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ABSTRACT

Information necessary for the use of the SCORES digital compu-
ter program is given. This program calculates both the vertical and
lateral plane motions and applied Toads of a ship in waves. Strip
theory is used and each ship hull cross-section is assumed to be of
Lewis form for the purpose of calculating hydrodynamic forces. The
ship can be at any heading, relative to the wave direction. Both
regular and irregular wave results can be obtained, including short
crested seas (directional wave spectrum). A1l three primary ship
hull loadings are computed, i.e. vertical bending, Tateral bending
and torsional moments.

A1l the basic equations used in the analysis are given, as
well as a description of the overall program structure. The input
data requirements and format are specified. Sample input and out-
put are shown. The Appendices include a description of the FORTRAN
program organization, together with flowcharts and a complete cross-
referenced 1isting of the source language.
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I. INTRODUCTION

This manual describes in detail the use of SCORES,
which is a digital computer program for the calculation of the
wave-induced motions and loads of a ship. Both the vertical and
lateral plane motions are treated, so that results for vertical
bending, lateral bending and torsional hull moments can be ob=
tained. The principal assumptions of the method are that the
motions are linear, can be solved by "strip theory" and that
the ship sections can be approximated by-*Lewis forms" for the
purpose of calculating the hydrodynamic forces, that is, the
required two-dimensional added mass and wave damping properties
Both regular or irregular waves can be specified, and for the
latter multi-directional (short crested) seas are allowed.

SCORES was written in the FORTRAN IV language and
checked out and run on the Control Data 6600 Computer using the
SCOPE operating system (version 3.1.6). The program is un-
classified.

The method of analysis used in SCORES is outlined below
in Section IT. All the equations of motion and loadings are
given. In Section III, the organization of the SCORES program
is discussed briefly. An explanation of input data card prepara=
tion is given in Section IV, .and of program output in Section V.
An example problem is shown. Error messages which can appear
during program execution are described in Section VI,

The Appendices include a description of the FORTRAN
program organization, flowcharts for each subprogram and a com-
plete cross-referenced (to the flowcharts) listing of the source
language.

II. METHOD OF ANALYSIS

The analysis used in SCORES was developed and investigated
to some extent in work supported by the Ship Structure Committee.?*
The exposition to be given here will serve as a convenient listing
of the equations, but for the full derivation and explanation of
the analysis method, the references listed should be consulted.

*Kaplan, Paul, "Development of Mathematical Models for Describing
Ship Structural Response in Waves," Ship Structure
Committee Report SSC-193, January 1969 (AD 682591)

Kaplan, P., Sargent, T.P. and Raff A.I., "An Investigation of the
Utility of Computer Simulation to Predict Ship
Structural Response in Waves," Ship Structure
Committee Report S$SC-197, June 1969 (AD 690229)

Kaplan, P., and Raff, A.I., "Evaluation and Verification of Computer
: Calculations of Wave-Induced sShip Structural Response."
Ship Structure Committee Report SSC-229, July 1972.



The relationship between the water wave system and the
ship coordinate axes system is shown in Figure 1. The wave propa-
gation, at speed ¢, is considered fixed in space. The ship then
travels, at speed V, at some angle, 8 with respect to the wave
direction. The wave velocity potential, for simple deep-water
waves, is then defined by:

¥ = -ace_kz'cos k (x' + cb)
w (1)
where a = wave amplitude
¢ = wave speed
k = wave number = %1
A = wave length
z' = vertical coordinate, from undisturbed water surface
pogitive downwards
x' = axis fixed in space
t = time

The x-y axes, with origin at ¢, the center of gravity of the ship,
translate with the ship. The x' coordinate of a point in the x-y
plane can be defined by:

X' = - (x+Vt) cos B +y sin B (2)

Then, the surface wave elevation n (positive upwards) can be ex-~
pressed as follows:

9 9
__l Wy _ : [}
n = g -—*gt—' = a sin k (X + Ct) (3)
z'=0o
since c? = %
where g = acceleration of gravity
In x-y coordinates we have:
n = asin k [-x cos 8 + y sin B+ (c-V cos B8)t] (4)
- Dn E] _ 3
no= 5E Q(Bt Vosz) o (x,t)

n = akc cos kK [-x cos B+y sin g + (c-V cos 8)t] (5)
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Fig. 1. Wave and Ship Axes Convention

and .. _ Dﬁ

n = pr - ~akg sin k [-x cos B+y sin g+ {(c-V cos B)t] (6)
The results of the egquations of motion, etc., will be

referenced to the wave elevation n at the origin of the x-y axes,
that is:

n = a sin k-“(c-Vecos B) t (7)
or n = a sin wet
where

vy = 2; (c-V cos B) (8)

and W is known as the circular frequency of encounter.

A. Vertical Plane Eguations

The coupled equations of motion for heave, z (positive
downwards), and pitch, & (positive bow-up), are given as:

%p

.- az
mz = ax dx + ZW (9)



o dZ
I o= - Iz X dx + MW (10)

where
m = mass of ship

I = mass moment of inertia of ship about y axis

5= local sectional vertical hydromechanic force on
ship

Xgr %= coordinates of stern and bow ends of Ship,
respectively

Mw = wave excitation force and moment on ship

The general hydromechanic force is taken to be:

d_Z — - D.‘_-_‘ 1 ._ L] _ N l- L] _ * -
d= DE [A33 (z xe+Ve)jl Nz(z X0+V0)—pgB* (z=-x0) (11)
where

p = density of water

AéB_ local sectional vertical added mass

Né = local sectional vertical damping force
coefficient

B¥ = local waterline beam
and

Ny = ngﬁwJ'F’ (12)

with

A = ratio of generated wave to heave amplitude for
vertical motion-induced wave

Expanding the derivative, we obtain:



dh33
dx

dz
dx

= - Aé3 (z-x06+2V0) - Né—v } (z2-x6+V0)

- pgB* (z-x86) (13)
The eguations of motion, (9) and (10) are then transformed into
the familiar form as follows:

a'z + bz + c'z - dg - eb - g'e = i (14)

A5 + BS +C6 - Dz - Ez - G'z

Il
=

(15)

The coefficients on the left hand sides are defined by:

' = mt JAé3dx ’ﬁ\

A1l
|

- [} - '
b = NZ dx -V |d (A33)

c'= pg |B*dx

= = !
d b A33 x dx

[}
Il

Néxdx —-2v |A!_dx-V |xd (A

33 33)

g'= pg B*xdx -Vb

| >
(16)

= ! 2
A Iy+ A33 x-dx




w
1}

| ) _ 1 - 2 1
Nzx dx -2V A33xdx vV x-d (A33)

C = pg B*x2dx~VE

=
Il

1 - '
Nzxdx v xd (A33)

G'= pg |B*xdx

/

where all the indicated integrations are over the length of the
ship.

The wave excitation, the right hand sides of Egs. (14)
and (15), is given by:

x
b az_
ZW = E dx (17)
X
s
x
b az,,
Mw = - I = ax (18)
XS

The local sectional vertical wave force acting on the
ship section is represented as:

dz dA33



where ﬁ = mean section draft. Substituting the expressions for n,
n and n from Eqg. (4), (5) and (6), with y=0 and applying the
approximate factor for short wave lengths we obtain:

dZw -kh
o = -~ ae (pr*:Aé3 kg)sin(-kx cos B) +

4233
ke (NZ—V % cos (~kx cos §)|cos met + (pr*—ABBkg)

-
dal, |
_ —_ - 3 —_ 3 &
cos (-kx cos B)-kc |N!-V —=== sin(-kx cos 8)| sin wetj-
*
sin B sin 8
A
TB* sin g (20)
A
The value of h is approximated by:
h = HC (21)

s

where E = local section draft

C

o local section area coefficient

The steady state solution of the eguations of motion are
obtained by conventional methods for second order ordinary
differential equations, using complex notation. The solutions are
expressed as:

Z2 = zo gin (wet+6)

(22)

6 = 6 _ sin (w_t+e)
Q e

where the zero subscripted quantities are the amplitudes and
¢ are the phase angle differences, i.e. leads with respect to the
wave elevation in Eqg. (7).

The local vertical loading is given by:

as
2 _ . m_ow . dZ | diy
ax = ~fm (z-xe) + g f = (23)



where ém = local mass, per unit length.

Eg. (23) is simply the summation of inertial, hydrodynamic, hydro-
static and wave excitation forces. The latter terms are given in

Egs. (13)and (20). The vertical bending moment at location X is

then given by:

) £p
df

BMZ (XO) = or (x-xo) H§E dx (24)

X XQJ
and is expressed in a form similar to the motions, i.e.
BM, = BM_ sin (wet+c) (25)

B. Lateral Plane Equations

The coupled equations of motion for sway, y (positive to
starboard), yaw, ¢ (positive bow-starboard), and roll, ¢ (positive
starboard-down), are given as:

%p
“ ay .
my = I= dx+Yw (26)
Xs
x
b dy
1,0 -1 ¢ = o ¥ dxeN (27)
X
5
5
. o dx _ —_
Ix¢ —Ixzw = a§‘dx mg GM ¢+Kw (28)
.4

where IZ = mass moment of inertia of ship about z axis

H
It

mass moment of inertia of ship about x axis

H
il

%z mass product of inertia of ship in x-2 plane



%% = local sectional lateral hydrodynamic force on ship
%% = local sectional hydrodynamic rolling moment on ship
YW, NW, KW = wave excitation force and moments on ship

GM = initial metacentric height of ship (hydrostatic).

The hydrodynamic force and moment are taken to be:

d¥ _ _ D < s _ . . < s .
Ix - oL [ MS (y+xy=Vy) Frs¢_ Ng (y+xy=Vy) + N.g¢
(29)
+06 2 m ) +08 N
Dt ] ]
dr _ _D - . R h _ . . s
B = - B [Tdng, Gexdevi) | b (Gedeve)
(30)
— D . — . — Ay
oG 5% (Ms¢¢) - OG Ng,0 - oG I
where OG = distance of ship C.G. from waterline, positive up
Ms = gsectional lateral added mass
Ns = sectional lateral damping force coefficient
Ms¢ = sectional added mass moment of inertia due to lateral
motion
Ns¢ = gectional damping moment coefficient due to lateral
motion
Ir = sectional added mass moment of inertia
N, = sectional damping moment coefficient
FrS = sectional lateral added mass due to roll motion
N.o = sectional lateral damping force coefficient due to

roll motion

and the sectional added mass moments and damping moment coefficients
are taken with respect to an axis at the waterline,.
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The additional roll damping moment to account for viscous
and bilge keel effects is taken as a particular fraction of the
critical roll damping, as follows:

% = -
N c¢ Cc/L Nr(w¢) (31)

where Nr* = sectional damping moment coefficient due to viscous
and bilge keel effects

€¢ = fraction of critical roll damping (empirical data)
Cc = critical roll damping

L = ship length (L=xX -x_)

wy = natural roll (resonant) frequency

Nr(w¢) = value of N_ at frequency Wy

The critical roll damping is expressed in terms of the natural
roll frequency by:

= = -1
CC = 2 mg GM w¢
_ 7 (32)
with v, = mg GM
(IX + fIr(m¢)dx)
where the integral is over the ship length. The calculation of
the natural roll frequency, w,, as indicated above is carried
out by means of successive apgroximation.
Expanding the derivatives, we obtain
A o M (yrxp=2V0) + [V =S =N (Y+RV-VY)
dx s dx s
(33)
_ . . dFrS . dMS
+ |Fpgt 0G M| ¢ + [N __+0C N_ ~ V T * 0C 3=
dI. aMm
dR _ —_— — . [ — S¢
ax - Ir-l-OG MS¢+ FIS+OGMS o + |V K-'-OG dx



!m

- 0G Nrs+ Ns¢

o

I

L &
e

B8 N, | + 36 v (rs+o—-

(34)
_ _ * - —t— L2 .l- -
Nr Nr jl ¢ + Ms¢+ 0G Ms) (y+xy-2VY)
. M, aMg o
+ Ns¢+ 0G NS—V ax + 0C& I% (y+xy-Vy)
The equations of motion, (26), (27) and (28) are then transformed
into this familiar form:

311Y+a1pYFay ghkay ghta gita, joha g6 = Y,
a21y+a22y+a24w+a25w+a26w+a27¢+a28¢ = Nw (35)
a3p¥tagyytagbtaggitaggitag dtagedtagzed = Ky
The coefficients on the left-hand sides are defined by:
a;; = m+ JMsdx roag, = JNde—V Jd(Ms) '
8y, = JMSxdx r 8g = JNSde -2V JMst =V fxd(Ms) '
a = -Va _ _ = >’ 36
16 12 yo By = JFrsdx QG JMsdx ' (36)
ayg = JNrsdx + OGV Jd(MS)—OG stdx + V Jd(FrS)

S
a5y = JMSxdx r 8py = JNsxdx -V de(MS) ’ ‘w
_ 2 - 2 Jorem - 2

Ay, = IZ+ JMSX dx ’ a,5 JNSX dx=-2V JMsxdx v Jx d(MS) ’

H37)

8y = -Va22 ’ an7 -Ixz - JFrS xdx -0G JMSde ’

a = = erSde+OGV fxd(MS) ~0G INSXdX+V fXd(Frs) . /)
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-JMS‘pdx -OG JMst r

"Jqu:dX -0G JNde +v Jd(MS¢) +V 0G Jd(MS) ,

-IXZ —[Ms¢xdx =-0G JMSxdx '

_JNSq)xdx -0G JNSXdX +V de (MS¢)+V 0G ,[Xd (MS)—ZVa3l '

—Va32

J

N_+N*
r Ir

4

=I + JI dx +0C JM
X X =]

\dx + 0G

)

¢

— . i
JNs¢dx +0G JNrde +0G Jhsdx

oc o552
dx +0G JFrsdx +0G JMsdx ’

v LJd(IfHO_GF Jd(Msd))JrE Jd(Frs)+6'G”2 Jd(Ms)/\ ,

mg GM

, (38)

J

where all the indicated integrations are over the ship length.

The wave excitation, the right-hand sides of Egs.

given by:

O
“l K
g

a8
g

dx

x dx

dx

(35) is

(39)

(40)

(41)
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The local sectional lateral force and rotational moment
due to the waves acting on the ship are represented as:

dYW Dvw dMS Dvw dMs¢
ax = (pS+Ms) Dt —va dx +Nsvw+k‘"Ms¢Dt +V dx vw

. (WB* . )
sin|=— sin B
(42)
TB* .
- sin B
. _[nDB*
dK 2 Dv Sln(>\— ain B
o |- R v+ |2 -sz] =¥ -w_v
dx Dt ‘Y s¢'w 12 Dt s w TB*
— sin B
A
- 0G ﬂ
dx (43)
where Ve = lateral orbital wave velocity
8 = local section area

NI
Il

local sectional center of buoyancy, from
waterline

The lateral wave orbital velocity is obtained as follows:

Q2

@
v = - Y
w A

v_ = - akc e KB

w sin B sink |:-x cosB + v sin B+ (c=V cos B)t:| (44)

and then we have:

kh

— = = akg e sinB cosk [&x cos B+ v 8in B + (c=V cosB)%}(45)
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After substituting these expressions and expanding terms, we obtain

wo_ .
ax = Tl cos wet + T, sin met (46)

with Tl = T3 [%T4 cos T6 + ¢ T5 sin Té]

Tz = T3 [}gT4 Sinh T6 + c T5 cos TQ_
* -
sin LEc) sin%
~kh A
P, = - ake sin B
3 *
TB .
e sin B
T4 = pS+MS_kMS¢
dam dM
— -y B __S5¢
T5 - Ns Vax * kv dx
T6 = =-kx cos B
dky,
and = = T7 cos wet + T8 sin wet (47)
with T, =

= T3 [é T9 cos T6 + c T10 sin Té]

T8 = T3 (:g T9 sin T6 + ¢ T10 cos Té}

= 5¢ _5E
Ty = NS¢ oz oG Tg

The steady-state solution of the equations of motion are expressed
as:

i
Il

Yo 8in (w t + k) (48)

P = wo sin (wet + o) (49)
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¢ = ¢ sin (wet + V) (50)

o

where the zero-subscripted quantities are the amplitudes and «, o
and v are phase angle leads with respect to the wave elevation.

The local lateral and rotational loadings are given by:

df ay
Y _ - .._ - g‘__Y_ w
dm o e B*3 = _eRm
s reaniialiie dm.y<¢ + émg (y+xi)+ pog T3 Sz -50G| ¢ —-gdémré
+ 4K de
dx dx (52)

z = local center of gravity (relative to ship C.G.)
positive down

v = local mass gyradius in roll

and the hydrodynamic and wave excitation terms are given in Egs.
(33}, (34), (46), and (47).

. The lateral bending and torsional moments at location
X, are then:

Xo Xb a5
BM (%) = or (x-%) d—XX dx (53)
XS XO
[_ i
XO Xb am
TMX(XO) = or a§§ dx (54)
L. XS Xo_

and again they

are expressed in this form:

BM
y

™
x

= BM sin (wet + 1)

yo

= TMXO sin (wet + V)

(55)



16

The requirement on the local vertical mass center is:
X
b

dm.zdx = 0 (56)

b o
5]

Similarly, the requirement on the local roll gyradius is:

*b

Smy2dx = I, (57)

X
s

The produc£ of inertia in the x-z plane is defined by:

*b

IXZ = Smxrdx (58)

X
S

C. Wave Spectra Equations

The wave spectrum for calculations in irregular seas is
considered to be a separable function of wave frequency and
direction as follows:

s (LUIU) Sl(w) Sz(]-l) for O(_wioo
(59)

™
- <
and 5 S W<

bal =

where 8 (w,u) directional spectrum of the seaway (short

crested sea spectrum)
w = gircular wave frequency

¢ = wave direction relative to predominent direction

Sl(w) frequency spectrum (long crested sea spectrum)

spreading function

Sz(u)

The SCORES program includes various spectra that can be
chosen as desired. However, in all cases, the following
relationship between the spectrum, or spectral density, and the
wave elevations, or amplitudes, is used:



g
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8
b=

S(w,u)dwdy

rof=

where a® = mean squared wave amplitude.

Since we impose:

we then have:

tof 3

82(].1) dp = 1.0

[N E]

(60)

(61)

(62)

Additional statistical properties are formulated from the mean
squared amplitude:

where a

rms

ii

/32

1.25 a
rms

root-mean-sqguared wave amplitude

average (statistical)wave amplitude

(63)

(64)

(65)

(66)
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ay /3 = significant (average of 1/3 highest)

wave amplitude

al/10= average of 1/10 highest wave amplitude.

Neumann Spectrum (1953)

This frequency spectrum (as used) is given by:

i

- 2 =27=2
S, (w) = 0.000827 g2y3u~6e 29 7T (67)

where U = wind speed

The constant is one half that originally specified by
Neumann so that this spectrum satisfies Egq. (62). Thus, originally
the Neumann spectrum required only a factor of v2 in Eq. (65),
instead of 2.0.

Pierson-Moskowitz (1964)

This is given by:

~.74gtp U

S; (w) = 0.0081 g%u™%e (68)
and was derived on the basis of fully arisen seas.
Two Parameter (1967)
Sq (w) = é-gw*Se"Ew_“ (69)
where A = 0.25 Hl/32
B = (0.817 21"
T
Hl/3 = significant wave height (=2.Oal/3)
T = mean wave period

This spectrum is usually used in conjunction with "observed"

wave height and period, which are then taken to be the significant
height and mean period. This spectrum is similar to that adopted
by the I.S.S8.C. (1967) as "nominal", except that it is expressed
in circular wave frequency instead of frequency in cycles per
second.
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Uni-Directional Spreading (Long Crested Seas)

This is obviously:

Sz(u) = §(u) (delta function) (70)
Cosine-Squared Spreading
S, (u) = 2 cos?y (71)
2 m

Responses
All of the motions and moments ¢alculated are considered

to be linear and the principle of wave superposition is assumed.
Thus for each response a spectrum is calculated by:

2
§; (w,n) = [&i(m,ui} S (w,n) (72)

where Ti(w,u) = response amplitude operator (amplitude of response
per unit wave amplitude)

We then have, similar to the wave amplitude:

a-z = S.(m,p) dw dU

T —_
—_— [=+]

2
[I‘i(m,u):l Sl(w) dw| du (73)

Il
I
n
oy

—

=

~—

o

where ai2 = mean squared response amplitude.

Egs. (63) - (66) then apply to each response.

D. Non-dimensional Forms

= H

Frequency parameter: Et 3
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motion amplitude
a

Non-dimensional linear motion (heave, sway):

Non-dimensional angular motion motion amplitude
(pitch, yaw, roll): 21a/2

. . B TM
Non-dimensional moment: Mz(orBMy or x)

*T.Z
pg BﬂL a

Shear Force

Non-dimensional sghear: 5 B;La

IiTI. PROGRAM ORGANIZATION

A, General

In general, the SCORES computer program has been arranged
and organized to both keep a) the coding simple and flexible (for
possible future modification) and b) the running times low (for
obvious reasons). Thus, precision of computation has not been of
major priority in program development. This approach is considered
reasonable at the present time because precise correlation (to
less than about 5%) with independent data (model or full-scale ex-
periments) is not envisioned, and the theoretical analysis itself
is an approximation.

Aside from the actual coding and data structure in the
program, which will not be discussed here (see Appendices A, B
and ¢ of this report), this approach manifests itself primarily
in two aspects. The first is the precision with which the local, or
two-dimensional, sectional added mass and damping characteristics
or properties, are calculated. For vertical oscillation, the method
of Grim* is used. For the two-dimensional properties in lateral
and roll oscillations, the method of Tasai** has been programmed.
In general, these methods can be carried out to increasing degrees
of numerical accuracy. For practical purposes of keeping running
time reasonable, these calculations have been limited. For example
in the lateral and roll computationg, the infinite series of terms
representing the velocity potential is truncated to nine terms
and only 15 points alcong the Lewis form contour are used for least
sguare approximation purposes. While the full range of section
properties and freqguencies has not been explored in detail, results
on the order of 1% accuracy or better are obtained for average
sections over a wide frequency range.

*¥ Grim, 0., "Die Schwingungen von schwimmeden, zweidimensionalen
Korpern," HSVA Report No. 1171, September 1959.
Grim, 0., and Kirsch, M., private communication, September 1967.

**Tagai, F., "Hydrodynamic Force and Moment Produced by Swaying and
Rolling Oscillation of Cylinders on the Free Surface,"
Reports of Research Institute for Applied Mechanics,
Kyushu University Japan, Veol. IX, No. 35, 196l
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The second aspect of program organization is related to the
above. While the computations of the two-dimensional properties
are limited as described, they still are relatively lengthy. That
is at a particular condition of ship speed, wave angle and wave
length, the bulk of the computation time would be devoted to these
calculations rather than the formation of the coefficients,
wave excitation, solution of ship motions and the resulting
calculation of applied moments. Therefore, it was decided that
rather than calculate for each frequency at each cross-section
the above mentioned two-dimensional properties, instead the two-
dimensional properties are calculated first at 25 values of
frequency over a wide range and then interpolated (or extra-
polated) for each subsequent frequency. The results of the initial
calculation over the frequency range are saved in the computer
memory for the calculations at hand, and can also be saved on a
permanent disc file (or magnetic tape storage), for later usage.
In this way, a large range of ship speeds and headings can be run,
each over the appropriate frequency range, without excessively
high running times. The interpolation procedure used is a
six-point continued fraction method which gives results that are
generally well within 1%.

In other respects, the SCORES program is organized in a
fairly straightforward manner. The input consists of:

a) basic data which specify the hull form and weight
distribution and

b) conditional data which specify the speeds and wave
parameters.

Repeated sets of conditional data can be run with the same basic
data, that is, for the same defined ship. A fair amount of input
data verification is incorporated into the program.

B. Restrictions

The main restrictions in the program concern the following
items:

Maximum no. of ship cross-sections.......... 21
(stations 0 to 20)

Maximum no. of wave angles (in one run)..... 25
Maximum no. of wave lengths (in one run)....51
Maximum no. of sea states (in one run)...... 10

The core storage requirement is about 25,000 cells as
compiled on the CDC 6600. This includes the program instructions,
data storage and system routines to handle input-output system
control and provide mathematical functions. It would be possible
to decrease this core requirement via program overlay and
linkage techniques, should the need arise. However, it probably
would be relatively difficult to fit the program within a 12K
core restraint.
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The word length on the CDC 6600 is 60 hits. No loss in
overall computational accuracy would be expected if this were
reduced, as in other digital computers, to 36 bits.

A special system subroutine called DATE is used which
provides the current date. This is used only in the heading on
the output.

C. Running Time

The following approximate times are for running under the
SCOPE operating system on the CDC 6600 computer.

Program compilation (RUN compiler).......... 10.0 secs.
Program loading into core...... .

Calculation of TDP* Array (21 sections,
both vertical and lateral modes) ....esee.s 25 secs.

Calculate motions, moments at one condition,
(21 sections, both vertical and lateral
MOAEE) 4 e v nsenteverarnanansenneas cerrea s 0.14 gecs.

Calculate spectral response, for each
spectrum, for each condition.ssveeeesev.. 0.006 secs.

Thus, for a run with two ship speeds, 7 headings (at 30° increments
from head to following seas), 21 wave frequencies (to adequately
cover the spectral energy bands) and 5 sea states, the incremental
time once the program was compiled, loaded and the TDP Array was
calculated, would be estimated as follows:

(2) (7) (21) [0.144+(5) (0.006)] = 50 secs.
V. DATA INPUT

This section of the manual describes the details of data
card input to the SCORES program.

A. Units

For calculations in regular waves, there are no inherent
units assigned to any of the variables in the program. Thus, the
user is free to choose any desired set as long as they are
consistent for all input parameters. The units are established
by the input values of water density and gravity acceleration.
Some typical units are shown below.

*Two-dimensional properties



23

Water Density 1bs./cu. ft. tons/cu. ft. metric ton/cu.
meter
Gravity Accel. ft./sec.? ft./sec.? meter/sec, ?
Resultant Unit ft.-lbs.-gec. ft.-tons-sec. | meter-metric
System ton-sec.

Wave direction angles are always specified in degrees,
rather than radians.

However, for spectral calculations in irregular waves, using
either the Neumann or Pierson-Moskowitz spectra, the SCORES pro-
gram assumes ft.-sec. units, full scale. The input wind speeds
used to specify spectral intensities, or sea states, are then
assumed to be in knots.

The following input data description indicates typical
consistent units for all parameters. Other systems of units
could be used, as noted above.

B. Data Card Preparation

Every data card defines several parameters which are
required by the program; each of these parameters must be input
according to a specific format. "I" format (integer) means that
the value is to be input without a decimal point and packed to
the right of the specified field. "F" format (floating point)
requires that the data be input with a decimal point; the number
can appear anywhere in the field indicated. "A" format
(2lphanumeric) indicates that certain alphabetic characters or
title information must be entered in the appropriate card columns.

If the field is left blank for either "I" or "F" format,
a value of zero (0) is assigned to the parameter. Thus, parameters
not required by the program for a particular problem need not be
specified.

The card order of the data deck must follow the order in
which they are described below. Cards which must be present in
every run, regardless of options, are marked with an asterisk (*).
The first eight types of cards are considered the basic data set,
while subsequent cards are the conditional data set(s).

1) mTitle Card (%)

Columng Format Entry
1-80 A Any alphanumeric title

information, used to label
job output
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The first 30 columns are used as a label for the TDP array file.
Thus, subsequent runs using the file must duplicate these first
30 columns which are then checked against the file label before
using the data. This avoids inadvertent use of an incorrect
TDP file.

2) Option Control Card (*)

Columns Format Entry
1-2 I Integration option control tag
3-4 I Moment option control tag
5-6 T Mass dist. option control tag
7-8 I Wave spectra option control tag
9-10 I Degrees of freedom option control tag
11-12 I Directionality option control tag
13-14 I TDP file option control tag
15-16 I Moment closure option control tag
17-18 I Output form option control tag
19-20 I Torsion axis option control tag
21-22 I Number of ship segments

Each option control tag is given a value of 0, 1, 2 or 3
where the meaning of each is given in the table below. The last
entry of the card, the number of ship segments, corresponds to the
even nhumber of equal length segments, or strips, into which the
ship hull is divided lengthwise for purposes of calculation.

OPTION CONTROL TAG INTERPRETATION

Letter ! Tag
Code | Descriptor Options Available
a % Integration 0: Simple summation
; 1: Trapezoidal rule
B § Moment 0: Calc. motions only, use
j ' summary mass properties
_ 1l: Calc. motions only, use
| mass dist.
; 2: Calc. moments, use mass
| ) dist.
C i Mags dist. 0: Input masses
f : Input weights
D § Wave spectra| 0: Regular waves
! 1l: Neumann spectra
: 2: Pierson-Moskowitz spectra
3: Two parameter spectra

(continued on next page)
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OPTION CONTROL TAG INTERPRETATION, Continued

Letter Tag
Code Descriptor Options Available
E : Degrees of 0: Vertical plane only
freedom 1l: Vertical and lateral plane
2: Lateral plane only
F ‘ Direction- 0: Uni-directional waves
ality 1: Cos-sg. wave spreading
i . .
G ‘ TDP file 0: Cenerate TDP file, write
‘ on file (Tape 10)
1l: Read TDP file, (Tape 10), print
out TDP data
2: Read TDP file, (Tape 10), no
print-out '
H Moment 0: Suppress closure calcs.
closure 1: Calc. and print out
closure results
I Qutput form 0: Dimensional
1: Non-dimensional
J Torsion axis 0: Center of gravity
1: Waterline
3) Length Card (%)
Columns Format Entry
11-20 F Ship length (ft.)
21-30 F Water density (tons/cu.ft.)
31-40 F Acceleration of gravity (ft./sec.?)
41-50 F Ship displacement (tons)

The entries on this card are self descriptive and determine
the units to be used for all other parameters, except as noted
earlier.

4) Hull Form Cards (%)

Columns Format Entry
1-10 F Section waterline breadth (ft.)
11-20 F Section area coefficient (-)
21-30 F Section draft (ft.)
31-40 F Section centroid (£t.)
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One card is used for each section to be specified, in order
along the ship length starting at the bow. For example, if the
number of segments is 10, and the integration option tag is 0,
then 10 hull form cards are required which correspond to the hull

at stations 1/2, 1 1/2, 2 1/2, ..., 8 1/2, 9 1/2. 1If the
integration tag is 1, then 11 hull form cards are required at
stations 0, 1, 2, 3 ..... 9, 10.

The entries for sectional waterline breadth, area coef-
ficient and draft are straightforward. The fourth entry, the
section centroid, is measured downwards from the waterline , If
no entries are given and the centroids are needed for lateral
plane motions calculations, approximate controids are then
calculated based on the area coefficient and draft (using a two-
dimensional version of the Moorish Approximation).

5) Lateral Plane Card

Columns Format Entry
1-10 F Ship vertical center of gravity (ft.)
11-20 F Radius of gyration in roll (ft.)

This card is used only if the degrees of freedom option
tag is 1 or 2, indicating lateral plane calculations. The ship
vertical c.g. is measured from the waterline, positive upwards.

6) Summary Mass Properties Card

Columns Format Entry
1-10 F Radius of gyration, longitudinal
(ft.)
11-20 F Longitudinal center of gravity
(ft.)

This card is used only if the moment option tag is 0.
The longitudinal center of gravity is measured from amidships,
positive forwards.

7) Sectional Mass Properties Cards

Column Format Entry
1-10 F Segment weight, or mass (tons,
or tons-sec?/ft.)
11-20 F Segment vert. c.g. (ft.)
21-30 F Segment roll gyradius (ft.)

These cards are used only if the moment option tag is
1l or 2, in lieu of the summary mass properties card above. One
card is used for each section to be specified, in a similar
manner as the hull form cards described earlier.

The first entry on each card is the segment weight, or
mass, depending on whether the mass dist. option tag is 1, or 0,
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respectively. The second entry, the segment vertical center of
gravity, necessary only for lateral bending moment calculations,
is measured, positive downwards, with respect to the ship's over-
all vertical center, as specified on the lateral plane data card
above. Since it is required that the vertical mass moment
integral satisfy the specified overall v.c¢.g., the input segment
v.c.g.'s are shifted by an equal amount, up or down as necessary
to exactly balance the vertical moment for the hull. This
minimizes the effort reguired to obtain precise balance in input
data preparation. The third card entry, the segment roll gyradius,
is needed only for torsional moment calculations. If no entries
are given the overall ship value is used at each segment.

8) Moment Station Card (*)

Column Format Entry

1-10 T First station for moment calculations
11-20 I Tast station for moment calculations
21-30 I Increment between stations

The parameters on this card determine where along the ship
hull the moment calculations are to be performed. Station numbers
are defined as zero at the forward end of the first segment,
increasing to N, the number of segments, at the after end of the
last segment. If the calculations are required only at one station,
then the first two entries on the card should be equal to that
station number.

The moment results at only one station are stored for
subsequent irregular seas spectral calculations. In the calculations
over a range of stations at which moments are calculated (and
printed), then only the results at midships are stored for the
subseqguent spectral calculations.

9) Run Control Card (%)

Columns Format Entry
1-10 F Run control tag and wave
amplitude (ft.)
11-20 F Initial wave length, or
frequency (ft. or rad./sec.)
21-30 F Final wave length, or frequency

(ft. or rad./sec.)

31-40 F Increment in wave length, or
frequency (ft., or rad./sec.)
41-50 F Initial ship speed (ft./sec.)
51-60 F Final ship speed (ft./sec.)
61-70 F Increment in ship speed (ft./sec.)
The first entry, the run control tag, determines program

continuity:
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Run Control Tag Action

Greater than 0.0 Continue calculations, using this as
wave amplitude

0.0 (or blank) Stop calculations; read new basic
data set

Less than 0.0 Stop program execution

Thus, if the run control tag is not greater than 0.0, then
the remaining parameters on the card are irrelevant. A blank
card, for example, is used to stop calculations and proceed to
read a complete new set of data starting with the title card ,

1) above. This parameter is also used as the wave amplitude, and
is usually set to 1.0.

The next three entries determine the wave lengths to be
used in the calculations. If the wave spectra option control tag
is 0, indicating regular waves, then these entries are the initial,
final and increment in wave length. If the wave spectra option
control tag is greater than 0, indicating irregular wave calculations,
then these entries are the initial, final and increment in wave
frequency. The increments should always be positive, so that wave
length, or freguency, increases from initial to final value.

The last three entries are similar parameters for ship speed.
If calculations are required at only one value, then the initial
and final values should both be set equal to it,

10) Roll Damping Card

Column Format Entry

1~10 F Fraction of critical roll damping
(empirical data)

This card is used only if the degrees of freedom option
control tag is 1 or 2 indicating lateral plane motions calculations
are included. The calculated wave damping in roll, at the natural
roll frequency, is increased so that the total damping is the
specified fraction of critical damping. The additional roll
damping thus determined initially is then used for all subsequent
calculations.

11) Wave Angle Card (*)

Column Format Entry
1-10 F Initial wave angle, degrees
11-20 F Final wave angle, degrees

21-30 ¥ Increment in wave angle, degrees

These entries specify the wave direction angles to be used
in the calculations and are always given in degrees. For
calculations with uni-directional waves, the meaning of the
parameters is as indicated. If the directionality option control
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tag is greater than 0, indicating calculations for a directional
wave spectrum, then only two choices exist. If the initial wave
angle is 180.0 the calculations proceed for head seas only,
including the wave directionality. If the initial wave angle is
not 180.0 the calculations proceed for all angles from following
seas to head seas, in steps according to the wave angle increment
gpecified,

In both cases the integrations with respect to wave angle
use the same increment, as specified.

12) Wave Spectra Card(s)

Columns Format Entry
1-10 I No. of sea states (wave spectra)
11-15 F First spectra parameter
16-20 F Second spectra parameter
21-25 F Third spectra parameter
(5 col.
fields) F :
56-60 F Tenth spectra parameter

This card is used only for calculationsin irregular seas
(wave spectra option control tag is greater than 0). The first
entry specifies the number of sea states (spectra) to be used
(maximum 10). For both the Neumann and Plerson-Moskowitz spectra
(wave spectra option control tag eguals 1 or 2), the parameters
to be specified are the wind speed, in knots, for each sea
state. For the two parameter spectrum (option tag equals 3),
the parameters on this card are the significant wave heights
for each sea state. A second card is then used which contains
the mean periods for each corresponding sea state, as the
spectral parameter entries specified above.

C. Sample Input Deck

A sample input card deck listing is given on the next
page. The units are meters, metric tons and seconds.

V. PROGRAM OUTPUT

A. Desgcription

The printed output from the SCORES program depends on the
option control tags set as input. Each output section will be
described, though in any given run not all sections will be
printed. Each section starts a new page and is labeled with the
title information and date.

The first part of the output is a listing of the basic
input data as processed. This defines the hull form and weight
distribution. Then the conditional data cards are printed out.
For irregular seas cases, the wave spectra will then be printed,
together with internally generated wave statistics. If the TDP
array is calculated diagnostic messages concerning these
calculations may then appear.
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The next output will be the listing of the two-dimensional
properties (TDP array) for each station and each frequency. If
the data is being read from file, this output can be suppressed.
For lateral plane calculations, the natural roll frequency and
roll damping information will then be printed.

Then, the vertical and/or lateral plane responses will be
printed out with all frequencies, or wave lengths, for a given
ship speed and wave angle, on the same page. For irreqgular seas
calculations, this will be followed by a print-out of the
response spectra and statistics (long crested seas). These pages
will be repeated for each wave angle at the initial ship speed.
Then directional seas calculations results will be output, if
specified. The output is, of course, then repeated for
additionally specified ship speeds.

B. Sample Qutput

A sample output listing, in abbreviated form, is given
following the sample input listing.

Sample Input Card Deck Listing

SERTES 60 MULL FORMy (.40 BLUCK (TNO RPT. N0, 100 5) OCEANICS PRN,IECT NO. 1093
121316111 120

194,10 1e02% 77 G9,B0665 4Rlpe., T T 7T
00,00 «0 nh.90
14439 Are 1103
22.84 T 11.03
26,58 L9249 11e03
27454 w970 11a03
27,57 777 Jaui 11.03 - .
27457 2994 1103
27.87 2994 11,03
2Te57 994 13.13
2757 94 11.02
BTeB7 w994 1103
27.57 T 11.03 T T
27.57 CW993 0 1l.03
27407 Y 11,63 °
27.57 «968 11.03
2l.24 2921 11.03
P5s94  ,BBL 11a03
23,46 2758 11503 . B
19,63 627 1l.03
i3.87 P418 77 1103
Gakl K 110
‘=140985  RB.96025 o
L 240,86
481,53 ToTtTmTm T T Tt oo T T
1203,2
2406,3 a
38%0,1
4090,7
4331,4 o
433147 7 T T -
336H,8
1684 ,4 - B )
1684 ,4 ) L e
1443,8
Bl¥9,4
EELTIS A " - T e ” T T
3633,6
3465, 1 o " T
3146,3
fesg,y T T ot T Tt -
L. 721,9
48T1,3 - T T - T o
120.3
SRS ey e g e e . .
140 0,3187 1.3079 0,n451 6.5257 6.9247 1.0
.10 T rmrmmr e mTm e T T
10.0___;70.0 2040
ALY e — . ——
10,0
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Sample Input Listing

SERTES 60 HULL FORM4 0.H0 BLUCK (TNO RPT, NO. 100 S)  OCEANICS PROJECT ND, 1093 SEP p4s 1970

__OPTION CONTKROL TAGS = A K € D F F &6 H I J

CTTITTF TTITTT00l T T T T T U N0. 0P STATIONS E @00 T T
TBASTC INFUT DATATTTTT T o
TLENGTHTE T T193,00 TORENMSITY = T.025000 -
_DISPL. = O ___GRAVITY = 9.808650 _
STATION BEAM 4REA COEF. DRAFT i=BaR WETGHT FAR - GYRLROLL
T T n,.000 The.0000 TTT0,0000 0,0000 “0.000n 240.6000 0,0000 8.9602
1,00 14,3900 «BT20 11,0300 De0ddy 48143000 0,0000 8.,9602
2,00 22,AB00D T T 4R940 11.0300 B.12%2 ° 1203.2000 ~ 0.0000 B.9602
3.00 FH.5B0D w9290 11.0300 Se254n 240643000 0,.,0000 8.9602
4,00 "TETYBEGNT T L5700 11W0300 Sya047  IBSULIOU0  0,.0000° ~ B,5602 T T
27+52700 «9910 11,0300 54481n 4090,7000 0,0000 B.9602
T RTLSTUD T T T 45940 11,0300 7 5.4925 77 74331.4000 0,0000 B,9602 ~ - ) to
27,5700 3240 li.0300 S5a452n 433).4000 0,0000 8,960z
2745700 «3540 1150300 ~ 5,492 3368.8000 G.0000 8.9602
2T«5700 « 9940 11,0300 5 2n leB4.4000 0,0000 845602
275700 26940 7 11,0300 Saa98a TTI1684.4000 0,0000 78,802 T 7T T
27,5700 +9540 11.0300 S.492n l443.8000 0,0000 B.9602
TR7.5700 0 T ,99300 T 11.0300 S.4699 2195.8000 "7 T0,.0000 8,%9602 - T
27.5700 «SH0 11.0300 SebThe 3290.7000 0.0000 B.9402
T 2T.8700 «B36807 T ITYV3O0 75397 3633.6000 ~ 70,0000 B,9&02 oo
_ 15,00 27,2400 ,8210 11,0300 S.224s  3465,1000  0,0000 B.9602
16,00 29,9400 «8510 11,0300° 7 4,8672  JI46.,3000 0.0000 ~TUEVEEDE T T
__17.00 23,4800 $7S5H0 11,0300 “u6252  1955,1000 0,0000 8,9602
18.00 19,6300 we270 11.0300 belbdde 721,9000 ° 80,0000 B.GaUZ
19,00 13,8700 «4190 11,0300 343780 48l.3000 0,0000 8.9602
TUT20.,0077 Ta.4l00 “W5300° T 141000 T TTL.aT777 120.3000 0.0000 8.9602
0G = =-1,099 TGYRARTUSWROUL™S ~7&,980 " - ) T T rmmr e
. CALCULATE MOMENTS AT STATION 10
DERIVED RESULTS
- ) : o o . rISPL. (WTSe] =" 4RI24.50
TLONG, CTeBa = ~ 4716 [FWDe OF MIPSHIPSY TOURISPLLTVOLLT = OUWR077,.53 0 0 T T T
TLONGI CuGy = 4,B75 (FWh. OF MIGSHIPS) LnNGs GYRADIUS = 46,159 GM = 1.378
CSERTES RO MULL FDRM, O0.H0 FLUCK (TND HPT, MO, 100 %) OCEANICS PROJECT NO. 1093 SEP 24r 1970

TTCONDITIONAL INPUT DETATCARD PRINT DUT- -~ ot T

T 1.0000 W3157 1.3079 10451 6.2257 6,5257 1.0000
«1000
TTTTI0,0000 7 70,0000 20,0000
1 B =040 =040 =040 =040 =040 =0,0 040 =040 =040
Y0u0 =000 =0, =04y =0,0 =000 =0,0 0.0 =040 -0,0°

SERIES &0 HULL FORM, 0,80 BLOCK (TNO RPT. 'MOs 100 S)  OCEANICS PRAOJECT NO. 1093  SEP 24 1970

WAVE SPECTRAL DENSITY, TWO PARAMETER, ISSC 1967 SPECTKA

SIGeHTs  B.400
CHNGRERY TH, D00

T SPECTRA Wh. 1 Tt - Co T e E—
wavk FREQ,
i v 360 T T T Tt e e e
361 3.32A
T T uo0e CaLeloT T T - - T
451 17,254
Y L-T- I d},gbh ° - - - T B -
o 541 11,743
T.%B& 9,824 T oo T
_e631 7,886
1925 erBae o belT3 533
ter T 3. 7ea 1218 L343 C e
a2 ?.961 R 1 R 10 B
- CaETTTTTRlIITT — T.304 .313 —— — -
:325 : }:3;; - L 7,298 - - B
992 1.186 L LU LR
.- o . - - AVE - ) . - .- Cee e
1.037 L9861 . 2,
1o0az T lhe S1G. 6,146

eez b V116 5.277 7 el
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Sample Output Listing, Centinued

STa 20,0
Q,U000 TNFTNITY U, 1,5164E=01 0. -2.BT56E=01 &, 6,6338E-01 0, "z
0100 Z.IPAAE+UQ 1,8460E=03 1,5327E=01 4,1053E=05 =2,9162E=01 =9,0894E=05 6,7142F=01 2,0124E~0% =7
«0300  1,6719E+00 1, 1455E=02 1.568TE~01 6,1990E=04 «2,99ABF=01 =]1.3797E~03 ©,8935E~0] 3.056&1E=03 =¢

) SUAGD  LLPBLTE+n0 4 005LE-02 1.621BE-01 3.3197E=03 =3,1172E~01 =7,6404%E~03 7,1p32E=01 1.6630E=pz -3
21000 1,035TE+00 9, FZBIE=07 1,6T91E=01 1.U9l0E=02 =3,2494F=01 =P, 44A2E=02 7,4530E=0] 5,49B85E=02 ~3

T LISI0 B F20AE-n] 1,9192FE=01 147109E=01 2,B235E=02 =3,3TTIE-01 =5.5312E=DZ T,671RE=01 T.I4ISE=D1 =3
L2100 F,5915E=01 3.30HBE=01 1,70682E=01 &,9494HE-02 =3,32pBE=-01 =1,1373E~01 7,657PE=0]l 2,591TE=01 =3
#2800 b6,79p4E=nl 5.1917E~01 1,63%98E-01 7.B405E-02 -3,1871E=01 «1,B0RZE~0] 7,3400E=01 &,1519E=01 =3
#3600 6,2300F=nl TFu5997/E=01 1¢5311E~01 140630E~0] =2,9490E=01 =2.4827E=01 6,7934E~01 5,7410E-01 =2

T T LBB00  HL.R249E=n] 1, 05Z2dE+00  1.9060E=01 1,2912E=0T ~2,6703F=01 =3,0601E~01 B,1403E=01 7,.l1}191E~0] =7
#5500 5,5394F=nl 1 ,IYB6E400 1,28B5E-01 1.%586E=0) =2,40080FE=01 =3,5008E=01 5,4951E-01 B,1809E«(] =2
TTTTLeT00  5,.3256FE-nl  1,B316E+0G 1,1755E~01 1,55B0E=(] «2.1892E-01 ~3,B345E~01 &,8773E-0] B,9BZBE-G[ =2
«BP00 B} TEOE-{] P43BYTE+D0 1 ,UFTHEwd]l  lab)l04E=0) =1,9276Ff=0] =64,0735E=01 4,3343E=g] 9,5333E=0] =]

T 1L 0100 T o,uA9FE=a] 3 TIIYE+D0 B 9FUBE=0Z 7 1,6126E=0] =1 ,7437F=0] =4,2294E=01" 3,8304E-01 9,832%E=0] =~]
1,8500 S 08F1E=nl  4,0322FE+00 9,36]15F=02 1.,5T16E=01 =1,62528F=01 =4,3199E~01 3,4813E~0)1 9,853BE=0] =1

- 1.5500  2,10R3E-n1 5,1B844E+00 B,9413E=02 1,4%977E~0T =1,5577E=-0]1 =4,3622E-01 3,2550E~01 9,7473E~01 =1
1.9500 9,1994F=01 B, fS06E+N0 B, 6B6TIE=D2 143945E~01 =1 ,9450F=01 =4,3575E=01 3,1568E=0]1 9.4023E=0l =1

T 244500 B.3II0FE-A1 B T76HE+00 BSIZTE=N7 1,2773E-0] =1.9B2TE=01 =4,2764E=01 3,I9ETE=DT B, F049E~01 =1
A,0500 9,3997E=nl  1,1314E+0] B 4952Ea0? 1,1584E~0] =1,6402F=0] -4,08656-01 3,3147E-01 B8,3158E=0] =1
TTTAEIO0 5.5753F-nl 1.81ufEd0]  B,519RFE-0Z T 1,0385E-0] ~1.T716BE=01 -3,TBP9E-01 3,4508E<D] T.0443E=(l -]
47000 9.R1BRE=al 1.56B1E+0]1 A SHI6E=012 9.2523E=02 =147B03F=01 =3,4514E=01 3,597AE=0] 6,94508E=(1 -]

T BLBR0G  5.959&F =01  1.5642F+0] B.BO3IZE-02 H.1F3IE-D2 -]1,B544F-01 =3, ]30ZE=01 "3,74T1E~01 6,2335E~0] -1
To1000 B,08pEF=01 1.5667E+0] B,7497E«02 T.2513E~02 ~1,9039E=01 -2.7925E=01 3,B93nE=0} 5.5598E=0] =1
TR0 B, 126AF =01 1 5485E+NT T BIBETIAE=DZ B #NTEETZ =T,95T4E=01 =2,4B62E=01 & ,02A7E~01 4,924%E~01 =1
10,7000 6,1986FE~N1  1,5360E+01 B,9443F=02 5,6098E=02 =2,0115E=01 =2,1946E~01 4,1714E=01 #4,297SE=01 =1

MATHRAL

SERIES 60 HULL FORMs 0.BD RLUCK {TND

HOLL FREWUENCY
CALCULLATED WaAVE DAMPIRG T AOLL
ADDITIONAL YISCAUS RAMPING 1IN ROLL

£ 37415

T T3,96ee5ER0Z T

3.5002E+04

RPT. ND. 100 5)

OCEANICS PROJECT WO. 1093

SPEED =

645257

WAVE ANGLE

10,00 DEnra

SEP 240

VERTICAL PLANE RESPOMSES (NOM=DIMENSTONA

e WAVE  ENCOUNTER WAVE ~WBVE/SHIP ~

WESVE TP ITTH -

VERTICAL REND

FREWGUEMNECTIES LENGTH  LENGTH #MPLs PHASE AMPL, PHASE AMPLITUDE PH
31570 .2503% 618,232 3,2033 8611 17943  .B729 =85,8 4,075E=03
< 36080 27549 473,338 Z.8525  _TTIBE 178,86  LBOBT =84,7 6.543E-0F
40590 ,29753 373,992 1,9378 L6657 178,.0 7262 =82.4 9,603E-03
45100 TL.ITTFTL 02,934 1.5696 5308 I76,7 L6252 -80.1  1.300E-02°
« 49610 33481 750,358 1,2972 3797 17440 45091 =77.4 1,631E-02
56120 .38926 210371 TT.0900 Z2e3  1eT,® 384T T T=T4,2 1.B95E-02
58630 L36103 179.251 9288 L0961 14246 42591 =70,2 2026E=02
63140 L3f014 154,558 BU08 0749 59.5 144G =64a7  I.9EBE~0F
LBTE5D ,3765% 134,637 26976 1254 31.0 +0523 -53.¢ 1.696E-02
LT L 3H037 118,333 WEI3I 1381 23,8 ", T15% B3.3 T 1.237E-02
J6670 ,38148 104,821 «543] LloT? 20.0 $ 0458 115,11 6,793E.03
LIS EL .37903 93.498 G844 0513 12:% 0487  125,9 Z163E-03 1
B5690 ,37571 B3,915 S4348 014D =98,7  ,033] 135,3 3.32]E-03 =1
,S020n ,IFBRZ 75,733 3924 0445 =139,9  LO0TI¥  160.4  4.363E=03 =1
W94T10 35927 68692 +355% 0457 =143.2 L008p =T&.d 3.069E-03 =1
+ 99220 L34Tn6 £2.550 3243 _U2IT 143,37 L0137 ~ =49,5 5,Z62En04 -
1.03730 .33217 57.265 12967 0088 al,l 0086 ~32,4 1,670E-03
- [, 08240 31863 52,593 L2785 02107 30,3 © L0026 T 5F.7  1.93BE-03
1,12750 29441 484469 «2511 L0103 14,5 L0059  119,2 Ta459E=04 1
T, 17260 27153 25,813 2322 TIZ% <I3Z.9 LUn3§  I2Z.5 1Z931E=03 =}
1.21770 24599 414555 «2153 0220 =157,8 L0019  =2R,8 2e31HE-D3 =)
1,26280 LZ2L17TT 38,639 T (2002 0165  139,0 ° L0052 =&g,4 1,008E-03 1
1,30790 16690 36,021 «lB66 0250 T2.7 L0035 =853 1,B2lE-03



SERIES 60 HULL FORM, N.AQ RLOCK (TNO RPT, w0, 100 S)

Sample Qutput Listing, Continued

OCEAMICS PRNJECT MO 1093

SEP 24

1970

SPEED = f.5257 LAYE ARGLE = 10,00 DEr, LATERAL PLANE RFSPONSES {NON-DIMFNSTONALY
T OWAVES TENCOOFTER T WAVE WAVE 7SHIP S W A Y ¥ A W R0 L b LATERAL BEND MT. TORSIONAL
FREBGUENECTES LFHGTH LENGTH sMPL.  PHASE AwpL, PHASE AMPL. PHASE AMPLITURE PHASE AMPLITUDE
31870 25019 B1H.237 3.2033 ,16%6 90s6 W 1BOT sk 42476 =05,3 24182E=04 9740 24 362E=05
LY 27549 §73.33%  T2.a525 1522 T 908 T #L17%0 T W0 .260% T =97,2 3,93BE=03 F6el ~ T ITIDE-05
40990 .29793 373,992 149378 L1285 9.l W1710 o5 2675 ~l0n.2 6, TTTE=04 95,1 5a4GE=N5
T TLAsIng TLRITTL T 3DZ.93% T 1,.5696 L4990 91,3 7 L1567 T 1.1 7 42593 .104,8 1,08TE=D3 34 & T .296E=-05
49610 LI34R] 251,358 1.2972 L0651 Y140 1362 1.8 2235 =111.4 1,623E-03 9440 B THHE=NS
T LEalan L34576 210,371 1.0%00 L0299 88,4 W110R 7 2.7 0 1483 <l19,l1 2,235E=03 G440 B 903E=05
58630 L36103 179,251 97288 L0045 =36.4 W 0R2Z 3.6 #0338 a117,5 2.823E-03 9442 BeR4BEE=QS
.6314n JATNLR 155,558  JBUOE 0288  ~T6.& 053D 4.5 7 LO0HGB - 20,8 3.219E-0F T 54.9 3.36FE-05
L6TE50 L 37HEY 134,637 HITH L0431 =778 $ 0261 3.9 21773 19,0 3,311E=023 96,0 54.505E-05
T LTPEe0 T .3Ra3? 0 114,333 6131 7 70439 T=TT,5 T L0p4a  ~13.6 2224 1h.2 2.994E-03 9746 1+158E=04
LT6670 L3A14H 104.82) D431 L0320 <77.7 107 ~158,4 2166 1h48 2,298E-03 1000 1.611E~04%
T T.Bllap 0 37963 TY93, 498 (GBA& T 0l21 ~85,2 L0161 =l60.,6 41651 20,3 1,381€-03  103,4 1.,795E=04
«B569) 237571 3,919 »4348 L0i0¢ 13041 D147 -15R,.9 0814 28,9 4 9RGE=D4 168,.5% 1e60RE=04
T L9000 WaBRAE 0 T5.733 T, 392&% T 624l 121.BT LO0Ba  ~158.4 L0094 _174,1 1,28TE=04  =7143 1,04 TE=Ti4
WHATLD L359p7 Al 642 + 3559 L0260 12240 0010 =163.3 0689  133,7 3,433E=04  =58,5 3,800E=05
T W9922n 0 38706 H2.590 <3243 L0152 12043 «005] 36,48 0779 =119,9 1.995E~04 =3448 246ABE~05
1.03730 #3327 YY) « 2967 L0087 9,8 « 0075 4148 0501 w=110,0 R 0TTE=04 39,5 4e G2BE=05
T 1.UBZ40 T W31an3TT R2e593 L2425 L0209 "=35,2 0056 46,9 W0lB1 =log,7 5,314E~04 126,5 3433BE-05
1,12180 ELETH 48,469 22511 L0248 ~3643 20007 2848 006G 116,3 bl BSEE=04 138,46 1.B79E=05
T 1.17e2&n T ,27i53 Ta B3 T L23F2 T U103 T =83.6 L0087 ~T113.5 0116 104.0 " 5.206E~D& 1454577 T1.815E=05
1.¢1770 24589 414555 2153 L0213 173.5 0068 =111.7 «00BY 10k, 2 1.TOIE=-04 138.3 2sB849E=05
1.2h2f0 PTFTY T 3B0A3F L2002 L0423 1B6 b 0037 =113.8 0029 108,3 1.8B0E-04 3.7 2+62BE=05
1.,30790 R 36.021 .« lHBA L0235 15740 » 0044 B7.2 « 0009 -9 2e812E~04 -7 14997E~0S
SEWTES BN HULL FORM, 0.HD FLUCK (ThU RPT. MO 100 S} OCEANICS PROJECT No, 1093  SEP 24+ 1970
_SPEED = A.5257 WAVE AWBLE = 10,00 NEr, SHEAR AND MOMENT CLOSURE RESULTS
WAYE T ERCOUNTER WAYF T WAVE/SHIP T VERTICAL BENDING LATERAL” BENBING TORSIONAL"
CFREQUENTTES LENTH  LENGTH SHEAR HMOMENT SHE AR MOMENT MOMENT
- 3157 .25039 518,232 2433 1.031E=1%  8,762E=1l4 2.30VE~1T  4,996F-13  6,415E=14
TR 360807 TATRAY T 4TI IBE 4525 1,403E~I% T T,825E-14  B,a35E-1T ~5,93BE~}3 9, 4UGE~1d"
~ .h0bYg +29793 374,992 1,9378 1 l11BE~15 B, 79TE=14 5,652F =17 24179E-13 B.5GHE-14
45100 31771 A02.934 145696 Te31TE=15 7 1,T45E=14  4.293E=17 T.944E«1% 5.4T5E~16"
L4610 « 33481 250, 35R 142972 ®=,990E-16  9,731€E=l4 T 023E~17 2.688E-13 &6,5426=14%
G620 .34976 210,371 L.0900 Ea204E~16 T414BE=14  5.040E=17 Ta66BE-1%  4,618E=14&
- DR&3N 436104 179,251 9288 . LA4E~1T  3,022E=14  3,7196=17 2.00BE-1%  4,568E~14
LB30E T T 3TNTE T 1h4a,BBR 0 GBG0R 3,Z2TE-1T 0 T2,594F-14° T3,8l4F<17  1.639F-1% 3,9BIE~I&
6 T6RN L37E5Y 134,637 26976 14 17YE=]16 1,%90E~124 Sen2?E=17 1.952E=1% TaBA4E=1i
721860 L3IBN3T 114,333 «6131 7, 266E=16 1.991C=14  2,169E~17 1392614  8,085E=14"
LIBRTD L3148 1fa,B21 45431 1.557E~16  4.690E-14  1,362E-1T7  24178E-1%  3,505E~14
LB1180 .37993 93,498 V4% Ta,435E-17  £,355E-14 3,1BY9E-18  4,4p6€-14  I,F96E-~14
__4BBROp L 3TBT] 83,915 4348 .90YE=17 2, 704E=14 T,272E=18 1.365E-13 2,1%0E=14
LF0z00 I6BRZ 75.733 7 V3924 a.6%2E-17 &, T#9E=14 Z2L.ATIE~1T ~3,230E-13° I, THGE~IS"
24110 L35677 6B 622 3559 7,9T4E=1T 1.739E=14 1,626E=17 [ 6.08TE~14
99220 JA470b 62,55nN «3243 awSI10E=17 2.122E=113 3,2TPE-18 1e74BF=13 1.,939E=T3
1,03710 33217 87 2R% 26T 5 ,33WE=1T 1,550E=13 1,11%F=17 2,04TE-13 1,104E=13
1,08240 L314m3 52,593 «2T725  4,846E=17 1.302E~13  2.456F =17 ~ 14932E=13 ~3,Z1BE~T4"
__l.lersn 29441 AH L ABD $2511 4ot IFE=1T 9.369E=14 2.042F=17  4,012F=14 1,22TE~13
S S LY ATIRY T T E4,E13 T&232Z T pL63VE-IT T TI,4B1E-13 T BL4LIBESLB T 1,333E-T3 3, UBTE=1a"
1.21770 26599 41,555 «2153  A,255E~17 1,538E=13  B,624E~18  3,609F.13 2.199E=14
1.262A0 TL2lTyt T T 3B,639 L2002 £ BBIE=1T 2.,410E~13 2.495F=17 0. 9, 469E=14"
1.,3049n L1BAGY 36,021 JJHEE 7 503E=1T 1,491E~13 1,i76E=17  6,333E-14 T+501E=14

MOMENT
FHASE

~146.41
~1545,1
~144.!
~143,%
~143,¢
~1644i
~160ai
~1T1.4¢
=-28,¢
=Gt
bol
11,¢
184t
23t
Baf
=93,
~12240
~144 1
T OLTé
T 98y
631
LT-2%
88,



SampTe Output Listing, Continued

SERIES 60 HULL FORM, 0,40 KLUCK {TNO RPT, w0, 100 S5)

OCEANICS PROJECT ‘NO. 1093 SEP 24» 1970 o
10,00 AESPONSE (AMPLITUDE) SPECTRA

SPEEN =  6,5257 WAVE ANGLE = 10,00 DEcoy SIG, WAVE HT, = Be40y MEAN PERIQD =
WAVE ENCOUMTER WAYE
FREDPUENMGECIES LENGTH HEAVE PITCH TSWAY Y A WO ROL L VERT.8.H, LAT+B.H. TORSNL M,
L3570 L 25039 F1B,73  Z2.B6BE=01 F 2I0E=02 1.035E-02  3,9B0E-03  7,B82¢=03  T.685E~ «203E-1 v =127
2 360RD L2754 43,33 2. 00FE+00 1.260E+00 7e711E~02 64165E=p2 1,311E~01 1.833E=06 6,641E=09 S5.960E~11
L0590 29793 373,99  3,BI5E+00  %+207E+00 To#22E-01 2+ IIZE~TT 5., T07E~01 T.022E~05 9S4 - . -
L45100 L3771 02,93 FABIEHO0 B,TH4ESQU 1.202E-01 4o 24BE=0] 1,163E+00 2.66BE=05  1,B64Em0T7  B.395E~1Q
eI L33EAL T 250,76~ 1.B6BE+00  64942E+00  DGYCE=0F  4eFT0E~01  I,3IBEFO0  &,%3ISE=D05 . - ) -
54120 34976 2lu,37  &,012F=-n1 5,0T3E+u0 1,047E=02  4,220E=-0) 7,566Ex01 5.,426E=()5  7,54%Ew07 1,198E=09
- LSBEID 361nd 179,75  9.0608E=02  2+060E+00 199BE=0% Z+67BE~QL 5,281E=02 Cul8BE=05  1,00BE= . L
Wb3140 T4 194,56 444 19E=-02 B,979FE=01 6,952E-03 1.,202E=-01 3,152E~01 3,930E=05 1.052E=06 1,1526=10
RYLEET ATERY 138,64  FoT99E=02 1 ELaE=01 1. 152E=02  3.021E=02 T.,395E%00  Z.29TE=05  B.ISBE=07 2. 7BRE=10
72180 38037 118,33 9,245E=02 1o 140E=02  9,350E-N3  9,685E-04 2,219F+00 9,540E=0¢ 5,591E=0F B,385E~10
JTRETD T J3P14B TU% (A7 %, J8IE=N2 9,259E-02  F.880E-03 4. BE0E=T3 T2 UFPERTU 2.c40ESPE 2,5TIE=uT IV 28%E=09
LH1180 375993 93,50 T B04E=03 1, 043E=~01 4e340E=04 14137E=02 1,198E+00 1.784E=0T  T,272E=08 1,22BE~09
- JB560n L3TSTL 83,57 %,583F-n8 4 BU0E=02 Z.3%REa04  9,I05E~G3  2,BFJE=0) I, 307E=D . E= . -
+Fn2ap J3BERP {573 3,609FE=33  5.0B1E-03 1eGT4E~n3  3,070E~03  3,T06F=03  4,528E=07  3.940E=-10 2eB0&E=10
AT 35477 Bd,67 3,084E=073 2.963FE=03 9, 973E-0% 3. 722E=05  I,907E=0! TT.7EBE= . - . =
99220 L3470k B2,5%  B,269E=04  6,975E~03  2.740E-n% 1.085E=03  2,ITBE=01  4.226Em09  6,070E~10 lal02E=11
T T,UaTan 33217 57427  6.750E=05 2.785E=03 £.122E-05 2¢107E=03 ~9,526E-07  34.949E~0H  H.334E- I -
1.08240 «314R3 52459 3e44]E=04  2.3F9E-04 2.408E=-04 14137E=03 9,489E=03  3,T9DE=0R  2.849E=-99 1e124E=11
T IL.12750 V29441 48,47 GL,B07E=05 1, 240E=03  J,962E-0#  1.BGTE=05 1, %36F=03 &, - . = . =
1l l7260 L27153 44,81  H,21HE=~0% 5,333E~04 5,669E=05 7.472E=04 4 ,504E=03 2,555Ew08 1.BSBE=09  2,258E=12
T21770 .24509 414 . -G 1.239E=0% 2,003E-04 1+593E=03 . =0 . - . - . =
1,262R0 21777 38464 l.0I3E~04  B,8TFE=04 6,64BE~08  §,3B4E=04 2,6TnE~04  #,B49E=~09 1,680E~10  3,300E~12
T T1.3n0790 CTHAGD 36,07  1+99fFE=i%  J,925E=0% I.729E-0%  6.082E<0% 2,587F=035 Y IIRE=DT . = . Ev12
- - ZIT ' =01 T TJ2THEFOU  Z+013E-02  GF+451E~02 D, 445F~ . =05 Z33BZE=0T7 %L 1Z0E-10
FaMeSa T 437E=-01 1, 123E+00 1,419E=-n} 3,074En01] 7,37%€E=01 3,454E=03  4,8B1E-04 2,030E-05
VG, Ty 106E=01 I+3BZE+00 Te73TE=QL JTEAE=GL  9,03BE~(1  W+2d0E~QI  S5+JIGE~0#  Z.#B5E-086
SIG. 1.4BFE+00  2.257E+00 Z24BITE=n] Eel48E=01 L#TRE*00  6,909E»03  9.7681E=04  4,059E=05
- A¥I710  1.893E+00 2V BTIE+ DT TeBITE=G1  T+B2%E=01 L,BYAE+00 B« T9Y2E=03  1+262E=03 54 =
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VI. ERROR MESSAGES

Various error messages may appear in the output and cause
program termination. Each will be labeled with the subroutine
which found the error, and possibly a brief note as to the type
of error. Some messages give error numbers as explained below:

Subroutine Error No. Explanation

PRELIMB/C 0 Too many sections, wave
lengths, wave angles, etc.

PRELIMB 1 "~ Sum of weight distributions
displacement

PRELIMB 2 Hull volume inconsistent
with displacement

PRELIMB 3 Longitudinal center of
buoyancy # long. center of
gravity

PRELIMC 4 Error in range or increment
of variable conditions

PRELIMC 5 TDP calculation incomplete

PRELIMC 6 TDP file lable # title data,
col, 1-30

Errors in the calculation of the two-dimensional properties
will be self explanatory. However, if an error is found in the
energy balance check on the results of the two-dimensional lateral
motion calculation the message is printed, but computations proceed.
It has usually been found that such errors in the energy balance
check have little influence on the calculated two-dimensional
properties.

VII. ACKNOWLEDGEMENTS

The SCORES program derives from earlier basic ship motion
programs originally developed in the Department of Naval Arch-
itecture at M.I.T. in 1963-64, and subsequently updated at
NSRDC. Thus, while the program concept 1s not wholly original,
the increased level of both complexity and flexibility in
Program SCORES results in a new generation program with little
resemblence to its predecessors. However, the earlier work is
acknowledged as the root source for the present development.
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APPENDIX A - PROGRAM DESCRIPTION

The SCORES program, written in FORTRAN IV (RUN Fortran
Version 2 under SCOPE Version 3 for CDC 6600 computer), is
structured in a fairly conventional manner. The main program
serves as a control for the job processing, calling various
subroutines as reguired. The major program loops over ship speed,
wave angle and wave freguency are established in the main program.
Data are transferred among subroutines via labeled common blocks,
each subroutine accessing those blocks specifically required. A
special common block labeled PROGRAM is used and shared by many
subroutines for storage of intermediate calculation data.

Subroutine PRELIMB reads, processes and stores the basic
input data. Preliminary calculations are performed and the data
are checked to some extent for self-consistency. Subroutine PRELIMC
reads, stores and processes the conditional input data. Preliminary
calculations are performed including spectral density calculations
and print out (via Subroutine PAR) if required. Then the two-
dimensional properties are obtained, either read from file or
calculated via Subroutines CKLEW, ZIPSMO and TDLR.

Subroutine CKLEW simply calculates the two Lewis form
parameters for each section and checks them against criteria to
insure positive contours. If necessary, the section area coef-
ficient is increased to satisfy the criterion. Subroutine ZIPSMO
calculates the two-dimensional properties for vertical oscillation,
while Subroutine TDLR does the same for the lateral and rolling
modes. The latter routine follows both the method and the notation
of Tasai. Subroutine MATPAC is used by ZIPSMO for solution of
simultaneous equations.

If lateral plane computations are required, Subroutine ROLD
is used to calculate the natural roll frequency and the additional
roll damping, to approximately account for viscous effects.

The basic ship response calculations at a given condition
are performed by calling Subroutines ALINT, COEFF, EXCITE, MOTION
and BENDSH, sequentially. Subroutine ALINT finds and stores the
value of each required two-dimensional property by continued
fraction interpolation in frequency parameter (egqual to circular
frequency of encounter squared times draft divided by acceleration
of gravity). Subroutines COEFF and EXCITE calculate the coef-
ficients and excitation, respectively, in the egquations of motion,
which are then solved in Subroutine MOTION. Subroutine BENDSH
then calculates the local loadings and integrated moments. Clogure
results are calculated, if required. Throughout all the calcula—
tions, subprogram function SINT 1s used as a simple integrator.

The ship responses at each speed and wave angle are printed
out by Subroutine TNIRPA, including closure results if required.
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prints the response spectra and statistics for long crested, or
uni-directional, seas at the particular ship speed and wave
angle. Only the integrated spectral response at each wave angle
is saved, so that the response spectra for short crested seas
are not available. For short crested seas rvesults, Subroutine
SPREAD is used after the full range of wave angles has been
depleted. The integrated responses over wave angle are computed
and printed.

After completion of the specified calculations, control
reverts to Subroutine PRELIMC for additional cases with the
same basic data, that is, the same ship. If no additional
computations are required, normal program termination occurs in
Subroutine PRELIMC upon input of a run control tag less than 0.0.

Only one special system subroutine is included in the program.
This is referenced in the main program by CALL DATE (DTA, DTR)
which provides the current date in the argument variables as
Hollerith data (DTA = MMMbDD,b19 ,DTB=YY) .

Program SCORES - Input Data Card Summary

Conditions
Card (see legend Format
Number below) Parameters Entexed (& Columns
1 * Title information AB0
2 # Option control tags; nwuber of
segments 1112
3 * Length; density; gravity; displace-
ment 10X, 4F10
- 4 * Breadth; area coeff.; draft;
8 centroid (each station) 4F10
)
o 5 OT(E)=0 VCG; roll gyradius (ship) 2F10
Bl
gl 6 OT (B)=0 Long. gyradius; LCG 2F10
m
7 OT (B) >0 Weight; VCG; roll gyradius (each
station). 3rio
8 * Firgt sta.; last sta.; increment
for moment calcgs. 3I10
9 * Run control tag; initial, final and
increment in wavelength, or freg-
quency; initial, final and incre-
ment in speed 7F10
©
ﬁ 10 OT(E)>0 Fragtion of critical roll damping F10
a
- 11 * Initial, final and inecrement in
g wave angle 3FL0
!
x 12 OT(D)=0 No. of spectra; parameters.... I10, 10F5
g
5 0T (D)=3 Additional corresponding parameters|10x, 10¥5
[
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APPENDIX B =~ FLOWCHARTS

Flowcharts follow for the main
program and each subroutine. The
references given on the flowcharts,
such as C=01 etc. (above and on the
right of the symbolic cutlines)
correspond to numbered comment cards
included with the FORTRAN source
program, and listed in the next
appendix.
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APPENDIX C - LISTING

The complete FORTRAN IV source deck
listing for Program SCQRES is given.
The numbered comment cards, such as
C-01 etc., are cross-referenced on

the flowcharts in the previous section.

PROGRAM SCORES (INPUTYOUTRUTTAPESaINPUTTAPEGWOUTRUTYTARELD!

coMMON /  / TDP(2le25410)
COMMON / CONDA / PIsGAMMAGRAVRO
COMMAN ¢ MHDT # HDA(14)9DTAsDTRIOvICIDEEVIF 416 IH 1T, TU4ETS(S)
COMMPDN # BASDA / APLYDISPLTMASSyYNERTBSTAR(21) sARFAL2]) s
X SECOE (219 «DRAFT (21) 1 ZBAR (2119 XTI (21 o XIBQ (21 y

X DWEIGH (21) ¢DMASS (21) 4 ZWT(21) 4 GRL(21) ¢ ZE@+ XNERT
X XZPERT1GMyMINKRIsMAXKRI v INCRESROLAPF

COMMBN / CASDA / NNsOMW(52) 4WVL (511 40OMWE(51) s VMINyYMAXsDELY Y

X NWAyWAD (25) yWANGT s WANGAsDWANG S NWI WD (20) sWLL(51)
cOMMON 2 TOIR 7/ WEsWENsANS[21910) sKLsKUs IOy IW

COMMON / MIMD / TAZNSsDXIyVWANGIOMEGA+WAVENSCWaDIX (2145 yFACYNA

DATA STS/6HMN. SOv&HRaMsS.e&HAVGe +6H51G. 1&HAVII0 2

¢ e+ o+ opECTAL SYSTEM SUBRQUTINE WHICHM RETURNS CURRENT DATE #e &4
CALL DATE (DTA.DTH)

¢=01 REAP, PROCESS AND STORE INPUT DATA
cat.L PRELIMB
AN CALL FRRELIMC
IF t IELGT.0 7 CALL ROLD

c=g2 INITIALTZIE SHIF SPEED
vV = yMIN

¢=023 LOOP QVER WAVE ANGLE RANGE
60 N0 90 TwslyNwd
WANG = WADtTWY#PI/180,0

£~04 SET TOP ARRAY USAGE LIMITS
KL

=

IF( TE 6Ta 1 ) KL = 3

kY = 10

TF t IE #LTs 1 .ORs AMOD(WAD(IW)»180.0).EQ.040 ) KU = &
IF ¢ IB.LT+7 +0R, MAXKRILEQ.MINKRI ) GO To 70

PRINT 920¢HDAsDTALDTB

PRINT 921w Vewdnh(IW)

IF ¢ I1.EQ4) ) PRINT 924

PRINT 973

=05 LODP OVER WAVE FREQUENCY RANGE
70 DO AN TO=1eNN
OMERz = OMw(1Q)
WAVEN = OMEGA#QMEGA/GRAV
WYL (TO) e 2.0%RT/WAVEN
WLL(TO) = wWyL(TI0)/BRL

c-08 CALCULATE FREQUENCY PARAMETERS
Cw & GRAV/OMEGA
WE m WAVEN®(CWmy#COS(WANG))
OMWF 10} = WE
WEN = WESWE/GRAY

PRORRAM SCORES (INPUTIQUTPUTyTAPEBZINPUT TARPESG=OUTPUT TAPELD!
(CONTINUED!

£-07 -PERFARM CALCULATIONS AT EACH FREQUENCY

CaLL ALINT

cALL COFFF

CALL EXCITE

CALL MOTION

1F IR,LT.2 } GO TO B0

CALL BENDSH

RO CONTTNUE

c=08 PRINT OUT RESULTS FOR THIS SPEED AND WAVE ANGLE

CALL TNTRFA

IF { IN.EQ.D ) GO TO 50

FAC = ((1e0/(DISPL*BPLI =101 %IT+1,0)%#2

CaLL STATI

90 CONTTNLE
IF « IF.LTal } G6Q TO 100
CaLL SPREAD

C-0% INCPFMENT SHIP &PEED
100 V = y+DFLV
TF ( V.LE.VMAX ,AND. VMINJNE.VMEX ) B0 TO 60
ap To S0
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SUBRPAUTINE PRELIMR

rOMMON / CONDA 7 PRI GAMMAJGRAVRO
coOMMAN / MHDT / HDA(1&) sOTAsDTRsIHsICIIDsIEsIF2IGsIHIT 4 T STE(S)
cOMMON # BASDA / BRLWDISPLyTMASS+YNERTYBSTAR(E21) sARFA(2])

X SECOE(21) yDRAFT(21) vZBAR (21) o X1 (21) 9 XI5Q (210
3 OWETEH (213 yDMASS (2119 ZWT(21) «GRL (21) v ZCOY XNERT,
X XZPERTaGMsMINKRI yMAXKRI ¢ INCRES ¢ ROLDFAF

COMMON # MIMD / TAsNSeDXIsV WANGYOMEGAsWAVENSCWeDIX(2115) sFACIWA
CcoMMON 4 PROGRAM , STORAGE (436) Y {21)+STA(21)eW(2])

BT e 3,16)55926

1% = 0

READ (AND PROCESS) BASIC INPUT DATA
READ 901.HDA

READ %02+ IA+IAsICIDeIEAIFeIGeIHPITv TN
M e nela

IF ¢ MaGTW2] 1 GO TO 95)

NG = M

no 2 ImelsM

STA(T) & I=0.50%(1s0+1A)

READ 903y BPL GAMMAYGRAVIDISPL

REAN 904 (BSTAF!(I)vSECOE(I)|DRAFT(I)|ZBAR(!H1-1.M)
TF { ZBAR(&2),6T.0.0 «0Re IE,LT.1 ) @O TO
NN 3 IklsM

A= (l.0+2.0%5EC0E(T)) /6,0

IF ( A ,G6Ta Duf0 ) A = 0,80

ZRAR(I) = DRAFT(I)A

IF  IE,LT«1 ) GO TO 12

RFAMN 04y ZCGWRADGRO

IF (IR.GT.0 ) 60O TO 10

REAP 904, PARGYR,COGL

[

READ 9047 (DWEIGH(T) +ZWT(I) 9GRLITI sAvImLyM)
TF [ GRL(2).GTs040 ORy IFLLT.1 ) G0 TO 11
no & TmlsM

GRL (I} = RADGRD

BFAD  P06s MINKRIMAXKRIyINCRES

PRELTMINARY CALCULATIONS UPQN BASIC INPUT DATA
RO = GAMMA/GRAV

OxI = BRL/AN

TF { IB.GT0 ) GO TO 13

TMASE a DISPL/GRAV

XI(1) = (BPL={1=JA)*0OXI)/2,0=C6L
YNERT 3 TMASS#RADGYR®RADGYR

GO TO 17

np 16 IsleM

IF ¢ IC.GT«0 ) 6O YO 14

OWEIRH{I) = DWEIGH{I)#GRaV

NMASS (T} = DWEIGH(I)/{GRAVEDXI)

TF ( IA.EQ.0 ) &0 TO 15

TF ¢ I.EQs1 ) DMASS(1) = DMASS(1l)¥#2.0
TF 1 T.E@.M ) DMASS{M) = DMASS(M)#2,0
YTt = nMASS([1a(I=1)

WiT) = DMASE(I)#IWT(I)

TMASS = SINT(IA,MsDMASS.OXI)

HISPL = TMASS4GRAV

XIt)) = SINT(IA,MyYDXT}#DXI/TMASS
€6l = (RPL=(1=TA)#*DXT)/2.0~XI(1)

IF ( IE,LT.1 )} @GO TO 17

WZ5 = SINT(IAsMaW4DXI)
XNERT = TMASS*RAOGRO¥RADGRO

nO 18 IxzlsM

AREA(I) = BSTAR(I)#DRAFT (I)#SECOE(I)
¥il) = AREA(I)#({T=1)

Wil) = ASTAR(I)#*3/12.0-AREA(I)*2BAR(T)
YI(I) = x1(1)1=0xI#(I-1)

X18a(I) = XI(D1eXI(I)

CDIS = SINT(IAsMsAREACDAT) #EAMMA
CRAL ==%5INT(IAsMsYsDXI)#0AT#GAMMA/CDIS+ (BPL=(1-TA) *DxI) /2.0

IF t IELBT«0 ) 6GM = SINT(TAsMaWeOXI)*GAMMA/CDIS-ZCn
XZPERT = 0.0

TIF t IB,EQ.0 ) &0 TO 20

CALCULATE LONGITUDINAL MASS MOMENT OF INERTIA

NG 1o TEleM

¥(I1 = DPMASS(D)#XISQ(])

YNFRT = SINT(IAsMaYyDXI)
RADGYR = SURT (YNERT/TMASS)

TF ¢ IE.LT«l ) GO TO 20
7WTC = W2Z5/TMASS

no 27 IsleM

ZUTiI) @ ZWTIIY=2WTC

W(I) = DMASS(I)SZWT(I)®XI(1)
X7PERT = SINT(IA+MeWsDXI)

53

C=04 PRINT OUT BASIC DATA (INCLUDING RESULTS OF PROCESSING)
20 PRINT 9204HDADTA4DTR
PRINT 8024 IAlIRvICuID-IEuIFnIG;IH.II-IJ:N
PRINT 8an
PRINT 8034 BFLyGAMMADISPLGRAV
PRINT Bhés (STA(I)e BSTARII)¢SECOE(I) 9DRAFTIT) +ZBAR(I) «DWEIGHII)
X ZWT (1) sGRL(I) vIm1sM)
1F ( 1B.EQ.0 ) PRINT 80&s COLWRADGYR
IF { IE.0T.0 ) PRINT 805, ZCGyRADGRD
IF ( IB,EQs? +AND. MINKRILEQ.MAXKRI ) FRINT 807, MINKRI
PRINT 833
IF ¢ IB.GT.0 ) FRINT 8094 HISPL
PRINT B10s CBLaCRIS
IF ( I1B,GT«0 1 PRINT BO&s CBLIRADGYR
IF (¢ IE.GT.0 ) PRINT 808+ GM
¢=08 MWECK WTS.» VOLUMEy LuC.B. AGAINST OISPLACEMENTy L.CeGe
TF t IB4EG.0 ) GO TO 21
TF ( ARS(HISPL-DISPL)/DISPL ,G8T, 0.08 ) GO TO 950
21 TF ( ABS(CDIS=DISPL)/OISPL ,GT. 0.02) GO TO 949
niseL = cDIS
TIF ( ABS(CBL=GGL)/BPL +GTe 04005 } @D TO 948
RETURN
£-06 FERRNR 5TOPS
Y48 TX = IXsl
949 T & IX+1
960 Tx = IX+l
951 PRINT 9404 IX
STOP
u0p FORMAT ( HZHOORPTION CONTROL TAGBS - A B € D E F G H I J7
b3 #B%, 1073y 15Xy 17HNO. OF STATIONS = y T3 )
802 FORMAT ( QHOLENGTH = +F10,24 5Xs SHDENSITY = 4+ F1l.64/
X GH DISPL, = v F10.2+ SX» SHERAVITY @ » Fl1,6 )
BD4 FORMAT ( TOHOSTATION. BEAM AREA COEF. DRAFT Z-Bar WEI
XGHT ZETA GYRWROLL /1t FTa2y 4F10.49 Fl2440 2Fl044 ))
BOS FORMAT ( BHOOG = F9.3s 5¥%y 1SHGYRADIUSIROLL = » F3,3)
g0E FORMAT ( 13HOLDNG. €6y = 3FB.3,40H (FWD. OF MIDSHIPS) LaNG. &
XYRARTUS & » F3,
BOT FORMAT ( 4BXs ?BHCALCULATE MOMENTS AT STATION » I3 3 .
808 FORMAT { lH+y T4X, 4HGM = 5 F2.3
8n% FORMAT ( 46Xs ISHDISPL.(WTS.) = v F10.2 )
510 FORMAT [ L3HOLONG. CaBs = 5 FB.3940H (FWD, OF MIDSHIPS) oIseL
X, tVALe) 5 8 FLOLZ )
B30 FORMAT ( 1THOBASIC INPUT DATA )
B33 FOPMAT { 16HODERIVED RESULTS )
501 FORMAT ( 13A6y AZ)
902 FORMAT ( 1112 )
903 FARMAT ( 10Xy 3F10.5+ Fi0.3)
906 FORMAT ( 4F10.4)
9ng FORMAT ( 3110)
920 FORMAT ( 1H1» 13A6s A2y 3Xs A10, A2)
940 FOPMAT ( 39HOSTNP IN SUBROUTINE PRELIMB. ERROR NO, + I}
FND

C=01
2

2

2

a
T

[

SUBPAUTINE PRELIMC

CONDA s PIsBAMMAyGRAV4RO

MHDT /# HDA(14)+DTA,DTA IR+ ICHIDsIE4IF s IGyIHsIIZIJWSTS(H)
BASDA / BPLsDISPLYTMASSyYNERTBSTAR(2L)2AREALZY)y

4 SECOE(21) sDRAFT(Z21) +ZBAR(E1Y X1 t21) o XIBO(21) x

X DWETGH (21) «DMASS(Z1) +ZWT {211 4GRL (21) +2CA+XNERTy
14 XZPERT+GMyMINKRI yMAXKRI » INCRES»ROLDPF

COMMON / CASDA / NNeOMW(S1) yWVL (51) 4 OMWE (1) s VMINyVMAXDEL VS

X NWA«WAD (25) s WANGT s WANGA yDWANGyNWE WD {20} s WLL (51)

coMManN /
COMMON #
COMMON /

GOMMAN / MIMD / TAeNSsDXI+V.WANGsOMEGAsWAVENSCWsDIX (21 95) 1FACINA
COMMON / TOR 7/ M #SBHI21) «SBRB(21) «NF 2 0MT (25)

CoOMMON / / TDRIZ1aRSe10)

COMMON / PROGRAM / STORAGE (4B4) 4yRSA(LD) ¢HOC (5}

PATAa NF /7 25 /

DATA OMT / 0a0v Da0lv 0403y 04065 04101 04150 0421, 0,284 0,369
0445, 0.55y 0u674 0.82s 1,019 1.85» 1.55, 1495 2,454
3405, 328y 4a¥y 548y Toly BeTy 10,7 /

®

READ AND PRINT CONDITIONAL INPUT DATA CARDS

READ 907+ WArSWLyBWLDELWLsVMINsVMAXSDELY
TF { WA=0,0 1 &Ds1427

PRINT 920sHDASLTA,DTB

PRINT B32

PRINT 907y wAvSWLvB‘NL-DELNL VMIN VMAXDELYV
IF { 1E.LT.1 ) 6O TO

REAN 907+« ROLOPF

PRTNT 907 ROLDPF

READ 907+ WANGTsWANGADWANG
PRINT 907y WANGI+WANGA,DWANG
IF ¢ IDLT.1 ) GO TO 28
READ 908+ NWI«(WDII?+I=lelm)



C=03
25

£=06
El

L

=10

4“5

c=11
az

s
1

c=12
&3

c=13
47

PRINT 908y NWI+(WD(I)eI=141g
IF ( ID.ME.D } GO TO 25
READ  Sn@y (WO(T!sIxlls20)
PRINT 205 (WD(I}eIalle20)

TNPUT DATA ERROR CHECK
0

Ix =

IF ( MINKRI.NE.MAXKRI +AND. INCRES.LE.d } 1x =
TF ( SWL.NE.BWL oANDs DELWLWLEWDeO ) X o=
IF ¢ VMINGNE.YMAX . AND. DELV.LE.D.D ) o=
IF ( WANGI.NE.WANGA +AND. DWANG,LE+0.0 ) b ]
IF ¢ IX.NE.0 3} GO TO 950

INITTALTZE [AND CHECK) INTERNAL FARAMETERS
M o= N

RET = 1,0

ppT = 1,0

IF  NWILBT.10 3 GO TO 951

NN = (AWL=SWL)/NELWL+1.001

IF I NN,GT.51 } GO TO 951

IF ¢ INLLTal ) GO TO 30

PRELTMINARY CALCULATIONS FOR IRREGULAR WAVES
no #7 ImlsNN

oMW (1) = SWL-DELWL*(I=1)

CALL PR

IF ¢ IF,LT.]1 1 @O TO 32

K = §0.001/DwWANG

TF ¢ KulTe2 ) K = 2

IF ( KaBTal2 ) K = 12

DwinNG = 80.0/K

wANRA = 180.0

IF  WANGA=WANGT EQ. 0.0 ) GO TO 23
WANGT = 0,0

Gn TH 37

WANGT = 90a0

af To 3P

PEEL TMINARY CALCULATIONS FOR REGULAR WAVES
At 31 IslenNN

OMWIT) o SCRT(2,0#PTIHGRAV/ (SWL+DELWLY¥ (I=1)))
NWA = (WANGA=WANGT] /DWANG+1,001

IF ( NWA,GT.2% ) GO TO §51

noH 33 T=1¢NWA

WAD(T) = WANGI+NWANGH (I=1

CONTINUF

CALCULATE TWO-DYMENSIONAL SECTION PROPERTIES
AND ONVERT To DIMENSIONAL RESULTS

TF { 16,8T.0 ) 60 TO 5O

CALL CKLEW

IF ¢ IE,GT.) } GO TO 42

VFETTCAL OSCILLATIONS

¢aLL ZIRSMO (QET)

FA = RI#RO/ALO

no 4R J=laM

FAC = FALOSTAR( )e¥2

o 45 TslehF

THR(Jelel) = TRR(JaIp1)OFAC
IF ( IE.LTal ) 60 TO 43

LATFPAL AND ROLLING OSCILLATIONS
¢ALL TDLR (DDIT)

no 46 JeleM

RROR = SERTIBSTAR{J) /(2409%GRAVY)
IF ¢ RAGG -LE. 0.0 ) GO TO a6
RSA(7) = RO#AREA(J)

REA(L) & REA(D)/PBOG
RBA(S) = RSA(II4ASTAR(D)
REAIRY = RSA(5)/RBOG
REA{?) = RSA(L)*ASTAR()
RSA(R) = RS54 (7)/RBOG

=

PSALG) REA(S)

FRA(10) = RSA(&)

N0 44 T=leNF

DO 44 K=3+l0

TOP(JeToK) = TOP{JsIvK)+R54 (K)
COMTINUE

WRITF THP ARRAY ON FILE (TAPElD)

WRTTF (10} (HDA(I)sI=1+%)

WRITF (10) ((ITRP{JaIsK)rduloM)eTalyNF) sKa1,10)
IF ( DFT,EQ.0,0 +OR., DDT.EQ.0.D } IX = &

PRINT DUT TWO=OIMENSIONAL SECTION PROPERTIES
PRINT G20+HDALDTA,DTE

FRINT 987

no eR J=1iM

2TA = J=D,50%(1+14)

wea

W

54

PRINT 998, T4

&8 FPRINT 9594 OMT(1}s (TDR{JyleK)eKS2910% s
X € OMT(I)s (TDP(JaIsk)sKalvl0)sIm2yNF)
fn Tn 51

¢=08 REAR TDP ARRAY FROM FILE (TARE1N
0 JF ( IG,GT.2 ) GO Ta 51
READ (10) (HDE{I)s»I=145)

00 57 Tals5
IF ¢ HDE(I} «NE, HDACI) ) B0 TO %49
B2 CONTTNUF
REAR  (1N) CC(THP(JaTaK) o=l oMY +I=1oNF} oK21410
IF ¢ IG.ER.1 )} GO TO &
51 Iy = 3
TF t IXJNE«D ) &0 TD 950
RETURN

C=0R G0 PatK FOR NEW RASIC INRUT DATA
1 CALL PRELIMB
@0 Tn 20

£=04 ERRAE STORS
949 TX = B
980 Ix = IXs]
551 PRINT 940, IX
IF { IX.EQ«6 )} PRINT 941y HDC

&0 STOP

83z FORMAT /30HOCONDITIONAL INPUT DATA CARD PRINT OUT /)
907 FORMAT BF1D.4)

208 FORMAT Iloy 10F3.1 )

920 FORMAT ( 1HIs 13A6y A2y 3Xs AlOs A2)

(
t
t
4909 FORMAT ( 10Xs 10FS.1 )
t
540 FORPMAT ( J9HOSTOP IM SUBROUTINE PRELIMC. ERRDR NO, » I3)
t

941 FORMAT 15HOTDR FILE LABEL ¢ SX» S545)

997 FORMAT ( 1HO»l0Xs34HTWO=DIMENSIONAL SEGCTION PROPERTTES /4XeSHFREQ
¥/4Xy12THPARAM, A=PRIME (33) A (BAR)SQ. M=SUB(5) N=5UB (5) M
X(SaPHI) N{%«PHI) I-5UR(RY N=5UB{R) F=8LR(R5) N=5SUR(R«
X5y

598 FORMAT ( 4M STA + F5,.1
999 FORMAT ( Fln.&y 12H INFINITY 9 9E1&e4/ ( F1044y 10E12,8) )
FNL

SUBROUTINE PAR

COMMON # COMDA / PI4GAMMA+GRAVyRO
COMMON / MHDT / HDA()4)»DTAsDTReIBsICsIDsIEWIF» IGs THaIIyIJaSTS(5)
COMMON / CASDA / NNvOMWIST) oWVL (S1) vOMWE(S1) s VMINeYMAXsDELY Y
X NWA+WAD (51 e WANGI» WANGA Y DWANGsNWI WD (28) vWLL 51
COMMON # STAT / SPECM(10+51)sRSD(8410+25)
coMMON / PROGRAM / STORAGE(39B)«Y(B1)sWVST(10+5}
NIMFNSION BPC(12)
DATA SPC/GHNEUMANGGHN (195s6M3) (HAWEHLF) .
HHPIERS0 2 GHN=MOSK+6HOWITZ 2&H (19641 s
&HTWO PA,6HRAMETE+oHR. ISS+6HC 1967/
G50UAR m GRAVHGRAV
CONST = 0.C000B27#GSQUARWPI##3

B

C=01 CALCULATE WAVE SPECTRAL DENSITY AT EACH FREGUENCY
ne 50 KRslsNN
VOTTH = OMWIKK) #OMW (KK)
OMSQ = OMW(KK)®*VOITH®VOITH

C=02 LOOP OVER WIND SPEED (OR SEA STATE) RANGE
DO 45 I=laMWI
U = wD(])#¥]l,6HBERBA9
GO To ¢ 10 20y 30 ) » ID

C=3=4 NEUMANN SPECTRUM {1953) (WALFy 50 THAT 5I6. = 2 TIMFS HuoMe5a)
10 POWFR = (=2.0%5S5QUAR)/{VOITHRUSY)
SPECWM (T KK) = (CONSTREXP (POWER) )/ (DMSQ*OMW (KK) )
G0 To 49

C=3w4 PIERSON=MOSKOWITZ SPECTRUM (1964) FOR FULLY ARISEN SEAS
20 POWFR = =.74% (BSOUAR/ [URUSVOTTH) ) #i2
SPECMIILKK) = ,p0DBlAGSQUAREXP (FOWER) /OMSR

G0 Tn 49
C=3=u TWO PARAMETER SPECTRUMy BASED ON SIGNIFICANT WAVE HWFIGHT AND MEAN
o4 WAVF PERIODy SIMILAR 7O J.5.8.C, NOMINAL (1967)
30 A4 = 0.ZS0#WD(T)ewD(T)
K o= {0+r

BB o (0.B170*2.0%PI/WD(K))"¥4
ROWFP = =BB/(VOITHRVOITH)
SPECMII4KK) = Ap+BB#EXP(POWER) 7OMSU

49 CONTINUE
S0 CONTTNUF
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INTFGRATE WAVE SPECTRA TO ORTAIN WAVE AMPLITUDE STATISTICS
NEL = OMW(3)=0Muw (Z)

NO A0 KzlyNw]

ho S5 LalaNN

¥ (L) =SPECMIKsL)

WVYET (Ksl) = SINT(1¢NNsYsDEL)
WYST(Ke2) = SQRT(WVET (K1)}
WYST (Ked) = WUST(KeE2)®],2245
WVST(Kya) & WYST(Ky2)#2,0
WUST(KeS) = WYSTIKyE)#2.5452
CONTTNUE

PRINT OUT WaVE SPECTRA AND AMPLITUDE STATISTICS
PRINT 9204HDAYDTASDTE

I155=1D%4

T5Ix185=-3

PRINT 1pls (SPC(I)sI=IST+I85s1)

IF {ID«LT.3) PRINT 104a {Wn(K)eK=lyNWI)

1F (ID.LT.3) GO TR &1

PRINT 105« (WO({K)eKalsNWI)

T w 10+NW]
PRINT 1064
PRINT 107+
PRINT 108
no 5p I=l,NN

PRINT 102s OMW{T) 4 (SPECM(KyT) Kzl aNWT)
CONT TNUF
PRINT 100
N0 AR K=l4B
PRINT l03,
RETLRN

(WD (K)Y9K=1141)
(IeTelaNWI)

RTEIK) w (WVST (LK) gL =1 oNKT)

FNRMAT
FORMAT
FORMAT
FORMAT

[ L]

{

(

(
FORMAT (

(

(

{

{

(

1N 49X, RIHWAVE SPECTRAL DENSITY,
11F12,3)

&Xs AGs 10F12.3)

17X+ PRHFOR WIND SPEEDS (KNQTS)
9Xy THEIG.HT. sFB.3y 4F1Zs3

9Xe THMNGPER. +FB.3y 4F12,.3

16H0 SPECTRA NO. » I8+ 9I12 )
13H  wAVE FREQ, )
1HLs 1346y AZw 3Xs

vabbeBH SPECTRA/)

OF # 12xy JOFL2,3)
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

Aloy AZ)

SURRNUTTNE ROLD

FOMMON # CONDA s PIGAMMA,GRAV.RO

COMMAN / RASDA / BPLsDISPLeTMASSsYNERT9BSTAR(Z1) sAREA(E1) s

X SECOE({21) yDRAFTI(Z1) vZBAR(Z1) 4 XTI (21) 9 XISQI21) s

X OWEIGH{Z21) +DMASS(Z1) vZWT(21) +GRL (21) +ZCH v XNERT
X XZPERT yGMyMINKRI ¢+ MAXKR] « INCRES s ROILDPF

COMMON / TDIR / WEsWENsANS(21910) sKLsKUeIOpIW

COMMNN # MIMD 7/ TASNSyDXIsV,WANGYOMEGAYWAVENsCWaDIX(2195) sFACIHA
coMMNN / PROGRAM / STORAGE{457),Y(21) W (2])

INITEALTZE PARAMETERS REQUIRED
KL 7

Kl B

WE 0.t

RAT = 0.0

CALFULATE NATUP2L ROLL FREGQUENCYs
WEX = WF

WF = SORT(DISPL#GM/ (XNERT+RAI))
IF (ABS(WEX/WE=1.0) «LT. 0,01 )
WEN = WEWWE/GRAY

calLl ALINT

RO 5 I=14NS

Y(T) = ANS(Ia7)

WIT) = ANS(Ise

RAL = SINTIIAsNSaYDAI)

RUD = SINT(IA4NSW.DXI)

&0 Th 2

INCLURING ADDED INERTIA

G0 7o 10

CALCULATE ADDITTONAL ROLL DAMPING
ROLMAPF = 2.0#ROLDPF*DISPLEGM/WE =RWD
PRINT 50« WF1RWH4ROLDPF

RETLIRN

ZEHNATURAL ROLL FREQUENCY = +F10,5/ X, 34HCALCY
Elk.4/ 38H ADDITIONAL VISCOUS DAMP

FORMAT  ///13%.
XLATFD WAVE DAWPING IN ROLL =
XTNG IN ROLL = 4 Elé.é )

FMD

b5

nono

X
X
X

=0l

c=02
11

B

e

-

wn

-

20
X

R

[

FUNCTION SINT [INTGyJsYeDXI)
INTERRATE THE FUNCTION Y(I)y WHMICK IS5 TABULATED FOR J POINTS AT
EQUT«DISTANT INTERVALS OF DOXI

IF INTG o 0y USE SIMPLE SUMMATION TIMES DXI

IF INYG = 1, USE TRAPEZOIDAL RULE

DIMFNSION Y(l}

SUMA = 0,0
bo 1n Tmled
SUMA = sUMA+Y (I)
IF ¢ INTE #FQ. 1 ) SUMA & SUMA={Y(1)+Y(J))/2.0
EINT = DXI®SLUMA
RETURN
FNO
SURRNUTINE CKLEW
COMMON / CONDA s PI+GAMMA4GRAV RO
CoOMMON # BASDA / RPLYDISPLyTMASSsYNERTBSTARIZ1) s AREA (2]
SECOE(21) oDRAFT (2]} v ZBAR(21 )4 XT (21} o XISQ(2L)
OWEIGH (21) 4IMASS(Z1) 9 ZWT(21) #GRL (21) v ZCE XNERT
XZPERTGMaMINKRI+MAXKRI » INCRESsROLNPF
COMMDN / TOR / M »SAH(21)+5BABB(21) ¢NF s OMT (25)
COMMON /. 4 TDR(21+2510)
NATA ERIs ERD / PHIM » EHDE /
PIRR = PI#3,0/3P.0
fHECKk SECTION FARAMETERS AGAINST LEWIS FORM CRITERION
no 1 I=1sM
GRAA (11 =SECOE(I)
TFIDRAFT(I1.LELR.Q) GO TO 11
SRH(TI=RSTAR{I) /(2. 0%DRAFT (1))
IF{8RH(T).LF,0.,0) GO TO 11
IF (SBH(II=1.0) Es244
TERA SECTION
SRH(TY = 0a0
60 To 1
TF {(=BBRAI(I) .GE. PIBR#(Z.0=-0AH(I}]) GO 7o G
SREBR(I) = PIBR# (P, 0=5RH{I})
an Tn 7
1F (588811} +LE, FIRR®(2.0=-1,0/8BH{I})) @0 TO 5
SRAR({I) = PTERH(2,0=1.0/5RH (1))
PRINT 2N+I+ERI«SECOE(I} 1SHBA(I)
60 Ta
IF ¢ SBRR(I)LLE. PI#(SBH(I)+1,0/5RH(11410,0)/32,0) GQ TO 1
SRER (D) = PI¢ISAM(L) +1.0/5BH(I)+10.0) /32,0
PRINT 204 IsERDSECOE(I)+SBRALT)
CONTTNUE
RETURN
FORMAT (BHO SECTIONsI34+434 NOT VALID LEWIS FORM. SECTION AREA COEF
Fa +AZ+12HCREABED FROMyFT7.4.3H TOsFTuakv21H FOR T.D.PROP. CALGS.)
FHNR
SURPAUTINE ZIPSMD (DET)
roMMON / TOR / N5+5RH(21) +SABAZ]) #NF+OMT (25)
COMMAN / / TDR(R1425.10)
COMMON , PROGRAM s STORAGE (1573, DDTy
CO(11)eSTt110COP (1LY 9 SIPI11) ySIKT (495198TKIL4ud) s
SFH(11) +SPE(11) v5DB(21) 558 (11} 95PAT1L)1vSDA(11)
EPA15:5)+EQAIS) yEPB(5) 4Bl (10011) 4EPX( 5),FOX( S}
PET & 1.0
SET P TRIGONUMETRIC FUNGCTIONS
no 1 I=1.11
¥Ia7=1
cHlIY=CNS(XI*0.157078)
SI(1)=5IN(XI#0,157078)
COP(1)3C0S(XI%0,47]1234)
SIP(T)=SIN(XI®0,471234)
ng # K=lsb
AK = Kap
AK = aK#(.157078
DN A I2145
AT=T=1
SIKI(KeI)=SIN{ AK H{2.08A1+1,0))

DH T J=lad
Ag=yg



T STKJ{KsJI*#SIN( AK 2,0,

2 CONTTNUE

c-02 LOOP OVER NUMBER OF STATIONS
DO 1005 K1m}aNS

IF ( Kl «E@s 1 ) 6O TO 85

=03 CHECK FOR CONSTANT SECTIQN PARAMETERS

KK = Kl=}
IF ( SBRB(K1).NE.SBRBB(KK)) &0 TO BS
IF t SHH(K1)4NE.SEHIKK) ) @0 TO 85

Do An  IF =1.NF
TOP(K1eIFsl) =2 TOP(KKyIFs1)
TOP(xleIFs2) = TOR{KKsIFy2)
a0 TH 1005

o

=04 CHECk FOR ZERO SECTION
85 IF ( SBAB(KI1)4LFa0e0 +OR. SBHIKY}sLE.0.0 ) 8O0 TO am

SANE3, 141559+ (SBRA (K1) %4, 0nd, 14189) #5BH (K1Y /

1((SRHIK1Y+1,0) % (SBHIKL) +1.01)

SWARE,55165=]1,8T70TA#5AN

IF (&WA) llel2sn2
11 WRITF (A4120) K}
120 FORMAT [47HOINCORRECT PARAMETERSy 2IPSMO QUITS FOR STATION #I3)

PET = 0,0

60 To 1oas
12 SAZ=2,35617+5QRTISWA)

SAm(EBHIK1)=140)/ (SAH{K]1)+1.0)#5AZ/5AN

SA=SAZ/SAN=1.0

SAAmEA®5Aad, 0RERn

GAAAmSARSAA+D . D4EARSE

SAZEa(1,0+5A)#(0a333A3+0.0666T85A+0,0ZBETESAA+D,01SATHSAAL)

YD OuSEN (De2w0s14ZRO45A=0,03T0ARSAA=0,01618854AA)

SANz- (1, 045A1%(0,06667+0,02R5T45A«0,D15BTH5AA)-9,0458

1#(0.14286+0,03704%#5A+0.01818#5A4

SF32=(1,0454) % (0.02857+0,01587#5A)=9,0#50%(0,0370440,0L818454)

SF4wa{l,0+5A}#0,01587~9,0450=0,01818

C=05 LOOP OVER FREQUENCY RANGE
88 No 1004 TFmlysNF
SFRPA w OMT{IF)#SBH(KL)

i1F { SFRPA .GT. 0.8) 60 TD 3
SAR = 0.0
5C = 0.0
G0 To 1403
3 SW=EFRPA Z1le0+5Aas5R)

SF1 = SAZ~D.7ASAD®SWE{].p+54)
SF2 = S5AN=0,7H540#5W*5H
E5B0x3a14159#SIN(SFRPA)
Do 15 Iwlsll
RI=Tal
XX = SWe((1,0+5A)¥%CO(I)+SRRCOP(]
YY = SWa(({l.0=5A)#SI(I)-5RA5IP(I
FHY=EXP (=YY)
CXECnE (XX)
SIA=5IN (XX)
S8R (T) w3, 1415545 IX#EHY
SRPA(TI®3, 141594 CNSEHY
SDA(T) =550 () =55B0%(1,0=B120,1)
BARSHRT (XX®XX+YY#YY)
BR1 = BA
TF (ABS(YY) 46T, 0.1E=5)
Beel 5708
G0 To l&
13 RC=ASIN(XX/BA)
16 RD=O
REwD
COBCP=COS (BC)
COBCaCABE2
5I1BCA=SIN{BC)
sIpCaSIne2
IF (RA .GT. 6.00 Q0 70 17
AMM = 2.0
BO=BOLBBL#COBLE
RE=BE~BR1#*5IBCE
ABR1=BD1&EA% (AMM=1,0) / LAMMRAMM)
¢OBC1mCNACE=CORC=5IBC2#SIAC
SIBCP=STIBCE*COBC+5IBC4COBCE
¢aoBC>mCOBCL
AMM=AMMa 1,0
IF1(AB1)=(0.001=BA}} Z1-21y20
21 ADw(=BD=ALOG1,781%BA})#EHY
RE=(=BE#RAC)#EHY
GAmAD*CX-DE#SIX
GEwAE#CX+BO#SIX
60 7o looo
17 ABle).0/881
no 27 MMmlsS

1
1)

80 To 13

w

o
-1

56

AMMaMM
RhwRQ=COBCERRE]1
RE=RE=51BCE#B0H1
BRlwBl4AMM/BA
CORCI=COACE*CORC-5IBC2#SIAC
51BCAWSTBCERCOAC+5IACHCOBCE
coRcpmcoscl
32 CONTINUE
GAZANmIL141592652%EHY#SIX
GR=AEe3,141592657#EHY#CX
1000 SS5A(I)mmGB
5PA(T) ==GA
15 CONTTNUE
5540aS5A(1)
SFP1x0
SFR1wD
SQa=n.05226
Do 26 Tmdyll
Alw]
SNA(T)=ESA(T) =5RA0®{]1.0=(ATL,03/10.0)
SounEq
GFMa([1.0+5A)*5T{])+3.04SB¥5IP (1)1 ®(0.15T078+50
SFA125FA1+5PA (1) #5FM
EFP1x5FPL1+5PA (1) ¥5FM
25 CONTINUE
GFOImSFO1=-0,5%5PA (1
SFR1ESFRL=0,5%SRA (1
FPA(],1)mE5A0
E£qA(1)  =g5B0
00 P7 Kaled
KKxkw]
g1R=n
52R=0
S1Am0
SRAmg
no #A Jal.S
T8UR=20]
S1A=81A+SDA (ISURY#STKT[KyJ
S18=51P+508 (ISUR) #5IKT (Kyd)
2A CONTINUE
no 25 Jellé
TSUR=Z®ys]
S2ARSERWSOB{ISURI#SIKJ(Kyd
S2A=5ZA+5DA (ISUR) *5IKJ (Ked)
CONTTNUE
FRA(KK) =0.266A8T#51B+0.133333e520
FPA (KKy1150.86666T#S1A+0.1333334524
FPA(1v2) ==5W
FPA(PsRI®=1.0=0.R1821%5W
FPA(3r2)2=EA=D,02122%5W
FPRA(4s2)m=5AA=0,00606%5W
FRA(S12)E=5AAA=0.00253%5W
FPA(1+3) ==0,333333egy
FRA[Zy3)=+D, 3819745
EPA(A-3)==1,0=0,1364248W
FPA (4,3 maSAa0, 12358450
FPA[543)==5AA=0,008695y
FPA(|rh)m=0,20%3W
FRA(Pyé)x0.1515R#5W
FEA(s4)m0a170R445W
FRA(ass)m=1,0=0,056406%50W
FRA(Esé4)m=54=0,02040%5y
EPA(1+5)a=0,1429854
FRA(2+5)=0.09903%8W
FPA (945} m0.0675R45W
FPAtLrS)m), 1142745
FRA{RsS)m=1.0=0,07428%5u
FPR{1)=].0+54+5R
FRA(A1=0,636624(0.3333338(1,0+5A1=1.80458)
FPB(313N,318318 (0.06667+0.0666T#5A+1.285T1050)
EPR(4)=0.63662% (0.00952+0,0095245A+0,11111458)
FRE{5)=N,31831#%(0,00793+0.0079345A+0,08182#50
No 100 Ix1s5
i 10l J=145
A1(I.J) = EPA{I+])
R1(l.6) = «EQAIT)
no 107 JaTeld
107 R1(Iad) @ =ne0
100 P1(I.1}) = EPU(T)
nO 1A5 TeE6e10
TJ = 1-8
H1(T.1) & EQA(IJ
no 1né Jm2eS
104 R1(T4d) = 0.0
DO 106 J=6110

1) #5FpM
1) #5FM

2

o

2

jiv

10

-

JJd = J=B
106 R1tTad) = EPA(IJrdd)
105 B1(I+11) = 0.0




ce=0g

3

o

CALL MATPAC

CALL MATRAC

IF (POT.ER.D.0)
no 35 I=1.5
FEX(1) = Bl(Is11)
EOX(T) = Bl{I+541)

SPF=rPX (1) *SFR1=EQX (1) #SFAL4EPX (2) #*SF1+EPX (3) *5F2
1+EPX (4) #SF3I4EPX(5) #5F4

RC=ARF/ (N.TB548 (1, 0+5A+50) #(1.0+54+50))

SAR=7. 1415905 wsRRRT (RPX (1) 4ERPX (1} +EQX (1) #E@X (1))

DET = 040

=07 S®TORF RESULTS IN TOR ARRAY
1003 TRR(x1sIFy)) =
1004 TOF(K1eJFa2) = SARWSAR
1005 COMTTINUF
RETURN
END
SUBROUTINE MATPAC
COMMON / PROGRAM / STORAGE (1971, DET»SPACE(181)vA(1nr1l)sSPACA{10)
DET=1a
ho & J=leR
CoAps (A rdyd)
JPIxg+l
Do 5 I=JPls10
D=ARS (A (Tad) )
IF(C=D) 61545
& DET=-DET
RO 7 K=gell
Rul (1K)
B{T.x) a8 (JeK
7 AtJex) =B
5 CONMTINUE
IF(AAS{A(Jad))) 20420418
1% no & I=JP1ls10
CONGT=A Ty d) /A LDed)
no & KzJPlell
G ACTaKISA{IVK) =CONSTHA (JeRK)
TF(ARS{A(104101)) Z20y20s18
18 no 17 Ixlel0
K = 11=T
KPlak+l
=0,
no 13 JokKP1.10
13 5=S+a(KaJ) ¥A(Je11)
12 8(K.11) m [A(Ka21)=5)/A(KsK)
22 RFTURN
=01 PRINT WARNING MFSSAGE
20 WRITF (Ae30)
NET =0
RO Tn 22
30 FORMAT ( 34HOZERO DETERMINANT IN SUBR. MATPAC )
FND
SUARAUTINE TOLR (DET)
[ THTS SLAROUTINE FERFORMS THE CALGULATION OF THE POTENTIAL THEORY
[ ADDER MASS AND WAVE DAMPING PROPERTIES OF TWo=DIMENSIONAL LEWIS
I FORME IN LATERAL AND ROLL MOTION MODES. THE METHOR EMPLOYED IS
c THAT QF FUKUZQ TASAIy ¢HYDRODYNAMIGC FORCE AND MOMENT PRODUCED @Y
4 SWAYTNG AND ROLLING OSCILLATION OF GYLINDERS ON THE FREE SURFACE#y
c IN RFPORTS OF PESEARCH INSTITUTE FOR APPLIED MECHANICSs KYUSHU
[ UNIVERSTTYr JAPANy VOLUME IXs NUMBER 354 1961,
c GEE 4L50 REFOWT AY Ja He VUGTSs #THE HYDRODYNAMIC coEFFICIENTS FOR
c SWAYTNG, HEAVING AND ROLLING CYLINDERS IN A FREE SURFACE#s REFORT
c N, 194 (IN ENGLISH) OF LABDRATORIUM VOOR SCHEEPSEOUWKLUNDE,
[ TECHNISCHE HMOGESCHOOL DELFT, THE NETHERLANDSs JANUARY 1968.
I FFRRUARY 1970 = OCEANICSs INCs = A. I, RAFF
4 - PROJECT NOa« 1093 (S5C=S5RE PROJECT SRm1T74)
[ AASTC INPUT AND OUTRUT VARIABLES
r HO = HALF=BREADTH TO DRAFT RATIO
[4 816 = SECTION AREA COEFFICIENT
c XIB =z NON=DIMENSIONAL FREQUENCY PARAMETER [OMEGA=-SQUARED OVER
[ GRAVITYs TIMES HALF=~EREADTH)
o ®(I} = ADDED MASS AND DAMPING RESULTANT ARRAY IN NON=DIMENSIONAL
[ FORM [ A% IN VUGETS. ABOVE )

57

ann

=01

o
a

C=03
13

-]

»

C=D4

AB XA

C=06&
29
90

e=07
3q

X
DIMENSION ERM({15)

FEEER RS

¥
ERROR RFTURNS

M = NO. OF TERM& IN P AND @ (POLYNOMIAL) SERIES (SET = 9)
N = NO. OF POINTS ON CONTOUR FOR LEAST SQUARE FIT (SET = 15)
N} & MO, OF INTERVALE FOR NySUBm0 AND XySUB=R INTEGRATION (Nl-Nox)

COMMON # TDR / NS¢SEM{Z1)158BB(2]1) +NF,0OMT (28)
COMMON / 4 TDR{21+25410)
fOMMON / PROGRAM / STORAGE (69)4A (150100 0Y(16) Y1 (16)+R(B} e5(0410) s
COEFFl(16})s COEFF2(16)s SEC1{ 9)s SEEA( 51y PEO(1AY)S
PEOI1E) 921 914211 914X5(16)4YS(16) 4P (D) 40 (9
NATA ERM /RHNEGATI,
&HILL=BE.
GHAL + A,
AHNEBATI s
SHENERGY s
FIe3, 1415927
DET = 1,0
T4 2 0

6HVE CONy
GHHAVED
&6H3 CALCY
GHVE FREy
&H BAL, v

&HTOUR o
CHMATRI Xy
&H ERRORW
GHQUENCY
6HERROR

LOOPF OVER NUMBRER QF STATIONS
RO 185 KlmleNS
HO ®» SRH(K1}

RIG = SBAB(K1)
IF ¢ K1 .EQ. 1 ) GO TD 85

CHECx FOR CONSTANT SECTION PARAMETERS
KK = Kl=1

TF ( SBRB(K1).NE.SBRB(KK))
IF  SBH{K]) yNEJSAK(KK) )
00 A IF =lyNF
no An Jm3el0
TRR(K1vIFsd) =
G0 Tn 105

G0 TO BS
G0 TO a8

TOF (KKeIF s}

CHECK FOR ZERD SECTION
IF { SI8.GT.0,0 LAND,
PO AR IFElNF

nO A Je3dsl0
TOP(KL«IFs )
&0 Tn 1nS

HO.6T.0.0 ) GO TO as

= 040

COMPUTE GEOQMETRIC PARAMETERS AwSUHw] AND AySUB=3
o a0+

XA#XA

1.0mKHD

XC'XC

XR =
¥ =
XN ©
AR =
ce= 1&.“5!9“H0/(PT°XB)

AA=CeeRRad.

RE=R, #(BR+CC)

CC = CC=4a0®HO/XR

23=(=BH-S0RT (HALAB=4.#AARCE) ) / 12, ¢AA)
A1 = =XE#(1,0+43) /XA

Al3=1.+pl+ad

aA13=Al3#A13

TAR = 3.0%A3

¢HFCKw THE RESULT

IF (aB5(HQ=A13/(1.0=814A3)) .GT. 10.E=8) GO TO 29

TF (ABS(SIG=PI#HO#{1,0ma1l®Al=TAI®AI}/ (4, 08A813)) WLF. 10,E=8)
G0 TO 3a

TX = &

IX = t¥al

PRINT 97+ ERMI34IX=2) «ERM(30]X=1) yERM{I®IX) +HOsSIG¢XIB
NET = 0.0

™we=0

A0 T 105

SFT 1) VARINUS CONSTANT FACTORS
N = 15

Ml = N o+ 1

FAC e N1

PN = PI/(240%FAC)

CC = PN/3LO

M =

Mea

MR = M

CONBTL = =TAS#RT/4,0

CALCULATE FUNCTIONS OF THMETA AROUND SEGTION GONTOUR
BN 3R ImlyeNl

FAC = 1

88 5 PHoFAL

IN(3,#55)
[(lawAl) #555=47¢5T5) /813
((la=Al)#CS5+A3%CTE) /813

Yo =



c=09

w
W

3
34

6

c=13
37

40
c=15

TF TABS(XD) JLT.104E=6) X0 = 0.0
IF (8BS (YD) LLTe10.E~R] YO x 0,0
TF (x0alTe 040 AR ¥Y0WLTa 0.0}
¥G(T1 = XO

YS(Ty =B YO

COEFFliTi= (la=a))®#5554TAT#STS
COEFFR{I)E [1y+AT) #ALRSIN(E, #E5) =24 #AIPSIN (4. %55)

G0 TO 30

CAL.CULATE PySUR=0 COEFFICIENTS FOR SwAY AND ROLL

IF ( T«FB.N1 ) &0 TO 32
A(Te1) = YO

R(T.MP) = XO#X0+YO*YO=140
rONTTNUE

Lonp OvER FREWUENCY RANGE
na 1n&  JFIYaNF

%tR = OMT(IF)®Hn

IF (¥IA) 85,70+3)

FONSTE=PT#XIB/6.0

CALCULATE STREAM AND POTENTTaL FUNGTIONS
PN e TalaNl

¥0 = XH5(D)

¥o = YS(T)

¥X = XDUXO+YQUYH

¥k = XIR#XO

Xk = STIN({XK]
CXE = GRS (XK)
FkY = EXP(=X]g®#y0}

CALCULATE § AND S SERIES FOR WAVE INTEGRAL APPROXIMATIONS
IF (Y0.ET. 0,0000001) GO TO 33

XI = PI/2.0

ao Tn 34

XI = ATANZ(X0+Y0)

¥4 = XIRWSQRT (XX)

¥A = XA

XEC = XA

XN = 10

06 = 0,B7721G6A49 + ALOG(XA)
PSS =

G58 = COS{XD)

558 = SIN(XI)

CTS = €58

&TE z 558

RO = QOLXA®CTS

bS ¢ PS.XA%ETS

M = XN+l.0

¥R & XB#XC/XN

XA = XR/XN

1F (XA.LT, 10.0E=7 ) GO TO 37

XI e CES¥CTS-S55#5T5
TS = SS5#CTH+C5805TS
£TS = XT
G0 Tn 28

WAVE INTEGRAL APPROXIMATIONS
XA =ERY® (QR¥CKK (PS=P]) 45XK)
XA SFKY® (QQ¥SXK=(P§=P1)#CXK

COMATNE TERMS FOR P51 AND PHI
¥X = XX#XIB

FEY = EKY®FT

Y(I) = EKY*CXK

Y1(Iy = EKY®SXK + XA =¥D/XX
RED(T) ® =EKY#5KK

PS0(1) = ERYRCXK = XB +X0/XX
¢ONTYNUE

COMRLTE INTEGRALS FOR MySUBm0 AND Xs5UB=R EVALUATIONS
¥4 ® PCO(N1}¥COEFFL(NL)

¥R = PSO(NL)®COFFF1(NY)

X = PCO(NLI“COFFFZ(NL)

XM = P50 (N1)#COFFF2INI)

PP o =1,0

pn as 1 claM

PP = =FP

on £ 3,04+PP

¥A = XA+PQWRCOQ(T)I#COEFFL(D)
¥P = XBaPQ*ESD(T) #COEFFL(I)
XC = xC+pQ*RPCO(T)#COEFFR(])
xM = XN&PQ#PSO (1) *COFFF2 ()

YTy = y(I)=Y(N1)
¥1ET) = Y1(1ia¥1(nND)

RETFEMINE ALL COEFFICIENTS oF P AND @ SERIES
nG &5 TELeN

Fat = I

55 = PNaFAC

AA = +1,0

58

S5
=17
c

&2

~0

c=17

=17

o

-3

LT

o®

c=17

c-18

PR = COS({85)

P& = E.N¥PREPR=1.0
YR = PE

PR w 2.0RPSeRS=1,0
XI =z SINIES)

K o= ZaOUXT4RR

XB e XX

YK = Z.D#XR4PS

00 = 0.0

No 86 J=MMM

o0 £ gQ + 2.0

SXK = A1/(Q0+2,0)

CXK = TAS/(0U+4,0)

RA = YR¥RR=XR#XT

PP = PORPSuXKPXY

A(TwJ) = BB + (XIB/A13)#(YR/QQAPRASGXK=PP#CAK+AAY (1, A/RA~SXK=CAK) )

¥vP & PR

PG = PR

XR = XK

XK » XR¥PS#YR¥XY

IF ( LaNME.N ) &0 7O 50

FP o QReQ@

FD = (QQ+2.0)#(OR4E,0)

FR = (QO+4,0)% (QGU+4.0)
= {QQ+1.0)4(00+140)

ES
XQFC\(J) = XIB#AA®((1.0/(EP=140) =Al/(E@=140) =TAA/(FR=1,01)%

(1,0=A1) +TRI¥(=1,0/(EP=9.0) +Al/(EQ=9.0) +TAD/(ER=940)})
SECP(JA = AA#(2,04A1%(1.0+A3)/(ES=4,0) +B,0%A3/(E5-16,0))
AR = =4A

COMTTHUE

&S0LVE SIMULTANEOUS EGUATIONS FOR P AND @ SERIES.
FORM M RY M COEFFICIENT MATRIX BY LEAST SGUARES METWOD

nn 7 IelaM
nn ot J=TM
B(Iat)i=0a

nO & KaleM

S{la)mB(Ie ) +A(Ky I HAIKy )
StdaTi=sile)

FOPM RuHaSa (M VECTOR) 8Y LEAST SQUARES METHOD
NG & I=1sM

Fily=0,.

71(1y=0.
no & J=leN
EASRETAS SR NS SEA AN}
ZIAIISZIAT) +A LU TN #YL (L)

INVFRT COEFFICIENT MATRIX, TT REPLACES ORIBINAL MATRIX
NGO 1N T=lem

NS J21M

StJdeMPleld,

S(famP)=ls

PIVes(IaT)

IF (ABS(DIV)WLT. 10.E=18)
no & Jd=]4MP
S(Iadlas{ls)/RIV

ho 2 Jal.M

JF(I.EQ.d) G0 To 2
FaC=5{(J.T)

hO 3 K=lWMp
Sldpk)=REIaR ) =5 (ToK) #FAC
CANTTNUE

no R Jsl4M

Sty =5 (JaMP}

CANTTNUF

60 TO 92

CALCULATE P,SUR=RM AND Q.S5UR=-2M SERIES
RO 11 IelsM

P(T)=0O.

Riltal.

o o1] Jd=leM

PIIY =BTy =S (I ¥Z L)

UM ERIII+5 (I ) ¥21(N

CALCULATE NaSUR=O » MsSLB=0 v X,5UB=R AND Y,5UB=R
AP

= 0.0
PO = 040
PR = D40
PR = 0,0
RO AL JaReM
PP = PRupyesFEL ()
PR = RFO+Q(NBEERLL)
PR = FR4+P(JIPSELD ()
05 = PS4R(J)HSECP (I

FHO = [=XA#CC+CONSTI¥R(2))/A13=PP/AALS
FMO @ (=XBOLC+CONSTI#G(2)) /013 =PA/AALD
XAz XCHCCLCONSTR# (ALRP(2)uald®R (3) ) «FR) /4413
YR = (XNMCC4CONST24 (AI®R(2) =A3%Q(3)) P51 /0413



€=19 COMRTNE TERMS FOR FINAL RESULTS
PP = P{1)#R(1] «p(l)#Q(l)
QQ = FMA #P{1} «FNO 4Q{L}
BQ = FND #P(1) 4FMO 9Q())
PR = XR ®P(]) « YR *@(l)
BS = YR ¥P(l) - XR ®Q{1)
IF (MM.ERLLY GO TO 67
c=z0 sWAY RESULTS

C=21

Cc=22

t=23

[

soaran

XX = ARS(QO#Z.0/(RPIHRI) =1,0)
IF (XX4LT40,0250 ) GO TQ &%
IF { ABS( GD-“.?SAB)/AMAXl(ABS(FHD'PIl))uABSlFNOQﬂ(l))) «GTs Dalg
x =1
&5 XK mw HOZ(SIGHPR)
R(1) = XK#PO
B(%) = XK¢PR
XK =XK¥EORT (XIR)
R(PY = PISRI4XK/2,0
Ri{a) = XW#pPg

swITeH COEFFICIENTS FOR SURSEQUENT ROLL OR SWAY CALM.
&R NO &A  IslaN

¥ = B {TeMP}
AUTaMP) = AfIs1)
A(Ta1) & XK

IF ¢ MMER. 1)
My =

an Tn 67

&

™

G0 TO 96

FOLL RESULTS

&7 XT = ABSIPS#8.0/(PI*PI) =1.0)
¥R = HO/ (& D#SIGEPP]

R{G) & XKePR

R{T) = XK#RQ

¥K @m XKK®ZQRT(XIA)

R{E) = PIPI#xK/R,0

R{RY = xkeQa

GO Th &R

7ERD FREGUENCY CALCULATIONS
T0 xA = l,0=Alepnd
XG = XA#XA
Rtl) = PI®((1,0=01)"%2+TADuAS) /(4. 0%HOSTGRXC)

XA @ Al#(le0=alu(l,0+A3)~A3® (4,04340443)/5,0)=A3%(0,B0~]12.00A3/7.)
XC @ 2.0%HO/(SIn*AAl3#AL0)

R F =XCEXB/3,0

RI5) = XCHU{AL#H(1.0+43) ) #4240, 0%ADR(AL+AI® (414240} /9,0)/(PIwALD)
R(7y = R

no 77 IeZs8.2
72 R(TY = 0.0
G0 TA 103

FRROP RFTURMS
96 IF { IX.Fia0 )
95 IX = IX « 2
92 Tk = Ix + 2
PRINT 974 EPM{3#IX+2) sERM(3#1X=1) tERM(3#IX) +HOV51B4+x18
IF ( IX.LT«5 ) GO TR 53

PRINT 994 Py &

PRINT 914 FNOsFMO4XR4YR

80 TO 103

93 IF t IX,LT«5 ) BDET = 0.0

¥ e 0
25 STORF RESULTS IN COMMON ARRAY
103 MM = 2

00 89 I=le8

JoE 142

69 TORPIKLYIFyd) = R(I)
104 cONTTNUE
105 QONTINUE

RETURN

97 FORMAT (3EHOSTOR IN SUBROUTINE TOLR DUE TO 4 3A6 # »0H PARAMETERS
Xm HO = v FlOy4y 3Xs &MSIB = o FlOaGy 3Xy 6HXIB m 4 F12,58)
99 FORMAT ( 11H P SERIES = 4 9E13.a / llH § SERIES = , 9E13,4 )

91 FORMAT (BH ND =4 El2u4v &My MO =y E1R2.8% &He XR =y El1Ruty &Hy YR =

x v El2.e)
END

SURPAUTINE ALINT

INTFRPOLATE ALL REGUIRED TWo=DIMENSIONAL PROPERTIES AT PARTICULAR
FREQUENCYs FOR aLL SECTIONS. USE CONTINUED FRACTION METHODs WITH
SIX POINTSy THREE ON EACH SIDE OF GIVEN POINT. ADAPTED FROM
SURROUTINES ACF] AND ATSM OF #5ySTEM/360 SCTENTIFIC SUBROUTINE
PACKAGEy VERS, I1I¢s IBM RUR, NO, H20-080%-3 {1968),

59

COMMAN / RASDA / BPLYDISPLYTMASSsYNERTYBSTAR(21) yARFA(Z1) s

¥ SECQE(BL) yORAFTI2L) 1ZBAR (1) +XT (21) s X15Q(21) »
% DWEIGH(21) ,OMASS (2114 ZWT(Z1) »BRL (2] 4 2CG v XNERTy
13 XZPERT1EMyMINKRI ¢ MAXKR] « INCRES y ROL pPF

COMMAN / TOR / NSe58H(Z1)+SABEB (21 +NF 2 OMT (25)
roMMON /7 TDRI(R1425510Q)
COMMON / TDTR / WEsWENJANS (219103 9KLeKUI0,THW
RIMENSION VAL (E) vARG (6)

£=01 L00P UVER NMUMBER QF STATIONS

no RO Klslens

KM = KL

X = WEMSORAFT (K1)

=02 rHECk FOR ZFRQ SECTION

IF ( DRAFT(K1) ,6T, 0,0 )

No 7 K=KMyKU

ANS(K1sK) = 0.0

G0 To 20

GO TO 1

-

CHECKk IF X I$ IN R4NGE
1 IF ¢ X .LEa OMTINF) )
2 JJ = NFe3

AN T &

GO To &

RINARY SEARCH IN QMT ARR4AY FOR X
5 J = wnF

T =
K = (JeD)/?
IF (X WGTe OMT(K) )
Jo= ok
ROTh 9

GO TO A

]

T =¥
TF « TABS(J=I) .6T. 1 3} GO TD &
Jdo= 1

o

C=0%  OMT{yJ} IS8 JUST BELOW X [N aRRay QMT
IF t JJ=2 .GTa NF ) BD TO 2
IF (W 4GEs 3 ) GO TO &
TF t JJ 4GTa 1 40R, KL .6GT. 1 ) 60 TO 3
FRFEGUENGY PARAMFTER NEXT TO OMT(1)s ZERD FREQUENCY
KM = 2
TF ¢ X 46T 0.0 ) 80 To 33
ANS{KL¥1) = 1,0F7S
t0 Tn 3
33 ¥H = 1.0+B5TAR(w)) /{2, 00DRAFT (K1)}
AM%(K;OI) = TDP(KIvE-ll“(O.?j-ALDG(X“XH))/(o.EB-ALoG(OMT(E)“XHH
3 U=

SET LP LOORS aMD sSTORE VALUES FOR INTERPOLATION
& ho e KeEKMWKY
KK = JJd=3 44/ (K&Jd)
no 11 ImleA
TH = KK+
VaL(T) = TOP(KLl4IKsK)
11 BRG(T) = OMT(IK)
Bl = la.0
BR = VAL({1)
= 0.0
82 = lan
WHN = 1,E7%

COMTTNUED FRACTION INTERPOLATION LOOQP

na 1»  T=2+6

JE = D=1

PO 13 JS1eJE

Ho= yAL(TI=VAL()

TF { RaNEa0.0 3

vaL(T) = 1.E7n

Gn Tn 13

1h VAL{T) = (BRR(I}=ARG(J))/H

13 FONTTNUE

XHN

VAL (1) #Pd+ (X=ARG (I=1))+P1
Q3 = VAL (119024 (X=ARG(1=1)) 4R}
TF ( @3.NE+0.0 ) GO TO 1§
¥HN = 1.F75
&0 Th 17

15 ¥HM = P3/Q3

17 1F ¢ ABS(l.0=XHN/XH) LT. 0,02 ) GO To 22
Pl = PE

-] P3

nl = Qe

GO TO la

L

0® = 03
12 coMTTNUF

C=0% §TAPF PFSULTS
28 ANS(K1sK) = XAN

)



16
20

o

e

¢=07
1%

2

LY

2

[

»

in

P8

£

o>

C=04

AANTTNUE
CONTTNUE
RETURN
FhD

SUARAUTIME COEFF

COMMON / CONDA / BPIyGAMMASGRAVIRO
chMMAN 4 BASDA # RPL+DISPLyTMASSyYNERT+ESTAR(ZL) vARFA{Z1)

x SECOE(21).NRAFTIZ1) v ZBAR(2)}) #X]1 (219 X1801210
3 DWEIGH (211 +DMASSIZL) +ZWT(21) #GRL{21) +ZCGY KNERT
% X2ZPERTeGMyMINKRI v MAXKRI « INCRESyROLNPF

COMMON / TOIR / WEsWENsANS(21910) vKLo KU I04IW

COMMON # MIMD / TAsNSsDXIsVyWANGyOMEGAsWAVEN CWaDIX (2145) vFACIWA
COMMON / EGMO 7 CVI1Z)aCLI27) pZWaMWaYWaNWakY

FOMPLEX 2W MWy YWaNWKW

coMMaN / PROGRAM / STORAGE (442)+F(10)4FX(10)9FA5(4)4DF (5)4DFX{E)
X OFXS{2Y¥(21)

TT = IA

M3 NS

¥ = DXY

TV = 2.0%y

¢ALrULATE REQUIREL INTEGRALS OVER SHIP LENGTH
ne 1p KeKLekU

np # IxlaM

Y{TY = ANS{IsK}

F(K) & SINT{ITeMaY4DX

IF t {(K+1)/Z.ER.4 ) GO TO 1n
ny a4 IelsM

vy o= ¥ i) exI(I)

F¥(K)s SINT(ITsMeYeDX)

IF ( KaGTue4 ) 60 TO 10

e 6 I=lM

YTy = Y{*XIMT)

FX5 kI =SINT L ITeMsYyDX)
CANTTNUF

AT o SINT(ITsM.BSTAR,DX)EBAMMA
0o 13 I=leM

Y{TY = ASTAR{IN#XI(I}

BXT = SIMT(ITsMaYsDX) #GAMMA
Bo la  TmlsM

Yoty = YODYeRI(T)

RYST= SINT(IT4MyYsDX)*BAMMA

INEREASE ROLL DAMPING (TO ACCOUNT FOR VISCQUS EFFECTS
F{R) = F(B)«ROLDPF

IF ( KL.GT«2 ) 8Q TO 19

FAC = RO/SGRT (WEN##3/GRAV)

F(P) = FI2)RFAC

Fe{P) = Fx{21#FaC

FX8(P) = FAS(2)#FAC

CALCULATE REQUIRED DERIVATIVES AND THEIR INTEGRALS
THX z Z.NH¥DXI

MM = M=1

Ne 2n KeKLaKUe2

kK = (K+1)/2

NTX{1eKK) & (ANS{1sK)=ANZ{2,K))/DX]

DIX{MeKKE) = (ANSIM=1sK)=ANS(MsK) ) /DXI
h 22 Ta2aMM
OTX(TeKKY = (ANS{T=1sK)=ANS(I+1sK))/TDX

no pa TwliM

YT = NDItTARKY

BEIKE) = SINTLITyMpYsDX)
TF t KK.FO.¢ ) 60 TO 20
no 25 TaleM

YTy = Yty eaI(T)
BEX(KK)=  SINTUITwMsYaDX)
IF ¢ KK.GT<2 ) a0 TD 20
RO 2A TmlsM

YITY = YD) AXIOT)

MFXS (KK1% SINT(TTeMeYs0X
FONTTNUE

TF ( KL,GTa2 ) - GO TO 30

FoRw COEFFICIENTS FOR VERTICAL PLANE MOTIQNS (HEAVE + PITCH)
eVl 1) = TMASS+F (1)

eVt P) oa F(2)=V*DF (1)

¢yt 2 = 81

eyt ey = FX(l)

CY( 51 w FA(21=V¥DFX(1)=Tyver(1

eyl oR) = BRTI=VEEY(2)

EVeL 7Y = YNERT+FX5(1)

eye Al om FXS(21AVeDFXS (1) =TyeFX (1)
oy 91 = BXSI«VeFX(2)+VEVEDFY (1)
evtln) & FX(l)

60

CV(11) = FX(2)=y*DFx (1}
cvilip) = BXY
TF © KULLT«3 ) @0 TO 40

C=05 FORM COEFFS, FOR LATERAL PLANE MDTIONS (SWAY, YAW » ROLL)
30 Ll ) = TMASSeF(3)

CLt p) = Fl4)=yeDF(2)
CLt A1 = 0.0
Ll &) = FX(3)
CLY B1 m FR(4)=y¥DFX{21=TV*r (D)
ELt A) = =VeCL(2)
cLt 7) = =F(5)=206%F (2)
CLt R) = =F(Ll0Y=ZCG=CL (2)+VeDF (5)
€Lt &) = 0.0
CL(1n) = FX(3}
CLILY) = FX(4)=y¥DFX(2)
cLt1P) = 0.
CL(13) = YNERT+FX5(3)
CL(1la) = FAS(4)=V*DFXS(2)=Ty*Fx(3)
CL{1S) = =VaCL(11)
CLil6) = =XZPERT=FX(9)=ZCO¥FX ()
CL(1T) = =FX(10)=~ZCGHCL(}1]1)«V¥DFX(5)
CLITR) = 040
cL(l®} & =F(5}=7CGRF (3)
CLE?A) m =F{6)=7CGRCL(Z] +V4pF (5]
cLiR1) = 0.0
CL(R7) = <XZPERT=FX(5)=ZCO%F%{3)
CL{PY) B aFX(6)=2CG#CL(L])+yeDFX{3) =Tyl (10
CLIP&) = =V#CL(P0}
CL{25) B XNFRT+F{T)+ZCGH#F (F)=ZCG*CL (17}
Cl(28) & F(E)=ZCGUCL (20} +20a# (F(10)V4DF{5) ) =V¥DF (4}
CL(PT) = DISPL¥GM
40 RETURN
FND
SUARAUTINE EXCITE
comuaN / CONDA / PIJGAMMAZGRAV,ROD
COMMDN / BASDA / BPLeDISPLTMASS+YNERTsBSTAR(21) sAREA(21Y
% GECOE (21} yDRAFTI(211 yZBARIZ1) o XTI (21) s XISO(RLY Y
X DWEIGH(2L1) «DMASS(21) «ZWT {21} vGRLIZ1} 2 ZCG XNERT
H XZPERTyGMaMINKRIvMAXKRI » INGRESsROLDPF

FOMMON / TOIR / WE+WENyANS (214107 +KLaKUs IO TW

coMMON / MIMD 7/ TAsNGsDXIaV,WANGIOMEGA WAVENCWyDIX(2115) sFACIHA
COMMON / EQMO 7 CV(12) s CLIBTY s ZWrMW A YWONWIKU

COMPLEX ZWsMWaYWoNWaKW

ROMMON / BMDA / CXFST{E1)sBXFL {21) yCXMR (211 «SBMM (51,3} »SBMP (E143)
COMPLEX CXFSTCxFLICXMR

COMMON / PROGRAM / STORAGE (457)sY(21)sW(21)

TT = IA

M = M§

hY = DXI
WN = WAVEN

CWan = COS{WANG)
GWaM = SIN({WANG)

01 CALEULATE WAVE EXCITATION AT EACH STATION

0o 3c T=lwng
XKCR = mWMBXTI(T}®CWAN
TR = COS(XKCHE)
SXK = SIN(XKCLH)
EXY e =EXP (=WNNRAFT{I) ¥SECOE(T) ) #WA
¥A = BSTAR(IVEWNESWAN/B.O
IF « XA.F8,0,0 ) GO TO 12
FXY = EXY#SIN(XA) /XA

12 IF  KL.BTy2 ) 80 TO 10

¢=02 FORM VERTICAL FORCE COMPONENTS
FKL = GAMMA#BSTAR({I}~WN*GRAVEANS(Iv])
SKL m WNRCWH(ANG(TvZ2)#FAC=V4DIX(Ivl))
ox = ( FRL*SXK=SKL®CXK) *EXY
X = [ FEL®CXK=SK| #SXK)¢EXY
CXFEY{I) = CMPLX(CXaS5X)
TF { KU.LTe3 ) GO TO 20

C=03 FORM LATERAL FORCE COMPONENMTS

10 FKL = GRAV¥(RO®AREA(I)+ANS(143)=WN*ANS(Is51)
KL = Cw# (ANS(T46)~V#DIA(T42) #WN#VEDIX(T23})
FXY = WNSELY*SWAN

£Y = [ FEL®CXh+SKL¥SAK) *EXY
SR = (=FRLOSXK+SKL#CXK) REXY
CXFL{I) = CMRLX(CXs8X)

€¢=04 FORM ROLL MOMENT COMPONENTS
FkL = GRAV®(RO#(BSTAR(I)®*#3,/12,0=AREA(I)¥ZBAR(L) ) =ANS(I45))
b =ZCGRFKL
SKL = CW¥(=ANS(T+6)+V+DIX(T,2))ZCG#EKL
C¥ o [ FRLHCXK+SKL=SXK)*#EXY

PM{Tn) = CABS(RA)#57,295779

FR(Tn) = ATANZ (REAL{RA) sAIMAG(RA))©S57,255779
20 RFTURN

FND



61

SX & [=FKL®SAK+TKL*CYR) ¥EXY
CXMR(I) = CMPLX{CXe5X)

30 CONTINUE

IF ( KL.GT.2 ) GO 7O 40 SURRNAUTINE RENDSH

¢=0% INTEGRATE VERTICAL FORCE AND PITCH MOMENT COMMON / CONDA / PI+GAMMAsGRAVRD
DO 37 TeleNg COMMAN / MHDT / HDA(14)9DTADTAYIBsICYIDYIECIFy TG IHsIT+1J9STE(E)
¥tIr m RPEAL(CXFST(I}) COMMON # BASDA s BPLyDISPL,TMASS«YNERT+BSTAR(21) vAREA{BL)

32 w(Iy AIMAG (CAFST(I)) 4 SECOE(21) yDRAFTI21) #ZBAR(2) Yy XT (21) v XISO(21)
€Xx = SINT{IT+MeYsDX) X DWEIGHIE1) yDMASS 21 9 ZWT(21) vGRL (21) +ZCG¥ XNERTy
8Y = SINT{ITeM,WsDX) X XZPERTeGMsMINKRI +MAKKRI ¢ INGRES ¢ ROLNPF
7W = CMPLX(CXe%X) COMMON / TQIR / WEsWENPANS (210100 oKLsKUsIOWIW
PO 73 I=1WNS COMMON / MIMD / TAWNSeDXIvV,WANGyOMEGAsWAVEN(CWaOIX (2195)9sFACINA
viIy = y(hiexItn COMMAN 7 BMDA / CXFST{Z1)+CXFL(21) vCXMR(2]) 4 SBMM {51421 v SRAMP (51 43)

33 Wil = wilieRl{y) COMPLEX CXFRTHCXFLCXMR
cX = =SINT{ITeMaYyDX) COMMON / MOTI / ZRsTReSRsYR+RR
£x = =SINT{ITsMsWsDX) coMeEX ZRsTRISRYR4RR
MW x CMRLX(CXv5X) coMMaN / PROGRAM / CLEM(S1+3) vCLEH(S5142) s 5PACE(BO) y§HM D) ¢ SHP(3),
IF { KU.LT.3 ) GO To 5o X BMM(3) s HMF (3} «WET ¢+ ZRDy ZRDO« TRO+ TROD 4 SROy SRON s YRO,, YRODIRRD Y

RRODYCTFST(2143) 4AWB
¢=0h TNTEGRATE LATERAL FORCEs YAW MOMENT AND ROLL MOMENT COMPLEX WEI+ZRD2ZROD9TRDy TROD+SROSRODYRDyYRDDRRD . RADD,

40 DD 4p  TI=14NS X CTFSTy4.R
Y(I = REAL(GAFL (I))

42 wiTy = AIMAB(CAFL (1)) €m0l EET UP CALCULATION PARAMETERS
X w SINTUITyMaY4DX) WET = CMPLX(0404=WE)

X SINT{ITsMyWaDX) L o= (KL=8) /4
YW = CMPLX(CX95X) Ju B (KU+B)Y 4
RO 43 Jalsng HH = DXI/240

Y1) = YtIlexI¢ny NT = NS=1

43 W) = W(DexXI(1)

CX = BINTUITaM.YsDX) €=0F CALCULATE TOTAL LOCAL LDADINGS AT EACH STATION
5% = SINT(ITaMsWsDX) IF t KL.GT,2 ) GO TO 1

NW = CMPLX(CX#5X)

no 4a  I=leNS €=03 YFRTICAL FORCE COMPONENTS

¥tI) = REAL(CXMR (1)) ZRN = ZPWWE]

44 WL = AIMAG(CXMR (I)) TRD = TRwWEI
¢¥ = SINT(ITeMeYaDX) ZRO0 = 7RDH*WEL
8% = SINT{ITsM.WesDX) TRDRh = TRO#WEL
KW = CMPLX(CX18X1 nn 10 T=1leNS

80 RETURN 10 BTFST(T4l) = =(NMASS{I)+ANS(1s1))®(ZROD=XT (1) *TROD) =ANS(I41)%
FND 2a)#VETRD =GAMMA*RSTAR(I)® (ZRmxT(I)#VR) =lANS (I42) %

FAC=y#DI¥ (141) )¢ (ZRD=XI (I} ¥TRO+V*TR) «cXFST(D)

IF ( KUJLT.3 )} GO T0 1&

SURPOUTINE MOTION €-04 LATFRPAL FORCE AND TORSIONAL MOMENT COMPONENTS
12 SRD = SPeWE}

COMMON # TRIR / WEsWENsANS (219100 vKLyKUsI0,1W YRD = YP#WET
COMMON / EQMO / CVI12)vCL 2T v ZWoMWa YWINW oKW RPQ < RAWWETY
COMMAN 2 MOTI 7 ZAsTAsSApYA RA SPDD = SRDHWEL
COMBLEX ZALTAsSAIYARA YEDD B YRD®WEL
coMMoN / MOTN / ZM(51)a7P {51) « TM{S1) ¢ TP(51) SM(S1), 5P {51 s YM(51), ERDD & RRQUWEI
R YP(51)9RM(B1) 4RP(S1) no 14 Talens
COMPLEX PaQuRaSeTrlUsVoWaXeZW MWy YWaNWIKWDEN CIF=T(Ie2) = = DMASSIT) = (SRDD+X1 (1) #YRDOD=ZWT (1) #RRON)
WES = WESWE 4 ¥ =ANS(Iv3) ®(SRON+XT(I)¥YROD=2,08V*YRD) - (ANS(Isa)=Ve
W2 = =WE X DIX(I+23)*(SRD+XI (1) #YRO=VaYRZCGRRRD) » (ANS{I99)+
TF ¢ KL.GT.7 )} &0 TQ 10 x 2CG%ANS(I+3) J#RRDD « (ANS{I+10)-v#DIX(§,5]))®*RRD

X +CXFL(I)

ce01 VERTICAL MOTIONS COMPUTATIONS CTF&TIT93) = =DMASSII)®{GRL (1) *##2#RROD=ZWT (1) * (SROD+XI (1) #YRDD

P = CMPLX{CV( 3)=WES®CV{ 1) WXeCV({ 2)) 1 =GRAVHRR] ) =GAMMA® (BSTAR (1) ##3/17.~AREA (T} ¥{ZBAR{I}+
0 = CMPLYX(CV( RI-WESHOV( 4) ¢WX#CVL 5)) 2 706G ) *RR ~RRODE (ANS (I 7)«ZCOR (ANS(ToS 1 +ANS(149) +7CE¥ANS{T 1))
P B «CMPLX(CV(12)=WES*CV(10) sWX*EV(11}) 3 ATCOHCTFET(Iw2) 0T +RRO® (VS (DIX{To4) +ZCOR (DIX(Te2)
5 = CMELX(CV( 9)uWESHTV( 71, WXSCV( 8)) P +OTXII45)4ZCORDIX(T42))) =ZCG (ANS(Ie10) 4ANE(T46)
OFM ¢ Pes-Raq 5 “7CEHANS (174) ) =ANS (I98) =ROLDPF/BPL) + (SRDO+XI (1 #YROD=2,0%v#YRD)
74 = {Zweg=MW+0) /DEN & WIANS(Ie5) #2CGRANS (I93}) +(SRDaXI(I)1#YRD=VHYR)®
T4 = (PHMWrR+ZIW) /DEN 7 (ANSCT4&) sZCHE¥ANS(Tyd)mVu (DIX(Ie3)+ZCG*DTXLI+2) ) ) +CXMRIT)
IMIIn) = CARS(ZA) 14 COMTINUF
FPUIO) = ATANZ(REAL (ZA)+AIMAG(ZA) ) ¥57.295779
TMITn) = CARS(TAY*S7.B3%778 e=05 LO0P OVER STATIONS FOR BENDING MOMENT CALCS,
TRIIn) = ATANZ(REAL(TA) yAIMAGITA)) #57.295779 16 KRIT = MINKRT
TF { KU.LT.3 ) B0 TO 20 IF { KRIT.G6T.0 )} GO TO 18

¥¥ m XI(1)+HH®*{1.0=1A)

€=02 LATFRAL MOTIONS COMPUTATIONS a0 Tn 18
10 & = CMPLXICL( 3)=WESYCL( 1) WxeCL( 2)) 1A XX = XI(KRIT)=HH#(1.0+14)

@ = CMPLX(CLU &)=WES*CL( &) sWXCL{ &)
® = CMPLX{CL( 9)=WES®CL({ 7)yWxaCL( &)} c=-0& LODOP OVER NUMBER OF TYPES OF LOADINGS
€ = CMPLX(CL(12)mWESHCL[10) WX¥CL (11} 18 PO an  K=JdlyJdU
T = CMPLX(CL(15) =WESSCL [13) «Wr#CL{14)) A& tDaDedaD)
U = CMPLX{CLUIR)=WES®CL{16) wWXeCL({17)) Ao (0,000,0%
Voox CMELX(CL(21)=WES®CL (19 swx#E1 (20)) IF ¢ KRIT«EQsU 3 GO TO 22
W= CMPLX(CL(24)=WESH*CL (23) 4WX*CL {23)) b = CTEST(l4K)/(1+IA
¥ o CMPLX(CL{27)=WES®CL(25) eWXHCL(RA)) R o= A®(XT{1)=AX}
MEN = Pt T Xe Q% L® Yo By S% W= Vit To Ra W8 Us po X® 89 @ 1F ¢ KRIT,EQ.l y GO TO g2
S w (YWE Te Xo Q6 UHKW+ ReNWs WoKWs T# Aa W# UbYya XeNW® Q) /DEN Po 2p Te2WKRIT
YA = | PENWE XeYus U% Vi Ro StkW= VENWS Ragwi Us Fo X% S4YW) /DEN A = pA~CTFST (LK)
RA = [ P# TeRW« QENW® VeYWe S¢ W= V& TEYW= WENW paKW¥ 5o Q) /DEN 20 R = A+CTEST{IeK) (XTI (1)=x¥)

SM{TN) = CARS(34)

R (TR = ATANZ(REAL (SA)1AIMAGISA) I *BT 295779
YM(Ig) = CARS(Ya)#57.295779

YR{TR) = ATANZ(REAL(YA) yATMAG(YA))#57,295779



22

#6
26

¢=07
3

37
34

)
o

4

=S

45
50

&0

9

>

Kk = KRIT+leln

TF t KK.GT«MS 3 @0 TO Re

A or A=CTFST(NS4K) /(1e1A)

R & a=CTFST(NGaK) Z{1+IA) (X (NS)=XX)

IF ( KELGTNT 3 B0 TO 28
NGO P4 T=KKaNT
L = A=CTFST(IWK)

A g R=CTFST(IeKI#(XI(I)=XX

TF { KeFGe2 ) B = A

GMM(K) = CABRS{A)%HH

AMM (K} = CARS(H)#HH

SHP (k) = ATANZ (REAL(A)+AIMAG(A) ) #1B0.0/P1

FMP (K) = ATANZ(REAL{B)yATMAG(B))*1H0.0/P]

CONTTNUF

TF t MAXKRILEG,MINKRI ) &0 TO 31

PRINT 90+ OMEGACKRIT (BMMIT)9BMP(I)yIz1+3

TF ( KRTTWNELINS=IAY/2 ) 60 TO 34

5T0RF RESULY

NO 37 K=Jla.Ju

SRMM(I0eK) © HMM(K)

SRMP(I0sK) = HMPIK

IF ¢ KRIT,GELMAXKRI } GO To 38

KRIT o KRIT=INCRES

o Ta 1A

TF ¢ IH .LE. 0 ) GO TO &0

CHFCK SHEAR AND BENDING MOMENT GLOSURE

no As k=142

FLSHII0sKY o Qan

CLAM(T0.K) = 0,0

CLAM{10s3) = 040

Mo BY k=dleJu

A = (ETFSTUII+K) «CYFSTINSyRIV/(1+1A)

oo (CTFSTULyR)4XI (1) +CTFST (NS.K)#XI(NS))/{1+14)

no 4n  T=2sNT

b = A+CTFST(LwK)

B oo ReCTFST(Isky*XI(I)

TF ( K.LT,3 )} &0 TO 45

Fo=a

G0 TR 50

CLSHtIOWK} = CARS(&)#DXI/DISPL

CLAM(IO«K) = CARS(B)#DXI/SBMMIIQWK)

RETURN

FORMAT ( F%.4%y 10y 3( EI1R.3y F7u01)

FHD

SURROUTINE TNIRFA

COMMON # CONDA / PLsGAMMA:GRAVIRO

COMMON / MHDT / HOA(14) yDTA+DTRyIBeIC IDWIEWIFaIGTHe T4 TJsSTE(S)
rOMMON / BASDA / BPLsDISPLyTMASS+YNERTsBSTAR(Z21) s ARFA{21)
X SECOE(21) yDRAFT(2) v ZBAR(Z1) ¢ XI (21) o X150 (R1)
b4 DWEIGH(21) (DMASSI2)) ¢ ZWT{2])»BRLI2]) »ZCGeXNERTy
x XZPERT s GMyNINKRI yMAXKRI+ INCRESyROLNPF
COMMON / CASDA / NNyOMW(51) WYL (51) 4 OMWE{S1} s VMINsYMAX v DELY Y

X

NWAsWAD (25) ¢ WANGT s WANGA,DWANGyNWI,wD (20 yWlLL (51

/ WEMENSANS (2103200 yKLyKUSTOIW

/ TRINSDXTrV, WANG s OMEGAYWAVENY CWeDIX (21951 sFACYWA

7 TMIS1YaZP(B1) s TMISL) 9 TP (51} aBM{51) +5P (51 4 YM(51)y
YP(EL)»AM{E1) 4RP(SL)

COMMON / BMDA / CXFSTUZ]1)9CXFL{Z1) vCXMR(21) 9SBMM(51,3) 98EMP{S1y3

COMELEX CXFSTeCXFLyCEMR

TOIR
MIMD
MDTN

COMMON

4
coManM S
z
COMMON /

CAMMAN # PROGRAM / CLEM{(B1y3)sCLEM(5142) 1SPACE(40) 4 ZN(B1) YN (510
X

XN (511 4wN(51)
PIMFNSION HDAP (3) sHDBE (4) yHDEP (4) ¢ VN(51)
DATA HDAF / &H AMPJ6NL, PHs4HASE /
DATA HDBP / BH AM+BHPLITUD6HE PHAZ3HSE /
DATA HOCP / 6 +EHSHEAR »8&H MyBHOMENT 7

TRT = 360.0%WA

WAN = 1.D+II#(1,0/WA=140)

Mg = (NG+1)/2

GLA £ {140/ (GAMMARBRLEERL*ASTAR (M5 *hA) =l 0) #1T+140
TF ( KL.GT+R ) GO TD 2D

PRINT OUT FREWUENCY RESPONSE FUNCTIONSs VERTICAL PLANE
PETNT 920sHDADTALDTR

BRIMT 921+ VeWAD(IW)
PRINT 935

TF t 1I.,E@-1 ) PRINT %37
PRINT 287

PRINT 973

PRINT 924

62

=

C-02
7n

75

X
4an tF

C~03

X
TF ¢

X

FRINT 925y HDAPJHDAP

PRINT 92L&+ HOBP

no R TulyhN

THNITY = 7M(T)#WAN

YN{TY = TMUI)#(1.0IE% (WYL (T)/TRI=1a0))

¥N(T) @ SBMM(1.1)#GLB

PRINT 9304 (OMW(T) yOMWE (T sWVL (T) 4 WLL (I wZNCI) o ZRIT) o ¥YNCI) o TR(I),

XM{I)sSBMP[T¢1) +Im13NN)

KU.LT.3 ) 60 TO &0

PRIMT OYT FREAUENCY RESPONSE FUNCTIONSs

PRTMT 920HDADTALDTE

PRINT 921y ViwWAD(IW)

PRINT 936

TF ( I1.FQ.1 )

PRINT 922

PRTINT 927

RRTNT 924

FRTNT 575y HDAP,HDAPsHRAP

PRINT 928+ HODOP.HOBP

B P25 I=14NM

FN(TY & SM{T)#WAM

FNX = 1, 0+II#{Wyl (I}/TPI=1.0)

YMIT) = YMIT)#FNX

¥N(T) = RMII)#FMR

WNITY = SEMMITeR) #GLE

YN(T) = SHMM{I.3)GLA

FRTINT 9314 (OMWET) yOMBE L) oWyl tI) o WLLIT)w ZNII)#SP 1Yo YN(TIaYP(I)y
XN(T1wRP{L) 4 WNIT) aSAMP{T22) sVN(T) s SBMP (T, 3) s 1=l sNN

TH.LE.U ) GO TO 60

LATERAL PLANE

PRINT 937

PRINT
SRTNT
PRINT
FRINT
PRINT
PRIMT
RRINT
PRTINT Q374 HDECP.HDCPyHOCR (3) WHDEP (4)

RETNT 934y (OMWIT) sOMWE (1) +WVL (I} aWLL{I) # LELSH(I 4Ky CLBM(TaR) »

Kzls2)s CLEMITe3)as ImishN )

CUT SKEAR AND MOMENT CLOSURE RESULTS
BP0 wHOASDTAWDTE

9F)a VawADLIW)

233

ore

979

94

a0 BETLEM

$7n FoRmaT
Y21 FOPMAT
9Pz FORMAT
923 FORMAT

Y4 FORMAT
QP8 FORMAT ¢
9P& FORMAT
YRT FOPMAT [ 1H+w

WFER FNRMAT ¢
Y25 FOPMAT

u3n FNRMAT {

X

X

X

{ 1H1s 13A6+ A2y
{ HNSPEFD =

( /&3m0
1H+»
AENRLMT, i
{ «3H
1H=y
1H=y

3Xs Al0 AB)

v Faks 6X; LBHWAVE ANGLE = + F7.245H DEG.)
WAVE ENCOUNTER WAVE  WAVE/SHIP

4PXe S3H HE AV E PITCH VERTICAL
FREGUENCTIES
4PXs 3( 2AGy 44 ))
TeXy 3A6e A3 /)

4p¥%y A9H S W oA Y vooA
L LATERAL RENDJMT, TORSIONAL MOMENT
IHsy 90Xy 2( 346y £3 ) /)
1H+y 4RXs SLHVERTICAL BENDING
TOPSIONALY

2F11.5, F11.3+F10.6y FBads FBaly FA.4s FBLLy E13.30 FB.1)

LENGTH LENGTH )

LATERAL RENDING

$37 FORMAT { 2F11,5y F11.3sF10a4y FBy&r FBuls FR.&e FB 1+ FO,4s FBaly
% E13.4y FA,l« E13.3. FALD)

93P FORMAT ( 1H*y 4@Xy 1086 /)

33 FORMAT { 1H+, 51%s J2HSHEAR AND MOMENT CLOSURE RESULTS )

934 FOPMAT { PF11.5s Flle3s F10.6s SE1ZW3)

935 FOPMAT ( 1Hay S1XyE4HVERTICAL PLANE RESPONSES )

936 FNRMAT ( 1H«y 51X223HLATERAL PLANE RESPONSES )

Y37 FORMAT ( 1Hes TAXy 17H(NON~DIMENSIONAL)
FND

=01

*

SUAPMUTINE STATI

CAMMON /7
COMMON 4

MADT / HDA{14) sDTA+DTRIBsICI0+IE+TFvIGeIHsIToINIETS(S)
CASDA / NNyOMWI(SL) s WYL tH1) s OMWE(S1) s VMINS YMAXSDELV Y

NWASWAD (25) ,WANGT s WANGAyOWANGNWI /D (20 ) 2 WLL (51}
FOMMAN 2 MTMD / TAeNSeDXLvVaWANG,OMEGAYWAVENsCWDTIX (21vS) aFACYWA
FaMMON s TOTR /7 WEyWENsANS(21410) sKLaKU 1O IW
cOoMMaN s MOTN / RaM(51v10)
chMman ¢ BMPA 4 SPACE(126)v SPAMM{S1y3)+5PACEB(153)
roMMON # STaT / SPECM{109519sRED(B+10425)
roMupN 4 PROGHAM # RSP (5128) Y (511 sRST(Be5

SFT CALCULATIUM PARAMETERS
NEL = DMW(3)=UMW(2)

WS WASWA
JUoE Regilsd
JR = GaKL/3
JC o e<KU/S
nn 3 I=1+8



&=0%

C=0fk

9PD FORMAT ¢
921 FORMAT

922 FORMAT

no 3 LalyMN
RSPt +I) = 0.0

w

CoLCULATE RFSPOMSE SPECTRA (AND INTEGRATE) FOR EACH SEA STATE
1 PO 10 KsleMwl
i
VFPTTCA{ &ND LATERAL MOTIONS
no 4 T=KL e JU
JI = PH#T=-1
nD 2 La]ehp
Y(L) = SFECM(KsL)#RAM(LyJT)e42/WAS
PEP(LvI) = ¥(l)
RPED(TrkeIW) = SINTIleNNsYsDEL)
IF t IB,LT.» ) GO T G

o

FFNNTNG AND TORSTONAL MAOMENTS

po R IadBede

JI = 1-5

N & LolsNN

Y(LY = (SPECM{K+L)2SBMM(LyJ])##2) oFAC/WAS
PSR #TY = Y(L)

RED (T 1K TW) = SINT(1aNNsYaDEL

B

CALCIILATE RFSPONSE STATISTICS
nn 1 Leled

RET(Lr1) @ RED(LeRIW)

RET( +2) = SQRT(PETI{L.1))
PET(1 23) = RET{La2)0e1.25
PET (1 &) & RST(122)82,0

T ORRT(| *5) = PST(| #2)#2,55

o

PRINT QUT RESPOMSE SPECTRA AND STATISTICS
PRINT 92M14HNAYDTA,DTA

PRINT 921, VeWADIIW)

TE ¢ IN.LT.3 ) PRINT 9234 Wwh(k)

IF ¢ ID.EQ.3 ) PRINT 925 WD(K}WD(K+10)
PRINT 922
PRINT 934
FRTNT 8764
FRINT 528,
CONTTNUF
RETHRFN

{OMWCT) s OMWE (I} WYL (1) 5 (RSP (Ied) 451083y T1ANN)
(8BTS (1) (RSTILeI) sLElsB) o =145}

>

1H1s 1386 AZy 3Xe Al0s A2)

( GHOSPEED = v FBaky &%+ 1INWAVE ANGLE = 3 F7,2, &H DEG.,»
% 4B¥y ZAMRESPONSE (2MPLITUDE) SPECTRA )

( 33H0 WAVE ENCOUNTER WAVE

)
H23 FORMAT (1Hv+54Xa13HWIND SPEED = sF&W2e7H KNOTSy )

926 FORMAT

GFE FORMAT(1H*+E1Xs15HSIG. WAVE HT, = yF&.Zv18Hy
926 FORMAT
Q28 FNEMAT ¢

. =01

{33+ FREQUENCECTES
X PITrH T WAY Y A W

X, TORSNL.Me /)

LENGTH
ROLL

v S5Xs 91HHEAVE
VERT.B.M,

MEAN PERIQD = +Fé.7)
( BF11+E4F1142+08E12,3)

1Mne P&Xy ABy BE12.,3/7 4l 27Xy Abe BEL12.3/))

FND

SURRAUTINE SPREAD

coMMAN / CONDA , PI.GAMMAJGRAV RO

COMMAN / MHOT / HDA(14)9DTASDTRAIBvICsIDsIE2IFyIGIHvIT4TJeSTS(5)
FOMMON / CASDA / NNsOMW(51) o WYL (51) s OMWE (51) + VMINs VMAXsDELY Y

X NWACWAD (E5] WANGT s WANGA pDWANG I NWI 4wD (20) yWLLI5))
CAMMON 2 MIMD / TAYNSHDXIoveWANGsOMEGAYWAVENICWIDIR(2195) sFACTYHA
COMMON / STAT / SPECM{10+51)4RSD(A110425)

COMMON s PROGRAM ¢ STORAGE (49)s SPF{25)+Y(25) 1SRS(8,10s5)
DIMFNSTAON STF (4)

PATA STR / AHCOSINE +bH=SQRD . eb6H v6H /
PULNE = DWANGYPT/1B0.0

MA = NWA

MHRG = 1

TF ( WANGILFQ.0.0 ) NHDG = NA

Kk = 1

IF ¢ TE.GT+1 ) KL = 3

M= B

TF ¢ TE.LT.1 Y U= 2

CALCHLATE WAVE SPREADING FUNCTION
PooRO T=1aNA

IF ¢ IF.5T.1 ) 6o T0 B

COSTNE=SQUARED SFREADING

G SPFIT) = COS(=PI/2.04RWANGe (I-1)) 442
F = 1
an Te 20

FUTURE SFREADING
5 &0 TN 4

LAT B,

63

20 CONTINUE
SPFT = SINT(1aNAsSPFIRWANG)

[ ZERQ 5R5 ARRAY
RO 25 I=le8
Do 25 Jelel0
0o 28 L=liS

28 BRE(TrJel) = 0.0

c=02 |.DOP OVER PREDOMINANT WAVE HEADING ANGLES
NO By NHolyNHDG
WHDG = WANGI+DWANG® (NH=1)
IF ( NHPG.EGal 3 WHDG = 180.0
c=03 [0OF OVER WIND SPEED
DO 6 KsleNWI
€-04 LOOF OVER RESPONSES
DO B0  J=KLeJY
NN N
TF ¢ JJ.Etat ) GO TO 50
C-04 INTEGRATION LOODP OVER WAVE ANGLE
30 00 4 NWal.NA
IF ¢ NHDB.GT.1 » B0 TO 32
NwH » N
GO To &40
32 NWH = NWsNH=(NA+1) /2
IF ( NWHGGT.NA 3 NWH = 2eNA=NWH
IF ¢ NWHsLT.1 ) NWH = 2=NWH
40 Y{NW) = RSD(JJsKeNWH) ¥5FF (NW)

SRE(JJrKy 1)
IF ¢ NHPG.EQ

= SINT{1sNA«YsRWANG) /SPFI

«1 ) SRE(JJael) = Z.O0¥SRS(JJaKe D)
SRS (JJrKeB) = SART(SRS(JJeKy1) )

SRE(JJIKeI) = SRE(JJK2)#]1,.25

SRS (JJrKeb) = SRS (JJrKe2)#2,0

SRE(JJIKeS) = BRE(JJrKe2)#2 55

IF ¢ JI,NEL2 ) 6D TO SO

JJ £ &

GO Th 30

S0 CONTINUE
60 CONTINUE

PRINT QUT RESULTS AT EACH PREDOMINANT HEADRING
PRINT 920y HDASDTADTE

FRINT 921s VeWHDG3TP(IFe2-1) ¢ STR(IF*2)

PRINT 924

no 7o KwlyNWI

BRINT 9255 Ka (S5TS(L)+ (3RS (JoKeL) s Jm1p8) 4L#145)
70 CONTINUE

80 CONTINUE

RETURN

920 FORMAT ( 1Hls 13A6s AZs 3Xy AlQy AZ)

921 FORMAT ( 9HOSPEED = ¢ FBady 6X» 2BHPRENOMINANT HEAQIN
X6 ANGLE =y F7.2449H DEGus SHORT=CRESTED SEAS ( . 2A4s 26H SPRE
XADING) RESPONSE STAT. /

)
11Xy 22HSPECTRA NO.

§24 FORMAT STATISTIC » 5Xs S1HHEAVE
X PITCH SWAY Y A M ROLL VERT.B.M,  LAT.B.M
Xs TORSNL JMe /)

925 FORMAT ( 120y  TXe Abe BE12,3 / & 27Xy A6. BEL2.3/ ) /)
FND
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