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1. INTRODUCTION

The accurate estimation of load acting on a ship structure is an
important aspect of ship design., With current trends in ships now
oriented towards longer and wider ships in the case of oil tankers and
bulk carriers, and to longer ships for the container and LNG trade,
local strength is an important structural consideration that must be
adequately accounted for.

To evaluate and refine theoretical methods for calculating local
loads on a ship hull, a study was initiated to compare calculated
hydrodynamic pressures with pressures obtained by experimental testing
on a scaled-down model of a ship, and with full = scale
pressure measurements. Two vessels were chosen for this purpose - the
SL-7 class containership, and the Great Lakes self-unloader
STEWART J. CORT. These vessels represent nearly opposite combinations
of hull form characteristics and speed.

The experimental pressure measurements were obtained on models of
the two ships at the University of Michigan Towing Tank. Full-scale
measurements were conducted on the S. J. CORT by the DWT Naval Ship
Research and Development Center (DWINSRDC). Both the model test and
full-scale measurements of hydrodynamic pressure were sponsored by
the Ship Structure Committee (SSC). Theoretical pressure calculation
and comparison with measured pressure data were carried out by the
American Bureau of Shipping (ABS).

This report presents the comparison study described above,
Comparison plots are shown and conclusions are drawn regarding the

quality of correlation between measured (model test and full=-scale)

486-332 @



and theoretically calculated pressure. However, it is not the
intention of this report to either identify factors in the theory
which are responsible for the discrepancies in correlation, nor to
suggest what direction further research must take.

In the subsequent chapters, model test and full-scale measured
results are first discussed followed by a summary of
mathematical formulations employed in the computer  program
ABS/SHIPMOTION for hydrodynamic pressure calculation. It should be
noted that this program is one of several available in the industry to
calculate the hydrodynamic pressures. Theories used in different
programs are not identical, due to different assumptions embodied in
their formulations. Therefore, the correlation of measured data with
calculated results from the program ABS/SHIPMOTION provides only a
qualitative indication as to the adequacy of the generally available

theories for predicting the hydrodynamic pressures.

486 -3 32



II. SUMMARY OF MODEL TEST AND FULL-SCALE MEASUREMENT RESULTS

II.] Model Tests

Experimental measurements of hydrodynamic pressure acting on
the model hulls of the SL-7 c¢lass containership and@ the §. J. CORT was
conducted at the University of Michigan Towing Tank in Ann Arbor,
Michigan.

Model testing procedures are described in detail in

Reference [1]. The hydrodynamic pressure, which is comprised of

pressure due to the incident and diffracted waves and that due to the
ship motions, is measured by running the model in waves, free to heave

and pitch. The pressure component due to the incident and diffracted

waves 1s measured by restraining the model in both heave and pitch
while operating in waves. Such a test is referred to as the

"diffraction" or ‘"scattering" experiment. The pressure component

arising from ship motions is measured by forcibly oscillating the model

in either heave or pitch while running at a steady forward speed in
the absence of incident waves., This test is usually referred to as a
"forced oscillation", or a "shaker test". The summation of pressure
components due to the incident and diffracted waves and that due to
ship motiong, taking the phase angles into account, should equal the
hydrodynamic pressure.

The SL-7 model was tested in the full load condition in head seas
at Froude numbers 0.15, 0.23 and 0.32 over a range of ship length/wave
length ratios from 0.65 to 1.65. Particulars of the ship and model for
the full load condition are given in Table II-l(a), and pressure tap
locations are given in Table II-1(b) and Figure II-1. For the SL-7,

in addition to the hydrodynamic pressure, the components of the dynamic



pressures due to ship motions and wave excitation (incident and
diffracted waves) were also measured at Froude number 0.23.

The S.J. CORT model was tested in the full load and in the
ballast condition at Froude numbers 0.1 and 0.132 in head seas.
Particulars of the ship and model for both loading conditions are given
in Table 1II-1(c). The model was tested over a range of ship
length/wave ratios from 1.00 to 6.54. The pressure tap locations are
given in Table II-1(d) and in Figure II-2. In testing the S.J. CORT
model, only the hydrodynamic pressure was measured.

The model tests results of motions and pressures are presented
graphically in Reference 1 in non-dimensional form. The
non-dimensional responses in Reference 1 , as well as in the present
report, are defined as follows:

(i) Heaving motion:

Heave amplitude
Wave amplitude

Non-dimensional heave

(ii) pPitching motion:

(amplitude of pitch in radians) x (LBP/2)
Wave amplitude

Non-dimensional pitch =

(iii) Non-dimensional pressure for model in waves, free to heave
and pitch:

Non-~dimensional

total pressure = Pressure amplitude

(water density) x (gravitation constant)
% (incident wave amplitude)

(iv) Pressure for the model fixed in incident waves: The
non-dimensional pressure is the same as that described
in (iii).

(v) Pressure for the model in forced heave:

Non-dimensional pressure

due to heave — Pressure amplitude

(water density) x (gravitation constant)
% (heave amplitude)

L8683 29



(vi) Pressure for model in forced pitch:

~di i ur .
Non-dimensional pressure Pressure amplitude

due to pitch = (water density) x (gravitation constant)

x (vertical displacement)

(vii) Froude Number:

P o= Ship speed
n

VLBP x gravitation constant

The vertical displacement in (vi) is the vertical amplitude of
motion of the particular pressure tap in question when the model is
forced to pitch. It is equal to the pitch rotation in radians
multiplied by the longitudinal distance from the pressure tap to
midship in the forced pitch test. Also, in the above non-dimensional
response expressions heave is defined as the vertical displacement of
the model measured at midship, and pitch as the angular rotation about
an axis located at the intersection of the water plane and midship
section.

IT.2 Full-Scale Measurement

In addition to model testing at the University of Michigan, full-
scale pressure measurements were conducted on the S. J. CORT by the
DWT Naval Ship Research and Development Center. Data were collected
from mid October through mid December 1979 as the CORT made round trip
transits between Burns Harbor, Indiana and Burlington Ore
Docks-Buperior, Wisconsin, wvia Lakes Michigan and Superior. A
description of the measurement procedure is presented in

Reference .2

486332 @



Reduced data, in the form of pressure power spectra and wave
spectra, were supplied te ABS by DTNSRDC. Thege -data ' were -used to
calculate the transfer functions of the hydrodynamic pressure. The
transfer function of pressure is simply the pressure power spectra
divided by the wave spectra and then square rooted.

The pressure correlation was performed for eight conditions.
Each condition represents a different combination of loading
condition, ship speed, ship-wave angle and wave height. The
conditions under consideration are given in Table II-2(a). The

pressure tap locations are given in Table II-2(b).



IITI. SUMMARY OF MATHEMATICAL FORMULATION FOR HYDRODYNAMIC PRESSURE
CALCULATION

Theoretical calculation of pressure transfer function has been
performed by using the program ABS/SHIPMOTION. The theory employed in
this program is summarized subsequently.

I11I.1 General Formula of Dynamic Pressure Calculation

The dynamic pressure acting on ship's surface below the mean

water line is approximated by the equation as follows (see

Reference .
v 3PT IT1-1
p= [P -— —] exp(iw t) + pgz* exp (iWw t) (I11-1)
T . - e e
iw ox
e
¢ =  2470- %6 (111-2)
where
Py = two-dimensional hydrodynamic pressure,
z = vertical displacement of the vessel,
X,y = coordinates of the point under consideration.
See Figure III-1.
p = density of water,
g = gravitational acceleration,
v = ship speed,
) we = frequency of encounter,
t = time,
i = imaginary unit.
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The hydrodynamic pressure, Pg in equation (III-1), on the

underwater surface of a ship consists of the following additive terms:

Pl: pressure due to the ship motions in still water;
P : pressure due to reflection of waves from the restrained body;

P.: pressure due to incident waves.

Furthermore, P1 may be decomposed into three components:

(III-3)

where

PV = pressure due to vertical motion;
P; = pressure due to lateral motion;
Pp = pressure due to rolling motion.

The term P2 is associated with the action of waves on a
restrained body and, therefore, has the components due to the orbital
velocity and acceleration of wave particles. Thus, P2 and P3 may be

combined into one term, PW’ the pressure due to wave actions.
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Therefore, the hydrodynamic pressure acting on a point (v, z) of a
ship section at a distance x from the center of gravity can be

expressed as:

where

Qg /W
7z + (Pg/ e)Pdvz

)
Il
o

v = (Pa/v )P v

3]
w

L (Pg/w )P Y+ (Dg/mé)PdL 4

s}
]
o e

2

(Pg/w?)p & (ITI-4)

o)
o
f
o

aR ¢ * (pg/me)PdR

g
1

, - -
W (pg/we)(PaV Cv + PaL i;L)

+ w ) (P + +
(Pg/ e)( av CV Par, CL) P9t
Pa\;T = two-dimensional pressure component in phase with the
vertical
Par, > < lateral acceleration due to the added mass effect
rolling
PaRJ
[ Pqy] = two-dimensional pressure component in phase with the
{ vertical
T Pdr, lateral velocity due to the damping effect.
rolling
| Par

The two-dimensional pressure components in phase with
accelerations and velocities are determined by solving a

two-dimensional boundary value problem of a cylinder of a constant

486-332 (07)
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ship-shaped section heaving, swayving and rolling in the free surface
of the fluid.

In equation (III-4), é, 5, §, §, & and $ are respectively the
velocities and accelerations of vertical, lateral and rolling motions.
For an arbitrary section at a distance x from the center of gravity

of the ship, C.G.,, the displacement, velocity and acceleration in

complex notation of the vertical motion are

z=z- X6,
Z=2+V0~x0= io_(z - X6 + Ve, (I11-5)
z =12+ 2V - x0 = -w? (z - x6) - 2iwVe.

for the lateral motion,

~

Y=Y+EID" 66¢'

;-th+§1|.)- 6§5>=iwe(y+§1b- 0G¢) - Vi,

=y - 2v) + XY - oo = - w? (v + X0 - 0Gh) (III-6)

+ 2iw v,
2i evw

and for the rolling motion,

$ = iwe¢ .
;1; = - m: ¢0, (ITII-7)

-10-
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e

The coordinate systems xyz and Xyz, as well as the rotational
motions, 6, Y and ¢ of a ship, are defined in Figures III-~1l(a) and

111-1(b). Furthermore,

z =2 sin(wWt + £) , heave
<] Z
=6, sin(wt + €5 , pitch
Y=Y sin(ugt + €) , sway (TII-8)
Y= sm(wet + EIIJ) s yaw

b= ¢ sin(wet + e¢) , roll

where Zor 95r++.. are the amplitudes of the respective motions;

€y, €gr--.. are the phase angles of the respective motions.

The wave elevation, C, vertical and lateral orbital accelerations

and velocities of a wave, Ly, Cp, Ly and I, involved in the pressure

due to wave action, P

- can be determined by considering a travelling

simple wave in deep water. The surface profile of such a wave is

(ITI-9)

L =1¢, sin(-kx cosB + ky sinB + w_t)

where

vt
]

W wave amplitude,

k = wave number
= 2T/A = w2/g = g/cz,
B = heading angle,

-11-
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A = wave length,

g = gravitational acceleration,
¢ = wave celerity,

W = wave circular frequency,

ug = wave encounter frequency

= W - kV cos B,

V = ship speed.

The wave velocity potential for the simple deep-water wave given
in equation (III-9) is

_ _, g _-k(z - 0G) _ . (III-10)
¢w = -y ae cos (-kx cos B + ky sin B + w_t)

where O0G is the vertical distance of ship's C.G. from static
waterline, 0G should be negative for L.G. below waterliné. .The wave
elevation for the subsurface of the deep water wave is

g =1 e k(2= 06)

= Gy sin(-kx cos B + ky sin B + w_t) (III-11)

The vertical orbital velocity and acceleration of the wave are

Ev = WG, e_k(Z - 06) cos(-kx cos B + ky sin B + wet) = iz,
(ITTI-12)
Cv = -wZEme_k(Z - 06) sin (~kx cos B + ky sin B + met) = —wzC,

12—
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and the lateral orbital velocity and acceleration of the wave are

é = -mgm sin B e_k(z = 0G) sin(-kx cos B + ky sin B + met)
= w sin (B)T,.
(II1I-13)
éL = —mzqw sin B e_k(Z - 06) cos(-kx cos B + ky sin B + ugt)

ip? sin (R) .

ITI.2 Two-Dimensional Pressure Components

The two-dimensional pressure components, Pav, Pqv, Pan:, Panr Par
and Pgr, to be used for computing Py, P, PR and Py by equation
(ITI-4), can be determined using two different methods: conformal
mapping technique and Frank's close-fit method.

The conformal mapping technique involves the representations of a
ship's section by a Fourier-like series whose coefficients are called
mapping coefficients. Once the mapping coefficients are known, it is
é relatively straight-forward procedure to obtain the hydrodynamic
quantities; therefore, the basic problem is the mapping of the ship's
section. Most normal ship sections can be adequately described by
mapping coefficients, but certain sections, such as completely
submerged sections and bulbous bows, cannot be mapped. For such
sections where the mapping technique cannot be applied, the close-fit

method is used.

=13~
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In the close-fit technique the ship's sectional contour is
represented by a number of straight 1line segments. The
two-dimensional hydrodynamic pressure is then determined using a
method of distributing source singularities over the submerged portion
of the hull, Most sections can be handled using this analysis, but a
drawback does exist. It can be shown that a set of discrete
"irreqular" frequencies fails to give a solution. As the beam/draft
ratio becomes large, these irregular fregquencies approach the
operating frequencies and seriously affect the accuracy of the

results.

III.2.a Conformal Mapping Technigque

A more detailed description of conformal mapping in the
two-dimensional pressure calculation is given by Reference 4. The

formulations of pressure components are summarized as followed:

=8 + 2 2
PaV e(MsBa NaAa)/(As + B3)
=0 - 2 2
Pdv e(MaAs NaBa)/(Aa + Ba)
=& 4 2 2 (ITI-14)
PaL e(b)(Msz + NzAz)/(Az + Bz)
-6 4 - 2 2
PdL e(b)(MzAz Nsz)/(Az * Bz)
S & 2 2
P = — =
aR eb(b2 HMB, + N“A“)/(Au + B)
§ d2 2 2
PdR = eb(;? - l)(MgAq - Nqu)/(Au + Bu)
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where

e = uéb/g, non-dimensional frequency of encounter

d = draft of the section

b = half-beam of the section

My = sine component of an oscillating
velocity potential at a point

Ni = cosine (y, z) on the gection contour.

4 = in phase with motion

the conjugate stream

By = 90° out of phase from motion function value

Mi, Ni, Aj and Bj are functions of coefficients of the conformal
mapping which maps the cross-section of the ship under consideration
onto a circle,

Subscripts 2, 3 and 4 are for sway, heave and roll, respectively. For
a given ship section with a draft d4 and half-beam b, the mapping

function can be written as follows:

N

y =y(0) = a_ sinb - 2 a1 sin(2m-1) 6

m=1

(II1-15)

N
z = z(0) = ao cost + 2 aZm-l cos (2m-1) 8

m=1

-15-
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where ag, a1, "'aZN—l are the mapping coefficients; 6 is the angle in
the plane of the c¢ircle, with 0° corresponding to the centerline
bottom of the ship section and 7/2 located at the waterline on the
section side. The coordinate system oyz is such that the origin O is
on the waterline at centerline of the section, oy lies on the
waterline, and oz on the centerline positive downward. As can be seen
from equation (III-15), since the unknowns A0; 877 eeer AgN-1 and 8
can not be solved analytically for N > 2 an iterative approach must be
used.

With the mapping function given in equation (III-15), the

following expressions for heaving motion can be derived:

AT lch%r) L Pog Vomy )
m=1
B, ° Vo (3) + _Z Domgt Vo (3)
m=1
(ITI-16)
Moo= (0] + m=zl Gompr Pomg (6)
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The cosine component of the multiple potential P and sine

2mH

component Domy 2FE found by a least square fit involving the solution

of the following matrix equation:

_ -1
PZmH = [ X] Y1l
_ -1 (I1I-17)
quH = [x] Y2
where
X =% = g D, (0 DjH(e)
— - X ‘n
oo g Do (8 [9y(0) = (5) vy ()]
Y2 =2, = g Dig(8) Lgp(0) = (5] vg(3)]
4
Pint® = (Gliin (3) = dyige (I11-18)

The remaining terms in eguation (IIT-16) are as follows:

Stream Functions:

(O = e %% sin(ky) (ITI-19)

Q@H(G) = nekz cos (ky) + jg’e_'?y[k cos (Bz) + B sin (fBz) ] ag
B2 + k2

N k(2n-3) a
cos(2me) - z
n=1

2n-3 cos(2m + 2n - 3) 9

2m + 2n - 3

Yo ( )

-17-
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Velocity Potentials:

O (0) = e % cos (ky)
(8 = 1% sin(ky) = JC e B [Bcos(Bz) - k sin(Bz) g 44
® ° R? + k2

(III-20)
N k(zn-3)a, .

2m + 2n - 3

sin(2m + 2n - 3)6

¢2mﬁ(9) = sin(2m6) +
n=1

In the above equation, the term k is the wave number given in

equation (III-9), and a are the mapping coefficients.

2n-3
For swaying and rolling motions, equations similar to (III-16) -
(III-20) can also be obtained, and can be found in Reference 4.

I1I.2.b Close-Fit Method

The close~fit method for calculating two-dimensional pressure is
described in detail in Reference 5 «

The close—fit technique involves the determination of the
two-dimensional hydrodynamic pressure due to vertical, lateral or
rolling motion on a section's contour using a method of distributing
source singularities over the submerged portion of the hull., Each of
the sources has a density which can be determined from the kinematic
boundary condition. The hydrodynamic pressure at point (yj, zji) along
the section's contour is obtained by substituting the velocity
potential, described by these piece-wise sources, into the linearized

Bernoulli equation.
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(m) (II1-21)

(m)
P (yi,zi,w:t) = Dd)t (Yi Izilw;t)

or

(m) (m)

m .
P( ) (yi,zi,w) coswt + PV (yi,zi,w)51nmt

(Yl Izi ,U.)) = Pa

(III-22)

where the superscript m denotes the mode of motion. When m=2, 3 or 4,
it represents the swaying, heaving or rolling motion. In equation
(I11-22), Pa(m) is the hydrodynamic pressure in phase with the
displacement, and is 180 degrees out-of-phase with the acceleration.
The term Pv(m) is the hydrodynamic pressure in phase with velocity.

In using the close-~fit method, each ship's sections is described
by N + 1 offset pairs (nj, ¢j) whose midpoint (yi,zi) can be
determined from plane geometry.

q,(m)

In order to determine the pressure, the velocity potential

is defined

(m)

o (vozit) = R [ Q(s) G(z,0e as
o

or as shown.ih: Reference 5 for point i:

-19-
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3

m {1 ¥ N
i T 2% ;1 QjRe{%zij} - jZ QN+jRe Gzij}.cogwt
v J
N
L (III-24)
Ylaw L QesRe 1)
N
+ J-_Zl QjRe {Gzlj} sinwt

where Q4 is the density of the pulsating source at point j, Gij is the
point potential at i due to point j.
The density of the source potential is determined by applying the

kinematic boundary condition which can be summarized as follows:

(ITI-25)

N
m (m) _ _(m _ (m
- 21 T R jzl % + 5 {ij = WA g

where Iij(m) is the influence coefficient in phase with displacement
of the ith midpoint due to the jth segment in the mth mode of
oscillation; Jij(m) is the same as Iij(m) but in phase with velocity;
n; (M is the direction cosine of the normal velocity at ith midpoint
for the mth mode of oscillation; Qj(m) is the source strength in
phase with displacement along jth segment for the mth mode of
oscillation; Qj+N(m) is the same as Qj(m) but in phase with velocity;

(m)

and A is the oscillation of amplitude in the mth mode.

-20-
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The influence coefficients are defined in Appendix B of Reference

5._ Equation (III-25) can be solved for source density, Qj« by

solving the two simultaneous equations.

-21~
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IV. CORRELATION OF MOTIONS AND HYDRODYNAMIC PRESSURES

Theoretically determined transfer functions of the motion and
hydrodynamic pressure are obtained from the program ABS/SHIPMOTION.
Theory pertaining to the pressure calculation is given in Chapter III.

In correlating the theoretical motions and pressures with model
test data, the same non-dimensional responses defined in Chapter 1II
are used. For comparing the full-scale measured pressure, a
dimensional form in terms of PSI per unit wave amplitude (RAO) is
used.

Two sets of pressure calculation have been made. In one set, the
speed effect term on pressure is not included. In this case, the
second term in the square bracket of equation (III-1) is excluded.
Pressures obtained in this manner are two-dimensional results, and are
labelled as "Shipmotion results" in the graphs where the comparison of
the calculated and measured pressures are shown.

The second set of pressure is calculated in accordance with
equation (III-1), where the speed effect term on pressure is
included. Results of this set are labelled as "speed corrected
pressures" in the graphs of comparison.

In contrast to the pressure calculations in which two cases are
considered, the motions are calculated only for the case where the
speed effects are included.

The correlations of motions and pressures for the SL-7 model test
are shown in Appendix A in graphical form. All the responses in <the

comparison are in the non-dimensional form previously described. The

—22-
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correlations include plots of heave motion in Figures A-1 and A-2;
pitch motion in Figures A-3 and A-4; pressure due to forced heave in
Fiqures A-5 to A-15; pressure due to forced pitch in Figures A-16 to
A-27; pressure due to incident wave in Figures A-28 to A-40; pressure
for Fp = 0.15 in PFigures A-41 to A-66; pressure for Fp = 0.23 in

Figures A-67 to A-92; and pressure for Fp = 0.32 in Figures A-93 to

A-1138.

Appendix B contains the correlation plots for the S. J. CORT
model ~test measurements. These include plots of pressure in fully
loaded condition, Fp = 0,1, in Figures B-1 to B-24; pressure in fully
loaded condition, Fp = 0.13, Figures B-25 to B-48; pressure in ballast
condition Fn = 0.1, in Figures B-49 to B-~58; and pressure in ballast
condition Fp = 0,13, in Figures B-59 to B-68. Pressure values in
Appendix B are in non-dimensional form as defined in Chapter II.

The plots of correlation for S5.J. CORT full-scale measuremenés
are in Appendix C. Appendix C contains plots of wave and pressure
spectra for different conditions (Figure C-1 = Figure C-23), and of
pressure transfer functions (Figure C-24 - Figure C-73). The pressure
transfer function 1s calculated by dividing the pressure spectral
ordinate by the wave spectrum, and then taking the square root. While
correlating the measured pressure with the theoretically calculated
pressure, it should be noted that the measured pressures are for the
vessel at headings from 0 to 23 degrees off the bow (See Table
II-2(a)), while the theoretical presures are calculated for head seas
only. The use of head seas in the calculation is to reduce the
extensive utilization of computer time. The theoretical results

obtained in the head sea c¢ondition would be able to provide

480 -3 32 @

-23-



qualitative correlation with data measured at headings slightly off
from the head seas.

From the graphs of pressure and wave spectra obtained during the
full-scale trials,it is observed that for part of the frequency range
plotted the pressure spectra ordinates are very small, and the
accuracy of their measurement could be in doubt., As such, for this
frequency range the pressure transfer functions have not been
calculated. Correlation of the measured and calculated pressure
transfer functions has been confined to the frequency range in which
the wave and pressure spectrum values lie within the range of accuracy

of the measuring instruments.
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V. CONCLUDING REMARKS

From the comparisons shown in Appendices A, B and C, it can be
seen that the correlation of theoretical calcu}ations of motion and
pressures, with both model--test and full-scale measurement, is very
encouraging. However, the degree of closeness in the correlations is
different between model~test and full-scale data. The correlation is
also different between the SL-7 containership and the S. J. CORT. In
general, the theoretical prediction has the same trend as measured
values either from model test or full-scale trial. Also, the model
test shows a better correlation than the full-scale measurement. A
more detailed discussion on the comparison follows:

V.l. SL-7 Model Test

Measured heaving and ©pitching motions are compared with
theoretical calculations for two ship speeds at Froude numbers 0.23
and 0.32, where the speed -effect terms are included in the
calculations.

The measurements show the same trend as the computed results, but
have smaller values in heave motion at lower wave fregquencies. At
very low wave frequencies, i.e. long waves, the non-dimensional heave
which is defined in Chapter II should approach unity. The measured
data of heaving motion as shown in Figures A-1 and A-2, especially at
Froude number 0.23, a¥e.much smaller than unity at low wave frequencies
and the results are, therefore,questionable,

Calculated pressure components for forced heave and forced pitch
were obtained in two different manners: by first including and then

not including the speed-effect term. As can be seen from Figures A-5

486-332 (33
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to A-27, the correlation 1is very striking, especially for the
calculated pressures where the speed-effect terms are not included.
Very good agreement is also obtained between measured pressure due to
wave excitations and the calculations without taking the speed-~effect
terms into account.

Shown 1in Figures A-41 to A-118 are correlations of the
non-dimensional pressure for Froude numbers of 0.15, 0.23 and 0.32. A
general conclusion of the comparison is that except at the bow and
stern regions of the vessel, good agreement is obtained between
measured and calculated data. However, the peak frequency of the
predicted pressure is somewhat (0.1 rad/sec) less than the measured.
Within the scope of linear theory of ship motion, the pressure is the
sum of pressure components due to the motion and wave excitation.
Since good correlation is obtained for the pressure components, the
discrepancy of the pressure peak frequency may be a result of the the
calculated and measured phase angles of the pressure components. The
comparison of phase angle, however, has not been carried out, due to
the lack of measured data.

As described above, the pressure correlation in bow and stern
regions is not as good as in the midlength of the vessel., The poorer
agreement in the two ends is expected, because the three-dimensional
effects and particularly the nonlinearity of waves in the bow regionz
cannot be fully accounted for by linear theory and the strip method.
The discrepancies of pressure in the bow region are also found by Kim
[6] in his correlation with model-test pressure data measured by

Japanese researchers,

...26_

256-332 (Y



Comparisonsg in Appendix A also show that the pressures calculated
without the speed-effect term (i.e., two-dimensional pressures) have
generally better correlation than those with the speed-effect term.
This indicates that the speed-effect term used in the present study is
not as effective as expected.

V.2 M/V S, J. CORT Model Test

The model tests of the M/V S, J. Cort were performed with the
emphasis on short waves. For all the measurements in the two loading
conditions, fully loaded and ballast, and two Froude numbers 0.1 and
0.13, correlation with theoretical total pressures is shown in
Appendix B. In general, good agreement is shown with the exceptions
subsequently discussed.

As with the SL-7 correlation, the pressure in the bow region of
the vessel has larger discrepancies than other regions. This is
probably due to the three-dimensional effects and the nonlinearity of
bow waves which are not accounted for by linear theory and the strip
method.

The inclusion of the speed-effect term in calculating the
pressure has a mixed effect on the correlation. As a result, this
term slightly improves the correlation in some cases and it has
adverse effegts to the correlation in other cases.

The theoretically predicted pressure exhibits a similar trend as
the measured values. However, for pressure points on the ship's
bottom, theoretical results show a diverging tendency in the region of
high frequencies. This can be seen from Figures B-4, B-5, B-8, B-12,

B-13, B-17, B-21 etc. Reasons causing this divergency can not be

o 486-338 GO
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V.3 M/V 8. J. CORT Full-Scale Measurement

From the plots in Appendix C, it is observed that the correlation
of the pressures at Frames 30-31 is better than those at Frame 20-21.
Again, this may be due to the pressure of the bow wave, a factor which
linear theory and strip method do not take into consideration.

As observed in the model tests correlations,; . the inclusion of
the speed~effect term in the pressure calculation has a mixed effect

on the correlation.

In general, the correlation is reasonably good, except at
pressure points 6 and 14. Pressure point 6 which is located close to
the free surface between Frames 20 and 21, exhibits the largest
discrepancy between measurement and calculation, with measured values
as much as three times higher than calculated values at the higher
speeds tested. This could be due to a defective pressure gauge, and
Reference [2] has noted that gauges 6 and 14 should be considered
unreliable for data analysis purposes. Therefore, the correlation of
the pressures at these two gauges is uncertain and plots of pressure

correlation at these two gauges are not included in this report.
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Table II-I(a) SL-7 Hull Particulars

~

Length over all (LOA)

Length between Perpe-
ndiculars (LBP)

Draft at Longitudanal
Center of Flotation

Trim by Stern
Longitudanal Center

of Gravity (Aft of
Midship)

Ship Model
{meters) (feet) (meters) {feet)
288.500 946.60 2.6070C0 11.8300
268.400 880.50 3.35500 11.0100
9.940 32.60 0.12400 0.4080
0.043 0.14 0.00053 0.0018
11.700 38.40 0.14600 0.4800

Ship Displacement :

48364 long tons

47500 metric tons

Model displacement : 0.0945 long tons
0.0928 mefric tons

Note:

For both ship and model the Pitch Radius of

Gyration =

0.21 * LBP




Table II-1(b) Pressure Tap Locations on SL-7
{Dimensions are for full-scale)

Tap Station Distance above Distance off
Number | (Sta 20 = .FP) Base-line Center-line
{meter) (feel) {(meter) (feet)

1 18 0.00 0.00 - -

2 17 0.00 G.00 - -

3 16 0.00 0.00 - -

4 15 0.00 0.00 - -

5 15 2.03 6.67 -~ -

6 15 4,07 13.37 - -

7 15 7.11 23.33 - -

8 14 0.00 0.00 - -

9 14 4,07 13.37 - -
10 13 0.00 0.00 - -
11 13 1.00 3.30 - -
12 13 4.06 13.33 - -
13 13 7.11 23.33 - -
14 12 0.00 0.00 - -
15 10 0.00 0.00 - -
16 10 0.00 0.00 8.12 26.67
17 10 4.06 13,33 - -
18 10 7.11 23.33 - -
19 7 0.00 0.00 - -
20 7 4.06 13.33 - -
21 5 0.00 0.00 - -
22 5 0.00 0.00 §.12 26.67
23 5 4.06 13.33 - -
24 5 7.11 23.33 - -
25 3 0.00 0.00 - -
26 3 4,06 13.33 - -
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Table O-1(¢) M/V S. J. Cort Hull Particulars

\ Ship Model
Full Load Ballast Full Load Ballast
LOA m(ft) 304.8 (1000) {304.8 (1000) |4.57 (15.00) |4.57 (15.00)
LBP m(FT) 301.4 (989) 301.4 (989) |4.52 (14.83) 14.52 (14.83)
Displacement '
MT(LT) 69500 (68259) 38981 (38285) |.2346 (.2304)|.1316 (.1292)
LCG m(ft) 1.49  (4.9) 12,7 (41.8) [.022 (.074) |[.191 (.627)
(for'd of #) | (aft of ®) (for'd ofdp) | (aft of &)
Draft at 9@
m(ft) 7.85 (25.75)| 4.52 (14.82)|.118 (.386) .068  (.222)
Trim m(ft) 0.00 3.5 (11.4) |0.00 052 (.171)
(by stern) {by stern)
Piteh Radius
Of Gyration |0.249 LOA 0.266 LOA 0.249 LOoA 0.266 LOA
Note:
g:Q 15 at LOA/2
-32-
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Table II-1(d) Pressure Tap Loecations on M/V S. J. CORT

Tap Distance Distance above Distance off
Number Aft of Fore-peak Base-line Center-line
(meter) (feet) (meter) (feet) (meter) (feet)

1 6.1 20.0 (.00 0.00 - -

2 6.1 20.0 2.49 8.16 - -

3 6.1 20.0 5.50 18.06 - -

4 14.6 48.0 0.00 0.00 - -

5 14.6 48.0 0.00 0.00 7.42 24.33

6 14.6 48.0 2.49 8.16 - -

7 14.6 48.0 5.50 18.06 - -

8 36.6 120.0 0.00 0.00 - -

9 36.6 120.0 2.49 8.16 - -
10 36.6 120.0 4.02 13.19 - -
11 36.6 120.0 5.50 18.06 - -
12 76.2 250.0 0.00 0.00 - -
13 76.2 250.0 0.00 0.00 13,55 44 44
14 76.2 250.0 2.49 8.16 - -
15 76.2 250.0 5.50 18.06 - -
16 115.8 380.0 5.50 18.06 - -
17 158.5 520.0 0.00 0.00 - -
18 158.5 520.0 2.49 8.16 - -
19 158.5 520.0 5.50 18.06 - -
20 195.1 640.0 5.50 18.06 - -
21 234.7 770.0 0.00 0.00 - -
22 234.7 770.0 2,38 7.81 = -
23 234.7 770.0 5.50 18.06 - -
24 274.3 900.0 5.50 18.06 - -

Notes: Distances are for full scale ship.
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TABLE Il - 2(a) Test Conditions of M/V S. J. CORT Full-Seale Trial

Run [Condi-~| Speed| Froude Draft Ship-Wave| Wave
No. [—tion Number| For,d Mean Aft Angle Height
(mph) (ft) (ft) (f1) (deg) (ft)
82 1 14.4 .1184 19,92 20.58 22,00 6 6
30 2 14.4 L1184 19.92 20.58 22.00 11 0
89 3 14.7 . 1208 27,00 27.00 27.00 6 3
119 4 14.2 .1167 27.00 27.00 27.00 g 3
116 5 13.5 .1100 27.00 | 27.00 27.00 23 4
117 6 13.5 .1100 27.00 27.00 27.00 10 3
4] 6a 13.5 .1100 27.00 27.00 27.00 10 8
99 7 11.6 .0985 18.0 19.92 21.25 0 5
102 8 11.6 .095 19.92 20.58 22,0 20 6
-34-
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TABLE I-2(b): LOCATION OF POINTS FOR FULL SCALE PRESSURE

MEASUREMENT ON M.V.S5.J. CORT

- /LA 988.5 '
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50!
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. @
* 1542 *_-1007

i
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J

*Taps 10 and 15 are on Starboard Side

i3 0§

s 14 'y
FRAME FRAME
30-31 20-21
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N
&
LOCATION FR 20-21|FR 30-31
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C 8 13
D 14
E 10 15
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APPENDIX A

SL-7 MODEL TEST/THEORY CORRELATION PLOTS

Figs. A-1 and A-2:
Figs. A-3 and A-4:

Figs. A-5 to A-15:

Figs. A-16 to A-27:

Figs. A-28 to A-40:
Figs. A-41 to A-66:
Figs. A-67 to A-92:

Figs. A-93 to A-118:

SL-7 Non-dimensional Heave, F, = 0.23
SL-7 Non-dimensional Piteh, ¥\, = (.23

SL-7 Non-dimensional Pressure due to Forced Heave,
Fn = 0.23

SL-7 Non-dimensional Pressure due to Foreed Piteh,
Fp = 0.23

SL-7 Non-dimensional Wave Pressure, Fy = 0.23
8SL-7 Non-dimensional Pressure, F = 0.15
SL-7 Non-dimensional Pressure, Fp = 0.23

SL-7 Non-dimensional Pressure, Fp = 0.32
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PRESSURE CORRELATION
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FIGURE A-104 SL-7 NONDIMENSIONAL PRESSURE AT TAP 12, FN=0.32
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FIGURE A-105 SL-7 NONDIMENSIONAL PRESSURE AT TAP 13, FN=0.32
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1 It _

i ST [T i PRESSURE CORAELATION
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FIGURE A-114 SL-7 NONDIMENSIONAL PRESSURE AT TAP 22, FN 032
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APPENDIX B

M.V. 8. J. CORT

MODEL TEST/THEORY CORRELATION PLOTS

Figs. B~1 to B~24:

Figs. B-25 to B-48:

Figs. B~49 to B-58:

Figs. B-59 to B-68:

S. J. CORT Non-dimensional Pressure, Full Load
Condition, Fp, = 0.10.

S. J. CORT Non-dimensional Pressure, Full Load
Condition, Fp = 0.13.

5. J. CORT Non-dimensional Pressure, Ballast Condition,
Fn= 0.10.

3. J. CORT Non-dimensional Pressure, Ballast Condition,
Fp = 0.13.
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S R - e Pe . e} . R N e S- J. CGHT FULL LDRD
PRESSURE CORRELATION
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LI_IN
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FIGURE B-5 SJ CORT NONDIMENSIONAL PRESSURE , TAP 5, FN=0.10
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FIGURE B-15 SJ CORT NONDIMENSIONAL PRESSURE , TAP 15, FN=(.10
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FIGURE B-20 SJ] CORT NONDIMENSIONAL PRESSURE , TAP 20, FN=0.10
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FIGURE B-32 SJ CORT NONDIMENSIONAL PRESSURE , TAP 8 , FN=0.13
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Figs. C~1 to C-23: 5. J. CORT Wave and Pressure Spectra

Figs. C-24 to C-73: 8. J. CORT Pressure Transfer Functions
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FIGURE C-8: SJ CORT WAVE AND PRESSURE SPECTRA, TAP NO. 7, CONDITION 4
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FIGURE C-12:

Sd CORT WAVE AND PRESSURE SPECTRA, TAP NO. 10, CONDITION 5
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FIGURE C-14: SJ CORT WAVE AND PRESSURE SPECTRA, TAP NO. 8, CONDITION &
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FIGURE C-23: SJ CORT WAVE AND PRESSURE SPECTRA, TAP NO. 10, CONDITION 7



g e

I NOLLIONOD ‘L °

{J35/0u4)
00°2 09°1

*0344 JAUM

aet1
- r

ON dV.I ‘NOLLONNA gHdSNVUL AUNSSHUd LHOO S ¥%-D 3UNL

.mm.m

J4NSSIud 03L23HUOD 033ds * |7 SRS Tt g
S1IRSIY NOLLOWdIHG ¥ EEEREEEREER
INIWIBNSUIH @ e [ TR YU T T T O S A
1

L DN dYlL DO°T "ONG] By . b
INIW3UNSL3K 37635 17Nd T 1 Y e
1403 °r-°s o d e B . T B
26°L a1°8 [9°h e nie 22"t 0S°0 0o

(335/044) 03y4 HILNNDBINI



1 NOLLIANOD ‘8 "ON dV.L ‘NOLLONNA ¥IISNVHL ABNSSAYd LH0D IS ¢ mmuu_  b:

{335/00H) G344 IAUM
02°€ 08°e 0h'2 00°¢2 09°1 02"t 08°0 0h"0 0

3UNSSIUd 03LI3UH0I 033dS ¥ T ! - -1
T EY- T (- AN I 1 oy I
1N3IWIUNSHAIH @ n 1 O . T T O O OO O O O Y .
@ ‘DN dul BD°I “ONOJ % T T O T O O | LI O T 3
LNIW3UASYIH 3W3s ved 1 T L TrrerTrryl L T
1403 °r°s mw IR N T I I I L A
686 26°L 91°9 L2 hi* 2" 05°0

£9°h 2 2
. (235/0uY)  "03H4 H3IINNOIN3I



1 NOLLIONOD ‘01 "ON dV I ‘NOILONNA HAASNVYL UNSSAYd L¥Y0O rS 92-0 HUNOIA

(335/004) “0D3H4d JAUM

00'2 08"} 02°1 0, .
HE P | g ¢t H lo
_ g o
_____ : o
(~r]
o I
_____________ S e
____________ u M
5 P 0—]—.-
S ) ]
{8} ]
__________ 50
__________________ =
m
......... ]
)
Py ]
o
m
w
—
o~
P |
IUNSS3bd 03133HHOI 03dS * o
SLINSIY NOILOWJIHS ¥ | B TR A R T N O A
JRTE IV (11 T=UT)c TN [OOSR VY M N S O A A O S I
H . 1 —
01 °DN dUl 0O0°Y “ONDD : I A O T O O T T o m
tNINIHNSUIN 37WIS TINd BEEEN NN EEERENEEN
1482 °r°s .. “ TR R TR MU SO AU UULDW OO NN O MU NN WO S
69°6 26°L 91°9 te” [ 2°1 05°0 00 D%

I19°h E hi'e -
(335/044)  "D3H4 HILNNO3NI <



T NOILIONOD ‘I1 "ON dVI ‘NOILONNA ¥AASNVHL HHASSTU L¥OO IS :13-0 FUNDOIA

(23S/0ud} "034d4 3IAUM
02°€E 08°2 ph-2 00°2 08" 1 021 08°0 Gy
REREEEEE RN o
___________________ | g
b
n
[ ]
~
o+
SN
=N
oc
v |
m
v
op
P, L]
____________________ @
___________ ] A A ] =
i w
__________________________________ NEREEN w
! o~
e
IUNSSIUd 031ITUNO3 Q3dS » | T S K S B S e ot s Sl R e S
§LINS3IY NOLLOWdIWS ¥ | (i T
INIWIUNSHIW @ : T
11 "ON dYl DOI *ONOJ 9
IN3W3UNGEIAN 376§ 17N EEEENENENN
M40 ‘r*'s i b
606 26°L 819 19°h tee 05D 000N
(33S/ad4) 0D3d4.




1 NOLLIANOD ‘21

02'€E

*ON dV.I ‘NOLLONNd ¥FISNVHL AHNSSTUd LYOO rS :82-0 HUNOIA

(33S/004) 0344 JAGM

68°6

08" 002 09°1 021 08°0 0fi'0 000,
RN N Pl Pl I lo
...... K o
____________ .
............... m
_______________ -
................ n
______________________________ n
______________________________ -
...... W
(=]
ﬂ
t w
H [= L N§
=T
IUNSS34d 03133440 033dS * o A o
s1InS3u NOTLOWdIHS ¥ [ 1T 1 m
IN3IWIUNSYIH ©
: o
21 DN dbi 00°1  "ONDD - . o
LNIH3EN5UIH 2625 17INd R
1493 r's b .
— 4 o
26°L 91°9 t2'E " 00" 02

19°h L
(33S/044) 0344 H3

0y 3JHNSSIHd

486-332 (26D



1 NOILIANOD ‘€1 “ON dV.L ‘NOLLONNJd YA4ASNVYL 3UNSSTUd LYOD S 362-O TUNDIA

(J35/70b4d) "D3H4 m¢¢z

02°E 08°2 oh'g 00°2 09°1 02" 08°0 oh*0 00°Q,
! i T I T .
....... w U SR IO W W n Foren v g N .
..... S . . .. 0
“ P -
................................. - [ . _ - 0
S IS PR WU SO SRS WOOY PV WL P PR Mo S S S 0
_________ A . %
S»
U}
o UL T O O no
0 0 L Y | S
i NN B - I T T SO S O m
s 0 0 S Y O i | o2
H Eg
_________________________________ w
T i =
w
0 5% 0 O O W A buid
o~
=M
JUNSSIYJ 031I3WH0D 03FJS * - o
SLNS3W NpILOWdins ¥ [ UV T e e e e
INIW3IMNSHAN @ L |
o
€1 "ON dUL D0°F °ONOD | o
IN3NIHASHIN 18IS 1IN4 LT
1402 'r's .. S U T T O D O O Y O
Fl L } m lO
686 26°L 91°9 e 00°02

19°h €
(J3S/0b4)  "03Hd

486 -3 32 @



NOLLONNA §FASNVHL HUNSSHUd LHOO rS :0¢-0 HUNOIA |

i

1 NOLLIONOD ‘ST "ON dV&

(335/QHd)  "03d4 JAUNM
002 09"t 021 08°0

oo'd

JUNSS34d 031334Y0D 033dS *
$1INS3IU NOTLOWJIHS ¥
LNIKIUNSHIN @

*ONDD

g1 "ON duL 0071

LNIN36NSU3IW 378§ N4
1402 °r°s

60°6 261 g1°9 19°h
(335/0BY)



Z NOILIGNOD ‘L 'ON dV1 ‘NOILONNd HHISNVYUL JUNSSA™d LHOD £S :1€-D HUNDIA

(33S/0dY)  “03H4 JAUM

02°E 08°2 oh°2 00°2 09°1 g2 1 08°0 Ch'0 00°0Q,
| | i o
| : Q
§ o Yo, S -SY - o
____________ -
n
=]
-
m
Cw
........... F 8]
ac
............ ¥ m 1 v )
. e [
_______ muw
_____________ o _ o
[ =]
_____________________________ 1
w
_________________ e | bt
1 i QN
@M
JUNSSIYd GI1I3WHOID aIFds ||| el NERNN o
SLINS3H NOILOWdINS ¥ | s | T
IN3IW3uNsSUaw @ | ) R L Y O L
L ‘oN dul go*2 coNod i bbb lobododesg bbb m
iNIW3HNSYIN 374IS 1Ind T REEEREENEN
1493 °r-'s : " “ |
08°6 59°L IR 85" h 52:€ g1-2 12°1 050 000N
(J3S/0ud) D3"4 HIINNDINI



Z NOLLIONOD ‘8 "ON dV.l ‘NOILONNJ HIASNVHL HYNSSHUd LYOD £8 E-D AUNDIA

{23s/008) 0344 JAUM

02°E 082 oh"2 00°2 09°1 021 08°0 oh'o 00°0,
, M L e | T =
i H N o
RN | h,
________________________________________________ N/
e
ny
o
-
h k -,uw_
: S
t {4,
bl i b b ot b £
_________ i ” ")
i m
_________________________________ i - -
opn
| a0
e o
__________________ - - | =
w
__________ o @9
i _ i o
{ 9|_.-
HNSS3Y4 6312384B3 @33ds * |7 T TR T YT T o
s1ansad Nortowdivs ¥ | T AT
INIWIHNSBIH @
8 °"ON dUL DD"2 °ONDJ A O I v 9
LNIHIYASHIW 37535 1Ind ERENENEES
1402 fr's  feaoadobor ol
08°6 S8t 19 85°h s2E E1°2 121 050 000y
(335 /44y 0344 HILINNO3INI

486-33% (3C%)



7 NOLLITNOD ‘01 *ON dV.L ‘NOILONNA HHJISNVHL HHNSSAYd LYOO IS :¢g-D UNDIL

(335/04H) "D3IH4 JAUM

486-332

02'€E 08°2 0h'2 00°2 09°1 o2l 08°0 0h°0 00°0,
I Temd L i o
o 1 Q
AL . 1 . -
........................................... n
Q
-
o d ] _.u..m__
O
____________ B 1 lew
Qac
p 1)
P UV 3
__________________________________________ B
oD
o
o
m 2
H wn
_ 10 T O O IO O O O A L ol
! o~
P |
JUNSS3Ud 03L1I3YHOI GIIdS * o
§1NSIY NOILOWJIHS ¥ T T T e
iIN3WIUNSUIN @ . |10 O O T L T
OI °ON dYlL 00°2 °ONO3 _ BERER m
IN3WIYASHIN 382s N4 [T
493 res |l bbb 10 O O O T
08°6 s8L 19 85" h 52°E 1’2 12°1 050 000
{33S/7044) D344 HIINNDINT -



Z NOLLIONOD ‘11 "ON dV.L ‘NOILONNA YHASNVHL 3YNSSHUd LHOJ rS :g-D AUNDOId

(23S/708Y) D344 JABM
C2'E 08°2 0h'2 00°2 09°1 02°1 080 oh"0 00°q, |
2= e
____________________________________ o
______ o o
N |
" A M | ©
.............................. E o M o0
................. - —_ - V .U“.“ I4
_____ L N - AN =0
______________ u | g °S
____________ ha - -_ . /, m
j !
_____________ YR -
aQ
[ ]
______________________________ IR RN 2
i I wn
___________________ - Ll _ s “
i | o
an
3WNSSIYd 03LIIYOI QIS * B [ S s St s St It T i o
s1nsay Notlowdins Y | UL
INIKIUNSHAIW @ L. Lt TS T O O Y SO O S O S YO S A oo
11 "ON dUl 0D°2 *OND3 9
LN3W3UNSYIH 37HIS 1104 nEE NERREEEEREN) e
1403 °r°s S T O T 0 R O W Y L O O O O .
+ t - <
08°6 S8°L 11°9 S2°E El" 2t 05°0 00° DV

85°h 2 f
(33S5/004) 0344 HIINNOINI it



o ENCOUNTER FREQ. (RAD/SEC)
0, 00 0.51 1.23 2.16 3.)31 Y.67 8.2y 8,02
- -l 5.J. CORT
FULL SCALE MEASURENENT
8 COND. 3.00 TAP NO. 10
- ! -t~ @ MEASUREMENT
i a SHIPMOTION RESULYS
—o « SPEED CORRECTED PRESSUF
u_ll)
~o
= : BN INEER
LS S I T U O T O U e o .
[ =]
29
&° _. N
[T7]
[+
o
=
ﬂd
[+ o
0.
Q
[ =]
8
%. 00 0.40 .80 1.20 1.60 2.00 2.40 2.80
WAVE FREQ. (RAD/SEC)

FIGURE C-35: SJ CORT PRESSURE TRANSFER FUNCTION, TAP NO. 10, CONDIT]
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FIGURE C-38: SJ CORT PRESSURE TRANSFER FUNCTION, TAP NO. 13, CONDITION 3
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FIGURE C-58: SJ CORT PRESSURE TRANSFER FUNCTION, TAP NO. 15, CONDITION 6
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