MAVEN
10. C~mmON / SEASTATE / ISEASELeININ0VawAVEHTWýAVEPERa
Ile 4WIN0VP4avwAVF.H.TP~pWAVIPERR4
12. V4MMON / RINS / NI'ARTSIqHAI'E(1o,WIDTH(50),MEIGHT(50).THICIý((0),
13. 4 DL%SI TYC 50) aDISTLGKfSO) ,FRACN*QM(50)
14. COMMON / F~eUTS / V0LUME(60)#h~EIGH.T(50,
150 COMMON / CMNSTANT / PII4T0U,KHe,G
169 COMMO~N / 8U~y / NpAXsM4L.AVERGAmp,TH.ETABAPDPERIe00.
17. DE*H ~YLKDPH~d~YU#ETHBWlPA
Is. C9MMON / 6UTPUTS / ILISTo1PL0T,RMINRMAX
19. c
20. C
21. C tNPUT TIME AND RANc3E

23. RFAU (NCR,9000) T1,T2pT3
24. IF (TI @LT* 0.0) GO TO 200

259 TIm~1 v Ti
26, TIML2 a T2
279 IF (TIME? .LT. TIME1) TIME2 TIME1

28.IF (T3 *LE* 0.0) 13 a T!mEDEL
29. TimtUEL. 8 T3
30. C
31. C SELECT SEA STATE- PARAMETERS
32., 200 CeNTINUE
33. V.RITh (NLflg9405)
34. WEALW (NCH.9Z105) ISTEST, WAVEHT, WAVEPER
150 IF (ISTEST *GT* 3) ISTEST a *
36., IF. (ISTEST *LTt 0) GO TO 300
37. ISEASEL 8 ISTEST
36. IF (I5EASEL 9ED. 1) WINDY 0 WAVE(4T
39. WINUVVR4 a LINDV.*4
40. wAvbt4TP2 a WAVEW~T*WAVEH.T

141* WAVýJt.p4 a WAVEpER**4

430 C ENTER WATER PL.ANE "ADIUS
44. 300 CONTINUE
45. wRITk. INLP#9410)
46. WEAL) (NC4,90105 I4wLTEST

f47. IF Ith*LTEST *LT, 0.0) uO TO 400
48. RWL a RWLTEST
49." C
so. c INPUT DEPTH TO KEEL.
51. 400 CONTINUJE
52. WRITE. (NLPo94l5)
53, WEAU (NCI4,9015) £KTEST
54. IF (SITEST *LT. 0.0) GO TO 500
55. D)EPT04K a ZKTEST
56. C
57. ENTER ESTIMATED AVEREAGE AMPLITUDE
see 5OC CONTINUE

5,. WRITI. (NLP#94201
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60. REALI (NCR,9020) AMPTEM

61., IF (AMPTEM .L.To 0.0) G3O TB 600

62. AVEHUAMP a AMPTEM

63, c
64s c FNTER ESTImATED AVERAGE ROLL

65. 600 CINTINUE
66. '*P1TL (NLP,9425)
67. 'wEA0 (NC'4,9025) THETATEm

65. IF (THrETATEM *LT. 0.0) GO TO 700

69. THETABAR v THETATLM/HTeD
70. C
71. C
72. 700 CONTINUE
73. C
74. C DEFINE BUOY
75. C
76. Na
77. 1000 CONTINUE
78. N.R[TL. (NL.P,

9 455)

79, REAU (NCwj905S) NPTEM

90. IF (NPTFM *LEs o) GO TO 2000
SI.1 C
82. wRITL (NLp,9460)

83o N a I

85. C LOOP ON ENTRY
86& 1050 CONTINUE
97o IF (N PGT. NPMAX) WRITE (NI.P,97251 NPMAX I GO TO 200

Be, WQITL (NLP,9465) N
89. REAL) (NCR*9065) IDUM

900 ,ORITt. (NLP,*A470)
91. READ (NCR,9070) KW*HT,0.XF
92. C
93. C SET INPUTS FOR CORR4ECT SH.APE

940IF ((K *GT. 5) .OR* (K .LTo 1)) OUTPUT K j WRITE (NLP#9700)

950 + 05 TO 1050

q16 s IF (W 9LE. 0.v0) WRITE (NLP#97013) I OUTPUT W JGO TO) 1050

97v oIoTw(N) w w

98. IF (H eLT. 0.0) WRITE 1NLPs9705) j OUTPUT w4 GO TO 1050

~99 b.4EI~lMT(N) a H4

100. IF (U .LT, 0.0) WRITE (NL.P,9710) s OUTPUT 0 GO TO 1050

101. DENbITY(N) v 0

1,)2*IF (A~ *LT. C)901 WHITE (NLPa57193) I OUTPUT X j GO TO 1050

103, LDJStLGK(N) 0 X

105. C
106. C CYLINDERS

107. 1100 COiNTINUE
108. IF (T 9E(J9 oleo) T a *6

109. IF (1Kc .EG. 2) .011. (K( -Ego 3) T *W06,0

110. IF (T @LT. 1.0) WRITE (NLPa9705) I 1UTPUIT T j GO TO 1050

III* Ti.ICK(N) a T1s

4 112. F94CNeRml(N) a 1.0
113, I!~4APEMN a 1
1140 LiO TU 1600

115, C
116. C TRIANGLE

117* 1400 CONTINUE
11sp IF (T .LT. 090) WRITE (NL.P&9705) I 15UTPUT T jGO To 1050

119. TH4JCK(N) aT/1290
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1200 IF (CF *GT. 1.0) OUR*. (F .LT' 0.0)) WRITE (NLP09720) J OUTPUT F
121. 1 08 TO 1050
122. FRALNORM(N) v F
123. ISWAO'(N) a 2
12'b. 05 TO 1800
125. C
126. C RECTANGILE
127s 1500 CINTINUE
1280 IF CT 90T. 0.0) WRITE (NLPD9705) i OUTPUT 7 1 GO TO5 JOSO
129. TH4IC(.CN) a T/12.0
130. IF (IF *uT@ It0) stl~o (F .LT9 0.0)) WRITE CNLPs97201 j OUTPUT F
131. A 0O TO 1050
132. FRACNdRM(N) aF

133. ISHAWE(N)*
134s UO TO 1800
135. C
136. C COM1PUTý VOLUME AND WEIGH4T
137. 1800 CeNTINUE
138. CALL 500YVeL. lISHAPE(N)pwp~aTHICK(N)pV)
139o EI'JIT(N) @ VOD
140. V93LUML(N) a V
141t, c

1420 CCHECK NUmdER OF ENTRIES
143* IF (N *GE, NPTEM) 00 T'l 2000
144o N aN +1
145. 00 TO 1050
146. C
147s C PART CH.ANGE
146. C
149. 2000 CONTINUE
150. IF (N<'TEM .GTv o) NPARTS *NPTEM
151. NYPTLM m 0
152. NpAqTS a MAX (NQAIRTS#N)
153. i.RITL (NLPP94751
1540 4EAL) (NC'4*9075) N
155. IF' I(N *GT- 0) .AND, (N aLEs NPAI4TS * 1) 0 TO 1050
156. C
157a 3000 CINTINUE
158. WRITt. CNLPo94301
159. WEAO3 (NCR09080) IL#IPPWMIN#RMAX
160. ILIST a 0
161. IF (IL .EQ. IHY) ILIST a I
162. IPLUT m 0
163. IF lIP 9EQ. Iwy) IPLOT a 1
164. C
165. RETI$4N
166. C
167s 9000 FIRMAT C3F.0)
168. 9005 FI~mAT (I#Fo0,FP0)
169. 9010 FORMAT (Foo)
170. 9015 F5RMAT (F.0)
171. 9020 FORMAT (F.0)
172. 9C25 FORMAT (F.0)
173a 9055 FORMAT (1)
14*. 9065 FM4RMAT (A)
175a 9070 FOR4MAT (?a6Fs0)
176- 9075 POWMAT (1)
177. 9040 F04MYAT (AI,1XsAI,1A.2F.0I
176.0 C

179. 9400 FRRMAT (/I ENTER STAR4T* END# INCREMENT eF PERIO RANGE (SEC) 0.)
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140. 9405 FORMAT 04# ENTFR SEA SWECT4UM TYPE AND PARAMETERS1
lat a ' 100 0

18�2 4 / PlENSMN-MmSK"WITZ 10 WINO SPEEO (KNOTS)S

163o P , p1ETSCMNEIDER 2, SIGNIF WAVE HT (FT)e SIGCNIP

1440 4 WAVE PERIOD (SFC)i
155. /+ t/S.S.,c 3, SIGNIF WAVE HT (FTr) SIGNIFf

166o 0 9 WAVE pEWI"O (SEC)f

187. p410 FOWD.T (/f ENTER wATEW PLANE RADIUS AT SURFACE (FT) O)
1S80 9415 F9-MAT (W ENTPR DEPTH TO KEEL (FTI "I)

111. 94.0 FIRMAT U/ ENTrw ExPECTED AvEQAGE AmPLITUDE (FT) o':

190. 9.p5 FRRMAT (/9 ENTFR ExP•.CTFO AVERA6E eOLL (DEG) 00)

191. 9i.55 F44AMAT (/' ENTF'Q N~.m8EI4 OF bUMY PARTS 0')

1920 9460 V5IMAT (/ *e FdrB EACH PART NUMBFR YOU MUST ENTER I/

193o SIME IDENTIFIER VEFMRE YOU RETURNot/

1g9. THEN ENrER K#W#MaTADoXaF /

195, K . SHAPE CODE I o HOLLOW CYLINDER /

196. ' p - SOLID CYLINDER I/

197. 4 3 v DISC /

196. • - TRIANGULAR (RT) PLATE I/

1993 • * RECTANGULAR PLATEf/

2000 w " 10TH OR OUTSIDE DIAMETER (VT) I/

201. H H MEIGHT (pT) I/

202. 7 THICI(NESS (INi I

203o 4 A * ENTERED FOR CASE Ka1 WILL ASSUME I/

204- f A SLID (T a W/2/12) /

205. 9 FUR CASES Kw?,3 ENTER ANYTHING 9/

206. 1 o D DENSITY (LBM/FT001)
07, 0 A DISTANCE FROM KEEL Te PART CG (FEET) I/

2008. • F a FR PLATES ONLY, FRACTIONAL AREAO/

209o I AF TwE PLATE NORMAL TO MOTIN,/

210, 1 ENTER I F•R CYLINDERS

211. 9465 FORMAT (/ ' PART NO@ 'I 13&10#)

212. 9470 F94MAT ( I ENTFR Kewow#To XjFf)

213" 9475 FIRMAT (W9 ENTFN WART NItjmEW TI CWANGE (wi TO STOP) 00)

214o 94$0 FeWMAT (/W ENTER Y IW N FOR LIST AND PLOT "PTIINSO/

215. • FOR PLOT YmU MAY ALSO ENTER RAI MIN AND MAX 01t

216. C
217. 9700 FjWMAT (/, *. vOUwE KIDDING o TWE CODES ONLY GO FROM I TO 5 1/

218. + TRY AGAIN '/)

211 9705 FeRMAT (/9 ** WHAT KINJ IF SHAPE IS THIS 0')

2?0" 970 5MAT (/o ** WHAT DU YqU HAVE IN THERE Oi)

221, 971S FeRMAT (/9 WH 'ERE IS TT "')
M?2. 972C FMAT (/9 ... RANE "F F a 0.0 TO 1.0 It)

PP30 9725 F04MAT (/1 *00 4LY '*13.' LVMPMNENTS ARE ALOWED ii

2?6. + I bUey DEFINITION TFRMINATES I/

2259 + dwev cNANGLS WILL PROCEED v/)

216, C
??79 N
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I. ~SUdRIOLJTINE ISINPUT
2. C
3. C VEQS19N 100 SEP* 1976 Re GOLDSMITH

so C THIS R"UTINE INPUTS DATA ORTWE RLL IA N 8AC MD

5, C
7. C
7. C
9. C

t0. DhIMENSION ICOMM1ENT(4)s I0(10)
11. C

i~o CeMMON / ?t00Ev - NCRiNLP
13s COMMON / TP / TTmEIDTlm~pjTIMEDrLsFREQ*WAVEN

14. CO~MMON / SEASTATE / ISEASEL#AIN0V,WAVEkTWAVr.PE~j
15 *IUpjAFT~wVEP

16. C.O"MON / 9INS / NRARTS.ISHAk(5O)ew1OTH(50,s4EIGI4T(50),THICK(50),
17. * CENSITY(90),DISTCGI((50) .FRACNORM(50)

IS. CeMMON / qlIJTS / vUmEi50)oAIETCVTj50)
190 CIMMON / CANSTAN'T / PIpRBD.WI'd5G
20. C'JMMON / SU4Y / NMAX,* L,AVERGAMP,THETAdARPERI0DO,

21. * TKHICKDE~CoUyOiDPHBWIPA

22. COMMON / ALJTPUTS / ILISTsIPLOTsRmINJRMAX
23. C
24. C
25. DATA 10 /0 H CYL lot S CYL Is# DISC fit TRI PLT'#' RCT PILTv/

26. C
27. C INPUT TIME AND RANGE
28. REAU (NC9~.90053 TlpTR*T3
29. IF (TI .LT# 0.0) GO TO 175
30. TIMES a TI
31. TIMLE a T?
32. IF (TIMEa .LT. TIMEI) TIMEZ TIMEI.
33. IF (T3 #LE# 0.0) 73 a TImEDEL

34. TIMULEL o T3
is, 175 CONTINUE
36. wRITE (NL~p*9405) TIMElaIMEWaIMEDEL

370
38. SELECT SEA STATE PARAMETERS
39o 200 COMJTINUE
400 REAtU (NCR&901Q) ISTESTa WAVEI4Ts WAVEPER
419 IF (ISTEST .GT9 3) ISTkEST
42. IF (ISTEST .1.1. 0) (iO TO 275
463. ISEAbiL a ISTEST
'4.0 IF (ISEASEL #EGO 1) WINDV * WAVENT
45. *INLUVPft WtNDV**4
46. ,wAvt.*Tp2 w WAVEW.T*WAVEI4T
47. WAVWLNP4 , WAVEREH004
48. 275 CONTINUE
490 IF (ISEASEL oE~ 0? WRITE (NLPo94101
50o IF (ISEASFL *EQ , 1) WRITE (N6Pp9411) WINOV

!51. IF (ISEASFL vEG. Z) WRITE (NLPo9412) WAVEH.TsWAVEPER

52. IF IISEASEL oEQ. 31 WRITE (N4P#9413) wAVEb4T#WAVEPER
53. C
54. C ENTER WATER PLANE RADIUS
55. 300 CONTINUE
56. HF.AU (NCR#9015) e4WLTEST
57. IF HWNLTEST o6To 0.0) U65 TO 375
See R4wL a RwLTEST
59. 375 CONTINUE
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60. wRITL (NLP,'4415) R W L
61. C
62o C INPOT DEP'TH TO '(EEL.
63. 400 CONrINUE
64o REALO (NCR,9020) £'(TEST
65. IF Il'KTEST .LT9 0.01 GO TO 475
66. DERTM'( a Z'TEST
679 475 CUNTINUE

69.
70. C FNTER rSTIMATELO AVERAGF AMPLITUDE
71. 50o CINTINUE
729 kEAL2 (NCR,9o25) AMP'TEM
73. IF (AMPTEM *Ll. 0.01 GO TO 575
74. AVEHOAMP a AMPTEM
75. 575 C9NTINUE
76o *RIjTb. (NLPP9*251 AVENGCAMP
77. C
78. C ENTER ESTIMATED AVERAGE R9LL
79a 600 LeNTINUE
go* kF.AU (NiCR~,9r30) THETATEm
81. IV (TI"ETATEM oLr. 0.01 00 TO 675

420 Tý-ErAbAR a THETATEM/RTOLI
83. 675 C"NTINLJE
84. WR0ITt (NLP#9430) TH4ETA64R*RTOD
85: C
86o C
87. 700 CONTINUE

8. C
49. C DEFINE BUOY
900 C
91: N a
92. 1000 CliNTINUE
93. 'REAU (NCFR,90551 NPTEm
94. IF (NPTEM sLE* 01 (35 Td 2000
95. C
96v WRITfr ('40#,9455) NP~TM
970 ORITL (NLPP9460)
98. NU
"99 C

10o- C Le5P ON ENTRY
101. 1050 CtONTINUE
1020 IF IN IT, N'PM~k) WRITE (NL.P#9725) NPMAX ASTOP 1050
103. R~EAU (NCRl,9070) KD4pH*TsODX#FDICOMMENT

105. C SET INPUTS FOR CORR4ECT SHiAPE

106. IF ((K PGT. 5) &eW# (KC aLT* 1) OUTPUT K I WRITE (kJLP.#9700) 1
107. 4 STOP 1050
io08 0 F (w eLE,, 0.01 ,w4ITE (NLP#9705) j O0flmUT W j STEPP 1050

11c. IF (04 .Lr. 10) WRITE (NLP,9705) J OUTPUT H i STOP 1050
111c wEltaT(N) a
112. IF (u 1eLT* 0-0) WRITE CNLPP971ol OUTPUT D ; STOP 1050
113s UEN~iITY(N) a 0
114, IF (A .LT. 0*01 WRITE (NLP,9715) IOUTPUT X J STeP 1050
115, li5TLO'C(NI a

llfbe 0 TO (1100a1100,1100.1400'1500)# K(
117. C
116. CYLINDER$
119. 1100 CONTINUE
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120. IF IT *EQ. *1.o) 1' a W*60O
121* 1 IF((K eCO. L-) ,5es (K .EQv 3) 1 T W#9

122. IF IT @LT. 1.0) WRITE (N4P#9705) Ja OUTPUT T J STOP 1100

123. TWICK(N) a T/12*0
12'4. F94ACNOJRMIN) 10
125. IS.4AWL(N) 1
126. GM TO 1800
127. C
1?80 C TRIANGLE
129. 1400 CMNTINUE
130. IF IT 909, 0.0) WRITE (NLP#97oS3) s OUTPUT T I STOP 1400
131. THILCN) a T/1290

132. IF (IF *GT* 1.0) .OR9 (F .LT, 0.0)) WRITE (NLO#972O) I OUTPUT F

133. 1 STOP 1400

13*e FRACNORM(N) a F

135. ISN4AOE(N) w 2
136., Ge TO 1800
137t, C
138. C RECTANGLE
1399 1500 Cn1NTINUE

:~.I I L. ~)WRITE (NL.PD9705) a OUTP'UT T i STOP 1500

141. THILKIN) 0 T/'12,0
142@ IF (IF .GT. 19W0~ OR. (F oL.Te 0.0)) WRITE (NLPs9720) j OUTPUT F

1439 .0 STOP 1500.
144. FRACNORM(N) a F
145. IS'4AP'E(N) s3
146. UIj TO 1400
147. c
1415. C COMPUTE VOL.UME AND WEIGHT
149. 1800 C9NTINUE
150. CALL. dPDYVOL (ISHAPE(N)*~WDWTHICK(Nl#V)
151. wEINTcN) w V00
15.2. VOLUME.IN) a V
153. C
1;4,6 ORITE. (NLP*9465) NaiOC2.,c.1)eI0I2.K)eWDIeTHICKIN)oDoXDF
155., s .CeMmENT
156. c CHECK NUMdER OF ENTRIES
157. IF IN e3E# NPTEM) 0O TO 2000

158. N g N + 1
159. GO to 1050....
1150. C
161. C PART CH.ANGE
162. C
163a 2oao CeNTINUE
164* IF (NPTEM .OT* 0) NPARTS a NPTEM
165. NPTEM .0
166. NPANTS *MAX (NPARTSDN)
1679 'REAU) (NCR&9075) N

166. IF (IN .c3T. 0) *AND@ IN sLE& NPARTS 0 1) WRITE (NLPa9470) 6¶

169. GO0 TO 1050

170. C
171. 3000 Coer&INUE
172. WEAU (NCR#9050) IL.IPD#4mIN#RmAX
173. 11.15T s 0
17*. IF (11. 9E~s INV) 161ST 1
175s IPLOT a 0
176. IF (IP .EQ. 11(Y) IPLOT *I

177. C
178. RETURN
179. C
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180. 9005 FMMAT 13FO)
181. 9010 F4tMAT (IFOeFO)
182. 9015 FOqMAT (Foo)

183. 902C FIRMAT (Foo)
1840 90p5 FRqMAT (Fo0)
185. 9030 FORMAT (Foo)

I16. 9055 F4RMAT (I)

187. 9070 FORMAT (I,6VoO,3A4*A2)
188. 9075 FeRMAT (I)
189. 90O FORMAT (AlIXaAIIXj2F*0)

190' C
191. 9405 FORMAT (/I PERIOD RANGE, IN SECONDS START END DEL.TA*/

192o + 2AXsFo.3,F8.*32XF8S.3)
193. 9410 F•QMAT w' SEA SwECTRUM a 1.0')

194o. 9411 FMAT (/o PIERSUN-M"SKOWITZ SEA SPECTRUM

195. + / W WIND SPELD a ',FIO.,2' KNOTS')

196. 9412 FOMAT W* BRETSCHNEIDE. SLA SPECTRUM#

197. * /t SIGNIFICANT WAVF HT * liF1O3st FEET,

198. + /I SIGNIFICANT WAVE PERMO 6 ',PIO*3#' SECI)
199. 9413 FRMAT (/, I.S.S.C. SLA SpECTRUM9

200, * /9 SIGNIFICANT WAVE HT a ',FI.00, FEET'
201. /9 qIUNIFICANT WAVE PEPIRD * 1,F1O,#3p SEC9)
202. 9415 F4RMAT (/W WATER PLANE RADIUS AT SURFACE u IF6,2,e FT1)
2033 9420 FORMAT (/f DFPTH TO THE KEE-L a ',F6.2,t FTI)
234- 9425 FMRMAT (/i ESTIMATED AVFRAUE AMPLITUDE a vsF6oept FTI)
205. 9430 FeRMAT (/W ESTIMATED AVERAGE ROLL a ',F6.2,' DEG')
206. 9455 FtlWMAT (/9 NUMBER OF pARTS 0 j*13)
207. 9460 FORMAT (// t.

208. + I C.o. I/
2090 + I. .. - DENSITY',

210. + I ABFVEI/
211, + PART WIDTH HEIGHT THICK (LBSM'/ t,

212. + KEEL FRACTI/

213. 4 1 Ne SHAPE (FT) (FT) (FT) FT**3)1,

214. 9 (FT) NOqM COMMENTSf/

215? ISO* w ... fu. e o.... - .. o.s0e C.0 .. 9j

216o + ..... .......

217. 9465 FI)RMAT (I5S 2xpA4# F8.2, F8'2. FtII.' Floo0s F7.2. F7e.2 2xA4A4)

2189 470 FORMAT (/)
219o C
2p0. 9700 F14MAT (W L. V8URE KIUDINU - THE CODES ONLY 00 FROM j T8 5 0/)

221* ý705 FRR4AT (/, *. WHAT KINU OF SHAPE I1 THIS ( 9)

222. 9710 FMRMAT (/W ** WHAT 00 YMU HAVE IN THERE 0 1)
223. 9715 FqRMAT (/W wHRWE IS IT U 1)

224o 9 720 FtRMAT (/v R. PANGE OF F Oa O TO lo0 R v)

225o 9725 F54MAT (/1 e. 4NLY '.13o' COMPRNENTS ARE ALLOWED 1/
226. THE FRRGRAM TFRMINATES 0/)

227. C
228. END
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1. SUd"OUTINE HODYNI (ISiI4IW#T#PM?)
2. C
3. C VER~SION 1.0 SEP* 1974 R. GOLDSMITH
4'. C
S. C TNtS RRUTINF. C*MPUTES THE BASIC SHAPE MOMENT OF INERTIA
6. C ASSUMING UNIFORM DENSITY
7. C
as. CeMMON / 100EV / NCR#NLI&
9. C

10. C
%I- IF MlS *oT- 3) 9O~s (IS OLT@ 1)) wRITE (Nt.P$9700) IS 1
12. STOP 10
13. C

14'. GO TO (100a200a300)s 15
Is* C
16. C CYLINDER
17. 100 CaNTINUE
180 WT 0 W - 2.0*T
19. IF (WT sLTe 0.0) WT 8 0.0
20e WM' 5 (W#vW # WTOWT)/16.0 + HOH/129 0
21. R4ETU14N
?20 C
23. C TRIANGLES

240 200 CONTINUE
25. C 00**.mfSt PLATrS ARE SMALL SO THE INERTIA IS IGNOR4ED FOR NOW
26. "MI O0 0-
P7. RETURN
28. C
RP90 C RECTANGULAR PLATE
30. 300 CONTINUE - --

31. WMI a * /10
32. RETU04N
33o C
34s, C
35. 9700 FORMAT (//t 4** WHAT KIND OF SH~APE IS CODE to 16/
36. PROGRAM STOPS IN RMUTINE SODYMII'
37. C
38. END
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I. SUBROUTINE fSODYVL (IS.w#WAT#V)
2. C
3. C VERSION 1.0 SEP. t976 q. GOLDSMITH
ke C
S. C COMPUTE THE BODY VOLUME
60 C
7. COMMON / 10DEV / NCRpNLP
SO COMMON / CeNSTANT I PIjTeD.RHMSG
9. C

lls IF ((IS .GT* 3) ,OR* (IS .LT. 1)) WRITE (NLP#9700) IS i
12t * STOP 10
13. ce TO (100,?00#3001, IS
14" C
15. C

16. C CYLINDERS
17* 100 CONTINUE
18. WT a * % 2Oe*T
19. IF (WT 9LT9 0.0) wT 0 0.0
20. V a MepI*(W*W . wT*wT)/4e0
?1I RETUNN
22, C
23. C TRIANGLES
? 4v zoo CONTINUE .

250 V a 05*H*W*T
26. RETURN . ...... .... ... ..
P7. C

28. C RECTANGULAR PLATE
P90 300 C'NTINUE
30. V a W*T ..... .
31. RETURN

32v C . ...........

33. C
34. 9700 FeRMAT (//1 WH. 4AT IN THE WPRLD IS SHAPE CODE *D 16/
35. # PROGRAM STPS IN ROUTINE BROYVeL')
36. C
37# ENO
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1. SUdI4OUTINE OISPLACE

3. C VERSION 1*0 SEP# 1976 R9 GOLDSMITH
40 C
5. C TH~IS RRUTINE IS USED TO) COMPUTE THO~SE PARAMETERS

6. C ASSLRCIATED WITH TNF bUlY DISPLACEMENT
7. C
as COMMON / S3INS / NPARTSDISAE(5n)DWTDTH(5O).NEIGIHT(50)DTwICK(I5O)D
90 DENSITYCSO) ,DISTCGK(150).FRACNSRM(50)

10. Clmm"N / neUTS / VOL.UmE(5O)pwEIer4T150)
lie COMMON / WdATERDIS t I.U(!bt)oN(50),X0(5o)aV0(50)eF'0(5O),.
12. DkPTW8('b0)0DEPyI'T(50)
13. CIMMON / CeJSTAN.T / P~k"jHp
14*. COMMON / BIJMY / NJPMAXoRH.AVEIR0AMP.TIHETABAQ.PERIeDoa
15. DE* dMCUETC,~eCKDPWCDSIA

The COMMON / meMENTS / bU'lYriIAUMIaVIqNRTDNTwATERImBUOYmR*
17. BUdYmDT,dU5YMD,WATERMD,DAMPM
1s- C
19. C
20. R~l4U a * *
21. wIwL.AC a .00

229 5UMCOK 090~
23. AODOMI 0.0
2'.. C
25. C BEGIN LeOO ON EACH4 PART
26. C
27. DO 1000 1 a J,NPAIRTS
28. IS 8 IS'4APEII)
29. 64 8 HEIGHT(I)
300 w~ v WIDTW(I)
31. T * TNICI((I)
32. V * VeL.UME(I)
33. X * DISTCGK(I)
3'.. F a WEIGHTII)
35. WLu1I) a w
36. H4UM1 0 H
17. X0II) a x
38. C
39o C COMPUTE DEPTH4 OF PART BOTTOM AND TSP
'.00 C
'.1. DCU 0 DEPTHK1 9 X
'.2. C CH4ECK SH4ARE
43o GO TO (100,200#1001# IS
4'*. C CY61INDER AND RECTANGULAR PL.ATE
'.50 100 CONTINUE
4.6t TLM H /290
4. DO DCO TEM

1#60DT * Ca TEM
.9. ~ 30 TO 300
50. c TRIANGLE
sit 200 CONTINUE
52. DO 0 DCJ H /390
Sao OT 0 !2CG H*0.6667
5'.. C *00 TidE ADIVE IS ONLY A GUESS *CORRECT
55. 3O TO 300
56. C
57. C IF PART TOTAL.LY OUT SF WATER IGNORE
58. 300 CONTINUE
59. IF (08 *LE. 0.0) VCOR V A 00 TO 750
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609 C IF PART TOP IS IN WATER OK
61. IF (DT -GE- 0-0) VCO( - 0.0 s al To 750
620 C
63. C CMMPUTF VOLUME C8RCECYIM F514 eUT 4F WATER
64. IF ((IS *NEo 1) *ANU* ( IS *NE, 4)) GO3 TO 350D
65a C CYLINUE.W AND Wk.CTANGUL.AI PLATE MOD
66. ELJ(I * DEPTHK w 08/2*0
67. qUL1() a DS
68. ciO TO 600
69. c TRIANGLE M1OD
70v 350 C*NTINLJF
719, IF (IS *NE* 2) GO TO 400
72. C 0*e* XtLJ() 5kefJLD ALSO CHANGE IF MI IS TO BE 'CIRECT /,LS() HD
73. vUL(I) 0 .4*W/ABS(OT)
740 01 TO 600
75& 400 CUNTINUE
76. C
77. 600 Cd9NTINtUc
78. CAL.L bOrYvOI (ISpAtJ5(DT)*w0(!)*TVCOR,
79. DT 1! 0.00
40. C
alf C VILUME IN WATER
82. 750 CONTINU.E
83. V'311 a v YCOR
84. DE~'1HRI(f) D8
&5. OLWTH'T(I3 DT
56. C
817. C WEIGHT OF WATER
sa. wuTw a VD(I)IOWHOU

990wl~SPLAC a w~'tsPL.AC + WGTW
90. SUMCUK * SUMCHK + wGT4*X(IS)
91. FUIJ) a WGTW
vas. C
93., C C!IPUTE TH4E ADDED mI OF THE WATER BODY
94. C A~fUT ITS 9WN AXIS
95. C:ALL. 900YMI (I~sHD4 (I).I.Df(UTDMBBDYMZ)
96., AUWMJ V0(j)*RH.O* (XDCj) . BUeYCGK)**e2
97o AUUMI)M AfODMI + wUiTwOwaoOYMI/a + ADWMI
98. C
99. 1000 CONTINUE

1000 C
101. C CeMPUTE TH4E CENTER OF BUOYANCY
102. C
103. 4U9YLb~K a SumCSa(/wDISPLAC
10*. DEPTMCO a DEPTwKI 5 Ue9YC9K
105. C ý
106. RETURMN
107o C
108. N
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1. SUBROUJTINE RUOYOAMP
2. C

3. C VERSION 1.0 SEP# 1976 Ro GOLDSMITH
4. C
S. C THIS RIUTINE CdmPUTES THE BUSY DAMPING MOMF9JT
6. C ASSUMPTI"NS to THAT THE ANGLE OF ReLL IS ISMALLI
7. C sl TH.AT THE WeORIZINTAL CjMPeNENT OF
IS. C dUey MPMTIBN AND 4~ATER VELOCITY HAVE
9. C P~ERPENICULAR EFFECT*

10. C * LAMPING FORCE IS LINEAR AND PROPOR4TION
It* C TO SPEED
12. C
13. C
14. C~MMMN / ?P / TIMEWDIMEWDIMEOELPFREOSWAVEN
I5. COMMON / SINS / NWRSIHP(rplT(0oEGT5)TIKSJ
16a 4 DENS! TY( 5O).0ISTCGK 50)eFRACNORMt50)

170 COMMON / WATERDYS I WOb D)m(50laXD(5a)#V0C5 0 )mFD(5Q)s
18. ~DEPrb.8(5O),DEPTH4T(50)

19. COMMON / CeNSTANT / pID'4TOD#RwODG
20s COMMON / qUlY /NMMAXRMLDAVEP4OAMP,TH.ETABARDPERIeDo.
21. 4 DERT*4K,8UOYCGK,0EPTWCGBUOYCSICDDEPTNC8,WDISPIAC
!22. ClmmuN / CPFFS /DRAU(.5)#COEFM(9)
P30 COMMON / memENTS / BUeSYMTAUDMIDVIRTINRTDWATERIMIBUOYMRs
24. 0 BUtlYMDTIt$LJOYMDWATERMD.DAMPM
25. C
26. C
27. ALPMATu 4so.RW5*THETAdAIR/(39 0 *PI)
28. C
29. C THIS SECTION COMP'UTES ~JUST TH4E BUSY DAMPINGs
30. C
31. 3UUIYMDT m 0.0
32. DO 50 1 a I*NPARTS
33. C CHECK IF ITS OUT OF wATER
34, IF (VO(I) YLEe 0*0) CiR TO So -

35. C CNFN;K SHARE
36. (30 TO (2003O#30)j ISHAPEMI
37. C CYLINDER
38. 2o CONTINUE
390 xb a DE0THB(I) e DEPTHCG
140, XT DEPT'4T(!) w DEPTI4CO
41. PmU a 0*R59wIr0THMU)cStQN (XR0*4sX8) SIGN (XTe.AaXT)
42. 00 TO 40
43. C TRIANGULAR RECTANGULAR PLATES

44930 CONTINUE

46, XC u JftYCGK .* I
47. *'MU *PAREA*XC*XC*FRACN8RM(I)
46. 00 T8 40

490 *b CONTINUE
50. A60HA a ALPHAT*DRAOi(ISWAPE(,))
s1. dUOYMDT a BUOYMUT + A6PH.AOPMD
52. x lUTPUT ALPHA*PMD

530 50 CONTINUE
540 C
55. C NOTE? TO SIMPI~FY THE CVMPUTATI"N THIS TERM WAS BEEN
56. C C9MPUTED AS A CONSTANTO THE FREQUENCY
57, C C9NTRIdJT!aN IS MULTIP41EO IN AT TME BEGINNINGl
got C PF T04E MAIN FREOULNCY ITERATION IN THE MAIN
93,. C PROGRAM@



60. C
61. RETUR4N
68. C
63. C
641. C
65. LNTI4Y WATFRDAMP
666 C
67. C WATER~ MOMENT OF DAMPING
68. C
69. 6ETAT * 4.0*RHe*AVERGAM1'.FREW/(3.o.PI1
70. WATLR4MD a 0.0
71. C
72. C CeMPUTE DAMP1NUi
73. U5 1000 1 la JNPAIRTS
74. C CWECA IF ITS MUT OF WATER
75. IF IVOCT 'LE- 090) U5~ TO 1000
78. C CWECK SHAP~E
77o GO TO (101030OP300)o ISHAPEC!)
76. C CYLINDER~S
79. 100 CONTINUE
go. XO O EPTb48(I) - ERTHCO
81. XT DEPTHT(I) - DEPTHCO
aa. WA *X a AVEN*Xd.2*0
83. 4AVEXT s WPAVEN*XT*2*O

1344, AVENLJ2 a WAVFNOWAVEN
85. T'.$'m13 a ((-wAVE~t s- 1.0)*EXP (OwAVEXB) * 20
56. TLKMT w ((-WAVEXT m 1sn)*EXP (wWAVEXT) * to0)
870 WM (TERMS TE~mT)%wI0Tw(I)*EXP (-2*0*WAVEN*DEPTHCG)'
age + /(4*0*wAVLNRJ8)
89. 30 TO 900
900 C
91. C TRIANGUL.AR AND RECTANGULAR PLATES
920 300 CONTINUE

931,PARL(A a VO(I)/THICK(Ci)
9d*. XC w StjoýVCUK( XD(I)

95.z a 0EPTHK *X011)
96. C WATER M"MENT
97p *M PAREA*xC*FRACNUR 4 UI)4EXP (.WAVCN*ZCI
98. GO TO 900
99. 900 CONTINUE

100. C
101. C IET TOTAL DAM1PING
1020 I4(TA a BETAT*DAUiCIS14APE(I))
103, WMU * BrTA*W~MD
1040 WATERmD a wATERmD 4 wmD
105. 1000 CONT1INUE
106. C
107. C TeTAL DAMPING MIMENT
1050 c
109* DAMlPM * UeYMD *WATERMO¶
110. C

l1es C
113. END
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1. SUBROUTINE "dATR!N)4T

3. C VERSION loo SEP# 1976 Re 0OLDSMITH4
4. C
S. C THIS RIUTINE COMPUTES THE COEFFICIENT FOR TH4E INERTIA
6s C MOMENT DUE TO WATER PARTICLE ACCELERATION.
,p. c

S. C
9. C4MMUN / TP / TTMEIoTIME2DT!MEDFLoTRECDWAVEN
100 CO"MMON / FI'S / Ný'AITSiSHAE(5o),WyDTH(50),p4EIGHT(50).THICK(5o)i
11. DENSIT~Y(5O) DDSTCGKC50)DFRACNeRM(50)
12. COMMON / WATERDIS I w'D(5O),mU(S0o)XD(50),VD(50o)FD(50)a
13. 4 DE.TP9(50DEPTHT(50)
14. CtiMMON / CMNSTANT / wI.JITeD~hH,.0G
15. CtMO / IiUHY / NPAoASVRAPTEAAoER5o

+ ~ DTEUBCPET*KpCGcu ,8UOYWCGI(dDEPTIWCB,W0ISPI.AC
17. C"MMMN / CfeEFS DRAt3(5)aCdEFMC5)

16. COMMO~N / MeMENTb / dUOyMIDAL)DMIDVIRTJNRToWJATERIMBUeyMRD
190 . BUdYMDTjt8U5YMDoWATERMaD.AMPM
20. C
21. 4ETAT P*RH/*
22. CONSI . ETAT/IWAVENOWAVEN)OEXP c.WAVEN*OEPTHCGj
;23 . C
24o oATER41m a 0.0
es a C
26.0 c COMPUTE WATER P'ARTICLE INERTIA MOMENT..
27, De 1000 1 a 1,NPARTS
?8. C CH~ECK( IF ITS OUJT OF WATER

P9 9IF (VDCI) 'I.E. 0.0) Ci'l TO 1000
30. C CHECK SHAPE.
31. Ud TO 1o0003000300), ISNAPECI)
32. C
33. c CYLINDERS
34. 100 CONTINUE
3~o *d DEPTb..B(J) % DEPTHCO
36. Xt 0EPTHTCIl - DERTHCO
37v WAVENXH a WAVEN*X5
38. iqAVENXT * WAVENOXT
.w90 TLNMPA (%WAVENXB w 1.0)*EXP leWAVENXfS)
1*0. TtR14 + TERMI1d 4 1*0

410TL.NMIT * oWAVENXT a 1.0)*LXP (wWAVENXY)
4#2f TNMIT + TEWMIMT + 1.0
43o #vil a 1"fNST*(w IQTHI)*wIDTI4CI) )*(TERMIS TERmIT)
44. (30 TO 900
45. C
46o c TRIANCIULIAR AND RECTANGUL.AR PLATES
47. 300 COJNTINUE
48.0 C ***%CU!44LNTL* SET Tfl LER19
1*9. 0041 a 0.0
!00 Oct TO 900
51. C
5?. 900 CONTINUE
53. AMM w *wWMtCeEFM(1SHAIPE(I)l

&54, WATERIM aWATERIM O MI
55. C
56. 1000 CONTINUE
57. c
58. 'RETUMN

60. ENO
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