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ABSTRACT

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

PROBL.EM 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.
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,







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/b//x) of the wave ampli-
tudes '/X' 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 9("!. is the value of #

for which a, ( 0
x) =
Ji’b) (2.1.1)

A d

- The average amplitude XX is given by

)
&.'-‘o *Plx) K (2.1.2)
- The average of a fraction /[0;{ fs’/) of
wave amplitudes larger than a given amplitude X,

can be obtained
P [0 @)

- 4,
_&\/’X/"(ﬂ) ~ . \/:x/o//&)a/a (2.1.3)
,Xo\//’(«) ’{X Xo

etc.

When certain restrictive conditions prevail, wave amplitudes

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

- 2 "%
__/V'V - ‘;—-{" & (2.1.4)

where /'t is the mean square value of the wave

amplitudes.
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This probability density function has heen used to compute
the expectation of particular wave amplitude means and maxima,
Results of these computations are found to be proportional to the

root mean square\/&z of the wave amplitudes. Those retained

in this study are summarized in Tables ] and 2, ''Value of expected
means'' and '"Value of expected maxima,"

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

i.e.

F = f\p(w) dw (2.1.5)

This result can be used to compute xa and \//)TZ—‘ The
value ofl//)(2 thus obtained can in turn be used to compute the ex-

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

From the definition of the mean square value

L TN
Z Z / '] 2
x A ~wco /N ‘.-JO IX‘-
ox

and the result (2.1.5) it is clear that the quantity

Lomr \/J}“‘) Aew (2.1. 6)
a’a)—-— o

is proportional to the amplitude of the elementary component

wave of the spectrum with frequency 60., .

Now if >/{w) is the expression of the linear response of a




—3&-

- Table 1

Wave Amplitude Means

Fraction, {.Of Mean Values
Largest Ampli- — —
A » L8
tudes Considered lF - J"
0.01 2.359
0.10 1.800
0.333 : 1.416
0.50 1.256
1,00 0.886
Table 2

Expected Maximum Amplitudes

Number of Maximum Wave

Waves Amplitudes

. -1

boax + VI
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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. free tloating body to a simple harmonic wave of unit amplitude

and frequency (2 , then clearly the quantity
! N
bim Vw) J’(w.,) dw |

is proportional to the amplitude of the body response to the

elementary component wave of frequency Wy .

It thus follows that

2
Yw) \f(w..) dw

(2,1.8)
is r oportional to the amount of the response mean square
value contained in the frequency band da) centered at Wi .
The response mean squareo\éalue —I-"—Q" is therefore given by:
/—"—L :/7/;) \/)(w) dew
o
The response )’(w) of the body being linear, the probability

(2.1.9)

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

| For example, the average of the one third highest response
amplitudes will be given by

_ —‘_ / :r_—-
, /1/__/.46%

; with l//:’? = (//)’(:) \/}w)o[w (2.1.10)
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Empirical formulation of wave araplitude apectra used in

the computer program are:

_ 9Tx *
o Voar

ftz- sec (Pierson Moskowitz) 2.1.11

= 16.875
w@).ﬁw

where V is the wind speed (knots).

/050
\f(w)= 535/./!2'8 -jJi w £t sec (Bretschneider) 2.1.12
T o
5 = 630
3454 e Fret
L fws

- gec {I.S,5.C.,) 2.1.13

S =

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

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

2.2.1 Heave response

2.2.1.1 [Initial conditions

1"7

s |

b
4

Fig. No, 2

- AL R A by AT
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l.et us consider a simple harmonic, deep sea wave, as

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

of this wave are given by:

S0 A m (WE-KS) 2.2.1)
p = A e (wt- 4’5)

(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:

p = A e wt

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

frequency.

We algo know from the simple harmonic wave theory (Ref, I,
PP, 14-27) that the parametric equations of water particles at any

depth Z below the mean water level would then be

-z
§c Ae umwt

Z:/e- zé«awé

2.
where /( is the wave number, /f‘:.g_" for deep water waves,

<
j being the gravity acceleration.

The vertical components of water particle velocity and ac-

celeration would in turn be given by:




2.2.1.2

2.,2.1.,3

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 downwai1ds 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 ¢ = O+ & the
buo.y is assumed to move downwards, that is the distance /) is
increasing.

General equation of heave motion

The equation of heave motion will be obtained from:

_ / . LX)
ZE = (4"+M4)0\= My X (2.2.3)
, €
whereZﬁ- = sum of the vertical forces applied to
L
the buoy,

/ﬁ{ = mass of the buoy

/#(’: added mass of the buoy due to the water entrained
in the vertical direction

/”L = /”74-/}}]’ = virtual mass of the buoy (in the vertical
direction).

Expression of the forces applied to the buoy

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

by water particles on the top and the bottom plates of




- 7a =

N

BUOY W.L.
Z
hy SPAR MAST +
-r-—l—
H BUOYANCY TANK
r (@)
? @)
WATER BALLAST TANK
© ) (OPEN TO SEA)
Q

Y

Fig. No. 3

STILL WATER

= LEVEL




the watertight compartments of the buoy
- The damping force "_D” resulting from the water

opposing the buoy vertical motion

- The friction force "6" exerted by the water particles

vertical velocity on the buoy
- The inertial force "I '""exerted by the water particles

vertical acceleration on the buoy,
(downwards) will

Forces in the direction of increasing X

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

- Pressure force "P".
With the initial conditions assumed, the pressure /a at a depth

-4z

Z is given by:
/b=f‘7/z,+/4/e_ Cos wi

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 = 'X+/?z_

where &'L = depth of the bottom plate below buoy water line

Agsuming /¢ <& )7?.. , the upwards pressure force ?8 on the tank

bottom is thus given by -—4"{;_
|~ =19 {/x+éa+/4@ cqrcoé}\SB

where 53 = area of bottom plate subjected to water pressure

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

Similarly the pressure force E_ on the top plate of the buoyancy

e




tank is gwan by 4
..JO3 {/)(4./)'4/4& CJJCA)é}\Sr
where \ST = area of top plate subjected to water pressure.

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

Spa Sa- S,

watertight then obviously

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

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

direction, Pe - /P fj \ i.e.

-

_fc? {KFB'S}')?( +/4 S - 4, 5) 4&9.9501.‘/.(' HLJ}Q) }

The constant terms in the expression of the pressure force must

equal the buoy static weight 1“/- . This can be easily established.

by = htH

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

JSg /I.B/)z. - *G"é'/

can be written:

49 (Bolh#4) S:h] = £ (Ca- b + Sg4]

which obviously is the sum of the weight of the water displaced by

Noting that

N 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:
/+W— "/é /f@ 5,)4, QZJQ\_{, /4660&) (2.2.4)

where S; is the surface at a depth é¢ subjected to the
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pressure, \9‘; is positive if the pressure exerted upon it

is in the upwards direction, and vice versa \S:_ is nega-
tive if the pressure exerted upon it is in the downwards

direction.

This expression can further be simplified and written:

PeWz - Cxyp U A cosat
(2.2.5)
where

C =r3 [5’3-3.‘) --.fcjfg (2.2, 6)

is the heave restoring folérce constant andflé
-¥h. ' - ¢

M‘:‘fg ZJ:C =J'3 Z.J:-e" (2.2.7)

- Damping force ‘LD".

The damping force ,D“ exerted by the water on a buoy component
" (" will be agsumed to be directly proportional to the buoy
speed «' . It will therefore be of the form
D= -5 x (2.2.8)
where A‘_' is the linearized coefficient of damping
associated with buoy heave motion,
It can be shown (see Appendix I) that the general expression of
linearized damping coefficients "d_" for periodic motion of
amplitude X and frequency &0 is of the form
d= 4 PG IXa (2.2.9)
3n
Wherekjp = water mass density = 2 slugs/ft>
G

\r = area normal to the flow.

conventional drag coefficient
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In order to keep the differential equation of heave motion linear,
an arbitrary constant value Xb of average heave motion must
be selected to compute the linearized damping coefficients .6; .
The value of Xé selected is left as an input for the program
ugsers. 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 _é,_' then becomes

— /
A _ Re <

(2,2.10)
The total damping force is thus finally .
[ [ s |
= L= =W _é. C C
D ED,_ Kijf > Xy
¢

or simply

D= -Bx

with
14 " v, !
R= (4)2 4 C:,,‘.J:;XL = wz b& (2.2.11)
- 13’2 !
5 é

- Wave induced drag force "G".

The drag force G,_' resulting from the water particle impinging
with a velocity }i on a2 buoy component "L' "is also assumed to
be linearly proportional to Z. . It therefore will be expressed by
G; = C 'Z (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
/

c. = 4 5 S X W= WC
[ 3,& [ (2.2.13)

where /\ ¢ is now the arbitrary average value cf wave
amplitudes retained for the particular study.
A comment should also now be made regarding the water particle
velocity 'é . It will be recalle*d’;;x‘at the expression of I. is
‘Z = - Awe Sanwt
In the case of a plate or a2 cylinder of small height placed at a
distance A below the buoy AHA. andif X << é , then Z.gé
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:
-4(h 4‘-‘-’ :
-Awe s wt
More appropriate values of equivalent depths could also be devised.
With these remarks in mind, the expression of the friction force
becomes
-42;

G = Z G; = _.z4q)44mwéz.§.fg,.{')(we.

z being the true or the equivalent depth of the

L
component ¢ .
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More simply written,

_,_ =2 - NAwSmawl (2.2.14)

with ~w2_
) o<,
W § "cle
- ¢ (2.2.15)
[

— — ‘ki
/\/: wz’\g’%fg"\ﬁx"e =

- Inertial force ".[”.

The inertial force .Z: produced by the water particle accelera-

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

"[b‘ = A’fr.'l ?ﬂ

/ .
where 44/ is the added mass of the component "¢'" and

is given by

' :fC‘/; V

added mass coefficient of component "¢

with C;I’o
V‘.

The values of CM‘: and Vt_ de pending of course on the dimen-

tt

volume of the 4'% component (ft3).

sions and shape of the component "Z", 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

-*89'

4 /
7; / = - Aw sl 2»»7 € (2.2.16)

, '5' ¢ -

¢ or simply,
2
= -« QAW Cvwt
with ) (2.2.17)
/ , -/(Z.' ‘-‘-"z;
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2.2.1.4 Expression of the differential equation of heave

Using 2": :M’}vo.(' yields:
_Cx-‘»MACOSCdt—B“‘—A/ACJ\?l;”wt- QA‘J‘&QSC«)C EM‘,«”

or,

C¢+BQZ+MV¢'(‘ = f/{(M-leya:swt- /\/w&ﬁnwc‘}

This expression can be further reduced to:
. " — \
€x+ B’)H-My X = fo Co.S‘(aJC—I-V'/' (2,.2.18)

where E , the exciting force is given by

lo = /41////- 9""? "+ /’V“’/z (2.2.19)

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

given by /
- Nw
0= Tam (2.2,20)

M- w'Q

2.2.1.5 Expression of the heave response amplitude operator

Let us agsume that a particular solution of the heave

equation is given by:
n=X, cor (WE+()
where (p is the phase angle between the exciting force and the
heave response. Then,
X = X, (Koowé' 61:0}0 - amw bt .b.‘«(,b)
X -)(ow/,{u'u wCang + cowl &'«,o)
K =-Kow"(tmewtl e ~ Sinwl ging)

Introducing these values of X X /X in the equation of

o NP g BRSNS Y
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heave motion and ignoring for the moment the phase angle ¢~
yield:
CX. (Cod"wtcod‘()b - &'thm'u(p)
-BX.w (J'J;M wlessy + Co\fwz’_'&k,‘g_/)
- mqVX, ro‘(coo Wl en s i Wt Sk ,b/= Feorwl

e Xo ;(C‘-Myw;)m¢ - Bw Sm%) = £
and

Yo J(-Crmujony - Bucesy f = 0

From the second result,

— -wbhB
Lan 5&_ C_w/;v’wL (2.2.21)
Therefore
..C—M;b = —wph
flc-mo] 5 GBS
and m(}& - C - M‘,a;).j‘

fle-muy " fwe)

Introducing these values of $ym (// and CaS§ %/ in the

first result, yields:

X, = i
o) T 08)"

The expression of the heave respcnse is thus finally given by
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i = 41/( -w‘@z+/\/“/& m/wé-e-ﬁ-(,b)
[KZ’.M‘M?/"./.(&)G)?‘ (2.2.22)

The response amplitude operator being the ratio of the
heave amplitude /X by the wave amplitude A is thus in turn

expressed by

RAO. = X _
A4

/K/ﬂJ‘E*"”"wjzjf'(wiglzyL (2.2.23)

2.2.1,6 Phase relationship between heave and wave

As previously established, the phase angle 0” between

wave and exciting force is given by

w2
. @L_/ wt 5&‘ e 7% (2.2.24)
- ot Y Y :
ffg,\/‘?ed -~ waCq Ve d ¥

The phase angle )b between the exciting force and the

heave response is in turn given by

v 4/
lan™ - wi2 b
¥ = L4Sc - myw>

The phase angle @ between wave and heave response

(2.2.25)

is finally given by §=‘— ot ,D (2.2,26)
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2.2,.2 Roll Reaponse

2.2.2.1 Initial conditions

Let us congider again the simple harmonic, deep sea wave

shown in Fig, No. 2,

The slope of this wave is given by:

;_’.;é s Mot (wl - K5)

If we again select to observe this wave at §£:0, the ex-
ression of the slope becomes
press pe &
.g§:= 44‘/7/40H &Ué-
The horizontal components of the velocity and acceleration

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

- —Az
S = éd/"/-e- Cov cué'
” -AZ

; = ~Q)L/¢e. i W

At the time te 0+ & the magnitude of the horizontal
particle velocity is maximum and is positive {i.e., in the direc-
tion of increasing_g ), the magnitude of the horizontal particle
acceleration is minimum and in the opposite direction, and the

; magnitude of the slope is minimum and starts to increase.

Let ® be the angle of roll, measured from the vertical
in a clockwise direction. At time €z 0+£, 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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VERTICAL

HORIZONTAL

Fig., No. 4
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of gravity.

General equation of roll motion

The equation of roll motion is given by:

")?. = (I+I;.- 0=-Z;@ (2.2.27)

(3

M

where sum of the moments applied to the buoy

e-h .
N s‘§‘l ¢

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

added moment of inertia due to entrained water,

"’

also with respect to buoy c.g.
virtual moment of inertia = I+ IF

Zy

Expression of the moments applied to the buoy

Moments applied to the buoy are:

righting moment caused by displacement of center of
buoyancy, W&.
- damping moment due to buoy motion in the water %.D .
- friction moment due to drag forces induced on the buoy
by horizontal water particle velocity %F‘ .
- inertia moment due to inertia forces induced on the
buoy by horizontal water particle acceleration ’?] .
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:




-19 -

- Righting moment - 7%&

The righting moment opposes buoy motion, Its value is

%R =' - /?70" (é"ﬁy: - //fﬁ/ﬁ- //f/hcuy (2.2.28)

where W = buoy weight

—

o

- Damping moment - :z.b

distance from buoy center of gravity to

n

buoy metacenter.

The drag forces due to buoy motion alone oppose the roll both
above and below the buoy center of gravity, Therefore, the

damping moment is negative, Its expression is derived as

follows:

|
|
I
Fig. No. 5
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Let us consider an elementary buoy section at a distance r from

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

The elementary damping force on this element will be assumed

to be of the form:

AE = 4 /,ym? too &

or, for small angles of roll @
5= br)rd

where _5(/\) is a linearized damping coefficient again given by:

/ /
ory 2371'?-‘/4’ \% /\(fy W
with
f = fluid density = 2 slugEI/ft3
C__p = drag coefficient for cylinders, normal flow
&/,4,’: area across the flow = ({{f‘) 0//" with d//“/the
cylinder diameter at distance
X/p} = amplitude of cyclic motion at diatance >
X/ﬁ) = f'& (in order to keep the equation of motion linear
an arbitrary constant value of @ must be selected,
say @' é— )e
(0 = angular frequency of cyclic motion, which under steady

state conditions should equal the frequency of the ex-
citing wave,

The expression of the damping force thus becomes:

dE = ,.fC’ @md/fyndr/ﬂé)
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or

IE = Wwdfr) 1o 9

where —

X= 3—;_{- C:D © (2.2.29)

The moment of this elementary force is:

q/'f% =P = - Q'c/(rj o

and the total damping moment is found from

. rsJ 3 ){:IZ 3
%, == Oww J Jdogr e finyiian
r’o )2:0
%:"B@ (2.2.30)
where e

ﬂ‘f ,;":,fé-
3 3
b= Q/“-’M/K//,“/’/d-*/q/rf/;//z 7 (2.2.31)
}3:0

y=0
A ppendix II outlines a method for computing these integrals,

- Wave drag moment - WF

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

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

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

Consider again an elementary buoy section of area 5{/[‘/ //‘"

at a distance #’ 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 assx'xmed to be of the form:
q’/; = C[fy f

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

by:

cer) = p Gty Xt @
X(,«} in this cage is the amplitude of the water particle cyclic
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motion and is therefore given by P

/K{f‘) = /'77 c 8
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

/4 of the waves in the particular sea state,

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

written: - ../(,Z
c(r) = ‘%f Gy dir)dr g, we

or -1z
()= WpBdite

where

= W :2 C /Z— (2.2.32)
ﬁ o’lzj LF

The expression of the elementary drag force a//: thus

becomes
Z

~242
a’);_—.ﬁ//m Gowl ¢.  dfr) dr

The moment of this elementary force is in turn:

=24z

dWF = Md/’sz ﬂ/‘?wmwt a///-//”e P

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

becomes:

B R e e L
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)’L/re

/ =S Az
0/ /3/7’ Cogewt- /q//);/ Jle dit ﬁym At
)/"-'-'0

or,

WF = _D/a) Coowl (2.2.33)

where

Nes N7 -
D= /3 /J[};//,‘a dr - [dme dr € g
1= © /2=

A method for the 'evaluation of the coefficient __D is outlined

in Appendix III.

- Wave inertia moment - :§I

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

pA
" Vo KDy e
Z

AL o CopdV § o O

is of the form:

or, for small angles 9 ,

L (1]
AL = Gyprdmfdr
7
where C”L = coefficient of added mass for cylinders. This

elementary force can be more simply written:

) £ der Zdr
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with J« = _’EJ’ (,,,_ (2.2, 35)

AAAffffrm:

dF.

Fig. No. 7

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

in turn given by

/ c//r/ r ja’r _hy
rw"//.rm coéc//ry reo q’r‘
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Nothing again (Fig. No. 7) that inertia forces due to the wave
action have a tendency to upright the buoy above the c.g. and to
capsize it below the c.g., the expression of the total moment

will be given by:

S 20
2 KK, 2 -/(z
/A I= /w?’/fx},,wt //(/7/ re d);' -+ \/é[/;/ ye ak
§=0

ol (2.2.36)

or,
5 [
Wz = ]/760 A at
(2.2.37)
A method for the evaluation of the coefficient ZD is outlined
in Appendix IV,

Expression of the added moment of inertia jF

The added mass of an elementary buoy section of volume

dV, located at a distance /' ,rom the buoy c.g. is given by

d;“{’:.' C»y C/V
: 2

— M = added mass coefficient = 1 for cylinders.
The moment of inertia of this elementary mass with respect
to the c.g. is:

41, = P = n\"ﬁ AV

and the total moment of inertia is

Lo=/db = [J[pr v anw




-27 -

Thus

_Z,-._. = moment of inertia of the water displaced by the huoy
with respect to the buoy c. g.
[F can be evaluated following the method outlined in Appendix V.

2.2.2.5 Expression of the differential equation of roll

Summing the moments and applying the angular form of

Newton's law yield:

Mya(b-a 0at). B6 Y coat s Plasrnat =(Tok) )

The resulting equation of motion is then:

.Zpé-f_ga'_, co =/4)//é..“_).?:; 'Pcuj,d,‘,,wé‘ +_Da)c:o.!cul:/

where C: /(/ZTn is the roll restoring constant,

The equation of roll motion can be further reduced to:
o o
CO+ B0, 0 = Yas(wtsv)

where_/y , the exciting torque due to wave action,is

(2.2.39)

given by:

_/q = A (g@."}-y PQI‘) L_, (.Pw) z (2.2.40)

and (J the phase angle between wave and resulting torque is

in turn given by:
2 t 2
_l Cw + -Pw
= _ Jan & (2.2.41)
Do
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Expression of the roll response ainplitude operator

Assuming again that a particular solution of the differential

equation of roll is given by:
@ = 00 Coo (&)é-ﬁSb/
where ¢/ is the phase angle between roll and the external

torque M and introducing this value of @ and the values of

a0

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

motion, will yield

O~ A
(&- Zyd)ﬂz -/-(&)B)L

d
a0 #‘ ~—/ - wB
% = /e T (2.2.42)
C- Lyw

The expression of the roll response will then be given

9. A 1/(%1“7’”72"*(’9“’/‘&
I/(C-[,,zuyz-/- (wB)*=

The response amplitude operator being the ratio of the

by:

(2,2.43)

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

by:

;E)) CDLU) (2.2.44)

C-Iya?) "+ (wB)*

e e R bl PR Doy o b e L
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2.2.2.7 Phase relationship between roll and wave

As previously established, the phase angle 0’ between

wave and exciting torque is given by:

= o LS - (2.2.45)
Dw

pune el

The phase angle )b between the exciting torque and the

roll response is in turn given by:

-l wbB
}0 = Zfaw - (2.2.46)

C-— Iwa

Finally the phase angle é_ between wave and roll response

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

é = Vg ‘/J (2.2,47)

3.0 COMPUTER PROGRAMS

3.1 Heave Computer Pregram. (HERAO)

3.1.1 Program logic

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

wave angular frequency @ .
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The recurrence formula used to change the value of the

angular frequency between two consecutive computations

of the RAO is
Wy, &I

-l;'\-l -+ AT

where AT, the change in wave period is constant,

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

It computes the phase angles hetween 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 {a)n} .

It computes the wave amplitudes spectral density using
one of the spectral density formulas (2.1.11), (2.1.12),
or (2,1.13) for the same set{%}. The choice of spectral
density formula is left as an input.

It computes the heave response spectral density R(w)
uging formula (2, 1,8) and the computed values of the
RAO for the selected set {%}

It computes the root mean square values of the wave
amplitudes and of the heave response amplitudea 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

aet {3@1},
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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,

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 morc accurately an effective, depth at which a
body or surface is located,

Input data must be provided on the following cards:

Card 1 -- Number of pressure surfaces.

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

Card 2 -- Pressure depth, surface area.

There will be as many card 2's as specified on

card 1. Each will contain the following informa -

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

AREA a value gpecifying 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,

i T 0 AR TG T S e

VOLUME a value specifying the volume of the ith inertial

B

component, in cubic feet.
Card 5 -- Number of drag surfaces.

ND an integer value, starting in column 1, specifying

s

el
b
i
i
A
&
&
S
o
s
&
3

the number of drag surfaces of the buoy body.
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Card 6 -- Drag depth, linearized damping coefficient,
linearized wave drag coefficient,
There will be as many card 6's as there are drag
surfaces specified on card 5. KEach 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 (3I',0) -- Starting, ending, increments of wave periods,

TIME1 a value specifying the lowest wave period to be

studied, in seconds.
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TIME2 a value apecifying 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
TIME2.
Card 10 (I,F.0,F.0) -- Amplitude spectrum selection, para-
meters.
This card has a general form as follows.
ISEASEL, PARAMA, PARAMB
The necessity and meaning of the parameters will
depend on the amplitude spectrum (ISEASEL)
selected. In reality these are double height formulas
which are converted internally to give the amplitude
spectrum, The following options are available.
ISEASEL =1 Pierson-Moskowitz formula,
PARAMA = wind speed, in knots
no PARAMB
f - 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

T Lt Al g 1 AW o ¢ SRR ¢ NI el B
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PARAMB = significant wave period, in feet

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

plot, plot scale minimum, plot scale maximum.

ILIST enter a Y (for yes) in column 1 if you desire a
listing of the various vutput 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 o I2-T1+ TIMEDEL £ 55
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 RAQ 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 adjusta it to be so. The
current default is RAOMAX = 5,
Card 12 (Al) -- Another casge?

IEND If you wish to run another case, entera Y or

YES beginning in column 1. Any character other

than a Y in column 1 will cause the program to
terminate.,

The sequence of card types 1 through 12 is repeated for

each additional case desired.

There is 2 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.

terms.

is that all the parameters may remain constant except the inertia

A gpecial 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

Use the pressure parameters from the previous case.
Do not input any type 2 cards.

Card 3

Use the inertia parameters from the previous case.

Do not input any type 4 cards,

Another alternative
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Card 5

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 gtate,

Usage modes

é As previously ment'oned, 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 8SI, LO, GO
source deck for subprogram IAMTERM
ILOAD (GO}, (UNSAT), (3), (MAP), (LDEF), (LMN, HERAOR),
(PERM)
'RUN (LMN,HERAOR)
'DATA
data cards for each casge
!EOD
To run a subsequent job utilizing the existing load module,
only the following cards need to be submitted:
1JOB aaa, uuu
'LIMIT (TIME, 2), (CORE, 10)
'RUN (LMN,HERAOR)
IDATA
data cards for each case
'EOD
To use the run module in an interactive mode from a terminal,
simply log on and enter, to a ! prompt, the following:
START HERAOR

where HERAOR is the name of a previously created load module.

From this point, the operator simply responds to the prc¢-

A N

gram prompts as if you were punching up the cards. The only
difference is that the operator does not need to start in column 1,
‘ but should start as though the head were already positioned cor-

rectly, Itis,

£
E
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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 ©© 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.

PLLOTINIT initializes the line printer plot routine; internal,

PLOTHEAYV executes the line printer plot routine; internal.

LPPLOT (PLOT1, PLOT2, PLOT3, PLOT4, PLOTS5, PLOT?7)

a subprogram which helps create and list a line

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

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

1, Summary of input parameters.

2, Summary of RAQO, phages, 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 RAOQ.

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

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

Roll Computer Program (ROLLRAO)

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{%} previously defined. The roll RAO

B N it
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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 RAQ is again

4, Mg
where AT, the change i:—t'he wave period is a constant
set by the uger,
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 {%} .
Computation of the wave amplitude and roll response
spectral densities S(w) and R(w) and of the root mean
square values of wave amplitudes and roll amplitudes.,
The choice of spectral density formula is left as a pro-
gram input,
Finally, computations of expectations of means and
maxima of wave and roll amplitudes with the help of

the statistical parameters shown in Tables I and II,

Program input

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

The program is designed to run either in the batch mode or in-

teractively from an on-line remote terminal, Asg 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
congidered as positive downwards.
Card 1 (3F.0) -- Period range of time.
TIME1 a value specifying the lowest wave period to
be studied, in seconds., As the wave velocity
expression contains an exponent with wave fre-
quency, the user is cautioned against 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 TIME],
TIMEDEL a value specifying the incremental wave
period, in seconds, used in the aralysis 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.
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ISEASEL = | Pierson-Moskowitz formula
PARAMA wind speed, in knots.
no PARAMB
ISEASEL = 2 Bretschneider formula,
PARAMA significant wave height, in feet,
PARAMB significant wave period, in seconds.
ISEASEL = 3 International Ship Structure Congress
PARAMA significant wave height, in feet.
PARAMB significant wave period, in seconds,
Card 3 (F.0) -- Radius of buoy at water surface plane,
RWL a value specitying the outer radius of the
buoy at the surface (still water agssumed), 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 valye specifying the average expected
roil, in degrees.
card 7 (I) -« Number of buoy components,
NP 8 value specifying the number of buoy com-
ponents. This may be sget to zero in suhsequent

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

ISHAPE

WIDTH

HEIGHT

THICK

DENSITY

DISTCG

an integer value used as a code to specify

the component shape.

1) hollow cylinder

2) solid cylinder

3) solid disc

4) right triangular plate

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

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

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

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

a value specifying the vertical distance from
the buoy keel to the component center of

gravity, in feet., The component Cege I8

vertical vector only,
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FRACNORM a value specifying the fractional propor-
tion of the component area normal to the roll
motion. For cylinders this entry = 1.0, For
triangular plates it will vary from 0.0 (oriented
in line with roll) to 1.0 (area 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, 6F10.0,1X,
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,A2) -- Redefinition gpecification.,
This card has the same format ag card 7, the component
specification, Any number of pairs of this and the pre-~
vious card may be entered as desired.

Card 11 (Al1,1X,A1,1X,2F.0) -- Selection of listing, line

printer plot, plot scale minimum aand 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 cause the line
printer plot to be suppressed. The line
printer plots a point at each selected wave
period. A check is made on the length of the

plot for the following criteria,

T2 - T1 + TIMEDEL < 100
TIMEDEL

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

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

] 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 -

e s s i




SR v srm e -

- 48 -

RAOMIN should be an integral multiple of
5. Ifitis 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.
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.

1JOB 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)
IDATA

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, uunuu

'LIMIT (TIME, 2), (CORE, 20)

'RUN (LMN, ROLLR)

IDATA

data cards for all cases

TEOD

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

START ROLLR
f ‘ 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
legs than 1.0 seconds. The water velocity terms contain a
natural exponent of the wave aumber 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 certain cases such as the case of a
small flat cylinder (case study no. 1, Section 4.1), the response
amplitude operator exhibited signs of instability in the numerical

computation, This can be overcome by using double precision




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 volume 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 (PLOTI1, PLOT2, PLOT3, PLOT4, PL.LOTS, PLOT?T)
a subprogram which creates and tests a
line printer plot; W.H,.O,I, account 3
library.

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 frequency,

3., Tabular summaries of wave and roll response statis-

tical properties.

4, Line printer plot of the roll RAO.

The summary of the input parameters is only given for a
run made in the batch 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 hatch 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 responge statis-

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

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

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

Errors and Diagnostics

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

mode.

4.0 CASE STUDIES

To illustrate the use of the computer solutions the following

three case studies are presented,

4.1

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

b. Heave and roll response of a ballagted ''telephone pole,"

c. Heave and roll responae of a complex shape W.H.O.]I.
spar buoy,

Heave and Roll Response of a Small Flat Cylinder

This case study has relatively little practical value. Every
one knows that a thin slice of pulpwood, if thrown in the sea,

will essentially follow the heave and slope of the waves, both

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

The small cylinder considered has a diameter of one
foot. The ratio of its height to its diameter is 1:3, Its
density is 3/4 that of sea water, The heave and roll motion
of this cylinder will be studied using a Pierson-Moskowitz
spectrum with a 20 knots wind.

Program input

Buoy draft. The buoy draft is obviously 0.25',

Pressure surface. The pressure force is exerted ex-

clusively on the cylinder lower face. The pressure surface is
therefore at 0,25' from the surface. Its area S is

TC /4 = 0,785 sq. ft. The pressure force being upwards S
is positive,

Inertial component. The added mass effect will be con-

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

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

only half of the time, 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:

w's ztégré)az_/(fvvol) = 0.33 slug.

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

averaged added mass coefficient and volume will be
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Cn' = 4Gm = 0.50
ke = ..3943:: 033 cu- /l'-

Damping/drag surface. Damping and wave drag will also

be considcrcd to take place at the lower face of the cylinder, i.e.
at 0,25' from the surface. These effects will again be agsumed
to take place only half the time,

A choice must now be made for the arbitrary values of
average heave X_L and average wave amplitude XC . Assum-
ing that the heave 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 X} = “X‘G - 3!

Using this value of .)—(—b and -)—(_;_ in expressions (2.2.10)
and (2.2.13), and a drag coefficient Cy = ©.9, the value of

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

found to be:

blac's 18 B.) ' iad.
/K- See. Aee

To account for the time average only half of these coefficienus
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 2?77y
My = M+’
M = buoy mass = 4—’-(- b4 3Lx-§- kéﬁ. = 0. 392 slug.

!
4,, = added mass = 0.333 slug
Thus, buoy virtual mass My = 0.725 slug

DERRTE e
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In addition to these parameters, the user must also

specify the arbitrary roll constant @ and wave amplitude
coneta.nt,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 g is found to
be:
ég C') - 3”/4 = ,_r_t_, = 0. 157 radians
s Z 20
A summary of the data input is shown in the Data Coding

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

Program output

Heave and 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

$ = W // B(w) du
where ) is the applicable Raleigh constant
and %{w} = A’Z\r(u) >
K being the wave number = ‘“Zg, and
,J(w) being the wave amplitude spectral density.
These results are summarized ir Table Nos. 3 and 4.

The heave RAQ, with a value of one over most of the
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RMS @F WAVE SPECTRUM = Pe683 FEEY

PRORARLF AMPLITUDNE
AF WAVF ] 14897 FEET

FRACTIAN BF 1 EXPECTED
LARGFST AVFRAGE 1 WAVE
AMPLITUDES NAVE ! NIMBER MAX TMyM
CANSIDFRFD AMPLITUDE 1Y BF WAVES AMPLITUNE
cnacsenanwe eweusvene l ceosswowa ewseoveanw

210 6+330 1 50 5e6R9
10N 40830 ! 100 bel18
*333 3¢799 ! 500 70003
500 3370 1 1000 70459
1200 20377 ! 10000 8399
1 1n0000 9.314
RMS BF RESPONSE SPECTRUM = De684 FEETY
PROBARLF AMPLITUDE
RF MEAVE RESPUNSF » 10897 FEET
FRACTIAN 8F AVERAGE T EXPECTED
LARGFST HEAVE 1 WEAVE
AMPLTITUDES AMPLITUDE ! NIIMBER MAX I MUM
CANSIDERED RESPONSE 1 AF WAVES AMPL ITUDE
coeteessens csecewvece ! Seewedun cevecesas
«N10 60331 ) 50 5690
*+100 4e831 ! 100 6119
A *333 3800 ! 500 7005
{ 509 34371 ! 1000 7e4k4
10000 24378 ! 10000 8e400
! 100000

90313

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 [ 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
1 100000 36.877
Amplitudes of Wave Slope are in Degrees
Fraction of I
Largest I Expected
Amplitudes Average I Number Maximum
Considered Slope I of Waves Slope
I
.010 23.905 I 50 21,483
. 100 18.240 I 100 23,104
+333 14. 349 I 500 26,448
. 500 12.728 I 1000 28.171
1.000 8.978 I 10000 31.718
I 100000 35.163

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

values of wave amplitude confirm this expected result.

The roll RAQO, 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 glope, 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
* ‘ cace, 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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2!

!
!

17.5'

y W {2

Fig., No, 12

Buoz draft,

weight of small cylinder = M x1x1x2x384 = 2413 lbs
weight of long cylinder = xlx1x22x16 = 1105 lbs
Total Weight = 3518 lbs

Draft = —3%18___ - 47 5
Jrx1xlx64

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

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

area ".f ""ig

-

-\S:RX/Y/j S = 3,14 sq. ft.

The pressure force being upwards, .§ is positive.

Number, depth, added mass coefficient and volume of

inertial components. In heave motion, the added mass cffect

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

of the time., Thus the averaged added mass will be ¢xpressed

by .
A = L/l & =
//)Z_Z{C,,Jp/éL =3 35;—& x%’-“) = 2.08 —9{‘\473

The corresponding added mass coefficient and volume

are therefore

Cou = £ Gy = 0.350
VOL - 34_'(_ = 4. /8 a‘&.«‘?"

Number, depth, damping and wave drag coefficients of

drag surfaces. Damping and wave drag effects arc 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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Samampay

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 )<l> and XC in expressions

(2.2,10) and (2.2.13) together with C 5 = 0.9, yield

bl= 3.6 bf [ rad
C_,’ - 7-‘6 /ﬂ: o / :(L
Again, to account for the fact that damping effects are
assumed to occur only half of the time, only ralf of the co-
efficients values, i.e. 1,8 and 3. 6 respectively, should be used

ag program input,

Cross sectional area at surface.
HR2= fuliyl = 3.4 37-/é .

Buoy virtual mass 7y .

M= 35/8 = 109 slugs
3a.%
”m ‘. 2,08 slugs
My = "’I+M, = 111,08 slugs
In addition to these computed parameters, the program

—
user must select the arbitrary average roll constant & and

wave amplitude ,4 + For this example ® is set equal to
5° and »4 equal to 3,0 feet,

Obviously the number of buoy parts is two, Their charace

teristics are summarized as follows:
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Part Name Sha pe Width Height Thick Density C.G.
No. (ft) (ft) (ft) (lbs/cu. ft) Above
Keel
(ft)
1 Upper Solid 2 22 16 13
Cyl. Cyl.
2 Lower Solid 2 2 384 1
Cyl.

All pertinent input data are listed in the data coding form

shown in Fig. Nos. 13 and 14,

4,2.2 Program output
Values of the heave and roll response amplitude operators
of the telephone pole for the prescribed period interval (50 seconds)
and increment (1 second) are presented in the typical computer
prinfouts 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 Buoz

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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RMS BF wWAVE SPECTRUM = 2:6R7 FEET
PRORARLE AMPLITUDFE
8F WAVE ™ 1897 FEET
FRACTIAN OF 1 EXPECTFD
LARGEST AVERAUE 1 WA VE
AMPLITUDES WA Ve Y NUMBER MA X1 MM
CANSIDFRED AMPLITUDE Y BF WAVES AMPLITUDE
ceesesswove sesevvane | Pacewvew cePSvemue
oN12 6¢330 ! 50 Beg 89
*10N 4e830 ! 100 bel ¥
333 30799 1 500 70003
[ 2-Tolg 3370 ! 1000 7489
100N 20377 ! 10000 84399
! 1950000 9311
RMS Bp RESPUNSE SPECTRUM = 4e362 FEET
PROYABLF AMPLITUDE
8F WEAVE WESHUNSE = 3084 FEET
FRACTIAN 6F AVERAGUE I EXPECTED
LARGEST MEAVE 1 HEAVE
AMPLITUDFS AMPLITUDE 1! NUMBE R MA X MQy™
CANSIDERED RESPUNSE 1 8F wAVES AMPLITUDE
cSoerevawnce cevavssswes | csnsreen wesesgoawe
sD10 104291 1 50 9e248
0100 70892 ! 100 9946
03313 60177 ! 500 113864
*+50n Rek79 1 1000 120128
1eN0" 0865 ! 10000 13.6K4
1 110000 15¢13C
Table No, 5 Heave Response of Telephone Pole
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RMS OF WAVE SPECTRUM e 20683 FEET
PROBABLE AMPLITUOE
8F WAVE . 10897 FEET
FRACTIaN oF 1 EXPECTED
LARGEST AVERAGE 1 WAYE
AMPLITUDES WAVE ! NUMBER MAX ] MUM
CONSIDERED AMPLITUDE 1 G6F WAVES AMPLITUDE
SngUeReavea sepe®oane | snocasves TIIIXIIYY)
0040 6+330 t 80 5689
0100 40830 1 100 60118
*333 3¢799 ! 500 74003
+3500 3.370 1! 1000 70459
1000 2377 ! 10000 8399
! 100000 9.31%
RMS BOF RESPONSE SPECTRUM o 17684 DEG
PROBABLE AMPLITUDE
OF ROBLL RESPONSE o 12,502 OEG
AMPLITUDES OF ROLL ARE IN DEOGREES
FRACTISN BF AVERAGE ? EXPECTED
LARGEST ROLL 1 RoLL
AMPL ITUDES AMPL ITUDE 1! NUMBER MAXIMUM
CONSIDgRED RESPONSE ! OF WAVES AMPLITUDE
Y I XYL LY} soou®®gea ! ' TIXLLX Y] X I I YL
0040 410716 ! 50 370489
*100 3183} 1 100 40319
333 25:040 1 800 460154
«500 22+.211¢ H 1000 49160
1000 15.068 14 10000 55.3%0
1 100000 61362

Table No. 6

Roll Response of Telephone Pole
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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 sgpar 24 ft. long made of 8" O.D by 1/4" thick wall
aluminum tubing.

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

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

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

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

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

A counterweight cylinder 2,5 ft. in diameter by 0,848

ft._ high, made of cast iron.

The physical parameters of the buoy rmain components are

summarized in Table No. 7.
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4,3.1

Program input

Computations and considerations in the support of pro-

gram input are as follows,

Buoy draft, The weight of the water displaced by the

buoy equals the weight of the buoy.

Weight of water displaced by the stem

ZrL (0:552) 5 f0x 64
Weight of water displaced by the ballast tank

n x»3x3x 8 x64

Weight of water displaced by the buoyancy tank
;ﬂ' x Sx3x & xé4

fi

Weight of water displaced by the immersed portion of

the spar of length '%"

Solving for 4‘ 4

h = 7773.84 = (15316 +2x3.6/30) & [2.0'

W ,(a. ggg/ Z{X €4 = 22.295 4

x2.2985
The buoy draft is therefore 38',

Number, depth and area of pressure surfaces.

are two pressure gsurfaces 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

2
-ﬁ:l{//ﬁz—/fzj where
?l is the radius of the tank, K/ = 1.5'

0,33

RL is the radius of the spar, E;:.

Thus §, = 12(1.5% . 0.332) = 6,71 sq. 1t

\S; is located 12' below the surface. The pressure force acting

on -3, being downwards, \S; is negative. The area of the second

T AN MRS A

There

369 . /N

36/9. U
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pressure surface \S; is in turn given by

N
J;-_': ,LR' = 7006 8q. fto
It is located 20' below the surface. The pressure force is

upwards and thus ..gzis positive,

Number, depth, added mass coefficients, and volume of

inertial components. For computing the heave response, two

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

of the buoyancy and water baliast 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, 20' below the surface. The added mass coeffi-

/

cient for a sphere is Z . The volume VOZ, of this first

inertial component is

3
Vot, = 4 n (2)°= 335 cuf.
3
The second added mass effect will ke considered to
take place at the buoy keel, i.e. at 38' below the surface. The
formula for the added mass of a circular plate of radius """
being

f-a 3 C
M_\_B_.fa_..mfl/oL

i O A ST e



- 65 -

An arbitrary added mass coefficient of 1 will yield a volume VUZL

Vo =§.3=_8. 5- 2. -
by = S@ = 2(2) = 33«./5

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.—b = ZI Xc_
and Xr_ = 3! the corresponding damping and wave drag

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

found to be
! 2
by » A xdn09x (xS < M40
4
! 3
by o ty2xl2xn(2)% 1S = .20
3z
c'= 4 WA xﬂ.gx’l(i’/; 3 = 28.80
/ K73
’ 2
C£=ﬁx2x/.2x/2/2))(3 = 38 40
Jr ’

Cross sectional area at surface,

nR%< 7k 0.33% = 0.342 o ¥
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Buoy virtual mass.

Added mass of first inertial component

/»;’;-.L’Xé_/i xé_ x(?.)s = 33,3 slugs
"2 732" 3r
added mass of second inertial component

) / 3
»m, = _B..X_f_‘z X(Z) o= 42.4 slugs

27 3732
Buoy mass ' "

M = 7773 84 - 237,85 slugs
. 322 ' !
Virtual mass M, = 4'_‘_,”’4 /Mz = 313,55 slugs

As in the preceding case study, the program user must

L]

also provide an arbitrary value of average buoy roll © and
wave amplitudeA—. In this case Q— andi are seliected to
be 5° and 2.5 feet respectively,

All pertinent data are listed in the data coding form

shown in Fig. Nos, 20 and 21.

Program output

The heave and roll response amplitude operators are
graphically represented in Fig. No, 22 and Fig. No. 23. The
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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Table No. 8

Heave Response of Complex Shape Buoy

r
RMS AF WAVE SPECTRUM # 20683 Fggey
PROBAALE AMPLITUDE
OF WAVE . 10897 FEEY
FRACTION OF ! EXPeCreD
LARGeST AVERAUE 1 WAVE
M.L!YUD NAVE 1 NUHB:R 9‘ [ MUM
eﬂNSrDERgD AMPLITUDE | oF WaVgs M LITUDg
[ L X R X T XY ¥ I *Sge®PSeen ! Sesevwes (L LA LYY Y]
0040 6¢330 ! 80 Se689
'100 4830 1 100 beyg8
*33) 30799 $00 7003
*S00 34379 1! 1000 70459
1000 24377 1 10000 8+399
' ! 100000 99311
RMS OF RESPBNSE SpEGTRUM 0 0809 FEETY
PROBARLE AMPLITUDE
oF HEAVE RgsPoNse e +872 FEET
FRACYINN BF AVERAGE 1 gXPECyeD
LARGEST MEAVE ! MEgAVE
AMPLY AMPL1yUDE 1 Nunasn MaAX § MUM
CBN31655ED RESpUNSE 1 OF WaVgs AMPL I PUDE
[ XXX Y Yy K ¥ PhogePvNoae ! [ Y X XL X XY esgeevasye
010 1,90 % 80 1,914
'100 1048 100 10844
*333 10345 ] S00 eeq11
*S00 10916 i 1000 2248
1v000 716 ! 10000 2534
! 100000 2+806
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RMS BF WAVE SPECTRUM 2+683 FEEY
PROBABLE AMPLITUDE
BF WAVE L] 1897 FEEY
FRACTIaN oFf ! EXPECTED
LARGEST AVERAGE ! WAVE
AMPLITULES WAVE 1 NUMBER MAXIMUM
CONSIDERED AMPLITUDF 1! OF WAVES AMPLITUDE
cwgwevsemsvey evsavoene | Seeseswoes I YY)
¢ 010 60330 1 50 5689
0400 4e830 1 100 60418
0333 34799 ! 500 7.003
0500 3370 4 1000 70489
14000 2377 1 10000 8.399
! 100000 90311
RMS 8F RESPBNSE SPECTRUM = 7:489 DEG
PROBABLE AMPLITUDE
8F ROLL RESPUNSE = 5¢29%5 DEG
AMPLITUDES OF ROLL ARE IN DEGREES
FRACTIAN OF AVERAGE ! EXPECTED
LARGEST RoLL ! ROLL
AMPLITUDES AMPLITUDE 1 NUMBER MAXTMYM
CONSIDERED RESPONSE 1  OF WAVES  AMPLITUDE
oo meesecwnne sveeveses | vesue®es eetseang®
0010 174667 ! 50 15877
0100 130408} 1 100 17076
¢333 100605 4 500 19847
+500 94407 1 1000 20820
1000 60636 ! 10000 230442
! 100000 25.908

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
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CONCLUSIONS AND LIMITATIONS

The Lheoretical 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 realigtic than simpler
models which consider only buoy displacement and wave alope as the
predominant exciting forces.

As illustrated in case study number 3, the response of buoys of
relatively comiplex 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
ised to compute the linearized coefficients of drag and inertia will

reflect on the accuracy of the solution. To improve this accuracy an

iterative procedure can be followed which replaces the initial assumed
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values by computed ones until sufficient 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 us-J 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 1’ is assumed to be
linearly proportional to the velocity, the expression of the force is simply
D =V
5
In most cases, however, drag forces are expressed in terms of V ,

using the familiar formula

D = f@”'/z

wheref = water mass density

S

A

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

L
2

drag coefficient

it

body area across the flow (blunt bodies),

w-= §_’_l_, i,e. if for example

4 X= N, o wb
then the amount of energy dissipated per cycle by the damping force
is given by

- T s
£ < /é/(.—.—\/f,Va’é= éifgﬂ/w",(s(toowé/sa/é'
P o ’

2

or

3
E.—. Bébe#/g &

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

in turn given by T T T

— ’ 2
E- [nde = [o st < o [0} fomut) st
o > o

Zi: = Izaf/\:?—w
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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

a = _é'.f C}A/Y.LO
&

—— P e a e
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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

on the sketch. (Fig. No. 24)

Let o, , CI/ , be the values of

a’/fyand 4, and 4, be the

corresponding limits of the

variable /7 The integration

of the first integral

¢4= S
3
pian)
=0

/

yields:

Fig. Nc. 24
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r'-A, ehs
d/ Yo dy [r3r = dbd, hht 4 4f
y=0 1'=4, 4 4 4

Thia result obviously leads to the recurrence formula

Ped

[rndn < L DR AL

=0

[

Let now m ) M?. ' 4)73 be the values of d(fi/) and Ei , fz ’(S the

corresponding himits of the variable /g. . The second integral can then

be evaluated as follows:
ly - A h=b A=l
//‘a(/’/ //"=47 /"a’/2+417,_//,_'5/i4 My /2"/;_
f2=¢ Z=o b= € 76
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The expression of the coefficient "B'" ig therefore

where
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APPENDIX III

Evaluation of the Coefficient "D" of Wave Drag Moment

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

Yy Loke I{ s 4 - 2K2
D= ﬁ ‘/J///' |Ire d'r, \/z/(/‘) rie olr)

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

ment, For small angles @ , the projection of A on the vertical is

approximately equal to /.

Thus, from };’ «C to /;' =S 2z = S H
and from /;=0 to /{zm =z ;JJ’.}-/"L

Introducing these values of & in the integrals yields
2K, =S a4p R=ke ~xn
D = /3e ﬂ(ﬂ/e /"a//" /c/(/") €. c/n }

=0 =0

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

first integral over the domain of variation of yteld

4/# (/4, /Z_z?ém, ) +/] ey [ "(244,-1) = e?%/ﬂ 4 }

This result leads to the recurrence formula:

r=s 41 Y 24,

C:\[“/(f?)ffe. = 44,/1 E’Ze (244, -ﬂ ~¢ (244, _/y

I
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Similarly, the evaluation of the second integrel over the domain of variation

of /2 yields: _2,',(

* [e.'z?ez‘kq #)- e e )]

-‘c..’r( -Z“’z.
* 2 fe (2460 - )

The recurrence formula thus is

714 -4 -24¢,,
q/(r'//"e R = e (z,re +/) ~ e(z{/é #/)
By ey

Thus, the expression of the coeffzment 'D'" is finally

-2As 2/4"./

2/4;
D= 4/; < /Za’ [e2#rl) - € (244, -Q/
— _24‘;- | -.Zlf/
+2-’,”:,.[e(2/f/ﬂ,ﬂ// _e (2/(5 1/2/}
:
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APPENDIX IV

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

"P'" has been previously defined as

=4 Az V=46 2 A2
Pep 4= Jdiy'se - Joln e i f
. /;'.-.-0 /{:0

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

bracket can be written: —

4 W) i #(T+7)

or

- 19 TR 1< - %
e /A s [y e o I

Noting that b o A’);‘ Q
,/;,xe_ dr = ¢ (,(,7_0/
b

the evaluation of the integrals yield:

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

It thus appears that

/c/(fyre{z’; = _/%. Lc{/e_ (hty,-1) - e.//(éj
P=0 C )2

As far as the second integral is concerned, notmg

A%
fg& ,;'//:_ = -/F- /”/4—)/
’?
= (M) [

and evaluating over the range E/ ‘/Z. < (2_ (/(I") /#/1

yield: 44
_@__{ ke ) - e(/rm}

J (< _IZ. _I‘, . -4;( ../f/
/a(rg)/;_'e af = /.?2 —_‘/;7./& /4 (1? -fy/
0 ;
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The expression of the coefficient ""P'" is therefore

..A’.s' A

L (T ) -<ta ]
: +) [a //rﬁ) /rﬂ//}

£ = 4)72,

/= Lenp

with
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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,

F o )L AR

where ‘
L_.... /12/3"" m—-

and is given by

*
]'(f) = moment of inertia of cylinder "¢ ' with respect
¢

to its own c.g.
7). = 4 (RE4)

with /1/‘; = mass of water displaced by cylinder '"'¢"
R. = radius of cylinder g,

= height of cylinder "(..."

NS

distance of c.g. of cylinder ”L." to keel

‘: =

A& - distance of buoy c.g. to keel,
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APPENDIX VI

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

The actual computation of the roll response amplitude operator in com=
puter program ROLLRAC is performed using differcnt forms of the
expressions for gome 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 huoy damping moment, "B"

B= jfc/ Agm(z 2,,)%(2-&) ‘=28,

2: 21

e )

where [ - 4«”?;5 as defined in Appendix II
d‘.

an
rd.

[

diameter of the ith buoy component

i

depth to the buoy center of gravity

1t

depth to the bottom surface of the ith buoy component

272 = depth to the top surface of the ith buoy component

. . Z_-Zc?,,
| J’j”'(Z-ZcS) = R-Zey]

M - number of buoy components

‘ For the water damping moment, '"D"

r 4.:41 -2‘({2 2(

D - [’c/[(zx[z z,)- 498 WY

44”*

=Zre
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where ﬂ: 6)4\?4@__ o
3n
2
and A= w/; as defined in Appendix III.

For the water particle acceleration inertia moment "P"

“m e "r/?'z‘a)
Po_le 7 d® [~k (2-2.,) - l0)e . M/
e ): // 9) / + "/z-

<zl <7,

Za 26‘:

where )A. 'ZfCM as defined in Appendix IV.

4




1.

2e

kY

L)

Se

.Y}

7.

8.

9,
10.
11.
12
13,
14
15,
16.
17,
18,
{9,
20
21,
22,
23,
2o
25,
Phe
27
28
29,
30.
3t
2
33.
ELX
35.
36
7.
38.
9.
&0
ble
42,
43
ho,
48,
46
47
48,
49
50,
5%
S
53,
BSee
55,
S6¢
857
58,
59.

0O oo nOnnn

aoann

aXale

[aXe}

100

‘-

LAGICAL |

DIMENS AN
DIMENSIAN
IIMENS TN
DIMENSG AN
DIMENSION

DATA NCR,
DATA NMAX
DATA pl/3
DATA Kk

DATA FRAC
UDATA AVRC
DATA MAXW
DATA wWVMA

NP s

Nl & Q

ND = O
CARE AW, »
VIRTMASS
[SEASEL »
TiMel = O
TIMEE » 5
TIMEVEL =
wiNUV 8 O
RI2 s Pls
HHBy & RH

JANFLAG »
IF (JAMTE

CONTINUF
wWRITE (NL

IF (IONFL
INPUT NTE
IF (NTEST
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APPENDIX VII

Heave Progranxldsﬁng

PROGRAM HERAO

VERSLIAN 240 JANS $977 ‘Re GOLDSMITH
VFRSTION 1a1 JUNE, 1876 R. GOLOS“ITH

YHIS PRMGRAM ]S USED 1® CAMPUTE THE WEAVE RESPONSE
AMPLITUDE BPERATHR, AND ASSOCIATED PHASE ANGLES, FBR
SPAR TYME HUBY SYSTEMS

VERSIBN 200 o MODIFIED T8 INCORPBRATE A WAVE DRAG CUgFF

AMTEKM

DEPTYHR(25) ) AREA{29)

CERTHI(25), ADUMSCI25), VBLUME(25)
DEPTHN(RB ) s DAMPC 25 ) , WORAGC(29)
MAXWAVNE (6) 2 WYMAXCHF (4) ) HMEVMAXHT (&)
FRACAMPSI(S) ,AVRCBEFF (5),AVRESPNS(S)

NLP/105,108/

725/
0141592/,RTOV/E7.2958/
G/1990352 324174/

AMPS /0+0120010,0¢333,0e50210 /

AEFF /235951800210 41A21:256,0°886 /
AVND /802100+500,1000,100002100000 /
XCHF / 201212428, 2¢61,2¢7813e1303,47 ¢

'Y XIXIX2 IR AYZ ARSI XSS NS XA L X XX J

INITIALIZATION

040

s 0«0
0
«200
00
0+200
0

2,0
fe0

CHECK F,R BN=LINE

0
RM (IDUM) ) [ONFLAG = |

INPUT DATA

Ps94Q0)

INPUT NUMBER OF PRESSURE SURFACES
AQ «EQe 3} WRITE (NMPy9410)

ST
_«Q@Te NMAX)  WRITE (NLP»9700) NTESTaNMAX 3 STEP 100




60.
61,
62,
63,
64
6%
66,
67,
68,
69.
700
71.
72
73.
74
75
76
77.
78.
79.
80
31le.
R2.
83
84.
85,
86.
B7e.
a8,
89.
90
91.
92.
93
Q4.
9S.
96
97,
98.
99
100.
101
102.
103,
104
105,
106.
107.
106.
109.
110,
111,
112
113,
11s,
115.
116,
117,
118,
119.

aonn

150
17%

200

250
27%

300

3%0
37y

-84-

IF INTEST +LTe O0) GB& TH 174
IF (NTEST «GEe O) NP = NTEST
IF (NP +ENe O) GO T® 200
INPUT PRESSURE TERMS
IF (IONFLAG oFERe 1) WRITE (NLP,942n)
DY 180 | = 1sNP
INPUT DEPTHP(1)sAREA(])
CUNT INUE
BUTPUT TERMS
CONT INUE
IF (IBNFLAG e¢EQ3e¢ §) GO TO 200
WRITE (NLP,9430) NP
IF (NF «GTe O) WRITE (NLPsJ44Q) (DEPTHP(I)IAREA(LI)s lalsNP)

INPUT NUMBER BF [NERTIAL COMPANENTS
CUNT INUE
IF (1ONFLAG oEQe 1) WRITE (NLP,94%0)
INPUT NTEST
IF (NTEST «GTe NMAX) WRITE (NLP»9700) NTESTsNMAX ; STBP 200
IF (NTEST «LTe M) GB TY 27%
IF (NTEST «GEe 0) Nl 8 NTEST
IF (Nl «Efe Q) G2 T8 300
INPUT INEKTIAL TERMS
IF ({UNFLAG sEQe §) WRITE (NLP,9440)
DA 250 | = 1aN]
INPUT DEPTHI(T)sADDMST(I)2vOLUMELT)
CONTINUE
BUTPUT TERMS
CYUNTINUE
IF {IYUNFLAG «EQe 1) GU TA 300
wRITE (NLP,Y470) NI
IF (NI +0Te 0) WRITE (NLP,9480) (DEPTHX(I)oADDMSC(I)nYELUHE(!)o
IstaN])

INPUT NUMBER BF DRAG SURFACES
CONTINUE
IF (IANFLAG »EQe 1) WRITE (NLP,9499)
INPUT NTESTY
IF (NTEST oGTe NMAX)} WRITE (NLP29700) NTEST,NMAX 3 STBP 300
IF (NTEST oLTe 0O) GB T 375
IF (NTEST oGEs 0) ND = NTEST
IF (ND +Efe Q) GO TM &0
{NPUT DWAG CHMPANENTS
IF (LONFLAG +EQe 1) WRITE (NLP,9500)
. SUM DRAU SURFACE COEFF F(DEPTHeg)
SUMULO = 0
Db 450 I = 1.ND .
INMUT DEPTHRO( 1) 2 UAMPC(] ), WDRAGC( )
SUMYCH = SUMDCH * DAMPC(])
CANTINUE
BUTPUT TEKMS
CANT INUE
IF (JONFLAG +EGe 1) GB TO 400

wRITE (NLPs9%10) ND
IF (ND oGTy O) WRITE (NLP»9520) (DEPTHO(11,DAMPC(1),wORAGC(I),

I » 1sND)

INPUT WATER LEVEL CWOSS SECTIGN AREA
(T® SIMPLIFY THE COMPUTATION THIS IS ASSUMED

CANSTANT BVEW THE RANGE 8F VERTICAL MBTIEN AY




&y ’
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120. c THE WATER | INE)
121, 400 CBNTINUE
172 IF (LBNFLAG +EGe 1) WRITE (NLP,9530)
123, INPUT CSATESY
176, IF (LSATEST oLTe QeQ) UGB TU 480
125, CAREAnL ® CSATEST
126, S0 CONTINUE
127 IF (IUNFLAG oNEe 1) WRITE (NLP29540) CAREAWL
128 HF ® CAREAWL®RNMAG
129. o
130, c INPUT VIRTUAL MASS
131, IF (1BNFLAG +EQe 1) WRITE (NLP,9550)
{32 INPUT VMTEST
’ 133. 17 (VMTEST «LTe QeQ) Gy T 550
v 134 VIRTMASS s VMTEST
135. §50 CUNTINUE
136. IF (IBNFLAG oNE« 1) WRITE (NLP,9560) VIRTMASS
137. c
{3R. o INPUT TIME RANGE
139. 1F (IUNFLAG sERe 1) WRITE (NLP,9570)
140 READ (NCR,9025) T1,T2,13
141 IF (T1 «LTe O+0) GB 7O 678
142 TiMel = Ty
, 143, TIMEZ » T2
- 1he. IF (TIME2 «LTe TIMEL}) TIME2 » TIMEL
145, IF (73 sLEe Qe0) T3 ® TIMEDEL
{66, TIMEVEL o T3
147 675 CUNTINUE
148, IF (IUNFLAG oNEe 1) WRITE (NLP,9580) TIMEL1,TIME2,TIMEDEL
169 c
150 (o INPUT WIND VELBCITY FBR SEA STATE
151. 700 CHNTINUE
152 IF (IBNFLAG +EQe 1) ARITE (NLP,9590}
153, WEALD (NCH,9020) ISTEST)WAVEHRT,WAVEPER
{S%. IF (ISTEST .GT. 3) ISTEST = oy
155. IF CISTEST +LTs 0) GB T8 775
156. 1SEASEL ®» ISTEST
157. IF (ISEASEL *E2¢ 1) WINDV = WAVEHRTY
158, wINUVPG 8 WINDVesd
159. WAVEHMTP? s WAVEMTOWAVENWT
160, WAVFERPG & WAVEREHR®#4
161. 778 CENITINUE
162. IF (LONFLAG +EQe 3) GB TB 400
| : 163. IF (ISEASFL +£Qe O) WRITE (NLP,9600)
164, IF (ISEASEL «¢EQe¢ 1) WRITE (NLP,9801) WINDV
165, IF (ISEASFL ¢EGQe 2) WRITE (NLP,9602) WAVEWT,WAVEPER
166, 1F (ISEASEL +kQe 3) WRITE (N P,9603) WAVEHT,wAVEPER
167 C
164, o CHECK PUTPUT BPTIUNS
169 800 CHUNTINUE
’ 170+ IF LIUNFLAG oEQe 31) WRITE (NLP,9605)
i 171, WEAY (NCR,9000)  JLalPIRMINIRMAX
172. ILISY & Q
173, IF (IL eEQe §HY) ILISY = }
174 JPLUT = O
175. IF (1P «EQe 1MY) [PLOT st
176, IF (JPLOT +EGe §) CALL PLOTINIY
177 c
178 C COMPUTE RESPUNSE AND PHASE COMPUNENT ON TIME ITERATION
179, c )




- 86 -

180, 900 CUNTINUE
181, IF (ILIST «EWe 1) WRITE (NLF9610)
182, RRSINTG & 040
183. SINTU = Q.
1%, DB 2000 TIME = TIMEL,TIMERsTIMFDEL
185, FRLL » P12410700000000+0
136, IF (TIME oNE. 0e0) FREQ ® PJ2/TIME
187, FRELPG u FREQw®4
188, FRNELPS s FREQDeFREGPH -
149, EXFTERM » «FRFQ®FREW/G .
190. c
191, c SUM PRESSURE CUMPANENTS
192, SUMP = s
193. REFEAT 1120, FAR [s (1,NP)
194. SUMP 8 SUMP ¢ RHAGSAREA(I)#EXP(EXPTERM&DEPTHP(]))
195, 1100 CUNT INUE
196, c SUM INERTIAL CUMPANENTS
197, SUMI = ne0
198 REFPEAT 1200+ FRAR | & ({,NI)
199, SUML & UMD + ADDMSC(])#VBLUME (1) *EXP(EXPTERMSDEPTHIIT))
270, 1220 CONT INUE
201 SUM] ® RHAFREQGSFREW*SUM]
202, c
203, c SUM ORAG COMPYNENTS
2% SUMD e nNen
235. REPEAT 1300, FBR | = (1,ND)
206 SUMD 8 SUMD ¢+ wDWRAGC({])SEXP(EXPTERMCDEPTHD(I))
an7. 1300 CUNT INUE
208, SUMD = FREQeFREWOSUMD
209. SUMDC = FREGeFREWSSUMDCO
2ice. c
211« o COMPUTE RESPUNSE AMPLITUDE BPERATAR
212 RNUM & (SUMP w SUMI1®®2 ¢ SUMDee2
213, RUENHM 3 (RF o VIRTMASSEFREQeFREQ)#®2 + gUMDL®e2
214, QAL & SIRT(RNUM/RDENBM)
215 (of
216 C CAMPUTE PHASE BETREEN FBRCE AND WEAVE
217. PH] ® RTADSATANZ (SUMDC, (NF o VIRTFASSEFREQFREQ) )
218 c
219, c CAMPUTE PHASE HETWEEN FBRCE AND WAVE
220 SIUMA & RTOD&ATANZ(SUMD, (SUMP » SUMI}) )
221. C
222. o CAMPUTE PHRASE HETWEEN wAVE AND WEAVE
223, THETA = SIGMA + PHW]
224, Cc
225, c GET SEA SPECTRA
1 226 CALL SEASPEC
227 C )
278, c CAMPUTE RESPUNSE AND INTEGRATE
229. KRS s RABeRAQeS
239. IF (TIME oLEs TIMEL) GA TO 1400
233 NELF s FREULASYT = FREW
232, WKSINTG & (HRS ¢ RWSLAST)20+50eDELF ¢ RRSINTG
) 293, SINTG & (S ¢ SLAST)eQexpeULLF ¢ SINTG
' 234 1400 CUNTINUE
215, RHSLAST o RRS
236. SLAST o §
237, " FREWLAST * FReQ
238, ¢

239. 4 ’ QUTPUT LIST IF 1T wAS SELECTED




260,
268
242,
263,
LX)
208,
24b,
247,
268,
249,
2%0.
251 .
2%2.
53,
2%4,
2%5.
?%6.
P87,
258,
2%59.
250,
261.
262,
263,
284,
2645,
b 266.

267,
268,
269,
270,
271,
272,
273.
276,
275,
276.
277,
278,
279,
280,
241,
2R2.
283,
284,
285%.
2%h.
247.
282,
239,
290,
291
292.
293,
296,
298.
296.
297.
298,
299,

a0

[aNaXa¥ay

1500

2000

2370
c

26400

2500
c

non

c
c
c

c

2600

3000

8000

9000
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IF CILIST oLE« 0) GO YO 1800
WHITE INLPaYs15) TIME,FRELWINAD,SIGMA) PHY ) THETA, 8

CHECK FHR PLBT
CUNT INUE
I* CIPLATY «LE. 0) 50 T8 2000
CALL PLATI (1e',RAN, TIMEST)
CONT INUE

GET STATISTICS

- CHMPUTE WUST MEAN SQUARE OF wave
R¥S & GURT(SINTG)
WRABAMP 3 0s7078RMS
CAMPUTE AVERAGE WAVE WE]GWT
DY 2300 1 o 1,8 '
AVHNLSBNS(]) o AVRCBEFF (] )aRMS
CUNT INyUE
COMPUTE MAXIMUM wavg AMPLITUDES
DY 2400 | » 1,6
NEVMAXHT(]) & WYMAXCOF(])*RMS
CONTINUE .
wRITeE (NLP,9635) RMS
wRITE (NLP,9640Q) PRrRBBAMP
WRITE (NLP,9845) (FHACAHPS(X)pAVRESPNS(l),
MAXWAVNU (L), MEVHAXHT (), 1a1,8),
MAXWAVNE(6), e YMAXMY(6)

CAMPUTE RYAT MEAN SGQUARE OF RESPONSE
RMG @ SOWNT(HRSINTQG)
WRYUAMP 8 Q¢7078RMS
CAMPUTE AVERAGE RESPANSE OF WEAVE
8 2%0 I » 1,58
AVRESPNG (1) a AVRCBEFF (] )eRMg
CANT [NUE
CAMPUTE MAX [MUM AMPLITUDES OF MEAVE
D9 2000 I w 1,
HEVMAXHT (1) » WYMAXCHF {])eRMS
CANT INUE
wHITE (NLP,9820) NM§
WHRITE (NLP,9625) PREHAMP
wRITE (NLS,9630) (FRACAMPS(]),AVRESPNS(])Y,
MAKWAVNG ([),MEVMAXHT (1), lag,8),
MAXWAVNU (6) , HEVMAXHT (6 )

CHECK FONR PLBT

IF CIPLBT +LEs 0) GO T8 3000

Callk MLATHEAV

CYNTINUE

1F (IBNFLAG +EQ. 1) WRITE (NLP,9688%)

MEAU (NCR,9715,ENDSH000)  JEND
IF LIEND oEQe gWY) GO TO 100

CoONTINYE
sTo¥

FORMAT (A1, 1X5A121%92E40)




300,
391,
302
303.
ING.
30%.
306.
327,
308.
309.
310
311
3e.
313.
314
315,
314,
317,
318.
3t 9.
320
324,
322,
323.
324,
375,
326.
327.
EEL D
329,
330,
331.
332,
333,
334,
335,
336,
137,
338.
339.
340,
361
42
343,
Jeb.
365,
346
387,
38,
369,
350
351.
3%52.
353
354,
35%.
3%6.
3%7.
Jsa.
359,

9018 FBIMAT
9020 FRRAMAT
9028 FORMAY
c
3400 FORMAT
*
G410 FOIMAT
9420 FHAMAT
+

9430 FRdMar

Y440 FORMAT
+

Y450 FHRMAT

L6 FOBAMAT
+

9470 FURMAT

9“&0 FUQHAT
L ]

9490 FUIMAT
9500 FURMAT
+
+
9910 FORMAY
9520 FORMAY
*
+
9530 FORMAT
9540 FURMAT
9850 FORMAT
9560 FA’MAT
9570 FARMAT
9580 FORMAT
.
9590 FORMAT

* ¢ 00 s

9600 FNRMATY
Y601 FOKRMAT
.
9602 FORMAT
L 3
*
9603 FUQMAT
L
+
9608 FURMAY
*
9610 FURMAT
[ )
961% FURMAT
Yo20 FadMay
9625 FOIMAT
*
9630 FORMAT
+
*
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(AL)
(12F+QuF.0)
{(3IFe¢0)

SLITA HEAVE RESPUNSE ANALYSIS PRAGBRAM1I,
' ALL DEPT™S aWg PBSITIVE'/)
INPYT THE NUMHER ®F PRESSURE SURFACES A1)

ENTER FOR EACH SURFACE!'y
AREA (SQ FT) (= AREA FOR DOWNWARD FURCE) )

A
ts!
v DEPTH (FT),

(7' NUMBER HF PHESSURE SURFACES #',15)
(/7' NDEPTH (FT)s AQEA (SQ FT) (e ARKEA FOR DOWNWARD FORCE) 1y
(F{OeIs2XsFKed) )
(/7' INPUT THE NUMBER 8F [INERTIAL CAMPANENTS 01)
(7' ENTER FOR EACW CHMPRNENT!/
t DEPTH (FT)y ANDED MASS CHEFF, VHOLUME (CU FT)' )
(/7' NUMBFR OF [NERTIAL COMPANENTS o!,18%)
(7' DERTH (FT) ADDED MASS CBEFF VOBLUME (CU FT) 'y

(F1003+46X2F1003,7X2F12+3) )
(/7' INPUT THE NUMHER O8F DRAG SURFACES 0')
(/7' ENTER FUR pACH SURFACE1/
t DEPTW (FT), DAMPING CBEFF, WAVE DRAG CBEFF!
t (LBF/(FT/SEC)IZ(RAD/SECY)Y! )
(/' NUMBER 8F DRAG SURFACES s',]5)
(/7' DEPTH (FT) DAMPING COEFF WAVE DRAG COEFF!Y
't (LBF/(FT/SEC)IZ(RAD/SEC)) /
(F1003s3X0F11630 B5XsF11e3) )

(/7' ENTER CRMSS SECTION ARFA AT SURFACE (SQ FT) =y
(7' CRBSS SECTIYNAL AREA AT SURFACE m')FiQeky' SQ FEET)
(7' ENTER VIRTUAL MASS (SLUGS) B')
(7' VIRTUAL MASS s'; Fi1e2, ' SLUGS')
(/v ENTFR START, ENU» [NCREMENT OF PERJOD RANGE (SEC) 81)
(/7' PERIBD RANGE, IN SECHUNDS START END DELTAYY/
26X,FBeIFRe3,2X,F8:13)
(;. ENTEHISEA SPECTNUM Tvpg AND PARAMETERSH
] ] [Y¢)
VA PIENSON=MASKHW][T2 1. utND SPEED (KNBTS)
/1 BRE TSCHNE 1 DEW 2+ SIGNIF WAVE HT (FT), SIGNIF!
' WAVE PEW]IBD (SEC)?
’, [eSeSeCo 3, SIGNIF WAVE WT (FT), SIUNIF?
! WAVE PERIUD (S5EC)H!? )
(7' SEA SPECTRUM & 1,01)
(7' PLERSUNSMUSKMK]ITL SEA SPECTRUM ¢
/) WIND SPEED ® 1,F10.3,! KNOTS?)
{/* PBRETSCHNEIDER SEA SPECTRUMI
/1 SIUNIFICANT WAVE HWT = 1,F§10s3s! FEET!
/" STGNIFICANT WAVE PEQIOD = ',Fia.3,"' SEC!)
(WA [eSeSeCe SEA SFECYRUHI
2 SIUNIFICANT WAVE WY 4 ',F10.,3s"' FEET!
4 SIGNIF JCANT WAVE PFERIBD © 1,F1A,3,"' SECH)
(7t ENTER Y OR N FUN A LISTING, PLOT OF RESPONSE 1/
' FaRk PLAT, YAU MAY ALSA ENTER RAS MIN,MAX B')
(1137 PER]MD ANG FREW RAY WefF PHMASE FeW PHASE !
'Wek PHASE AMP SPEC 1)

(F10+¢34E1C023+F10¢3sF [0e3sF1ne3aF10¢3:4F1eI)

(/7777777 RMS BF RESPONSE SPECTRUM @', F10e3,! FEET!)
(/7' PROBABLE AMPLITULE 1/
' OF HEAVE HESPYUNSE =1,F1ne3s' FEET!)
t/77
/' FRACTI®N OF AVERAGE ! EXPECTED !
VA LARGEST HEAVE ! HEAVE '
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o
3560, + /' AMPLITUDES AMMLITUOE I NUMBER MAX I MUM t
36, + /' CANSIDERED RESPONSE ! AOF WAVES  AMPLITUODE !
k L.Y-1 * /! wewevewasvus svevsssne ] esgsevse ewosevecy J
363 * S(s/TuaFS5e30 T162FFe2s T285011, T33016) Ta34F9e3)
3454, * / T28s010y T33016) T43:F9e3 77)
kLY. 9635 FURMAT (IW1//7/7/' wWMg OF WAVE SPECTRUM ®',F1003,' FEET!)
366, 96w FBRIMAT (/0 PROWAYBLE AMPLITUDE 1/
367, * ' OF WAVE »1,F10¢3,' FEET?)
3468, Y645 FBRMAT (7/
369, * /' FRACT|IBN OF 1 EXPECTED ¢
370. + /! LARGEST AVERAGE ! NAVE '
. 371, + /' AMPLITUDES WAVE { NUMBER MAX I MUM '
’ 372. ¢ /' CONSIDERED AMPLITUDE 1 OF WAVES  AMP|JTUDE !
373, * /! eescscasvess eeseossens | s pnvece sscwsceswn !
374, 4 S(/T4,FS5:3, T16,F9¢3, T28,'1', T33:16, T43,F9,3)
375. . / T28, 11, 7330165 Tk34F943 )
376, 9655 FHRMAT (/1 DY YRU WANT ANBTHER CASE 81)
377. C
378. 9700 FORMAT (1 swa NUMGER OF ENTHRIES [S GREATER THAN ARRAY Sl1ZE ALLOWS!
’ 379. L4 /14XelBy20X017
3580, + /7" THE PRBGRAM TERMINATES! )
341. c
nz, C BRBEBBBIBBRBIRENOUNOBRRRGBRIBINBP RPN PR BPBRRNB RN NRNBRORBBNS
383, o
384, SUHRBUTINE SEASPEC
385, IF (ISEASEL ¢EQe Q) S ® {eQ0 J RETURN
386. OB TO  (4100,4200,4300)s ISEASEL
3R7. o PIERSHON = MUSKUWITZ
338, 4100 CBNTINUE
389. S ® 1380 /FREQPROEXP(=I7AnQe0/ (FRERPU®WINDYPL))
390, c CPRRECT FYR DuuUBLE HWpllGWY SPECTRUM
391. S ® 5/8.0
392. RETURN
393, c BRETSCHNE IDER
394, 4200 CANTINUE
395, S 8 4200 WAVERTPR2/(WAVPERF4EFREQPS) e
396. + EXP(=108Ne0/({WAVFPERFPUSERELPY))
397, c CHRRECT F9R DHUBLE WEIGHT SPECTIRUM
394, § ® 5/8.0
399, RE TUNN
400. c JeSeSeCo
401 4300 CHONTINUE
22, S 8 276NN AAVERTPRZ/(WAVPRERPLSFREQPS ) ®
403, 'y EXP (w6307 (WAVPERPUSFREQPY)Y )
t 406 c CHRRECT FUR DHMUBLE WMEIGHY SPECTRUM
405 S = 8/8.0
436, RE TURN R
407. C
408. o
409, c XX XY XX Y R Y Y Y Y Y Y Y Y Y Y Y Y Y Yy Y Y e Y Y Y Y Y Y Y Y YY)
410, C
411, SUBHOUTINE PLOTINIT
' “12. c THIS SURRBUTINE IS USED T8 INITIALIZE A LINE PRINTER
413, c PLOT OF THE WEAVE RESPONSE.
4ls,. (of
415, DIMENSION [PLBTBUF(3300)
416, c
417, DATA JBUFSIZE 73300/
418, o
19, [




420
421
$22.
423,
424
425,
426
427,
428,
429
430,
431.
432,
433.
34,
435,
436,
437
W3R,
439,
Y40
bbb,
(Y% 8
bbb,
445,
bhboe
447
LB
449,
450
451 .
452,
453,
WS4
458,

456,

c

o0On0 0o0o0n

1490

5000

3710
+

*

-

- 90 -

IF (MMAX +GYe RMIN) GO THO 1490

RMAX & JO0SKMIN

[F (KMAX (EQe 0.0) RWMAX 8§ 940

CHNTINUE

HWOEL & RMAX » RMIN

RMAR & JFIX{ROEL/3¢0 ¢ 0,99919%,0 ¢ RMIN

NLINES ® (TIME2 « TIMEL)/TIMEDEL

NHARS = (NLINES ¢ 941071040

TMAX & TIME{ + NBARSe1QeOeTIMEDEL

NLINES s (TMAX o TIMEYI/TIMEDEL + (40

IF (NLINES oLTe [BUFSIZEZ13) GA TA 5000
IPLYT = @

WRITE (NLP,9710)

RETURN

CeNTINUE
CALL MLBTY (NBARS,1025010)
CaLL PLBT2 (IPLATBUF )RMIN,RMAX, TMAX,TIMEL)

RETURN

FORMAT (/1 sesws THE PLUT BUFFER |S NAT LARGE ENBUGN ¢
X FYR THE PERIBD RANGE SPECIFIED !

A THE PLBT |S SUPPRESSED!')

GOBIVRIREDPRRNENRBOBGRNOINRQRBRRBBRRBRRIBNROERRVPOBBIOENRBNGYS

SUMNBUTINE PLOTHEAY

THIS SUHRBUTIMNE 1S USED T8 BUTPUT THE LINE PRINTER
PLAT OF THE HEAVE RESPANSE.

CALL PLBTR (3,33,'HEAVE RESHUNSE AMPLITUDE 9PERATOR!)
CALL PLOTHL (1h,! PERIBD (SEC) V)

CALL PLOTY? (10)

RETURN

END
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A PPENDIX VIII
Roll Program Listing

g PROBGRAM HBLLRAQ
Qe
3. (o VERSIBN 1.0 SEPs 1976 R. GOLOEM]TH
bo o
5. c THIS PROGRAM IS USED T8 CAMPUTE THE ROLL RESPANSE
6o C AMPLITUDE OPERATMR, aAND ASSBCIAYTED PHASE ANGLES, FOR
70 C SPAR TYPE WUdY SYSTEMS,
8. o
9. c CURRENT VEWRS[AN WESTRICTS DESIGN TA CYLINDR{CAL AND
10, (o TRIANGULAR HBDIES AN END, AND RECTANGULAR PLATES.
11, o
12+ c
13 LOGICAL TAMTERM
{4, c
15, DIMENS AN FRACAMPS (5), AVRCBEFF (5, AVRESPNS(S)
16, DIMENS ION MAXWAVNG(6), WVMAXCHF(6), RBLLMAX(6)
17 o
18, COMMON 7 1BNDEV / NCRONEP
19, CHMMEN 7 tP / TIMEL,TIMER, TIMEDFL,FREQ, WAVEN
20, COMMUN / SEASTATE 7/ ISEASELswINDV, WAVEMT) WAVEPER,
214 + WINOVP ) WAVERTP A, WAVPERP
22, CAMMON / RINS / NPARYS,1suAvE(50),wlDTH(so;,HE)GHT(SQ),THXCK(SQ),
23 + DENSITv(GO):DISTcGK(SO)oFRAcNBRM(SO)
24, CAMMUN / RRITS / VULU"E:SO):“E!GHT(SO)
25, COMMON / WATERD!S 7/ WO (50),HDI50),XD(50),VD(50),FD(50),
26 + DEPTHBID0) )DERPTHT(50)
27, COMMON /s CANSTANT / P ,RTBDsRHN,
280 CE8MMEN / RUAY / NPMAX,)RALAVERGAMP, THETABAR,PERIBD s
29, + DEPTHMK,BUBYCLK,DEPTHCG, BUBYCBK, DEPTHCB, WO ISPLAC
30 COAMMUN / cREFS / DRAGIS) sCUEFM(S)
31, COMMON / MBMENTS /7 BUMYMI,ADDMI,VIRTINRT,WATERIM,BUBYMR,
‘ 2. * BUNYMDT,BURYMD , WATERMD, DAMPM
) 33. CAMMON 7 BYTRUTS 7 TLIST, IPLUT,RMIN)RMAX '
4, C .
35 c
36. DATA NCRy)NLP 7105s108/
37. DATA FI,RTED /3.141552,%7.2958/
38, DATA RHB,5 / 1499035, 324174/
39. c MAXIMUM ARRAY S]ZES
40, DATA NBMAX /S50/
4l o DRAG CMEFFICIENTS FBR CYLINDER AND PLATE
42, DATA DRAG / 1920 1020 1% D400 00 /
43 o ADDED MASS COEFFICIENTS FOR CYLINDER AND PLATE
44 DATA CBEFM / 395 1002 102 090¢ 040 7
B “s, o STATISTICAL CBEFFICIENTS
t 46, DATA FRACAMPS /NeQ150830,003333,045001+0/
47, DATA AVRCAHEFF /72638951 e80001041641¢256,0886/
4R, DATA MAXWAVNY /%0,100,500,1009,100005100000/
49, DATA wVMAXCHF /2412220281206302478,301303047/
5Q. C
51 C (XAA AT XA X A L X T X L Ry Y Y P Y Y Y Y Y Y YY)
] 52. c
R 53, (o INITIALIZATION
She c
: 55, Pl2 ® Ple2,0
58, A0 s RMALG
57 TIVEl » 0,2
58, ‘TIMEZ =« %5049

59, TIMEVEL = 0.200




B T

60
b1
62,
63,
Ghe
65.
1.8
&7
A8
689,
70,
71
72
73.
Tee
7%,
76
77,
78,
79,
80.
2.
82,
33.
B8Bb4e
495,
86,
87,
88,
R9,
90,
91.
92
93«
Qe
95,
96.
97
98,
99,
100
1c1,
102,
103,
104
108,
106
107
108,
109,
110
111,
112
113,
116,
145,
116,
117,
118,
119,

(X g]

[aXalalpl

oo

o0 O O aan

o Oaan

100

150

400

500
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1SEANSEL = 0O

wlNDV s 0.0

wWAVEHMT m 0.0

WAVEPER ® (0«0

Hwl ® 00

AVERUGAMP a 30
THETABAR » 11,5/RTOD
NPARTS » 0

CONTINUE

CHECK FBR ON LINE AND INPUT MEBDE
I8NFLAG & 0
CONTINVE

wRITE (NLP,9400)
IF (IAMTERM (IDUM) ) IBNFLAG » 1 ) CALL TINPUT

IF (IONFLAG +EGs 0) CALL BINPUY
IF (IPLBT .£U, 1) CALL PLBTINIYT o . - o o =

CeMPUTE TOTAL BUBY WEIGHT, DISTANCE FREM KEEL TO
CENTER UF GRAVITY, DEPTH BF CQ

BUAYWGET & 0.0
SUMT s Q00 PO . -
DA 400 1 ¢ 3$sMPARTS
BUBYWGT » BUSYWET + WEIGHTLL]) .
SUMT ® SUMT ¢ WEIGHT(I)#DISTCGK(T)
CONT INUE .
WUBYLGK = SUMT/RUDYWAT
DEPTHCG = DEPTHK « BUBYCGK

cBMPUTE THE PARY BASIC MOMENT B8F INERTIA CONTRIBYTION.

SUMT = e
D8 HUO 1 s 1aNPARTS
CaLi, a®0vMl (!SHAPE(!).HEIGHTtl).u!DYH(I):TH!CK(I);P!NERTo
FARQ THE BYDY ABOUT 17S OWN AXIS
PM] w WEIGHT(1)®PINERT/G
A%8Ur tHE CO
WMICBMp o (WEIGHT(I)/y)etDISTCOKIT) suUBYCgK)ee2
SUMT & SUMT + PMI ¢ BMICOMP
CANT INVE
pUByMl = SUMY

GET DISPLACEMENT CHNTRIBUTIONS
CALL DISMLACE .
HUBYLUCR a BUAYCBK » BUMYCGK

WRITE (NP,940S) BySYWGTswDISPLAC
CoMPYTE DISTANCE T8 METACENTER FROM™ CB

SURF INRT = PloRWL*¢4/4eQ
BUAYLHM » suaflwnydﬂHuGIwolsPLAc

caMPUTE RIGHTING ARM, g™

BUsYLGM s BUBYCGCH ¢ BUOYCEM

ey T



120.
121,
i22.
123,
124,
125
1260
127,
128,
129,
130.
131.
132.
133,
134,
135,
136,
137.
138,
139
140,
141
162,
143,
164,
148
146
147«
{8
149.
15Q-
151,
152,
153.
154
155,
19h.
157
158,
159,
160
i61.
{162«
163,
164,
169,
166,
167
1650
169,
170,
171,
172
173,
17,
175,
176,
177,
178
179,

oo [aleXalkale

NOx OO0 [aNaXaXe] onnaOann x [aNalaXe

oo
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CHECK FBR STABILITY
IF (8UBYCsM o+ ,Te Qe0) WRITE {NLP,9700) 8UBYCRK+RUBYCgMs
BUAYCGK )

STUP 380

Y X XXX X R RS R SRS YRS XXX R Y X T X ¥ )
COMPYUTE RIGHTING MUMENT TERM

HUBYMR = BUHYWGT*BUBYCGM
BUBYMRG & HJBYMR/G

CAMPUTE NATURAL PERISD OF ROLL
FIRST GET VIRTUAL MBMENT
VIRTINRT » BUBYM] ¢ ADOM]
PERIBD0 ® ReO#PleSURT (VIRTINRT/BUSYMR)
WRITE (NLP,9410) FERIBUO

MAKE ASSUMPTIUN 8F UNIT AMPLITUDE
AND START FREWUENCY ANALYSIS

IF (ILIST JEG, 1) WRITE (NLP.gusoj
RRSINTG ® 0.0

SINTG » 0.0

BUTFUT BUAY™],BUSYMR,BU8YMRG

BENRRBVBIDIBBUBERRERBOBVRIRDERERPEO AP ERBBERBIRNBRNON

NRTES THE CALL TB HUBYNAMP IS PLACED WFRE TO ,
SIMPLIFY THE CBMPUTATIBN. THE CANSTANT TERM
1S COMPUTFD HeRE AND THE FREW 1S MULTIPLIED

IN AT THE BEGINNING BF THE FREQUENCY ITERATIUN,

SPOPNBBPBIBBRBERBGPPBBEDRPROIDRB RGP BORBUEIRRINIRNORRNN

CALL BUBYNRAMP

ne 2000 TIME = TIMEL,TIMERs TIMEDEL
FREW & Pl1Pe1+0E+LOQ
IF (TIME JNE, 0°0) FREQ = P[aIT!HE
WAVEN ® FREQ#FREW/C

wes CAMPUTE DAMPING MBMENTS

SEE NOTE AROVE
HUBYMD » HUBYMDTeFREQ
CALL WATERDAMP

tes CAMPUTE WAVE [NERT]A MOMENTS

CALL AATRINRY
MUTHUT RUMYMD)WATERMD,WATERIM ‘

ETEM s BUNYMRG + WATERIM
FTEM » WATERMD

SET MAIN COMPUNENT
E ¢ ETEMeFREQeFREQ
F © FTEMOFREQ
PHASE HETWEEN wAVE AND TORQUE
SIUMA 8 RTUDCATAND (oE,F)

EXCITING TBRQUE
T » SQRT (EeE + FeF)




o
/
180, o
1A%, ¢ PHASE ANGLE BETWEEN YBRQUE AND RBLL
182, ATEM = AURYMDWFHEQR
183, BTeM ® AUAYMR o VIRTINRT#FREQSFREQ
184, PHL o RTODOATANZ (@ATEM,HTEM)
185, C
146, c RALL RAD
187. o
188, RULLRA® s T/SNRT (ATEMOATEM o HTEM#BYEM)
139, c '
190, E PHASE ANGLE HETWEEN WAVE AND RE(LL
198
192, THETA ® SIGMA + PH]
193, c
194, c GET SEA SRECTRA
195, CALL SEASPEC .
196, c
197. c COMPUTE WESPUNSE AND INTEGRATE
194, RRS & RALLRABSRULLARAYSS
199, IF (TIME «LEs TIMEL} GO TO® 1400
200. ObLF s pREWLAST = pREY
201, RHSINTG s (RRS + RRSLAST)#0.50%DgLF + RRSINTG
202, SINTG ® (S + SLAST)®0,50%0gLF ¢ §INTG
203. 1400 CUNTINUE o
204, RRSLAST s RRS
205, SLAST = § e e+ e e e o
206 FREWLAST = FREQ
207. c
208, c BUTPUT LIST [F 1Y wAS SELECTED
209, IF (ILIST +LE. o) GO TO® {509
210, WRITE (NLP,9455) TvIMg,FRgW,RALLRABRTED,SIGMA,PH], THETA,S
211, c .
212 o CHECK FHR PLHT
213. 1500 CONTINUE
214 IF (IPLAY +LE. 0) GB& TB 2000
215, CALL PLATI ('), RULLRABSRTED, rINg,1)
216. C
217 2000 CONTINUE
218. C
219, c GET STATISTICS
220 c
221 o CIMPUTE RHOBT MEAN SQUARE BOF WAVE
222. . RMS =8 SQRT(SINTG)
223. PRYGAMP 8 De707#RMS
224, c CHMPUTE AVERAGE WAVE WEIGWT
' 225, DB 2300 | « U,y

¢ 226, AVNESBNS (1) & AVRCBEFF(])eRMS .
227, 2300 CONTINUE
228, c CAMPUTE MAXIMUM WAVE AMPLITUDES
229, U0 2400 ! a 1,6
230. RULLMAK(]) & wVMAXCHBE (1) eRMS
231, 2400 CANTINUE

, 232, wWRITE (NLP,9500) RMS ]

| 233, WRITE (NLP,9%05) PROHAMP

! 234, WRITE (NLP»9510) (FRACAMPS(I),AVRESPNS(1),
235. ¢ MAXWAVNO (] ),ROLLMAX(I), Ing,5)e
216, ¢ MAXWAVNE(p) ,RELLMAX( )
237, C .
238, C COMPUTE ROAT MEAN SQUARE ©F RESPONSE

239, M8 ® SQRT(RRSINTG)
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240, PRODAMP 8 0¢707¢RMS
241, c CAMPUTE AVERAGE RESPONSE OF pfLL

242, Le 2900 ! » 105

243, AVRESANG (1) a AVRCBEFF (])»NMSSRTAD

2hbe 2500 CMNTINUE

245, C CAMPYUTE MAXIMuM AMPLITUDES OF RALL

246, LY 2600 I a 116

247, RULLMAX(]) & WYMAXCOF(])*RMS#RTAD

248, 2600 CONTINUE

2hYe. wRITE (N P,49515) NMSeRTAD

250 wRITE (NLP,9520) HHEHAMPRWRTED

251 wRITE (NLP,9528) (FRACAMBS(1),AVRESPNS(I),

L T- + MAXWAVNB () ,RMLILMAX(), [®1,5),

253, * MAXWAVND(6),RELLMAX(6)

2%4 C

255, o CHWECK FHBR PLOT

256 C

257 IF CIPLOBT JLEe. 0) GO TY 3000

258, Call PLOTROLL

259. 3070 CONTINUE

2A0. o

261 IF (IONFLAG +EQe {) WRITE (NLP,9485)

262. READ (NCR,9085,enDe8000)  1END

263, IF (1END +Ene §WY) W 16 150

Phbo o

265 8000 CUNTINUE

266, STAP

267 c

268. 9085 FORMAT (Ag)

269, c

270 9400 FRRIMAT (1Hi,! RULL RESPONSE ANNALY3!S PRAGRAM!/

274 +* ' ALL DEPTHS ARE PBS[TIVE '/)

2v2. 9408 FORMAT (/v CHECK FHR BURYANCY RUBY WEIGHT = ',F10,1,!' LBSMYy
273. - ' WATER DISPLACED = ',p10e1s"' LHSY!)
274 9410 FUORMAT (/0 NATURAL PERIOD w1,FRe3,r SECENDSY)

275, 9450 FHRMAT (iN1/2! RAG IS IN DgGREgS/F88T OF wWavg AMPLITUDE'/
276 * ' PERIBD ANG FREQ RAG weT PHASE TeR pHASE |
277, - 1WaR PHASE AMP SPEC o)

278, Y458 FIRMAT (F10.,3,E1003,F10¢3,F10.3,F10.3,F10.3,F10.3)

279. 9485 FIRMAT (/1 DO yAY WANT ANRTHER CASE Bt

280 9500 FBIMAT ({H1////1 RMS OF WAVE SPECTRUM s1,F10e3st FEETH)

2581, 9505 FORMAT (/9 PREHABLE AMPLITUDE '/

232. . ' OF WAVE e F10e3,1 FEETY)

283, 9510 FORMAT (//

284, ¢ /' FRACTISN OF 1 EXPECTED '
28%. . /7! LARGEST AVERAGE 1 WAVE '
286 + /¢ AMPLIYUDES WAVE { NUMHRER MAX TMUM '
287« * /' CONSIDERED AMPLITUDE I BF WAVES AMRLITUDE v
P". * /' ewnvevecwera enesesewy l eoaupnvan 'YIXrTYI Y X 1} ]
2%9. + S(/T4sFS5e30 T16sFFe3s T2R, 10, 133016, T43:F9:3)

?290. + / Ta2%s 1, T33216, T43sF9.3 )

271, 9518 FBRMAT (///7/77/' RMS OF RESPONSE SPECTRUM 0! ,F10.3,"' DgG ")
292 9520 FORMAT (/¢ PRORAYLE AMPLITUDE 1/

293. + ' BF RULL WRESPHNSE 8',;F10¢3,' DEG ')

2% 9528 FQRMAT (/2

295, + /7' AMPLITUDES OF ROLL ARE IN DEGREES!,

296, * /' FRACTYISON OF AVERAGE 1| EXPECTED
297, ¢ /" LARGEST ROLL 1 RoLL '
298, ] /' AMPLITUDES AMPLITIIDE 1 NUYMBER MAX IMUM '
299. ¢ /¢ CONSIDERED RESPONSE ! OF WAVES AMPLITUDE ¢




.
3
¥
K
|4

300
301.
302«
303,
304,
305.
306,
307.
308,
309.
310,
31l
312,
313,
314,
315.
316.
317
318.
319.
3200
321
322,
323.
36,
325,
226,
3727,
328.
329,
330,
331.
332.
333,
334,
335,
336,
337.
338,
339.
340,
341
342
343
kLX)
345
46
3467,
348,
349,
350
3%1.
3%2.
3%3.
354,
35S5.
356.
3%7.
3%,
3%9,

~ 96 -

* /! ecemsesmsases evecsmenns | T TY Y T wosewnense

. S(/ThsFSe3s T162FFe2s 128,111, T33216) T434F93)
. / T28, %1, T33:16, T434FI43 /)
c
9700 FORAMAT (//0 see STHBP EVERYTHING o THIS BURY WILL ROLL BVERt1/
+ ' THE CENTER BF GRAVITY IS ABOVE THE METAY/
+ ' « CENTER, MC AHBVE KEEL & ',Fge22' FEETV/
* ' CG AHOVE KEEL = 1,Fge2s!' FEETY)

SRBCUUSBNBBRNFBOUDBGB VNGO QRBNPRBPRPBBRPBIBBNRRREERRNBOIRBENS

s NglsXKe

SUARBUTINE SEASPEC

I€ (ISEASEL +EQe 0) S ® 1e0 & RETURN

FREWFSG a FREQsL

$ REWPH s pREUPHEFREQ

GH TO  (41002420024300)s [SEASE(
C PIERSAN = MUSKUWITZ
4100 CONTINUE

S 8 135.0/pRECPREXR( 2970000/ (¢REQP4*INDYPAY)
C CARKECT FBR DHUBLE HEJGHT SPECTRUM

S & 5/8.0

RETUNN
c RRETSCHNE IDER
4200 CANTINUE

S 8 4200 1A NAVERTP2/(WNAVPERP4SFREQPS)®

* EXP(el1050,07(WAVPERPUEFRCUPY))
c CHRRECT FOR DHUBLE HEIGHT SPECTRUM

S 8 5/8.0

RETURN
[eSeSeCe

o
4300 CONTINUE
S 8 276Ne0eWAVERTP2/{WAVPERP4*FREQPS)®

+ EXP( 630,07/ {WAVPERPUSFRENPAY)

C CRARRECT FUR DBUBLE WEIGMNT SPECTRUM
S = 5/8+0
RETURN

BUBOBGBORDNIRGEERINBBRRCRBBRNBRNIBIBNGNOPUIRIRRIEBINNENIDS

SyBROYTINE pLATINITY
THIS SUHRBUTINE IS USED T8 INITIALIZE A LINE PRINTER

PLAT 8F THE WRALL RESPONSE.
SILZE LIMITED FOR BNLINE USE ONLY
OIMENSIAN [PLBTRUF(1300) ‘

DATA IyUFSIZE 7/ 1300/

na o OO0 OO0 n

IF (HMAX (GTe R™MIN) GO TO 1490
RMAR = 1000RH1N
IF (MMAX +EQe 0o0) RMAX ®» 1040
1490 CANTINUE
RDEL ® RMAX » RMIN
RMAR ® [FIX(RDEL/590 ¢ 00999)85.0 ¢ RMIN

NLINES o (TIME2 =« TIMEL)/TIMEDEL
NHAKS s (NLINES ¢ 9.11710.0
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360 TMAX 8 TIMEL + NBARSe10+0#TIMEDFL
361 NLINES & (TMAX o TIME1)/TIMEDEL ¢ 1.0
4. I¥ (NLINES LT, IBUFSIZE/y3) G& T® 3000
363 IPLET = O
k LU wRITE (NLP»9710)
365 RE TUKN
366 C
367 5000 CINTINUE
368 . CALL PLHTY (NBARS2100%,10)
369, CALL PLRT2 (IPLATBUF ,RMIN,RMAX, TMAX, TIMEL)
70 HE TURN .
374 c '
372 4710 FRRMAT (/1 weses THE PLOT HUFFER 1§ NOAT LARGE ENBUGH 1
373. . /0 FMR THE PERIBMD RANGE SPeCIFIEgD !
374 + /0 THE PLUT 1S SUPPRESSED')
375 C
376 (of
377. c oi..Ql0.QQOQOQQ..00..0..0..000"0‘!060l!’...’i.l..’.'.ll&
378 c
379 SUBROUTINE pLOTRELL
3R c
A3y . c TW1S SUBRBUTINE [S USED T4 AUTPUT THE LINE PRINTER
3R2¢. c PLAT BF THE ROLL RESPUNSGE.
33%3» (od
kLY caLl PLATs (3,372'ROLL RESPONSE AMPLITUDE BPERATOR )
ass, Call PLATGL (14,' PERIBD (SEC) ")
386. CALL PLHETS (2s2Rs' DEGREES PER FUOT AMPLITUDE ')
IR7. CALL PLBTT (10}
318, RETURN
339. c

390 END
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14,
15,
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17.
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19,
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22
23,
L1
25,
26,
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28,
29.
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31.
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SUBKOUT INE TINPUT
VERSION 10 SEP» 1976 Rs QOLOSMITH
THIS RAUTINE INPUTS DATA FBR THE RALL RAQ IN 8NeLINE MBDE

COMMUN / 181EV /7 NCH,yNLP

CoMMYUN / TP / TIMEL,TIME2,TIMEDEL,FREW,WAVEN

COMMON / SEASTATE /7 ISEASEL2wINDV,AVEHT, WAVEPER,

. WINDVP4 s WAVERTPI ) WAVPERP A

COMMUN / RINS / NPARTS,[SHAPE(g0) ,WIDTH{S0) sMEIGHT(50),THICK(50),
. DENSITY(S0)aDISTLGK(S0) s FRACNARM(S0)

COMMUN 7/ ABUTS 7 VBLUME(S0)shEIGHT (50)

COMMUN / CANSTANT /7 Pl,RT3D,~HB,G

COMMUN / AUMY / NPMAXaRALIAVERGAMP, THETABAR,PER!IODQ,

+ DEFTHK,BUSYCLK, DEPTHCG,BUBYCEK, DEPTHCE, WDISPLAC
CAMMOEN / SUTPUTS 7 ILIST,1PLOT,RMIN,RMAX

INPUY TIME AND RANGE
WRITE (NLF,9400)
READ (NCR,9000) T1,72,13
IF (T1 «LTs 0e0) G® TO 200
TIME] & Ty
TIME2 » T2
If (TIMER «LTe TIMEL) TIME2 s TIMEY
IF (T3 +LEs 0e0) 713 = TIMEDEL ,
TIMpLVEL = T3

SELECT SEA STATE PARAMETERS
CANT INUE .
WRITE (NLP,9405)

Qe AL (NCR,9005) ISTEST, WAVEHT, WAVEPER
IF (JSTEST «GTe 3) ISTESY = ey

IF (ISTEST «LT. 0) GY T8 300

ISEASEL ® ISTESY

IF (ISEASEL +EQe 1) WINDY = WAVENWTY
WINDVPY & WINDVeey

WAVEHTP2 s WAVENT®WAVENWT

WAVHERPS o WAVEPER® A

FENTER WATER PLANE KADJUS
CUNTINUE
wRITE (NLP,941Q)
READ (NCR,9010; HRWLTEST
IF (RWLTEST +LT. 0s0) GO TY 400
RwlL ® RWLTEST

INPUT DEPTH TO KEEL
CUNTINVE
WRITE (NLP,9415)
KEAU (NCR,9015) 4KTEST .
IF (¢KTEST +LTe 000) GY TO 500
DEPTMK = ZKTEST

ENTER EGTIMATED AVERAGE AMPLITUDE

CONTINUE
WRITE (NLP,9420)



60,
61,
62
A3,
hhe
55,
66
67,
(1.
69,
700
AT
72,
73,
T4
75
76
77,
78.
79,
80
81.
B2
83
Re,
8BS,
86,
87.
88,
a9,
90
91,
92,
93
Y4
95,
e
97
98,
99,
160,
101»
inee
103,
104,
105,
106
107.
108,
199,
110.
111
112,
113.
{114,
115,
116
x17o
11&0
119.

aonon (2 X 8]

C
¢

c
c
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READ (NCR,90220) AMPTEM
IF (AMPTEM [T, 0e0) GY 7O 600
AVEHUAMP a AMPTEM

ENTER E3TIMATED AVERAGE rRoL.L

600 CBNTINUE
WRITE (NLP,9423)
WEAU (NCH,9N025) THETATEM

IF (THETATEM +LTe 0e0) GO TO 700

THETABAR s THETATEM/RTUO

700 CONTINUE
DEF INE BUBY

N s Q
1000 CONTINUE
WRITE (NLP,I455)
REAU (NCR,9n55) NPTEM .
IF (NPTEM JLLEe o) GB TB 2000

WRITE (NLps9460)
N ®» )

L83P BN ENTRy
1050 CBNTINUE

IF (N 4GT, NPMAX) WRITE (NLF,9725)

WRITE (NLP,9465) N

READ (NCR,9265) IDUM

WRITE (NLP29470)

READ (NCR,9270) KyWaH, T,00%,F

NPMAX )

GET INPUTS FHR CBRRECT SHAPE
BUTPUT X

IF ({K «GTe 5) oBRe (K o T 1))

IF (W (LE. Ns0) WRITE (NLP)97085)
WIDTHIN) o W

IF (M oLTe 0s0) WRITE {NLP2970%)
NETUMT(N) & A

IF (D LT, D.0) WRITE (NLP,9710)
DENSITY(NY » D

IF (R oLTe o) WRITE (NLP2374%)
DISICGK(N) » X

GY9 T (1100+110021100,140021500)2

CYLINDERS
1100 CONTINUE
IF (Y +EQe =1ep) T = Wege
1? (K .EQ. 2) .e”. (< DEQI 3’ ,
IF (T oLTe De0) WRITE (NLP2970%)
TRICK(NY & T/12+0
FRACNYRMINY = 1,0
ISHAPE(N) » |
GB TV 1800

TRIANGLE
1400 CONTINUE
IF (T oLTe QeQ) WRITE (NLP2370S)
THICK(N) ®» T/1240

¢ e e 1 g

Go
)

]

-

To 1050
BuUTPUT

ayTPUT
suUTPUY
QUTPUY

" Web,0
BUTPUT

BUTPUT

W

GO TO 200

WRITE (NLP,9700!} )

]

],
Ge
Ge
Ge

1]

ae

T8
TO

te
Te

To

To

1050
1050
1050

1050

1080

10%0
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120 IF ((F oGTe 140) s8Re (F oLTe 0e0)) WRITE (NLP»9720) 3 OQUTPUT F
121, ¢ $ GO T8 1080
122+ FRACNORM(N) ® F
123, ISWAMEIN) e 2
124, GO TY 1800
129, c
126, c RECTANGLE
127 1500 CONTINUE
128, IF (T ol.Te Geg) WRITE (NLP29798) 3 OUTPUT T 3 GO T8 1050
129, THICK(N) » T/12.0
130, IF ((F oGTe 1¢0) otRe (F +LTe 0e0)) WRITE (NLP2a9720) ;3 OUTRUT F
131, * I GB TO@ 1050
132, FRACNORMIN) o F
133, ISHAPE(N) o 2
134, ue T 1800
135, c
136, C CAMPUTE VBLUME AND wWglGH?T
137. 1800 CANTINUE
138, CALL BBDYVBL (IGHAPE(N)o“ow'T“!CK(N)lV!
139. WETGQHT (N} vVeD ..
140, VALUME(N) & Vv
. 141 C
A 1642 C CHECK NUMBER BF ENTRIES
143 IF (N +GE, NPTEM) G8 T® 2000
Leb, N s N et
145, g8 TY 1050 . . e - ..
146, c .
147 o PART CHWANGE . e
148, c
1649 2000 CONTINUE e e
150 IF (NTTEM oGTs ) NPARTS = NPTEM
184, NPYEM = O L
152, NPARTS a MAX (NPARTS,N)
153, wWRITE (NLP,9475)
154 HEAD (NCH,907%) N .
155. IF ((N +Grs O) +ANDs (N JLEe NPARYTS + t)) GO 8 1059
) 156, (o
) 157. 3000 CANTINUE
158, WRITE (NLP,9480)
159, REAV (NCR,9080) IL,IP,RMIN,RMAX
160, ILISYT = O
161, IF (Il +EQe 1HY) [LIST s §
162, [PLUT = O
163, IF (1P oEQe iHY) IPLOT »
: 1664, c
! 165, RETUNN
- 166, c
167 9000 FIRMAT (3F.0)
168, 9005 FARMAT (],F,0,F,0)
169, 9010 FORMAT (F.0)
170 Y015 FORMAT (F,q)
‘ 171, 9020 FORIMAT (F,0)
. 172, 9025 FORMAT (F,0)
173. 9055 FORMAT (]}
176, Y065 FHRIMAT (A)
175. 9070 FBRMAT (1,8F+0)
176 YOS FBRMAT ()
177. 080 FURMAT (A1,1X,AL1,1X,2F Q)
178. o

179, F400 FORMAT (/1 ENTER START, END, INCREMENT OF PERISD RANGE (SEC) 0¢)




180,
181
182
183.
186,
185,
186,
187,
198,
199.
19C.
191,
192.
193,
194,
195.
196,
i97.
198.
199,
200.
201«
202,
203
2064,
205,
206
237
208,
209
210,
2lle
212.
213
2160
215
216
217
218,
212,
220
221,
222,
273
226,
225,
226,
227

94,08 FORMAT

L R 2K 2% 3R 2N 4

Qulp FORMAT
F418§ FHIMAY
Ye2n FIRMAT
upE FRRIMAY
Yu8S FHMar
Fob60 FHRAMAT

LK X JEE BN 2N S N X K R BN SR SR K 2% B N 2

665 FURMAT

Y70 FHIMAT

%75 F4QIMAT

9480 FawMAT
L ]

9700 FORMATY
.
9705 FORMATY
9710 FBQMATY
9718 FelPay
9720 FIRMATY
9729 FORMAT
..
[

E~D

(s
I
VX
/f
'
V)
]
(/1
(/¢
A
(7
(7"
(A

--- ® ® W B W W w W wwm www W -

(/

¢
(7¢
ts°

{7

(7°?
(7
(7
(A
(/1

WAVE pENRIHD
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ENTER SEA SHMECTRUM TYPE AND PARAMETERS!
» 100 o'
PIERSHNeMASKHW]IT? 1, WIND SPEED (NBTYS)!

RRETSCHNETOER 2, SIGMIF WAVE HT (FT), SJGNIF!Y

WAVE PERIBD (SFEC)!

[e5¢SeCo 3, SIGNIF WAVE HT (FT), SIGNIF!
(SECH! )

wWATEN PLANE RADIUS AT SURFACE (FT) 81)

DEPTM T8 XEgl (Fry 8°Y)

EXRECTED AVERAGE AMpLITUDE (FT) 081)

EXPECTFD AVERAGE RELL (DEG) 81}

NUMHER HF BUAY PLRTS @'}

ENTER
ENTFR
ENTER
ENTER
ENTER

sse FHR EACH pART NUMRER YBU MUST ENTER '/
SYME JDENTIFIER BEFMRE YBU RETURN, ¢/
THEN ENTER  K,Ww,H,T,0,X,F v/
K s SWAPE CODE | = HULLAW CYLINDER v/
a2 = SOLID CYLINDER v/
3 » DISC '/

& o TRIANGULAR (RT) pLATE 1/
& « RECTANGULAR PLATE!/

w s wiDTH BR BUTSIDE DIAMETER (FT) t/

W e MEIGHT (FT) '/

T o THICKNESS (IV) vy

A oy ENTERED FOR CASE Ksy WILL ASSUME '/

A seLlp (T = w/2/712) '/

FYR CASES X=2,3 ENTER ANYTHING . v/

D & DENSITY (LBM/FTe0q) 4

X » DIGTANCE Frg™ KEEL T PART CG (FEET) '/
F o FUR PLATES BNLYs FRACTIONAL AREAYy

AF vHE PLATE NARMAL T8 MBTION¢/
ENTER 1 FAR CYLINDERS v7/7)
' PART NS8e 's 132101} )
ENTER KowsWaToDaXpF 1y
ENTFR PART NUMBER TA CHANGE (eq T8 STSP) 891)
ENTER Y Aw N Fn LIST AND PLAT aPTIans!'/
FUR PLYT YOU MAY ALSO ENTEZR RAD MIN AND MAX 01

YOURE KJODING o THE CODES ONLY GO FROM ¢ T8 8§ ¢/
TRY AGAIN '7)
wHAT INU BF SHApE 1S THIS @8!')
wHAT DU YRU HAVE IN THERE B84)
wHERE 1S 1T ')
RANGE BF F w Ge0 TO 1.0 8Y)
ANLY 1a]3s1 CHUMPANENTS ARE ALLOWED 1/
BUBY OpFINITIAN ypRMINATES 1/
Buly CWANGES wlilLL PROCEED '/)

[ X 2 J
[ X 2]
ane
[ X 2 J
[ X X}
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1 SUBKBUTINE HBINPUY

2. ¢

3. c VERS AN e SEPs 1976 Re GOLOSMITH
[ X} (o

Se c THIS RAUTINE INPUTS DATA FOR THE ROLL RAS® [N BATCH MOOE
6 ¢

7o (o

Re (o

9, o

10, DIMENSION JCBMMENT(4)s ID(10)

11. c :
12 ComMMuUN / 1ADEV / NCRyNLP

13 COMMUN / TP / TIMEQ,TIMER, TIMEDFL,FREQ,WAVEN

14, COMMEN / SEASTATE / ISEASEL,®INDV,WAVEHT,WAVEPER,

15, . wINUVP4s WAVENHTP D) WAVPERFS

164 COMMUN / BINS / NPARTS, [SHAPE (60),WIDTH(50)+HEIGHT (59), THILK(50),
17. + CENSITY(50),01STCGK(50) ,FRACNORM(S50)

18, COMMON 7 RRIITS /7 VBLUME(S0)swEIGHT(SO)

19. CAMMUN / CANSTANT /7 P ,HTBDIHKHS,0
20. CHMMEN / RUHY / NPMAX,RAL,AVERGAMP, THETABAR,PER1B800,
21 + DEPTHK B AYCUK, DEPTHCG, BUBYCBK, DEPTHCB, wDISPLAC
22, COMMON / AUTPUTS 7 ILIST, [PLUT,RMIN,RMAX
23. c
24, o
25 DATA 1D /¢ KW CYL 's' S CYL 'yt DISC '40 TRI PLT!, ' RCT PLTY/
2&. C e e e e e . s e e ——— -
27. c {NPUT TIME AND RANGE
28, READ (NCH,9005) T1,T2,73
29, 1IF {11 oLTe 0e0) GO TU 178

30. TIMEL ¢ T4 _ . e .

3. TIME2 = T2

32, IF (TIMg2 LT, TIMEL) TIMEZ e TIMgl .. . . e

33, JIE (T3 «LEs 0+0) T3 » TIMEDEL

4. TIMEVEL » T3

5. 175 CENTINUE

6. WRITE (NLP,990S) TIMESITIMER,TIMEDEL
37, c
38. c SELECT SEA STATE PAWAMETERS

39. 200 CONTINUE
40, REAU (NCR,9010) ISTEST, WAVEWT, WAVEPER

(3 I1F (ISTESY oGTs 3) JSTEST 8 ey
42, IF (1SYEST LT, O) (B 1B 275
63, ISEASLL = ISTEST

b IF (JSEASEL ¢EQe 1) WINDV = WAVENWT
“5, WINDVP4 » WINDVeed
46 WAYEHTP2 o WAVEHTSWAVENWT

“7 WAVHFERPY o WAVEPER®®,
48 275 CONTINUE
49, IF (ISEASEL ¢EQe 0! WHRITE (N, P,9410)
%50 IF (ISEASFL «EQe 1) WRITE (NLP,9411) WINDV
81 IF (JSEASFL +EQe 2) WRITE (NLP,9412) WAVEHT , WAVEPER
52 IF (ISEASEL +EQe 3) wRITE (N(P,9%13) wWAVENT,wAVEPER
53¢ c
S c ENTER WATER PLANE RADIUS
55 300 CONTINUE
1Y NFAD (NCR,9015) HW,TEST
57 IF (KW TEST e Te 000) U8 TO 378
58, Rwl & RWLTEST

59, 375 CONTINUE
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60 WRITE (NLP,Y415) RW

61, C

620 c INBUT DEMTH TH KEEL

63, 400 CONTINUE

b4 READ (NCR,9020) IXTEST

65, IF (LXKTEST LTes De0) GO TO 478

660 DERTHK ®» ZIKTEST

67 47% CHNTINUE

68, WRITE (NLP,9420) DEPTHK

69. c

70 c ENTER ESTIMATED AVERAGF AMpLITUDE

71« 500 CANTINUE

72. READ (NCR,9025) AMPTEM

73, IF (AMPTEM LLT, 0.0) G& 1O 57%

The AVERGAMP o AMPTEM

75 878 CANTINUE

76 WRITE (NLP,Y9425) AVERGAMP

77. C

78. c ENTER ESTIMATED AVERAGE ROLL

79. 600 CONTINUE

80, READ (MCR,9n30) THETATEM

21, IF CTHETATE™ «LTs 0.0) GB TO 875

2. THETARQAR o THETATEM/RTHU

B3 675 CHNTINUE

Bée WRITE (NLP,9430) THETABAR#KTED

85, c , e e T

86 o

87, 700 CONTINUE

R8. C

39, o DEFINE BUOY

90 C

9. N o Q . N

92. 1000 CABNTINUE

93. READ (NCR,9055) NPTEM

Y%, IF (NPTEM JLEs 0y GO T¥ 2000

95+ o

96, WRITE (NLP)9455) NPTEM

97, WRITE (NLP,94580)

98, N e}

99. c

100 c LASP 8N ENTRY

101 1050 CONTINUE

192 IF IN «3T, NPMaXx) WHITE (NLPs9725) NPMAX } STBP 1p5p
103. READ (NCQ'997O’ KQN’H.T.D‘K'F'ICGHHENT

174, c

10%. c SET INPUTS FBR CORHECYT SWAPE

106 IF ((K oGTs 5) oBRe (K oLTe 1)) BUTPUT K ; WRITE (NLP29700) 1
107, . ST8P 1050

108, IF (w oLEe¢ Do0) wNITE (NLP29705) ;3 OUTMUT w ) STEp 1050
199 WIDTH(N) a W

11C, IF (M LT, 740) WRIyTg (NLP,9705) § OBUYPUy H 3 SyOP 1050
111, NETGMT(N) o H
112, IF (U oLTe De0) WRITE (NLP»9710) , OUTPUT D ;, STBP 1050
113, DENSITYY(N)Y = D

114, IF (R LT, 2,00 WRITE (NLP,9715) ; BUYPUy X 3 STOP 1080
115, DISTLGK(N) = X
11 GO TV (1100+1100211002140021500)2 K

117, c

118 c CyLINDERS

119, 1100 CONTINUE

e - W b—in




120,
121
122,
123.
{24
125,
126
127,
128
129.
130.
131,
132,
133,
134,
135,
136,
137
138,
139,
16Q
161,
1424
143
144,
169,
146,
147
168,
149,
150
151,
152.
1593,
19%
15%,
156,
157
158,
159.
150
161
162.
163
164,
165,
166,
167,
168,
169,
170,
171,
172,
173,
174,
178,
176.
177,
178,
179.

o0

c
c

c
C

ano

1400

s

IF (T 4EQs =1e0) T & Webe0

IF ((K +ENe 2) «BRe (K +EQe 3) ) T ® Woheg

IF (T LT, Ne0) WRITE (NLP,970%) 3 OUTPUT T ) STOP 1100
THICR(N) & T/12+0

FRACNURMINY = 1.0

ISHAFE(N) s |

6o Te 1800

YRIANGLE
CBNTINUE .
IF (T oLTs 0e0) WRITE (NLP297p0%) ; OUTPUT T ;3 STOP 5400
THIUKIN) = T/12.0
IF (IF oGT, 140) oOR, (F .LT. 0.0)) WRITE (NLP,9720) 3 OUTPUT F
1 STBP 1400 L
FRACNURM(NY) o F
ISHAFE(N) o 2
Gy 1Y 1800

RECTANGLE

1500 CANTINUE

<

IF (T oLT. neg) WRITE (NLP29705) 3 BUTPUT T ) STBP {500

THICKINY » T/12.0
IF ((F oGTe 1¢0} ¢8Re (F oLTe 040)) WRITE (NLP»9720) ) BUTPUY ¢

I STOP 1800 .. i i
FRACNBRMIN) & F
ISHAPE(N) » 3 AU o . DU S -
50 T9 1300

CBMPUTE VBLUME AND WEIGHT

1800 CINTINUE e i e e o e e e

2000

*

CALL dBpYVEL (XS“APE(N’IHJWIT“!CK‘N’OV,
WETUHT(N) o Vo) e e
YOLUME(N) » V

WRITE (NLP,9465) N:ID(Zox-llc1Dt2ox)oNnHoTHICx(N)oDoon
» JCOMMENT
CHECK NUMBER 8F ENTRIES
IF (N «GE. NPTEM) GB TH 2000 L .
N o N o
6o o 10%0 A . e

PARY CHANGE -

CONTINUE

IF (NPTEM oGTs o) NPARTS = NPTEM

NPTEM » 0

NPARTS & MAX (NPARTS)N)

REAY (NCR,9075) N

IF (IN «GTs O) oANDe (N oLEs NPARTS ¢ {)) WRITE (NLP,9470Q) &
G YO 1050

c
3000 CONTINUE

WEAD (NCR,3080) lLsIPsRMINIRMAX
ILIST & O

IF (JL oEQe 1HY) ILIST o
IPLYT » O

IF (1P (EQ. 1HY) IPLOT = 3

RETUNRN

L e A oy ot - . e e e
[




1RO,
1A1l.
182,
183.
184,
185,
1R6.
187,
188,
189,
190
191,
192,
193,
194,
195,
196,
197,
198,
199,
200,
201
202,
203.
24
20s%,
206,
207.
208,
209,
210,
211,
212,
213,
21lb.
215,
216.
217,
218.
219,
220
221
222,
223.
224
225,
226,
227,
228.

9008
9010
9018
902¢
90258
9030
9058
9070
9078
9080
(o
9408

+

FMRMAT
FHRMAT
FARMAT
FRARMAT
FORMAT
EHQMAT
FHRMAT
FORMAT
FraMay
FORMAT

FRARMAT

9410 FRRMAT
9411 FARMAT

+

9412 FHRMAT

*
*

9413 FORMAT

9415
9420
I4 26
9430
94585
9460

468
Y470

9700
2798
9710
9715
972¢
9725

+
+

L 2R BN 2R BE SR 2R K BN J

FalkMat
FERMAT
FARMAT
FORMaAT
FYRMAT
FHRMAT

FRAQAMAT
FORMAT

FARMAT
FARQMAT
FRARMay
FARMAT
FHRIMAT
FoQMAY

END
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(3F Q)

(1eFeQoF+Q}

(Fo0)

(FsO0)

(Fe0)

(FeD)

(1
{146F2023A42A2)
(n
(A121X2A121Xs2Fe0)

(/v PERIOD RANGE, IN SECONDS START END OELTA/
2AX,FR3,FB.3,2%,F8,.,3)

(7 SEA SwECTRUM & 101}

(/v PIERSHUNaMHSKOW]IT. SEA SPECTRUM

/7t WIND SPEED ® ',F10,3,' KNETS!)

(/7' BRETSCHNEIDER StA SpECTRUNM!

/1 SIGNIFICANT WAVE MT s ',F10es3s FEET! ‘
/71 S]IGNIFICANT WAVE PERIBD s ! ,F10,3,"' SgC")
(7' 1eS+SeCe SEA SPECTRyM! ,
/¢ SIGNIFICANT WAVE HT = ',F1043s" FEET!

/ SIGNIFJCANT WAVE PERIBD = 1,F1ge3s SECH)

(/¢ wWaTgR PLANE RaDIUS AT SURFACE = !,F6,2,' Fy')
sy DEPTH TH THE (EEL = ',F602,"' FT!)
(/1 ESTIMATED AVERAGE AMPLITUDE = ysFbe2sr FTy)

(/' ESTIMATED AVERAGE ReLL # ',F6,2,' DgG') e

(/¢ NUMGER BF PARTS s 1,13)

(771 : , te .
! CsGe '/
' DENSITY')
' ABAVEY/
' PARY WiDTH HE IGHTY THICK | (LBSM/ 1,
' KEEL FRACY!/
' N9 SHAPE (rT) (FT) {tFT) FTRe3) Y,
' (FT) NOKM  COMMENTS',
' seae Speawvlae SSwswve LA L L LN X (X E XA L XX J -.I.M.--"‘
'

Y X Ll eavsee --u..‘.---.-.--.,,

{152 2xsPA4s FBe2s FBe2, Filieks F10els F742) F7e20 2x04A%)

(7' wee YBURE (IUDINj; « THE CODES BONLY ® FROM { TB 5 t/)
(/) oos WHAT KIND BF SHAPE 1S THIS 0 1) o
(/t o#e wilaT DY YAU HAVE IN THERE 6 ')
(7' sss WHERE [S JT B V)
(/) wew RANGE OF F » e T8 100 8 1)
{79 ses ANLY 1,]13,' COMPANENTS ARE ALLOWED '/
' THE PRAGRAM TERMINATES '/)

- b 41 15
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1. SUHBROUTINE HODYMI ([SsMsawW,T,PM])
2. C
3. g VERSIGN 1+0 SEP» 1976 Re GOLOSMITH
[ Y
5, ¢ TH{S RUUTINE COMPUTES THE BASIC SHAPE MBMENT 8F INERTIA
Ge c ASSUMING UNJFBRM DENSITY
7o C
8, COMMUN / [BDEV / NCRyNLP
9. C
10, o
11, IF (LIS oGTe 3) oB8Re (IS o Te 1)) WRITE (N Ps9700) 1S )
12. * STOP 10
13, c
1ée GO TY (1000,200,300)s IS
15. c
16. c CYLINDER
17 100 CANTINUE
18, WT ® W = 2.0¢T
19, IF (WY LT, 0,0 WT & 0,0
20. WML & (wWew ¢ WTOWT)/16¢0 ¢ HoH/1240 -
21 RETUNN
- o
23, c TRIANGLES
24 200 COUNTINUVE . o
2%, C »2eoMAST PLATES ARE SMALL SO THE INERTIA IS IGNORED FOR NOW
260 PMl ® 0.0 - — . e -
27. RETUNN .
28, c v : - - .
29. c RECTANGULAR PLATE
30, 300 CONTINUE e e e e e e
31, WMl 8 WNeH/1200
32, RETURN .
33. C
34 c S
35. 9700 FORMAT (/71 ene WHAT KIND BF SHAPE IS CODE '» 16/ .
36, . L PRUGRAM SYB8Pg [N RHBUTINE BEDYMI') |
37, Cc ’
38, END , . o N

- —re
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1e SUBROBUY INE BEDYVOL (ISsHawWsTyVy

Qo o

3. c VERSION 140 SEP» (976 Re GOLOSMITW
b C

Se o COMPUTE THE gBiDY VOLUME

X3 C

7. CaMMUN / (8DEV /7 NCRyNLP p

' COMMUN / CONSTANT 7/ PI,RT8D,RH8,G

9. o
10. c ,
11. [F (CIS oGTe 3) oORe (IS ofTe 1)) WRITE (NLPs9700) IS
12 * STOP 10
13, Ge TY (100,200,300, 1S
14, c
15, c
16, c CYLINDERS
17, 100 CONTINUE

18, AT 8 W e 24n*T
19, IF (T JLTe OO0 Wt & Q,0
20, vV s Hepla(yew » wTouT)/400
21, RETUKRN
22. C
23, C TRIANGLES
24, 200 CUNTINUE . e , ——
25. V 8 QeSeHaWsT
26. . HETWURN e e e
27. c
28, c RECTANGULAR PLATE S e
29, 300 CANTINUE
30 V s MepeT .. e e e
1., RE TURN

32, c . . et e e et e h
33. ¢

'Y 9700 FORMAT (/1 #ss WHAT [N THE WRRLD IS SHAPE CODE v, le/
3s, . ' PROGRAM sTAPS IN RBUTINE BROYVEL')
36, c

37, END




- 108 =

SUHRBUTINE DISPLACE
VERSION 190 SEP: 1976 Re BOLOSMITH

THIS RAUTINE 1S USED T® CAMPUTE THASE PARAMETERS
ASSOCIATED WITH THE BUSY DISPLACEMENT

(s X¥aNalaNatsl

COMMUN / RINS / NPARTS) ISHAPE(8A) s WIDTHISA) s HEIGHRT (501, THICK(8)
. DENSITY(®0),018TCGK(50),FRACNARM{S0)

COMMEN / ROUTS / VBLUME(SO0)»WEIGHT(50)

CHOMMUN /7 WATERDIS 7 wD(ibAaYa®D(S0)aXD(S0)aVDISA)aFD(8)) s

* DePTwB(90) ,DEPYHT(50)

CAMMUN / CONSTANT / PlIRTHD)RKWA, G

COMMUN 7/ BURY / NPMAX,RAL,AVERGAMP, TRETABAR,PER!ABDg,

. DEPTHX,BURYCGK,DEPYPHCG, BUNYCBK, DEPTHCE, WOISPLAC
COMMUN 7 MBMENTS / BUYMYMI,ALDDMI,,VIRTINRT,WwATERIM,BUBYMR,

¢ BUBYMDT,BUBYMD, WATERMD ,DAMPM

RFuBG = RHNBeG . - .-
WOISPLAC o 000

SUMLEK » pe0

ADDM! = 0,0

BEGIN LOUP ON EACH PART

(s Nalp]

D8 1000 ! » 1,NPARTS
S s [SWAPE(])
)

X IEMXCAE X

CCC
o> o0 3G 88 A
o]
-
7]
-
[p]
<Q

COMBPUTE DEPTH HF PART BOTTAM AND T8BP

DCU » DEPTHK o X
CHECK SHAPE
GY TO (10022002100, IS
CYLINDER AND RECTANGULAR PLATE

O O Oaoon

100 CUNTINUE
TEM & H/240
Dd = DCG ¢ TEM
Ol = DC3 = TEM

39 T8 300
c TR]IANGLE
200 CUNT INVE
DY s DCB + H/3:0
DT 8 NDCG « HeD 6687
(o Y THE ABMVE IS BNLY A GUESS « CORRECT
av 18 300
c
(of IF PART TUTALLY OUT BF WATER IGNORE

300 CUNTINUE
IF (DB .LEe Qo0) VCOR s vV ) G8 T8 780

e v i e o —— T e st e e b e
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IF_PART TUP IS IN WATER @K

60 (o
. 61 IF (DT +GEe 0e0) VCOR « 0e0 , a?% Te 75o
620 C
63, c CAMPUTE VOLUME CHORRECTIYUN FBR BUT 9F WATER
54, IF ((IS eNEe 1) sANDe (IS oNEs 4)) GO T8 350
654 o CYLINDER AND RECTANGULAR PLATE MBD
66, XU{]l) o DEPTHK = 087240
&7, <Ut1) = DB
68, GY T8 600
69. c TRIANGLE M8D
70 359 CUNTINUE .
73 IF (1S «NEe 2) GY TO 400
72, C #oan  XU(]) SHEULD alLSH CHANGE |F M1 15 718 Bg CARRECy 4LSA MD
73, AVt]) & Hew/zABS(DOT)
The GY TO 600
75, 400 CUNTINUE
76 Cc
77, 6720 CUNT INVE
78, CALL B8NYVAL (IS,ABS(DT)»WD(]1),T,VCOR)
BQe c
81, (o} VBLUME [N WATER
82. 750 CUNTINUE
83, vO(]) & y « yCOR
B&4o DEFTHH(!) » DY
85, OeMTHT(LY » DY
86, c
a7, o WEIGHT BF WATER
83, WOTW e VD(])eRHRG
89, WUISPLAC = wWDISPLAC ¢ WGYW , -
90. SUMCaK & SUMCuk + WTwexD(]}
91, FULI) = w@Tw .
92, C
93, c CAMPUTE TWE ADDED M@ OF THE WATER RODY
e (o ABAUT [TS BWN AX]S
9%, CALL AODYML (ISoMD(1)swD(T)sT,WRRDYM]}
96, AUNMT & VO(1)eQHBe (XD(]) « BUBYCGK) 482
97, AUUM] & ADDM] + WTWewgBDYMI/g + ADWMI
9s. (o
99, 1000 CONTINUE
100. c
101. c COMPUTE THE CENTER OF BysyaNcy
102. C '
103 BUBYloK e SUMCBX/WDISPLAC
104, DEPTHCB s DEPTWK , BUBYCBK
1085, c A
106, HE TURN
107, C

108. £N0

e i 41




2
3.
(Y]
- 1
Ge
'
8
9.
10
11
12
13.
14
15,
16,
170
18,
19,
20«
21.
22
23

25.
26,
27.
e8.
29
30,
3.
32.
33.
KLY
35,
36.
37.
8.
39.
40,
“l.
42
b3
bé,
45
46,
47,
“8,
49,
-1¢ D)
51,
52,
53¢
S4e
5%,
56.
57,
58,
59,

aOOO0OOONOOOOO0N

onn NN

0

aooOoONN0 x

20

30

40

+

+

*

¢
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SUHBRUUTINE RUBYDAMP
VERSIBN 100 SEPs» 1976 Re GOLOSMITH

THIS RAUTINE CUMPUTES THE BUBY DAMPING MOMENT
ASSUMPTINNS te THAT THE ANGLE 8F ROLL IS '1sMaLL!
S8 THAT THE HaRIZANTAL CAMPANENT af
BUBY MATIAN AND WATER VELBCITY WAVE
PERFPENDICULAR EFFECT.
= DAMPING FBRCE [S§ LINEAR AND PROPORTION

T® SPEED
CAMMON / TP / TIMEL,TIME2,TIMEDEL,FREQ,WAVEN
COMMBN / BINS / NFARTS, [SHAPL(S0),WwIDTHIS0) ) HEIGHT (50), THICK(S)),
DENSITY(50),DISTCGK(50)sFRACNARM(S0)
COMMUN / WATERD!S / wWDlun)sHD(S) ,X0(Sn) 2 VDS )sFD(SQ),
DEPTHH(S0),DEPYHT(50) o
COMMYN CONSTANT / PLaRTBDIHHE, 5

/
COMMUN 7 AUNY / NPMAXpRNL‘AVERGAMP,THETABAH,PERIQDO‘
DEPTHK,BUBYCGK, DEPTHCG, BUBYCHK, DEPTHCR, WDISPLAL

CUMMUN 7/ cPREFS /7 DRAGIS) scUEFM(X)
COMMUN / MAMENTS / BUBMYMI,AUDMI,VIRTINRT,WATERIM,BUBYMR,
BUBYMDT,BUBYMD, WATERMD , DAMPM o

ALPHATSE 4,q%RHBeTHETABAR/(30*P])
THIS SECTIBN COMpUTES JUST THE BUBY DaMpING

BURYMDYT = 060
08 50 1 e 31,NPARTS . . e
CHECK IfF ITS BUT 8F WATER
IF (VD{1) «LE. QeQ) GN TY Sp
CHECK SHAPE
Q% TO (20+30,30)s ISHAPE(])
CYLINDER
CONTINUE
X8 = DEATHB(]) « DEPTHCG
XT » DEPTMT(!) « DEPTHEG
PMU & 0oRG0IDTHITI®(SIGN (XRe®y,XB) « SIGN (XTwes,XT}) )
GY T8 4o ) o
TRIANGULAR RECTANGULAR PLATES
CUNT INUE .
PAREA » VO(I)/THICKLT)
XC ® BURYCGK « XD(])
PMU o PAREASXT®#XC#FRACNARM{])
GU T8 49
CUNTINUE
ALPHA = ALPHATeDRAGIISHAPE(]))
BUBYMDY = BUSBYMUT ¢ ALPHA®PMD
SUTPUT ALPHA®PMD

50 CONTINUE

.00..!0000000.00.0!.0..00....0....0..0..........

NBTE: T8 SIMPLIFY THE CUMDUTATIAN THWIS TERM WAS BEEN
COMPUTED S A CONSTANTs THy FREGUENCY
CONTRIBUTIAN IS MULTIPLIED IN AT THE BEGINNINgG
MF THE MAIN FREQUENCY ITERATION IN THE MAIN
PRUGRAM
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BREBIVIBNDIGRALRBOBRBANBERBINNCERRVIBVOABNBNOIRNNNNSS

60, c

61, RETURN

62, c

63. C XXX XYY XL R R IR Y Y XYY FYYY XYY Y XYY ]
L X c

65 ENTRY WATERDAMP

66, c

67 c WATER MUMENT 8F DAMPING

68. o

69, HETAT 8 4,0¢RHOSAVERGAMPSFREW/ (Je0aP])

70. WATENMD = 0,0

71 C

72, c COMPUTE OAMMING

73 DB 1000 | = 12NPARTS

74, c CRECX tF ITS OUT BF WATER

75, IF (VD(]) oLE. QeQ) (® T® 1000

76 c CHECK SHAPE

77 G9 719 (1pns30n2300)» ISHAPE(])

78, c CYLINDERS

79, 100 CUNT INUE

80 XH s DEPTHB(I)Y = DERTHCG

81, XT 8 DEPTWT(]) « DEPTHCG

82 WAVEXR u WAVENeXu#2.0

53, AAVEXT &« WAVENSXT®240 . o .
e, WAVENF2 s WAVENSWAVEN

5. . ThRME 8 ((=GAVEXH = 1+01%EXP (e AVEXB) + 100) . ... . . e e e e e
86 TERMT 5 ((=WAVEXT o 1en)®EXP ("WAVEXT) + 100) '
7. W0 & (TERMB « TERMTISWIODTH(I)SEXP (e2,0%WAVENSDEPTHCA) i
88. + /(4o Qe yAVENPZ)

39, G0 10 900

90 o

91 c TRIANGULAR AND RECTANGULAR PLATES |
92 300 CUNT INUE

93 PAKEA & VD(I)/THICK(])

94, XC = BiAYCGK « XD{])

95. IC = DEpTHK = xD(]) .

96, ¢ WATER MHMENT

97, AMU s PAREASXCHFRACNURM(T)ISEXP {<WAVEN®ZC)
98, Gy 18 900

99. 900 CONT INVE

100 C

101 C GET TOTAL DAMPING

102¢ BETA » BETAT#DRAG(ISHAPE(]))
103, WMD ® BeTA®WMD
104, WATERMD s WwATERMD + wMD
105. 1000 CONTINUE
106, c .
107 c TOTAL DAMPING MAMENT
108, c
109, DAMPM o HUBYMD ¢ WATERMD
110, =
118, RETUMN
$12. o

113. END

ke S TSR 1 P or™ -
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1. SUBRUUT INE WATRINRY

2. c

2, c VERSION 140 SEPs 1976 Re GOLOSMITH
' ¢

5, c THIS RAUTINE CUMPUTES THE COEFFICIENT FBR THE INERTIA
6 c MOMENT DUE T8 WATER PART]CLE ACCELERATIGN,
7. c

8e c

9, CHMMUN / TP / TIMEL,TIMER,TIMEDEL,FREG,WAVEN

10, COMMUN / RIMS / NYARTS, [SHAPE(S0),WIDTH(SD) ,HEIGHT(50),THICKISO),
11. * DENSITY(50)2DISTCGK(50)2»FRACNARM(S0)

12 COMMON / WATERDIS 7 wDIS50)sH0I80) s XD(S0) e VDIBS0)sFO(50),
13, + DePTRB(20),DEPTHT(50)

14, CHMMUN /7 CANSTANT 7 RIsRTBDINKHO,G

15 CUMMON / BUMY / NPMaX,RalL,AVERGAMP,THETABAR,PERTB8Dq,

15, . DEPTWK,BUBYCGK, DEPYNCG,BUBYCEBK, DEPTHCE, WOISPLAC
17. CAMMEN / COEFS  DRAG(S),CHEFM(S)

18, COMMIN s MAMENTS / gUBYMI,ADDM],VIRTINRT, JATERIM,aUBYMR,
(D . BUBYMDT,BUBYMD , WATERMD ,DAMPM

20, c . e e .
21, SEYAT » PleRHB/400
22 CONS1 o BETAT/(WAVENSWAVEN)®EXP (eWAVEN®DEPTHCG)
23, c
2k wATERIM & 040
25. Cc
26 o COMPUYTE WATER PARTICLE INERTIA MOMENT .
27, D® 1000 1 = 1,NPARTS
28, o CHECK [F [TS BUT BF WATER
29, IF (vD(1) o Es O00) G® TH 1000

30 C CHECK SHAPE _

31 GY T3 (10023002300) [ISHAPE(D)

32, c ST

33, ¢ CYLINDERS

4. 100 CUNTINUE —

3%, Xt = DEPTHB(]) « DEPTHCG

36, Xt w DEPTWT(]) « DEPTHCG

37 WAVENXH a wAVEN®XB

28, WAVENXT 5 WAVENOXT

39, TENM{H 8 («WAVENXB o 1,0)%EXP (<WAVENXS)

40, TENMIN & & TEAMIB + 10

4l TERMYT o, (SWAVENXT o 140)*EXP («WAVENXT)

420 TENMIT & & TERMLIT ¢ 140 _
3. Ml & 2ANSTo(WIDTHIT)®WIDTH(T) J(TERMIB = TERMIT)

4o Gy T8 9040

45 ¢

46 C TRIANGULAR AND RECTANGULAR PLATES

47 300 CUNT INUE

o8, C seasCURRENTLY SET TH ZERE

9. aMl s 0.0

€0 G9 T 900

51. c

52 900  CONTINUE

53. dM] ® wWwMIeCOEFMI]SHAPE(]))

Se, WATERIM » WATERIM + WM}
55. C

58 1000 CONTINUE

%7 o
58, RETURN

89. C

60¢ END

e SRS - S = .
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