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ABSTRACT

A general review of computational
techniques employed in predicting struc-
tural response and the utillzation of
computers in the design of ships is pre-
sented in this paper. The availability,
applicaticns, restrictions and merits of
spme popular computer programs are dis-
cussed. Emphasis is placed on the cor-
relation between theoretical and experi-
mental results, the deviation of stress
distribution from llnearlty, and struc-
tural optimizaticon techniques. Points
of interest are illustrated by graphs
and examples. Recommendations for fu-
ture items of research are alsg presen-
ted.

INTRODUCTION

The purpose of this paper 1s to
present a survey of several aspects of
structural analysis and design of ship
structures. Existing material is pre-
sented from many sources; thls accounts
for the use of different unit systems
and different symbols. Many portlions
are adapted from references, which
should be consulted for additional de-
tails and background.

This paper ccnsists of three parts.
The first part deals with structural
response and Includes computation tech-
niques, correlaticon of theoretical and
experimental results, influence of iIni-
tial distortions and examples of computer
results interpretation. The second part
deals with computer-aided design proce-
dures and includes ship characteristics
and stability, design loads, structural
configuration and scantlings, structural
optimization and computer graphics. The
third part presents some concluslons and
recommendations, giving a summary cf the
current status and recommended research
projects.

STRUCTURAL RESFONSE

Computation Techniques

Background. The advent of electiro-
nic digital computers in conjunction

with the mathematical formulation of
matrix methods has resulted in & vast
spectrum of commercially available com-
puter programs capable of performing
structural analyses of varylng degrees
of complexity.

Obviously there 1s an inherent
hierarchy among these computer programs
or systems softwares. At first there
were the simple beam-rod programs,
offering tremendous flexibllity to the
user as far as describing his problem
and determining his mode of analytical
sclution (stiffness agalnst Flexlbility
methods, finite differences, etc.),
capable of handling large frames, trus-
ses or grid structures. More experien-
ced users of these systems were able,
with some Ingenuity, to extend the
capabilities of these programs to handle
certain problems 1nvolving plates.

The success which these earlier
releases achleved spurred an even more
overwhelming interest by the varicus
engineering disciplines toward the use
and capabilities of the matrix formula-
tion of engineering problems. An even
greater interest was induced when cer-
tain United States government agencies
realized that the programs then avail-
able were lncapable of handling thelr
more sophisticated analyses. Hegular
conferences and seminars were held and
led to widespread dissemlnation of in-
formation on topics including the dev-
elopment of general matrix formulaticn
theory for static and dynamic structural
analyses, buckling problems, transfer
matrix formulation, finite difference
schemes and the finite element method.

EBeam-Frame Approximations. The
earliest structural analysis computer
programs, such as STRESS and the initial
versions of STRUDL, were limited to
truss and beam elements to represent a
complex structure. This required the
idealization of plating by a combination
cf rods and beams, using an effective
width of plating assoc¢lated with stiff-
eners, taking intoc account considerations
of buckling and shear lag. One method
used to calculate areas of truss elements




with stiffness equivalent to that of the
plating being modeled was developed by
Hrennikoff, {1l)and provided approximate
formulas for representation of plates
lozded in-plane and cut-of-plane by the
use of equivalent truss panels or
lattices,.

The first plate elements made avail-

able in computer programs Were membrans
elements, so that an approximate method
still had to be used to represent bend-
ing plates. Nowadays it may still be
useful and efficient to represent a
portion of plating by an equivalent
beam, as illustrated in Figure 1. In
this case, for a detalled local analy-
sis of the lower pertion of the web
frame, beam elements can be used to
model the upper portion, including the
transverse strut.
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Figure 1

Present day computer programs allow

the user to model a structure much more
realistically,
imations generally provide good results
and may be used for a guick and simpli-
fied analysis or preliminary design.

Finite Element Technigues.
the larger finite element computer pro-

grams developed in the United States are

briefly described in this section in
alphabetical crder. A much more exten-

sive status review of available programs

is provided in (2).

1. ANSY3 (Engineering ANalsis S¥S-
tem) 1s & general purpose finite element
computer program with an element library

of some sixty finite elements (beams,
plane stress elements, axisymmetric

solld elements), seventeen of which have

nonlinear formulations. The program is

capable of performing static and dynamic

structural analyses as well as analyses
involving fluid flow and heat transfer.

but the beam-frame approx-

Some of
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Its nonlinear capabilities include
small strain plasticity, creep induced
by thermal changes and irradiation,
induced by irradiation, large deflec-
tions and buckling. The dynamic capa-
bilities 1nclude eigenvalue-elgenvector
extraction, steady-~state harmonic res-
ponse, and llnear and nonlinear transi-
ent response. Materials may be isotro-
plec or anisotropic and may have temper-
ature dependency.

For static analyses, the program
makes use of the wavefront method of
sclution, thus making the program unre-
stricted as far as bandwildth size is
concerned. For dynamic¢ analyses, the
consistent mass matrix and explicit
quadratic integration routines are em-
ployed. Available plotting software
packages Iinterface with thls system for
geometry, stress, displacements, and
temperatures.

2. DAIBY (Displacement Automated
Integrated SYstem) is a general purpose
finite element displacement method
structural analysis computer program,
with sixteen active structural elements,
including beam, torsicn, plane stress/
strain, thin shell, and thick plate,
three-dimenslonal solid,
1al and isoparametric elements.

At the American Bureau of Shipping,
ABS/DAISY has been extensively employed
in,the review design and analysis of
large tankers, high-speed contalner
ships, LNG vessels, general carge ships,
barges and bulk carriers with structures
ranging in size from local detailing to
an entire ship hull.

The primary components of the DAISY
system are its preprocessor programs,
the DAISY finite element program and its
postprocessor programs. The three-dim-
ensional preprocessor system consists
of a series of programs which can gen-

erate data for all or a portion of a ship
The two~dimensional pre-

hull structure.
processor system is used to generate
automatically planar structures such as
web frames, girders or brackets. Users
capable of developing their own computer
programs to generate input data or who
may have existing data-generating rou-
tines may easily integrate theilr pro-
grams into the system. This feature of
the DAISY system provides the user with
a maximum amount of flexibility to per-
form a wide range of analyses.

Some of the speclal DAISY features
are a substructuring capablility, auto-
matie assignment of nodal degrees of
freedom, singularity detection,
and antisymmetric lcad combinations,

autcmatic generation of buoyancy and tank
DAISY can also be used with-

loads, ete.
out pre-processors and contains many us-—

er-oriented subrcutines to allow maximum

flexibility in the use of the program.

swell

composite mater-

symmetric



Further developments in DAISY include
the additional capabllity of dynamlc
and buckling analyses.

The postprocesscr system consists
of programs to display the DAISY cal-
culated results, including printout
of the entire results and/or selectlve
output and plotting of nodal displace-
ments and stress contours on an incre-
mental plotter. Postprocessors may
alsc be developed by the user to Iinter-
face with the DAISY results.

3. EASE 2 (Elastic Analysis for
Structural Engineering) is a structural
analysis computer program, with fewer
elements for the discretization of the
entire structure than found in other
general purpose programs available to-
day. EASE 2 has the capablility of an-
alyzing structural models with ftemper-
ature-dependent material.

4. MARC (Marc Analysls Research
Corporation) i1s a general purpose fin-
ite element program for elastic analy-
sls and for ncnllinear statlc analysis
of structures with large displacements.
The element library contains two- and
three-dimensional elements and plate
and shell elements. The program 1is
particularly oriented toward soclving
alastlc-plastic and creep problems.
Plasticity behavior is based on the
thecry of 1lsotrople, elastic-plastic,
time-derendent materials with a voif Mises
yleld criterion, isctropic or kinematle
strain hardening, temperature~dependent
elastlc properties and equivalent yield
stress. Creep behavior 1s based on a
von Mlses flow criterion with 1sctropic
behavlior described by an equivalent
creep rate law specified by the user.
The program uses the tangent mocdulus
method for plastlcity and an iterated
Initlal strain method for creep calcu-
lations.

5. NASTRAN (NAsa STRuctural ANal-
ysis) is a general purpose computer pro-
gram designed to determine the elastic
structural responses tc a wide range of
loading conditions utllizing the finilte
element displacement method. The pro-
gram 1s appllecable to meost linear and
some nonllnear systems and can generate
static responses to concentrated and
distributed loads, thermal expansion,
and enforced deformations (such as cam-
ber and boundary displacements); dyna-
mlc responses to transient locads,
steady-state harmonic loads, and random
excitation; determination of rezl and
complex eligenvalues for use In vibration
analysis, dynamle stability analysis
and elastic stability analysis, etc.

NASTRAN 1s highly user-oriented
because cf the very systematic organi-
zaticn of the program. Errors are
usually detected before an actual

attempt at assembling the structural
stlffness matrix. Because of the pro-
gram's modular structure and a restart
feature, it ls possible to restart the
program from intermediate stages of the
analysis procedure.

The element library of NASTRAN has
twelve elements but each element on its
own 1s so general that it is equlvalent
to several "entirely different™ elements
in other programs.

€. SAP IV (Structural Analysis
Frogram) is a general purpose finite
element structural analysis program
capable of performing statie and dynamic
analyses of linear systems. SAF IV has
an element library containing elements
for three_dimensional truss and beam,
plane stress and plane strain, three-
dimensicnal solid, thick shell, thin
plate, thin shell, boundary, and pipe
problems.

SAP IV in its dynamic analysis mode
utillizes the mode superposition or dir-
ect integration techniques and will per-
form the calculation of frequencles and
mode shapes by elther the determinant
search or subspace iteration method,
depending on the size of the problem.

7. STARDYNE (STAtic and D¥Namic
Structural Analysis System) is a finite
element structural analysis computer
program consisting of a series of com-
patible structural engineering programs
designed to analyze linear elastic struc-
tural problems. The program uses the
stiffness method and is capable of analy-
zing a wide range of static, dynamic and
stability problems.

The statle structuralanalysis capa-
bilities of STARDYNE include applled
element and nodal loadlng, specifiled
displacements, automated thermal analy-
sis, inertia loading, and combined
loading cases. The dynamle structural
analysis capabillties cause STARDYNE to
extract elgenvalues and eigenvectors for
any desired frequency range, and to com-
pute the generalized weights, participa-
tion factors, and internal forces on
elements assoclated wlth each mode.

STARDYNE can find scoluticns to a
free-free system if the applied forces .
are self-equilibratlng. The program
internally renumbers nodes in order to
minimize the bandwlidth.

8. STRUDL II (STRUctural Design
Language) 1s & subsystem of the Integra-
ted Civil Engineering System, ICES.

STRUDL II offers a Problem Orlented
Language, POL, which allows the user to
instruct the system through simple words
or phrases as to which procedures should
operate on the data.




Member design facilities for framed
structures are also included in STRUDL
II. The reinforced concrete portion
provides for the proportioning of beams,
flat slabs and columns. The output con-
sists of member dimensions and main
longitudinal reinforcement. The member
may also be completely speclified, in
which case its adequacy is checked
against flexure, shear bond and deflec-
tion eriteria.

QMDITTT meamhar

STRUDL II ¢ S a cel member
selection procedure based con standard
rolled sections and the AISC code, and
provides a procedure for the nonlinear
analysis of frames, plates, and shallow
shells. Other features included are
linear buckling analysis, dynamic anal-
ysis, and a frame optimlzatlon proce-
dure. STRUDL II is easily interfaced
with commercially avallable plotting
packages.

9. ASKA, PASSAGE and SE3SAM are
some of the other large finlte element
programs developed abroad.

Other Approaches. Other approaches
to the solution of structural problems
inelude finite difference methcds and
classical solutions, with extensive
use of matrix metheds and numerical in-
tegration technigues. Many of the
programs use a comblnatlon of techni-
ques and methods. A fairly comprehen-
sive listing and deseription of exist-
ing computer programs are given in (2).
The methed of finite differences can
be subdivided into the equilibrium
method (stresses in the equilibrium
equations are expressed as differences
at finite intervals) and the energy
method (strains in the energy egquations
are expressed as differences at finite
intervals).

A comparison of resulis obtalned
by the finlte element and finite dif-
ference methods for the case of an
axisymmetric shell is illustrated 1in
Figures 2and 3, adapted from {(2), which
show the results of a convergence study
involving a free hemisphere pinched by
a cos 26 pressure distributicn. This
rather l1ll-conditioned problem is a
very geod test cf varlous methods of
discretization. The problem is 111-

conditioned because small forces cause
Mhiia
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dicted reference surface stralns are
very small differences of relatively
large numbers. The dotted line in
Figure 3 1s obtained wilth use of a
half-station finite difference energy
method, which is equivalent to a
finite element method based on linear
functions for the tangential displace-
ments u and v and a guadratic funection
for the radial displacement w.

lassical methods of solution

involve the use of equations governing
the elastic behavior of the structure,
and can be used for simple idealized
cases where the equations are known and
the solutions can be easily obtained.
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Comparison of Computer Programs.
The intent here is not to glve a com-
parison as such of the varicus systems,
since different agencles are inclined
to have specialized appliications cr
interests in their applications as far
as the programs are concerned; there-
fore any such attempt would undoubtedly
be biased to some extent. A correlat-
ive study of the most commonly used
systems 1s given in order to present a
better pilcture of their relative capa-
bilities. No attempt is made to compare
the running or execution times on the
various computer systems, since no two
systems will be identical in thelr
avallable core allocation, program sub-
routines or problem formulation. Any
such comparison would therefore be mis-
leading, until some standardigzation is
established.

Table I shows the avallability of
twelve analysis options in the wvarious
finite element programs previously
described. Most of this information
was adapted from (2).



TABLE

I -~ ANALY3IS OPTIONS AVAILABLE WITH PROGRAMS

Temperature-dependent material

. Natural frequencies, mode shapes
Transient response

Data generation

Graphic displays

10. Multielement library

11. Thermal effects

12. Bifurcation buckling
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Analysls Options % : 2 S 2 2 E ﬁ

naLy b = a r=1 g = 5] v ©0

. Small displacement Yes | Yes | Yes | Yes | Yes | Yes { Yes | Yes
Large displacement Yes | No Ne Yes | No No No Yes
Incremental plasticilty Yes | N¢ Ne Yes | No No No No
Creep Yes | No No Yes | No Ne No No

Yes | No* | Yes | Yes | No Yes | No No

Yes | No¥* [ No Yes | Yes | Yes | Yes | Yes
Yes | No No Yes | Yes | Yes | Yes | Yes
Yes | Yes | Yes | Yes | No Yes | Yes | Yes
Yes | Yes | Yes | Yes | Yes | No Yes | Yes
Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Yes | No* | No Yes | Yes | No No No

¥ Under development

Correlaticn of Theoretical and Experi-
mental Results

Purpcse. The need to make certain
simplifying assumptions in developing
theories and formulas implies a certain
degree of uncertainty in the accuracy
of the results, the range of thelr ap-
plicability and the limitations beyond
which they cannot be extrapolated. One
way to quantify this uncertainty is to
conduct experiments to prove, disprove
or amend theoretical results.

Some typilcal examples of the cor-
relation between theory and experiments
are presented Iin the following sections,
with results frem both full-scale and
model tests on static, dynamic and
thermal loadings.
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Static Loadings. Measurements
taken on & model of a cargo vessel (3)
provide a compariscon with theoretical
calculations and full-scale measure-
ments. Figure 4 shows theoretical and
experimental distributions of full-
scale longitudlinal stresses for a
hogging loading condition. The stress
distrlibutions are in broad agreement,
with some detall differences such as a
greater loss of effectlveness of the
bottom plating 1n the ship than the
model. Figure 5 shows a similar com-
parison for longltudlinal strains due
to horizontal bending and the agree-
ment between values calculated from
elementary beam bending theory and
theose based on measurements is reason-
able. The strain distribution of
Figure 5 shows some loss of effective-
ness of the side shell plating, and the
strain distribution due to horizontal
bending of the actual ship is shown
for comparison in Figure 6,
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4 direct comparison between a vinyl
structural model of a contalnership and
its steel counterpart under equivalent
statlc load conditions was undertaken
(4), and the results show favorable
correlation. Some of these results are
shown in Figure 7. The same information
can be retrieved from the experimental
programs of the steel model and the ri-
gid vinyl model. The use of rigld vinyl
as the modeling material reduces cons-
truction efforts, improves the repres-—
entation of complex structural shapes
and detalls, and offers reduction of
experimental efforts due to ease of
handling and convenient load magnltudes.
On the other hand, the stress range in
which 1t can be used 1s limited, the
room temperature and humidlty must be
carefully contrelled, modeling of struc-
tural jelnts must be done with care in
areas which may affect straln gage re-
sults and it has the undesirable character-
igtic of creep. Differences between the
rigid vinyl and steel structures at
joint discontlnuities 1Indlcate that
steel model welds may have a stiffening
effect on the hull skin as recorded by
nearby gages. Gluing may have an effect
on the fixity of the vinyl model joint.

Previous model experiments have es-
tablished that longltudinal stresses are
proportional to the bending moment at
the frame under examination, regardless
of the moment distributicn over the rest
of the structure. However, this con-
venlence 1is not available for torsional
investigations, since warping stresses
are a function of the torsional moment
éistribution over the entire structure,
as shown by the results on Frame 290.
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Full scale experiments to measure
the stresses Jln actual structure on
board large tankers subjected to static
and dynamlc loadings were conducted to
correlate the measured values with those
obtalned from analytical calculations,
and the correlation proved to be excel-
lent (5). Some typical results for two
ships are shown in Flgures § through 11,
giving the varlations of stress between
the base and the test condltions for
statlc loadings.
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Some c¢f the conclusions drawn from

these avnow"mnni-c show the stress char-

acteristics in certain areas and can be
summarized as follows:

1. The computed stresses In the
lower parts of the supporting strue-
tures agree very well with the experi-
mental results, partlcularly in the
highly stressed regions. A few measured
stress points deviate from the computed
values. These are considered to be in-
fluenced either by the proximity of op-

Y ~F
or by initial deflections of

appreciable magnitude.

enings, an

2. Measured values 1n the upper
parts of the supporting structures are
generally low, except 1n areas of stress
concentration such as the corners of the
deck and vertical transverses and at the
ends of struts. Because the stress
values are usually small in the upper
pertlon of the hull structure, most of
the Investigations have concentrated on

+
the bottom and lower slde structure

which is usually subject to grester
loading and correspeondingly higher
stresses. By paylng attention to de-
talls, such as fittlng of more rosette
pages and a more exhaustive investiga-
tion of the effects on the hull erdCL
of temperature changes whilch are signi-
flecant in this region, it may be possi-
ble to obtain readings which will com-
pare favorably with the computed stress
values.

3. Discrepancles caused by neglec-
ting items such as initial defleection,
change of temperature gradients along
the hull, ete. tend to decrease as
the applied loads are increased.

L, As expected, initial deflection
affects the distribution of the direct
stresses, but would appear to have
little effect on the distribution of
shearing stresses.



5. Since 1t is generally assumed
that the web portion of the member
absorbts the total shearing load, 1t was
expected that the shear measurements 1in
these locations would be less than cal-

culated, with the difference accounted

for by virtue cof the relatively thick
flange and shell plating carrying some

of the shearing load.

£. Stress values computed by the
finite element and space frame methods
correlate with measured values better
than the values obtalined by the simple
beam with end-fixity approximation; a
comparison ¢f the former two methods
indicates better agreement for the fi-
nite element method, which alsc has the
capability of calculating the direct
stress perpendicular to the long axis
of the structural member.

Bearing in mind the basic cbjective
of the experimental work, correlation of
calculated and measured stress values,
Figure 11 is of partilcular interest,
because 1t shows the results of calcu-

due to welding,

stressed regions.

In the compariscn
measured stress values
comment number 1, good
obtained 1In way of the
web frames, particularly in the highly
Reference has also
been made to the 1nability to compensate
for matters such as residual distortions
cther minor unfairness
of structure and minor differences in
material thicknesses as manufactured.
Herein lies one of the outstanding ob-
servations assoclated with this type of
experimental work, namely that, owing
to the several indeterminate factors

Pilgure 11 1llustrates not only the
results of improved computation methods,
but alsc the reasonably close values
between calculated and measured values
for a known static locading condition.

of computed and
as indicated in
agreement was
lower portion of

involved, some of which may be of a

built-in nature, it would appear at the
present time that reliance could be
placed on instrumentation results only
when the loads are such as to induce
appreciable stresses in the members

lations made by the three methods men- involved. A lower limit approximating

tioned above.
web frame as

Iin Ficura 11
4d,

Ll SaEure

has been compressed.
case of section 26, the initial deflec-
tion is cnly 3/8" near the bottom. As

The distortion of the
built 1s smaller than shown

because the vvoavrtinal gaalo

efadlus

should be expected,

advanced methods do show better agree-
ment as is Indicated in the next three

views. In paricular, this is true with
respect to the stresses measured in the

vEILlid, =s0dLe

Actually, in the

Dynamic¢ Loadings.

8,000 - 10,000 psi would appear fto be
in order for this purpose.

Wave-execited
main hull vibration results from the
interaction between a ship's hull and

the recent and more the sea. In relatively smzll ships,

slamming or bow flare effects seem to
be the cause of excltation.
such cases, the vibration origlnates
from synchronizaticn of the natural

In most

horizontal direction. However, in this frequency of hull vibration wlth a
connection, it is particularly imporfant reglon of the wave energy spectrum
to note that, where reasonable agreement which has a relatively high energy
does not occur, it is usually influenced content. The vibration at the natural
by the built-in distortion which renders frequency of the two-node vertical mode

the stress level indeferminate. It
should be noted that only the finite

element method takes into account the

direct stress in the vertical direction,
as shown in the section "Y-3tress", and
that there is good agreement between
calculated and measured values.

Theoretical calculations for a
large tanker in ballast were performed
(6), using the I33C single-parameter
spectrum with a predominant period of

of vibration of the ship's hull is a
phenomenon known as "springing".

6.5 seconds, and the statistical stress
response to irregular waves is tabula-

ted below.

TABLE II-3TRESS STATISTICS

Approx. a=0(head seas) V=16.0 knots
duration
Statistic (minutes} { Cp V=11 13 15 17 a=0 10 20 30 40
a 1/3 0.0 0.54770.56 | 0.16 | 0.15 0.28| 0.33]0.42 ] 0.52 [ 0.51
g 1/10 5.1 0.561 0.72[0.23 |0.65 0.36] 0.42 1 0.53 ) 0.67]0.65
1l in 100 4 6.45 0.711 0.91 | 0.30 | 0.82 0.45! 0.53 | 0.68 0.84 {0.82
1 in 500 20 7.35 0.81| 1.0 ] 0.34 1 0.94 0.51| 0.60 | 0.771 0.96 0.94
1 in 1000 40 7.71 0.85471.09{0.35{0.99 g.541 0.6310.811]121.01 LD,99
o = stress amidships, peak to peak, ton/in2
& = ship heading angle relative to waves, degrees(=0 for head seas)
V = ship speed, knots
Ch= statistical constant



Measurements taken on the same
ship over two days indicated about for-
ty hours of vibration present, with sea
states ranging from Beaufort numbers
3 to 6, Maximum peak to peak amidship
stress values were mostly In the range
of 0.5 to 1.8 ton/inZ, with a maximum
of 2.25 tcn/in2 reached several times.
3ince the measured records contained
about 100 cycles, these stresses should
be compared with the stress statistic
cf 1 in 100, ranging from 0.30 ton/in?
at 15 knots and o = 0 to 0.91 ton/in2
at 13 knots and o = 0.

The three main facters that should
be taken into consideration in the above
comparison as having a great influence
on the correlation are the wave energy
apectrum (excitaticn), the distribution
of the rate of change of added mass
(hydrodynamic damping) and the forecing
funetien. For continued studies of com-
parisons between theoretical and exper-
imental values, a more thorough inves-
tigation of the following items 1is
reqguired:

1. hydredynamic forces exerting
influence upon the ship hull and ex~
citing its overall vibration,

2. definitlion of damping ratio
of elastic huil vibrations.

3. c¢ombination of ordinary wave-
bending moments and vibration moments,

4. longitudinal distribution of
added mass.

5. effect of inclusion of a three-
dimensional end-correction factor to
the usual two-dimensional strip theory.

6. determination of wave energy
spectrum at its high frequency end.

7. applicability cof model exper-
iments to the prediction of actual
stress levels.

8. damping distribution and
exclting force distribution along the
ship's hull.

About 800 recordings of longitu-
dinal stresses amidships were taken on
a 200,000 DWT tanker,and 70% of the
recordings contained vibratory stresses.
Spectral analysis of these data indi-
cated that the assumption of a narrow
energy spectrum for springing is Justi-
fied. The largest vibratory stress
measured in the deck amidships was
2.2 ton/ine peak to peak, corresponding
well with the largest values measured
on the above ship (2.5 ton/in?). 1In
the ballast condition, the probability
of getting hull vibrations seemed inde-
pendent of both Beaufort number and
wave direction. In the full load

=]

condition, the probability was found
to be larger in head seas than 1n beam
seas. The vibratory stresses were also
generally larger in the ballast condi-
tion. -

Another study of correlation be-
tween theory and experiment for spring-
ing stresses was conducted for two
Great Lakes vessels (7). The midship
longitudinal stress due to springing
was theoretically assumed to follow a
Gausslan distribution. Because the
springing stresses are narrcw-band,
the peaks fellow a Rayleigh distri-
buticn. If we define a non-dimensional
variable z equal to the peak stress
dlvided by the variance, the probabil-
ity that z exceeds a certaln value can
be calculated by analytical integra-
tion and is plotted in Figure 12 for
various values of a spectral width
parameter a.

o4

Lo
!'

1
4 -3

F

Cumulative distribution function F,(Z,a)
Figure 12

An experimental investigation was
carried out to determine how well the
theoretical predictions agreed with
actual peak distributions of measured
springing stress records. Some of the
complete stress records for two dif-
ferent ships are shown in Figure 13,
and the springing stress histogram for
one ship is shown in Figure 14. From
this data, i1t appears that the spring-
ing stresses manifest themselves as a
narrow-band Gaussian phenomenon and
therefcore are qulte highly correlated
statistically. The measured peak
distributions were found to agree quite
well with the theoretlical probability
density functlons. Further studies
of springing correlation are being
conducted at Webb Institute and at

the Massachusetts Institute of
Technology, with emphasis on theore-
tical developments.
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A large tanker was instrumented for
measurement of statie, dynamlc and vib-
ration stresses (8), and the results of
stresses due to propeller-excited vibra-
tilon are shown in Figure 15. These stres-
se8 Were measured on a typical webhframe
adjacent to the longitudinal bulkhead at
about one-third depth; they were small
(within the range of calculated stresses)
and showed no potential vibrational

problems.
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Thermal Loadings. Theoretical-
experimental correlatlons for thermal
loadings were conducted on an asphalt
fanker, carrying cargo wlth tempera-
tures up to 30C° F,(9), (10).

The magnitude of thermal stresses
developed in the hull structure is
governed by the restralints provided by
surrounding structure and by the non-
uniform temperature differences in the
hull due to the ship's internal and
external environment. In order to
determine the hull girder stresses 1n
the vessel, a sufficlent portion of the
structure must be considered to reflect
both structural restraint and the ther-
mal effects on the hot cargo and the
lower temperature of the external en-
virconment. The three-dimenslicnal hull
structure from Frame 56 {(about 23 feet
forward of amldships} to the forward
perpendlcular of the vessel was con-
sidered in the finite element analysis,
including the reglon of the maximum
total hull girder stress as well as
sufficient surrounding structure to
accurately represent the thermal stress
behavior.

The theoretlcal results, as expec-
ted, indicate that the thermal stresses
increase wilth decreasing deck tempera-
ture, since the temperature differences
between bulkhead and deck, and bulkhead
and bottom will increase. The thermal
stresses in the side shell plating near
the waterline decrease with decreasing
deck temperature, due tco decreasing
vertical temperature gradlent 1in the
side plating.

Some of the thermal loads and cal-
culated stresses are shown in Figure 16.
The measurements were taken with strain
gages at varlous locatlons, and some
of the comparative results are shown
in Figures 17 through 19.

T+t he theoretical
The correlation between theoretical

results and measured stresses is goo
bearing in mind the large number of un-
knowns and ldealizations utilized in
any theoretical study.

For the port and starboard side
shells, Figures 17 and 18, excellent
correlation shows clearly a peak of
stresses at the round of the sheer
strake and the peak of stresses due to
the steep temperature gradlent between
freeboard and underwater shell.

For the deck at frame 54, Figure
19, the correlation is not very good,
but theoretical stress distribution is
with non-buckled longitudinal bulk-
heads, and slnce the bulkheads are
buckling in reality, the measured com-
pressive stress peaks over the longl-
tudinal bulkheads are less marked. It
is 1likely that the structural discon-
tinuities on the deck alsc have some
disturbing effect.
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For the measurements on the deck
forward of the mid-house, the correla-
tion is slightly better than in the
midship secticn area and the effect of
structural discontinuitles 1s negli-
gible.

Tnfliuence of Initial Distertion

Initial Distortions. Inltial
tortions always exist in fabricated
structures due to welding contraction
and to fabrication imperfections. They
have a significant effect on the struc-
tural behavior of plating. Studles
have been made on the behavior of a
typical double bottom structure, with
tests on a one-eighth scale steel model,
Figure 20, and an overall analysis
using orthotropic plate theory with
shear deformation {11}. Inltial rela-
tive distortions due to weldlng were
present over the central region of the
outer shell, as shown in Filgure 21.

The ratio of distortion to plate
thickness was of the same order as
occurs in practice.

dis-
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A compariscn of theoretical and
experimental values for the overall
behavior for a uniformly distributed
normal load 1is given in Flgure 22; it
shows generally goocd agreement, with
the differences attributed mainly to
local defermaticn and approximaticns
in the computation of loss of effective-~
ness. For local behavior of oufer shell
panels, Figure 23 shows the 1nitial
deformaticons and inplane loads used in
the theoretical soclutions, based con
contours measured priocr to any testing
(Figure 21). A comparison of theocreti-
cal and experimental values for the same
uniformly distributed normal locad is
shown 1n Figures 24 and 25 for bending
stresses and membrane stresses respec-—
tively.

The most significant source of
error is that the initial deformation
of adjacent panels is not antisymmetric
as assumed in the theoretical
This is apparent in the behavior of
panel 2, where the effects of the much
larger deformations in panel 3 have
swamped the flexural behavior of panel
2 to such an extent that the theoreti-
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ing stresses are of the wrong sign.

This factor also probkably contributed
to the lower measured values of trans-
verse membrane stress 1n panels 1 and 2.
In the latter case, the panel on the
apposite slde of the center girder had
suffered significantly greater initial
deformation.

A second major source of error was
the restriction in the theoretical sol-
utior with respect to the symmetry of
initial deformations within a panel;
this applies mainly to panel 3 in which
the effect of concentration of initial
deformation toward the floor A' end,
which can be seen 1n the contours, was
reflected Iin the lower measured membrane
stresses 1n this reglon.

The measured model deflectlon agrees
closely with that calculated by ortho-
tropic-plate theory, provided that
allowance is made for shear deflection
and for loss of plate effectiveness due
te shear lag and out-of-plane deflec-
tion. The following comparlson shows
the deflections relative to an arbitrary
value of 100 assigned to the measured
deflection:

1l. Measured deflection 100
2. {Calculated deflection

neglecting shear deformation

and loss of effectiveness 53

3. Calculated deflection Including
shear deflectlon,; but neglecting

loss of effectiveness 79
4. <Calculated deflection including

shear deflecticon and loss of

effectiveness 105

Panel stresses can be estimated by
large deflectlon theory, using in-plane
boundary forces derived from the overall
analysis. Owilng to irregularities in
initial deformations and to uncertaln-
ties in boundary conditions, the agree-
ment with the measured stresses is less
satisfactory than that for overall bhe-
havior, differences of the order of 30%
being noted at many locations. If the
overall stresses are calculated accor-
ding tc &4, above, then noticeably
better agreement 1s found by using
large deflection theory for determining
the panel bencdlng stresses rather than
by using small deflecticon theory.

The model was also tested to fail-
ure, and it failed at an applied in-
plane longitudinal compressive stress
of 10.4 ton/in? combined with a distri-
buted normal pregsure of 13.5 1b/in2 on
the bettom plating; this combination
corresponded respectively to 1.7 and 1.2
times the load calculated to cause equi-
valent surface stress yielding of the
outer shell plating according to analyses
incorporating large and small deflection
plate theory.
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The fellowing ultimate load comp-
arisons show the loads relative to an
arbitrary value of 100 assigned to 1ltem
1. below.

reaction Ib/red detlection m-!IOa

3

1. Load to cause surface yield as
determined experimentally 100
2. Observed failure load 200
3. Load tc cause surface yield as
determined by orthotropic plate
theory neglecting shear defor-
mation and loss of plate effec-
tiveness, with panel stresses
given by small deflection
theory 170
4, Load to cause mid-plate yleld
in case 3. 1if local plate
Experimental values « bending is neglected 218
‘Pheoretieal solutions: 5. Lecad to cause surface yielding
1 including shear deformalinn =—— - c—— as determined by crthotropic
2 noshear deformation ————————— plate theory including shear
. : deformation and loss of plate
Deflections and Reactions effectiveness, with panel stres-
seg given by large deflection
Figure 22 theory 115

detlectienin =10

reaction ibfrod
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6. Load to cause mid-plate yield
in case 5. if local plate
bending is neglected 2iQ

It should also be pointed out that
the ratlo bhetween yleld lcad and failure
load cannot be expected to be the same
for all bottom structures.

A comparison with an overall analy-
sls using a finite element model was
carried out, with good agreement. How-
ever, generally avallable programs do
not allow for local Imperfections, so
that the local stress results will not
have much relevance.
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In a fabricated structure, distor-
tions are usually caused by the manufac-
turing process, and in modern ship struc-
tures they are generally assocliated with
residual welding stresses.

Ignoring these stresses, an initi-
ally deformed plate loses stiffness imme-
dilately as load 1s applied. Thus the
efficlency of a plate, defined as the
ratio of the total contraction of a
perfectly plane plate to that of a de-
flected plate, is contlnually reducing
as load increases, even before buckling
oceurs. This loss In efficiency 1is
small untll buckling loads are approached,
particularly in plates which are longer
than they are wide. Even for wide
plates, 1t has been shown, using an elas-
tle analvsis, that, in general, initial
deflections do not lower the efficiency
of plating significantly, unless the
plating 18 very thin. It has been
suggested that the initial deflection
should not exceed 0.3t 1f significant
1085 in efficlency is to be avoided
{12},

An investigation for simply sup-
ported square plates in ailreraft
structures (13) showed the following:

1. As expected, the effects of
inltial deflection upon buckle growth
and effective width are most marked
near the theoretical flat-plate criti-
cal stress.

2. At stresses well below the
critical stress, the behavilior of the
plate is very much the same as for an
initially flat plate.

3. The effective width is at all
values of stress less than that of an
initially flat plate.

N-15



If we assume, pessimistically, that
for a long simply supported plate the
initial deflections occur in asymmet-
rical waves whose half lengths are
equal to the plate width (that is,
they are in the lowest buckllng mode),
then the foregoing square plate con-
plate. Loss of effectiveness of
plating is appreximately proportional
to the square of the initial deflec-
tion. With the random ripples, which
usually occur in welded ships, or with
one single leobe, the loss in effective-
ness ls appreciably reduced and is
small in Jongitudinally stiffened
ships. The effect of initial deflec-
ticn on the maximum end load that a
plate can carry has been examined
recently, and the experimental results
show good agreement with the pertinent
theories and demonstrate an appreci-
able reduction in maximum load capa-
city, even for very small initial
deflections. For example, an initial
defiection of only t/20 in a mild
steel plate having b/t = 50 appears
to lower the maximum average plate
stress by about 15%. (t is the
thickness and b the wildth of the
plate panel).

Measurements taken in Great
Britain in 1965 on typical areas of
frigate bottom plating in dry docks
{14) show that the average deflection
was 0.30t or 0.005%: in the least fair
frigate, and 0.11t or 0.0024b in the
best. Maximum deflections were
generally about three times these
values, with the very occasional large
local depression of about 1.5t in the
worst frigate near a welded seam.

Another investigation of stress
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distributions in a large tanker (8)
showed differences between stresses
calculated by a finite element computer
program and stresses deduced from
strain measurements on the actual ship.
Location of the varicus sections and
some of the measured deformations are
shown in Fipgures 26 and 27 respectively.
Stress measurements at a typical sec-
tion are shown in Figure 28. The
correlation between theoretical and
experimentsal results was not altogether
satisfactory, due to insufficiently
narrow mesh patterns in the two-dimen-
sional finite element model and,more
significantly, due to the Initial deforma-
tions which occurred during construc-
tion.
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Influence on Buckling Strength.
The 1nfluence of fabrication imperfec-
tlons on the buckling strength of a
structure 1s difficult to assess, due
to the unpredictable nature of imperfec-
tions. At the present time, it seems
reasonable to assume that a small ini-
tial deflection of a plate panel, say
less than one half of its thickness,
would not change the elastic buckling
behavior of the panel. A similar con-
clusion can be drawn for a structural
member or sectlon., However, the load-
carrying capacity in the post-buckling
state of a plate panel with initial
deflectlons will be significantly re-
duced if material yielding is cheosen as
a failure criterion. This can be seen
from the stress redistribution in a
deformed web plate shown 1n the pre-

vicus section.

If the initial deflection is
larger than the thickness of the plate,
the deflection will lncrease with the
inerease of the compressive loads and
the procedure of calculating buckling
strength is no longer applilcable.

Influence on Structural Reliability.
It is wusually implied in any specifica-
tion or design code that safety factors
are introduced to provide adequate
coverage against structural failure.
The safety factors in most design rules
have been developed in an evolutionary
manner over relatively long periods of
time, assuming an ideal structure which
usually has not been optimally designed.
Where fabrication Imperfections exist,
the anticipated safety factors will be
lower but still seem satisfactory in
most cases (because of overdesign
rather than efficient design). 1In the
classical approach to ship design, the
beam, column and plate theories were
used in a plece-by-piece design of the
hull girder. These methods did not
allow for a simultaneous cccurrence of
failure modes. Now with the introduc-
tion of automated ship design procedures,
many constraints applied in the past are
waived and the hull structure can be
designed by more powerful tcols. Thus,
ship designers are more apt to lean to-
ward structural optimization than before,
and the appllcability of the existing
safety factors is very much in question
The answer to this question is in the
use and development of reliability ana-
lysis. An important factor in the
reliability analysis Is the determina-
tion of the level of failure and type
of failure mode. The reliability ana-
lysis may be developed for predicting
yielding, large deflections, cracking,
instabllity, ccllapse, dynamic response,
etc. The same is true for material
strength properties, such as fatigue
life, ultimate strength and creep,
which are being described probabilis-—
tically. In other words, it is impor-
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tant to know the true factor of safety
involved in the design of ships subject
to certain probabilistic loadings and
design conditions. A rational proce-
dure in allocating the structural cost
is to consider the probability of the
occurrence of, and the likely damage
cost associated with, each fallure
level.

Interpretation of Computer Hesults -
Examples

Overall Hull-Girder Responses.
The entlre hull structure of a contain-
er vessel was analyzed by the DAISY
system of finlte element computer pro-
grams (15). The ship was placed in
obligue quasi-static regular waves and
subject to combined vertical, lateral
and torsicnal loads. Deck displacements
are shown in Figure 29, where the top
picture shows the vertical and longitu-
dinal displacement components of the
main deck centerline and the longitu-
dinal displacement of the ship's side
lines at selected frames. In the first
curve, the vertical component of the
displacement is due to pure longitudin-
al vertical plane bending of the ship
hull girder. The longitudinal compon-
ent 1Is due to both vertical and tor-
slonal deformation of the hull. The
second group of curves shows the res-
ultant displacement due to torsional
warping and lateral bending deforma-
tion of both deck side lines of the
ship. It is clear that the longitu-
dinal displacements of both sides are
almost negligible near midship.

The bottom picture shows the dils-
rlacements for the upper deck at the
centerline and the ship's sides. The
distortion of hateh diagonals has been
calculated, and the initial diagonal
lengths for the idealized structure
are tavulated, The maximum distortion
is found to be at the second hatech
opening forward of the engine room.
The deformation gradually decreases
toward the forward hatch.

Flgure 30 shows the computed longi-
tudinal and shear stresses in the deck
and side shell platings between Fr. 188-
182 due to wave-induced vertical moment
and shearing force. The top diagram
shows the distributicn of loadlings
along the length of the vessel. It 1is
interesting to note that the longitudi-
nal stresses computed by means of both
the finite element techniques and the
elementary beam theory are in good
agreement. Thils seems to confirm the
validity of the simple beam approach
for calculating the hull girder bending
stresses for this type of vessel. The
agreement is not as good for shear
stress distributicns, which may be
attributed to local bending not accounted
for in the simple beam approach.
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Figure 31 shows the longitudinal
stress dlstribution of a substructure
along the port and starbcard sides.

The restraint produced by the engine
room housing is the cause of high stress
magnitudes 1n the port wing box in the
deck area, where the stresses on the
inner bulkhead plating are higher than
those of the shell plating; for the
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starboard wing box, the opposite is
true. Thils is attributed to the effect
ol secondary lateral bending in the wing
boxes. The results cof the fine mesh
medel confirm this observation and en-
able us to detect the region of high-
est shear stress near the hateh corner
¢lrcular cutout.

Figure 32 shows the stress distril
butlion arcund two sections of the
transverse box, obtained as the resul-
tant of symmetrical and antl-symmetri-
cal compeonents. Figure 33 shows the
antisymmetrlc transverse stress compo-
nents at a section of the transverse
box, teogether with a straight line
approximation.

The DAISY system was also used to
analyze a vessel carrying liquid cargo.
In such vessels, stress increases in
the hull girder plating, in addition to
the normal expected secondary or ter-
tiary stresses, are sometlmes caused
by a particular lecading pattern.
Stress concentrations usually occur
where ballast tanks are elther full or
empty and are surrounded by empty or
full cargo tanks., Figure 34 shows a
loading pattern with the vessel in a
heavy ballast condition on a sagging
wave and the corresponding stress
patterns. In the bottom plating out-
slde the lcaded ballast tank, sectilon
I-I, the stress distributicon is almest
linear. Inside the ballast tank,
section II-II, there is an almost 25%
increase in longltudlnal stress 1n way
of the bilge, due to the horizontal
pressures of the end bulkheads of the
ballast tanks causing an additional
local tension in the viecinity of the
bllge,
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Stress Concentrations. Stress
concentrations cor stress ralisers are
usually due to local irregularities in
the structure, discontinuities or abrupt
changes in relative stiffness between
adjacent structural members. The cor-
responding maximum stress intensities
can be evaluated using finite element
structural analysis, photoelastic analy-
sis and/cr measurements. Stress concen-
tratlions can be divided into three
categories:

1. Stress concentrations due to
imperfect fabrication.

2. Stress concentrations resulting
from unavoldable structural discontinui-
ties,

3. Stress concentrations introdu-
ced by 1mproper design of connection
details,

Stress concentrations due to im-
perfect fabrication are introduced
during fabrication {misalignment, sur-
face scratches, notches in plate edges
or circular shafts, built-in stresses,
ete.) or are caused by local corrosion
or local damages (caused by collision,
etc.). These stress concentrations can
usually be corrected by preventive main-
tenance or elimination of the contribu-
ting factors.

Stress concentrations resulting from
a design constraint or product condition
have been generally ignored, since their
repetitive use and application has shown
that under statlc loading conditions
ne danger of rupture or failure can be
expected. High stress concentrations
in this category may occur at the edges
of rivet or bolt holes, keyways in
circular shafts or fillet radii in
circular shafts with a change in diame-
ter. They should be investigated when
fatigue is involved, as in the case of
machinery components.
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Figure 35 shows a typical example
of stress concentration around a hatch
corner opening of an LNG carrier, occur-
ring as part of a necessary design con-
dition. The results cbtained from a
finite element analysis show a stress
concentration facteor cf about 2.5, with
a maximum stress intensity of 34,900 psi,
which 1s the yield strength of the mat-
erial. (The actual stress will be lower
due to plastic yielding). Since the
nominal stress in that reglon is gover-
ned by the overall characteristics of
the hull girder, a local increase in
plate thickness would not result 1in any
significant reduction iIn stress. The
only way to decrease this stress con-
centration is to reduce the nominal
stress in the deck plating, which would
mean a substantial increase in material
te increase the deck section modulus.
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Practical experience with a great num-
ber of vessels has shown that, with pro-
per fabrication of the radius corner,
avoldling notches by grinding the plate
edges smooth will result 1in satisfac-
tory service without fallure. It

should be pointed out that for ductile
metals the probabllity of fallure 1is
much smaller than for brittle materials.

Another typical detail in ship
structures, where stress concentrations
are present is shown in Flgure 3%, with
a stress intensity of 3491 kg/em® partly
due to the geometry of the triangular
finite element. A stress concentration
factor of about 2 is to be expected for
such details,

Stress concentrations in this
category are sometimes caused by non-
uniform, unfavorable load distribution
on certaln major components of a ship
structure. A typical case of an LNG
carriler with independent tanks, Figure
37, shows an exploded view of the ship
structure with the tank removed. The
design of the containment system in-
cluded a centerline longitudinal bulk-
head and a complete transverse bulk-
head at midspan of the tank. Figure 38
shows a seagolng condition for the
fully loaded vessel encountering a
head-on wave 1n sagging and the corres-
ponding leocad distribution on the inner
bottom of the vessel. It clearly shows
that the inner bottom and tank bottom
are not in contact in the middle of
hold, and load concentratlons are
apparent at the corners and at both
ends of the centerline bulkhead of the
Independent tank. Filgure 39 shows the
stress concentrations caused by these
loads imposed on the centerline girder
of the vessel. Since the maximum
stress Intensity of 44,860 psi is
malnly due to excessive shear stress,
an increase in plate thickness will
reduce the sStresses almost proportion-
ally.
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Stress concentrations introduced
by improper design of connection de-
tails are exemplified by Figure &40,
showing the structural detail of a
shell longitudlinal connectlon to a
horigzontal oiltight bulkhead glrder.
This detail has been suspect for some
time because of so-called "nulsance
cracks".

A detailed investigation using
finite element analysis shows that,
in most cases, these stress concen-
trations can be elliminated with minor
design changes, and therefore belong
in a separate category. The stress
concentrations are due to iocal lcad
concentration from horizontal glrder
loadings, 1lmproper bracket detail and
discontinuity of face piates.

The critical loading conditlon anal-
vzed for this particular detall was for
the vessel ballasted in a sagging wave
with the aft wing ballast tank full.

The nominal load or stress in the shell
longitudinal midway 1n the ballast tank
would be the sum of the hull girder
bending moment stress, the secondary
bending stress of the cargo and hydro-
static load on the longitudinal plus a
stress due to the local axial force from
the horizontal bulkhead girder lecad. At
the connectlon of the shell lengitudinal
and horlzontal bulkhead girder, addltion-
al shear and bending moment are caused
by the rotaticn of the horizontal girder,
and some increase in stiffness 1s re-
quired at the connection to the ciltight
bulkhead. Figure 41 shows the deflec-
tions and stress distributions for three
different end connections. Since the
stiffness of the horizontal girder is
large in relation to the stiffness of
the side leongitudinal, the rotation and
deflection of the horlzontal girder in
way of the slde shell is not influenced
by the stiffness of the longitudinal end
conrnection. From the top picture of
Pigure 41, 1t can be seen that the lar-
ger bracket as originally designed
causes more deflection in the shell
longitudlnal at the bracket toe, result-
ing in stress concentrations of almost
3500 kg/cm?. Reducing the size of the
bracket as shown in the mlddle picture
and lining up the faceplate with the
stiffener on the horizontal girder re-
duces the maximum stress intensity in
the faceplate to 2400 kg/cm®. The only
increase required is a 50% Iincrease in
the longitudinal web to reduce the shear
stress., The bottom plcture shows another
solution to the prcblem, where the stif-
fener was moved and the web of the long-
ltudlnal and face plate were increased
locally by 50% to reduce the bending and
shear stress, resulting in a maximum
tenslion in the face plate of the slde
longitudinal of 2680 kg/em2, a 25% re-
duction from the original design. A
reductlon in the bracket along the hori-
zontal glrder is shown to reduce the



stress concentrations, whlle the added

material l1s less than what was used for
the original design.
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Distribution of Thermal Stresses.
A portion of a liquefied natural gas
carrier, consisting of the dome, the
spherical tank shell and cylindrical
supporting skirt, together wlth one
horlzontal stiffener near the eguatcorial
ring, has been modeled, using axisymmet-
ric sclid elements for a detail investi-
gation (16). A typical section of the
fine mesh model near the equatorial ring
is shown in Figure 42 for a specific
staticnary temperature dilstributiocn in
the tank support, with the thermal stres-
ses in the groove profile, a critical
reglon, shown in the shaded area. The
deformation of the entire model due to
the temperature differentlal is shown
in Figure 43. A structural analysis of
another LNG spherical tank system (17)

gives a simllar pattern of deformation,
as shown in Figure 44,
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COMPUTER-AIDED DESIGN PROCEDURES
Scope
Computer usage appears in most

phases of ship structural design and
producticn. Its sheer "number crun-

B0 a0 47 G 20 10

ching" powers are fully utilized in
engineering applications, such as
finite element programs. Its facility
for data management and retrieval en-
abled such computerized systems as
AUTOKON, STEERBEAR, CASDCS and others
to have been developed for ship pro-
duction and detaliling applications.
The ability to produce graphlcal out-
put via interactive terminals has

also received much attention in ship
design in recent years. Many papers
have been written on the above subjects
and it 1s beyond the scope of this
paper to describe in adequate detail
the many applications of computer-
aided design. Instead, only a few
subject areas will be addressed,
primarily in the structural deslgn

and analysis fleld.

Ship Characteristics and Stabillty

Numerous computer programs have
been developed over the years to
perform varlous naval architecture
calculations such a&s hull girder shear
and bendling moment, section modulus,
and hydrostatic stability. These
calculations all requlire a description
of the hull geometry,usually in the
form of offset data. Perhaps the most
widely used and comprehensive hull
characteristics program is SHCP (Ship
Hull Characteristics Program)(18). This
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program develops both intact and damage
stabllity characteristics for ship forms
by conventlonal metheds. Hull girder
shear and bending moments can also be
calculated. Computer-generated plots

of the body plan, water planes, sec-—
tional areas and curves cof form, Figure
HE= rann alao he nroduced

I5, can also be preoduced.

In addition to comprehensive
computer codes such as SHCP, special
purpose programs for calculating grain
stability, ftank ullage, and section
modulus are alsc available to naval
architects. As the description of
the hull form is a reguirement for all
of the above calculations, establish-
ment of a common data base for the hull
surface geometry is highly desirable,

Design Loads

Statlic Loadings. The forces acting
on a ship consist of its cwn weight,
inertia forces, cargo weight, and sea
loads. The ship and cargo weilghts are
well defined. Sea lcads are a combina-
tion of the hydrostatic pressure of the
sea and the dynamiec forces resulting
from the vessel moving through waves.
Ocean waves are difficult to define sirce

+hhAaty AAann1r moandnmliy 4An mad
they occcur randomly in nature.

of the lack of exact undersftanding of
the nature of real sea waves as well as
the vessel behavior In these waves, the
design and analysls of ships has tradi-
tionally been based on a static calcula-
tion. Sea loads were computed for a
ship polsed statically on a wave profile
of its own length, using an empirical
wave height that is expected to give
stress resultants comparable to what

the vessel may encounter in actual oper-

~ A s T an manam T we S om - -~ o~
ation. In apply tatl load

Ranmniiaa
Ooldunt

ing this static sea load
and performing a finite element analysis,
the resultant stresses are considered
only as representative stress levels
rather than absclute stress values,

Recent advances 1n the analysis of
waves and in defining the response
characteristics of a ship in waves has
removed many of the difficulties in
predicting ship motions in reallstic
seas. It 1s now posslble to solve the
in regular waves with a high degree of
aceuracy. The response of a vessel in
Irregular waves can then be considered
as the summation of responses to regular
waves of different frequencles. A
knowledge of the vessel response permits
the calculaticn of the hydrostatic and
hydrodynamle pressure distributions along
the length of the vessel.

Of greater interest for design pur-
poses is the abilitv to predict the
maximum expected loading on the vessel
during its service life. A statistical
approach must be taken in order to es-
tablish this maximum.
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Dynamic Loadings. The dynamic
loads experienced by & ship 1n a seaway
can be generally divided into twe cate-
gories. The first category comprises
continuous loads assoclated with wave-
induced forces, bending moments, tor-
sicn , and the so-called springing.
The second category comprises transieut
loads in connectlon with slamming, whip-
ping, etc. A survey and review of var-
jous lcads imposed on a ship's hull 1is
given in (19) and Professor Lewls' paper
presented at thils meeting.

The study of wave-~induced responses
{motion, force, bending moments and tor-
sicn) has been made for some time. The-
ories in thls respect can be divided
roughly into two groups, i.e. O0.3.M.
{ordinary strip method} and revised
0.5.M, Generally speaking, the differ-
enices betwesn these two methods consist
of different expressions of wave exci-
tation forces and the inclusion of the
end-effect by the revised 0.35.M. The
computer programs "SCORES", developed
at Oceanics, Inc. and sponsored by the
Ship Structure Committee (Report 88C-230)
and "SEAKEEPING", developed at the Mas-
sachusetts Institute of Technoleogy, are
two typical examples of the aforemen-
tioned methods. Basically, "SCORES" and
"SEAKEEPING" are similar in predicting
ship responses in regular and irregular
waves. However, the scope i1s scmewhat
different. "SCORES"™ with its recent
modification calculates, in addition to
the other modes, the surge motion approx-
imated by the corresponding result of an
ellipsoid. T"SEAKEEPING" includes a
special routine to handle bulb sections
which cannot be properly treated by the
commonly used "Lewis” routine, and also
computes the non-linear rolling of the
ship, as well as the occurrences of slam=-
ming, deck wetness and propeller racing.

The basis for predicting the dy-
namic response in a seaway rests on
the assumptions that both the irregular
waves ahd the ship's short-term respon-
ses are narrow-banded, that ship res-
ponses are time-invariant linear systems,
and that the superposition prineiple is
applicable to the prediction of ship
responses in irregular seas. With these
assumptions, the so-called long-term
prediction of ship responses in her
lifetime can be made, choosing a certaln
form of probabillity density functicn of
short-term ship response characteristics.
Many general statistics theories are
currently used in the field of naval
architecture, In contrast to the nar-
row-banded process, the technique of
extreme values has recently been pro-
posed due t¢ the spectra of many random
phenomera observed In practice which
cover a certain range of frequencies
and of'ten may have several maxima
during one cycle,as determined from zerc
erossings. The above-mentioned prin-
ciples and procedures in prediction
techniques are described in (20).
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A comparison between two theoreti-
cal calculation methods, using the
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VERTICAL BENDING MOMENT - MAGNITUDE (TOM-METERS|

TORBICNAL WOMEWT — MAGHSTUDE [TOM-NETERS}

%

AT C.G.

12aa0® SHIP SPEED = 10 KIS

it snisran programs, has been made by the Research
and Development Dlvisilon of the Ameri-
can Bureau of Shipping, with Figure 46
showing samples of comparison. The

two different programs yleld acceptable
results for symmetric motions (but not
for asymmetric motions) and generally
show better predictions of bendlng
moments and shear forces than of
moticns.
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The spectral density funection of
U o waves plays an important role in aship's
awip STATION long-term response determinaticon. Two
different approaches are used: an
empirical approach employlng an expres-
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predictions of long-term behavior of
ships at sea, and an approach using the
wave spectra representing the sea con-
dition in a certaln ocean area, with a
normal distribution of short-ternm
Rayleigh parameters in each sea condi-
ticon.

s

There are a number of different
mnethods used for long-term predictions.
All the classification agencies and
regulatory bodies have their own
g P Ta— " technliques, using the same principles,

sure cTaTIom but with differences 1n detall pro-
cedure. Unlike theoretical predictions
' of ship responses in regular waves,
S T T LG which can be verified by model tests,
1. ; \\ SR v - » the validity of various long-term
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scale measured data. Twe such compa-
risons are shown in Figures 47 and 48,
In Figure 47, adapted from (21}, data
on four tankers and one bulk carrier
are compared with an extrapclation
based on a probablility model assuming
a Rayleigh distribution of the measured
short-term responses and normal distri-
. buticns of the Raylelgh parameters in
each of five weather groups. When
statistical stress data are not avall-
oo w e e able, as in a new design, the SCORES
g program can be used to calculate res-
durpzERLa SEA (0 ) ponse operators from whlch the short-
SHI® SPEED = 10 ¥T3 term responses can be calculated for
representative gea spectra. This
approach 1s currently used by the
American Bureau of Shipping and repre-
sents one of the two typlcal prediction
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In Figure 48, adapted from (22),
data on a cargo ship are compared with
a theoretical extrapolation where both
the long-term behaviors of the ship and
o the waves are assumed to follow a Weibull
distributlicon. This kind of approach

is another typlcal technigue currently
Figure 46 used.
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Both approaches fit very well the
full-scale data chosen for each compa-
rison, It is quite possible that the
Raylelgh-normal distributions may not
fit data for small ships and the
Weibull distribution may not fit data
for large ships as 1t does feor small
ones, However, the load prediction
should be emphasized for large ships
since the deslgn technique for small
ships 1s quite well establilshed.

Pressure Distributlon. The recent
development of longer, wider ships such
as slow-moving bulk carrlers and longer,
faster ships for the contalner, LNG and
and LPG trades, makes 1t deslrable to
use a sophisticated method for beth
the overall and the local ship struc-
ture analyses, in which the ship hulls
are characterized by a great number of
stiffened plate fields or grillages -
the so-called "finlte element apprecach".
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Long-term distributions of \/E and of short-term extremes obtained from full scale data
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In order to make full use of the advan-
tages of such a mathematical model, the
dynamic loads resulting from the waves
encountered by the ship in & seaway
have to be known, so that the forces at
each finite element node on the wetted
surface can be approximated. This
requires the calculation of pressure
distributicn on the ship's hull. The
study of twe-dimensicnal pressure
distributions has been done for many
years. More recently, under the
sponsorship of the American Bureau of
Shipping, Webb Institute developed a
technigque to determine the pressure
distribution, using an extended mapping
method, (23), (24), and this distribu-
tion is linked with a ship motion
program.

All of the aforementioned methods
predict the pressure up to the still
water-line, due to the linearized
theory of infinitesimal waves. Figure
49, adapted from (25), illustrates
a typical distribution of dynamic
pressures around a forward section
0.151, from the bow of a T-2 tanker
model at different forward speeds.

It can be seen that the predicted
pressure agrees quite well with meas-

ured values. Alsc, in order to make
use of thecretically computed results
for structural analysis, approximations
as shown by the solid lines in Pigure
UG nave to be used for estimating
pressure above the still water line.

Structural Configuration and Scantllings

Classification Rules. Some of the
clasgification societies have developed
computer programs based on their rules
to assist in the determination of
vegsel scantlings. A typical computer
approach to ship design is ABS/RULESCANT,
a system cof time-sharing programs that
determine scantlings satisfying the ABS
fule requirements (26) for midship sec-
tions of olil, ore or bulk carriers.

The input typed by the user at a time-
sharing terminal consists of the basic
scantlings of the vessel, the plate and
stiffener scantling values, location of
longitudinals, and transverse members.
A data base (file) of all the processed
ship information is created for use by
the many cutput RULESCANT programs
which can be individually selected for
execution by the user at the time-
sharing terminal.

One of the programs is used to
check scantlings of the midship section.
The program determines the Rule-required
plate thicknesses, stiffener and hull
girder sectlion moduli, incremental sec-
tional area required to be added to the
deck or bottom to meet Rule requirements,
weight per unit length, and the allowable
shear stress and shear force. The for-
mulas used by the program in determining
the Rule regquirements are also listed,
as a matter of infermation tc the user.
After viewing the results, the user can
immediately change any of the input,
including the given values of the plat-
ing and stiffener scantlings. Then he
can rerun the program while at the ter-
minal and obtaln answers within minutes
of altering the input.

There is alsc a preliminary design
program, which requires input of only a
basic definition of the midship gecmetry.
The program then determines the minimum
Rule requirements for the midship sec-
tion. This program can be used to
provide guick Rule analysis for prelimi-
nary design purposes.

Typical output from RULESCANT follows.

RULES FORMULAS USED IN THE PLATE THICKNESS CALCULATIONS

11 FLAT PLATE KEEL: PLATE NO. 1
22¢19.1 T20,0003937L(2,6+10/0) T= 0s745 (= 677,790 vm 52.500
22419.1 TR0.00331S(0.TORAFT+0,02(L~164))%%1/240,1 T= 0.706
5= 30,000 DRAFT= 38.500 L= 6TT.7%0
15515,2 THTS2(TMS=C)@eC THTS= 0.745 TMS= 0,745 Cm=g,170 Q=1,0000
22¢19.3 TeT+0,06 T= 0.805%
22+19.7 T= 0+731 REDUCTION= 0.08]
22+19.3 TeT+0.,06 T= 0.791
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2t BOTYOM SHELL: PLATE NO. 2
22419.]1 T=0.0003937L(2.6+10/D) T= 0,745 L= 677.790 D= 52.500
2221941 Tu0.003315(0.TORAFT+0,02(L~164))%81/240,1 T= 0.706

S= 30,000 DRAFT= 38.500 L= 677.790
15415.,2 THTS®(TMS=C)Q+C THTSs 0,745 TMSz (0,745 CwQ,170 Gu1.0000

22+19.7 1= 0+675 REDUCTIONE 0.075

3: SIDE SHELLTY PLATE NO. 3
22419s1 T=0.,0003937L(2.0+21/0) T= 0.640 L= 677790 D= 52.500
22¢19:]1 T20.002B7S(0.TDRAFT+0,02L)%%)1/2+40,1 Tz 0.648

S= 30,000 DRAFT= 38,500 L= 6T7.790
1541543 THTS=({TMS=C) { (Q+2Q#21/2)/3)+C THTS®S 0,648 TMS® 0,648 Cs0.170 Q=1,0000
22¢19.7 T= 0.675 REDUCTION™ 0.075

RULES FORMULAS USED IN THE STIFFENER SECTION MODULUS CALCULATJIONS

STIFFENERS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

22429.2 SMEQ,0041CHSL#92 SM= 86,817 Cx1.40 H= 60.500 S= 2,500 L= 10,000
22+29.2 SMCC=,95M  SMCCw 784136 SM= 86.817

6e15.3 SMa@(SM) SM= B6.817 G=],0000

641543 SM=Q(SM) Sma 784136 Q=1,0000

STIFFENERS 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21
STIFFENERS 20 19 18 17
22.29.2 SM=0,.004]1CHSL*#*2 GM= 10.250 C¥) .25 H® 8,000 Sa 2,500 (= 10,000

22429,2 SMCC=2,95M SMCCw 9,225 Sm= 10.250
6¢15.3 SM=Q{SM} SM= 10.250 Q=1,0000
641543 SMaQ(SM} SM= 9.225 Q=1.0000

-

STIFFENEHS

BOTTOM LONGITUDINALS

e e R R Y ey vy ————

ID OFF.SM REQ.SM OFF,SMC HEQ.SMC H s L Q C
IN®&3 IN®#®23 INw®3 IN#®3 FEET FEET FEET

3 40.2 86.8 39.6 78+.1 60450 2450 10.00 140000 1.40
4 40.2 86.8 39,6 78,1 60.50 €¢50 10,00 1.0000 l.40
5 3923.2 8648 3666,.7 Té8el 60450 2450 10400 140000 1.40
6 40.2 86.8 39.6 7841 60450 2.50 10,00 1,0000 1,40
7 4002 86.5 39.6 TB.1 60.50 2,50 10400 1.0000 1.40
8 &0.¢ 86.8 39.6 TB.1 60.50 2.50 10,00 1.0000 1,40
9 3923.2 B6.4 3666.7 TBel 60450 2.50 10,00 1.0000 1l.40
10 4G22 86,8 39.6 TBel 60450 2.50 10,00 1.0000 1.40
11 40.2 86.8 39.6 78.1 60.50 2.50 10.00 1.0000 1.40
12 “0.2 86.8 39.6 T8el 60.50 2+50 10,00 1.0000 1.40
13 3923.2 B86.8 3666.7 78.1 60,50 2.50 10400 10000 1.40
14 #0,.2 86.8 39,6 7841 60450 2+50 10,00 1.0000 l.40
15 4042 86,8 39.6 78.1 60.50 2450 10400 1.0000 1l.40
16 402 86.8 39.6 78.1 60,50 2050 10.00 1.,0000 1,40
1 4065.9 86.8 3R48.8 78.1 60.50 €.50 10,00 1.0000 1.40
2 40.7 §6.8 40.2 7841 60,50 2,50 10,00 1.0000 1l.40

STIFFENER CONTRIBUTION TO HULL GIRDER SECYION MOUULUS
Mas MY, IXs IY ARE CALCULATED ABOUT BASELINE
OWN IX IS CALCULATED ABOUT OwN CG PARALLEL TO BASEL INE

CORROSION=CUNTROL
STIFF AREA L) MY IX 1Y OWN IX
SQ*IN SusFT#IN SOG*FT#IN SQ#FTeSQeIN SQeFT*SQ*IN SQeFT*SQ*IN

1 40,14 261.20 D.0 1699,69 ;9-?‘ ﬁ‘g.?f
2 1120 S.23 28,00 2e%4 TOs00 0.8]
3 li.20 S.23 56,00 Eeb4 280.00 0.81
& 11.20 Se23 84,00 Lokt 630.00 0.8]
5 80,28 522.40 802.80 3399,37 8028,.,00 896,68
-] Lislv 5,23 180,00 2ebbh 1750.00 0.8

N-29



STIFF AREA MX MY IX 1Y QwN IX

SQ*IN SUeFTeIN SQUFT*IN SQ@FTH#SQOIN SQeFT*SQ*IN SQ*FT#SQ*IN
7 11.20 S5.23 168.00 2e80 2520.00 0.481
a 1120 5.23 196.00 2 J3430.00 0.81
3 80,28 522440 1605,60 3399,37 32111.99 896.68
i0 il.20 5.23 252.00 2ebs S670.00 0.81
1l 11.20 S.23 280,00 2ebn 700000 0.8}
ie 11.20 5,23 308.900 Zoka 8470.00 0.81
13 80,28 522,40 2408,40 3399.,37 7225]) .94 896.68
i4 11.20 5,23 364,00 2.46 11830400 0.81
15 11,20 S.23 3%2.00 244 13720.00 Q.81
lé il.20 5,23 420,00 Zobd 15750.00 0.81
36 32.14 1645,123 80,235 84207.8] 200.87 8p.88
- 3% 10.87 581 .65 54,36 31118.38 2T71.80 0.91
34 10,87 581 .65 81.54 31118.38 611.55 0.91
a3 10,87 581.,6% 108,72 31118.38 1087.20 0.91
32 32.14 1645,13 401,75 84207.81 5021 .87 8¢.88
31 10.87 581.65 163.08 31118.38 26445.20 0.91
30 10,87 581,65 190.26 31138.38 3329.55 0.91
29 10,87 581.45 21T o s 31118,38 4348.80 0.91
28 32,14 1665.13 642.80 84207.81 12855.,99 80.88
21 10,87 581,65 244,62 31118,38 5503.95 0.91
28 10.87 S81.4% 271.80 ar118.38 £795.00 0.9}
25 10.87 581.65 298,948 31118.38 8221.+95 G.91
24 J2.14 1645.13 964,20 84207.8] 26925.98 80.88
23 1U.87 581.65 353,34 31118.38 11483.55 0.91
22 10.87 581.65 380,52 Jlli6.38 13318.20 0.91
21 10,87 581,65 407,70 31118,38 15288.75 0,91
4 0.0 0.0 0.0 0.0 0.0 040
19 10,87 579.00 4tl,2¢ 30834.93 19566406 089
18 10.87 575,63 488.19 304T76.89 21921.25 0.89
17 10,47 572.25 515.16 30120,95 264410424 G.89
S8 86,249 529,27 3604,92 3489.3) 161876463 16,00
99 80,28 689,41 3781.,04 5920.27 1T8079.75 16.00
TOTAL 868, 18396,990 21216.777 823021.161 T09077.024 T034,32
PLATE CONTRIBUTICN TO HULL GIROER SECTION MQODULUS
MXy MYy IXs [Y ARE CALCULATED ABOUI BASELINE
OwN Ix 15 CALCULATED ABOUT OWN CG PARALLEL TU BASELINE
CORROSION=CONTROL
PLATE AREA MX MY Ix 1Y OwWN IX
SQeIN SQeFT#IN SQ*FTRIN SQ#FTH*SQ¥IN SQUFT#S@RIN SQ®#FTeSQeIN
1 2700 0.0 40,50 0.0 8l.00 0.01
4 324,461 0.0 7360.13 0.0 298780.19 0.0%
3 39.79 299,61 1918.47 £332.59 92494413 - The43
4 252.18 7083,95 12413,23 226712406 611019.81 2T7720.99
5 6€0.56 £991,29 310a,88 147892.25 138422.,13 197.21
6 184,450 9963.00 5581.13 538002.00 175290.31 Ge06
7 108.R4 5795,75 5061,08 30u644,3] 236646.38 2044
a 80,00 300.00 2400.00 2000.00 98000.00 500.00
9 50.63 734,14 2025,21 10986,79 81087,.,69 341.76
10 43485 1030.43 1753,92 24531,03 T0404.08 295.97
11 40.50 1316,.25 1620.,00 43051.5¢ 65296.09 273.38
i 43.85 18419,69 1753,92 75813.,123 T1094.69 295.97
13 48.00 £2400,00 1920.00 120255.%% 78386494 256,00
14 77.08 127.27 316).73 405,34 145082,.25 573.11
990 7.31 386,65 365,62 20444,32 18596.17 034
TOTAL 1370. J4248,035 50479,817 1521051.268 2088661.820 30551.75
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OFFERED VALUES

TOTAL AREAs= 4B889,918 S5Q*IN
TOTAL MX= 116403.694 IN®SQ*FT
TOTAL MY= 0.0 IN®SQeFT

TOTAL IX= Z2402812.291 SQUFTESQ®IN
TOTAL IY= 6182457,138 SQ*FTeSQ® N
NeAe FHUM DASCLINE 23,800 FEET

MeAy FROM CENTERLINE 0.0 FEET

SM TOP = 83735,750 IN®SQ*FT

SM BGTTOM = 100938.000 IN#SQ#FT

SM PORT = 123649,125 IN®SQ*FT

SM STeD = 123649,125 IN®SG*FT .
WEIGHT PER LENGTH T«427 TON/FEET
TOTAL LOCAL INERTIA 41402.,074

REQUIRED aS OF 1975 RULES

*RRREQUIRED STILL WATER AND WAVE BENDING MOMENTSwes

63,2 MSECSTHL#428SQRT (L) #B#(CB+0,5) MS= 435329.250 CST=,0002757
L= 677,790 B= 100,000 CB= 0,82000

$.3s2 HE=0.018% 1+11.535 REs 23555 Llis= 090.000

60342 MWa(28| | #428B0HE MWm 652726.563 C2x0,0005723

Lls 690,000 8= 100,000 HE= 23,955

Hade2 Mw=(C2%| low2aBerE Muws S91700,000 C2=0.0005188

Li= 690,000 B= 100,000 HE= 23,955

60342 MT=MSw+ (KB*MW) MT=  J0BB05S,000 MSWx 435329.250

KB= 1,000 Mz 6527264563

6+3e2 FPEL0.56-(T90.~L) /845, FPm 10,627 L= 67T.790

6,3.2 SMaMT/FP SMa 106347.688 MT= 1088055,000 FPw 10,427

641543 SM=G(SM) SMm  10434T.688 0=1,0000

641543 SMEG(SM)  SMa  J0434T,688 G=1,0000

HULL GIROEK SECTION MODULUS REQUIREMENTS

To8 = 104347,688 BOTTOM = 104347,686

Q-TOP 21,0000 Q-&OTTOM =1.0000

MT(OFF)=SMTOP(OFF)®FP MT(OFF)=  873129.875 SMTOP®  83735.750 FPe 10,427

SWBM(OFF)=MT{OFF)eMwW SwBM{OFF) 220403,313 MT(OFF}= 873129.875 Mw= 652726

TO MAKE OFFERED HULL GIRDER SECTION MODULUS £QUaL TO REQUIRED

SECTION MOUULUS=00 THE FOLLOWING!

le AREA TO BE ADDED TO THE TOP IS 434,630INw2

THIS IS EQUIVALENT TO AN INCREASE OF THE AVERAGE TOP PLATE THICKNESS

OF FHOM 0,812 Tg 1.368 IN

2, AREA TO HE SUBTRACTED FROM (NOT INCLUDING THE FePosKe) IS 15.468INe2
THIS 1S EQUIVALENT TO A DECREASE OF THE AVERAGE PLATE THICKNESS

OF FROM 0,750 TO 0,734 1IN

BUMENT DeNsA LY 258V8.422 SUTINYFT FOR nALF TrE SHIP

SHEAR THICKNESS IS l.14]1 INCHES FOR HaALF THE SHIP

SHEAR CALCULATION

1975 SHEAR CALCULATION

FRAME NO. 264 STATION 34.000

##4SING REGUUIRED SHEAR FORCES#es

623e4B8 FumneMw/L]l Fu= 1011.166 K= 1,069 Mw= 652726,563

Ll= 690.000

63448 FSwab, 0%MS/L  FSwm 3211.388 MS= 435329,250 L= 67T.790
Ge3ehA FSE(FSWeFW)*M/(2,%T*]) FS= 3.262 FSwa 3211.3688
Fw= 1011.166 M= 609802,125 T= l.14]1 I= I46004736,000

MAXIMUM STILL WATER SHEARING FORCE® 3211.381 WHEN THE MAXIMUM SHEAR
STRESS® 6.7500 AND ACTUAL SHEARING STRESS INDUCED BY WAVEs 3,2623

FRAME NO. 240 STATION 96,000
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##4USING REQUIRED SHEAR FORCESG#aw
Se3edB FWsK*MW/Ll Fws

Ll3 690,000

bededB FSW=5,0#MS5/L  FSW=
6e3esa FS=(FSWeFW)#M/(2,#T#*])} FSm
Fus 2696,440 Ma

2696.440 K= 2,850 Mws

3211.388 MSs=
44966 FSW=

609802,125 T= j,141 1=

652T26.563

435329.250 L= 677.790
3zZ11.388
3460064736.000

MAXIMUM STILL WATER SHEARING FORCEa 3211.384 WHEN THE MAXIMUM SHEAR

o P T b of nd

...... MOy LW wAUE s A _Rw&ad

BTHEDS= 6.,7500 AND ACTUAL SHEARING STRESS INUDUCED BY WAYL= SIS

Engineering Analysis. Since the
classification rules cannot cover all

design aspects in specifics, most of

the clagsification societies will review
the clasgslllcatlion sS0cieLles 112 eview

under special consideration any design
supported by rational calculations.

Such design may deviate from the publish-
ed classification rules and yet be
accepted 1f the supporting engineering

armalveis nroves it to bhe gtructurallw
anaiyslis proves 1t TOo o9 SLructurlal iy

sound. For example, according to the
ABS classification Rules (26), alter-
native arrangements and scantlings will
be considered if "they can be shown
through ...... a systematic analysis

hased on sound Dnﬂﬂhﬁﬁ}""pﬂ' hr»innin?pq

based on sound englneering principles
to meet the overall safety and strength
standards of the Rules". The deslgn
procedure, in this case, combines both
intulticon based on past design exper-
ience and structural analysis almed at
Hafcwminina qnt1q?nntnrv structural

Lo Lol cdbisldl Wl [RLSRFY PN

response.

Nowadays, many computer programs
are available for rational engineering
analyses (2). These computer programs

anvar varinue tvneag of ganalvyvgses aupnh
COVED VariOud LYypes Ol allalyses, Sulill

as: small displacement, large displace-
ment, incremental plasticity, creep,
thermal effects, temperature-dependent
materlial, natural frequencies, mode
shapes, transient response and struc-
faural iTrnetabhil I+

tura. 1instadtiiity.

Optimizaticon Techniques

Optimization Technlques. Optimiza-
tion techniques of ship structures are
in their f"*‘ﬂcf stens In compariszon to

Sl wiiT el 4 ad suvlpio il CONpal a oGl

ship structure analysis technclogy.

Among the few known optimization methods,
optimality criteria and a mathematical
programming formulation such as the
penalty function approach are most pro-

migsing at this stage Some of the areas
n areas

LS lIlg Lilis oSsudgl. [l [F) vy

of development are:

1. Optimilization programs based on
ABS Rules, such as a web frame structu-
ral optimization (27), deal with the

weleht minimization nF o weh framas ha ased

LAEL L AT A OACK Liaud Jaoid

cn stress constraints derived from
standard load cases recommended by ABS.
Web height, thickness and flange area
are deslgn variables in each member of

the frame, whereas the effective area of
the weh flance congisting af the chall

LG wWoL L oallEge LONS1iobudlg ©1 LAl 5.,

deck or bulkhead plating is treated as
fixed user input. A two-dimensional
frame analysis program 1s used in the
design procedure.
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2. Midship sectlon design work
being done for the American Bureau of
Shipping at the University of Michigan
deals with the weight minimization of
the hull girder section per unlt ship
length. About ten design variables are
selected to characterize the midship
section, such as plate thicknesses of
the bottom, deck and side shell, section
moduli of the bottom and deck longitu-
dinals and thelr spacings, stiffener
spacing alceng ship sides and longitu-
dinal bulkheads, and stringer positions.

The ABS Rule reguirements are used
to act as design constraints, such as
maximum and minimum plate thickness,
maximum and minimum stiffener size, etec.

3. Other optimization work in-
cludes a midship section optimization
program {28), criented toward the design
of the longitudinally effective struc-
ture of a cargo ship, conforming to the
clasgification Rules established by ABS.
The program 1s capable of handling any
structural material in the midship
section. Combinations of framing
systems (transverse and/or longltudinal)
are possible within the panels created
by the decks, longitudinal bulkheads,
inneribottom, bottom shell, and the side
shell sections between decks. Material
combinations are varied as zones through-
out the ship crocss sectlion., In addition
to the Jongltudinally effectlive material,
the program sizes transverse structural
framing, consisting of web frames for
longitudinally framed sectlicns and
transverse deck and/or shell stiffeners
for transversely framed sections. Also
included in the design are bottom [{loors
and reverse frames. Upon completion of
the deslgn for each ship, an estimate
is made of the structural welght and of
the labor and material cost involved in
the construction.

Examples A study summarized in
Reference (29) was performed tc investi-
gate the feasgibility of designing a web
frame that satlsfies certain require-
ments stipulated by an 1solated ballast

system to be used in tankers.

For the process of optimization,
the web frame must be divided into zones
of constant thilckness, as shown in Pig-
ure 50. The extent of thls decomposi-
tion 1s arbitrary and depends on the size
and availability of steel plates, conven-
lence, ease of construction, ete. A



finite element analysis and framework
analysis were used in conjunction with
von Mises yield criteria for ccmputation
of stresses,
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Figure 50

An optimality critericn based con
fully stressed design was used to mini-
mize the weight of the web frame with a
double iteration procedure developed for
the efficient use of the finite element
anzlysis in the optimization program.

The shell, deck and bottom platings were
not allowed to vary in the optimization
procedure, since the thicknesses of these
are determined from longitudinal strength
requirements and other considerations.

The main conclusion was that 1t 1s
possible to minimlze the weight of the
web frame, with the reduction in the
weight beling dependent on the minimum
allowable plate thickness. Three differ-
ent thickness requirements were used and
the corresponding reductions in weight
are shown in Figure 51.

The optimization procedure 1s gene-
ral and is applicable toc any web frame
or similar structures. A possible
extension of thls computer program is
to relate the amount of stiffeners re-
quired to prevent shear buckling and
vibration t¢ the minimum plate thick-
ness of the webs.

Computer Graphics

With the improvement of the general
purpose struetural programs to analyze
large and complex structures economic-
ally, the need for efficient metheods of
checking input data and reviewing output
results becomes more pressing. The
field of computer graphlcs satisfies
this need by producing visualizations
of the structural models and stress
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patterns. The inherent advantages and
disadvantages of the two basic methods
of computer graphics, passive and inter-
active, dictate the usefulness and areas
of application of each method.

Passive graphlc systems include
plotters (flatbed, drum, and electro-
static) and microfilm recorders. The
nature of these devices prohibits user
interaction and therefore their use is
best suited to appllicatlions where a
user has time to review the resultant
plots before making any changes or
going on to the next step. The most
popular applications include plots of
the geometric model (input), deflected
shapes and stress contours (output).
Since turnaround requirements for these
applications can usually be measured in
hours, the normal operating prccedure
is to run these jobs in the batch mode
on large computer systems and produce
tapes which can subsequently run on
the plotters,.

Most of the large finite element
programs have plotting capabilities
as part of the basic program or as
separate add-on modules. In addition,
there are many general purpose plotting
pregrams that can use the output files
generated by most finite element pro-
grams, although in some cases inter-
face programs must be written. Input
gecometrical plots (two-and three-
dimensional perspective views) and a
wide variety of output plots (deflected
shapes, force and moment diagrams,
stress contours) form the most gener-
ally available plot features.

The basic advantage of the passive
system 1s that large amounts of data
can be processed ecconomilcally. The
plotter 1s the only additional equlp-



ment needed,and it 1s relatively inex-
pensive ($5,000 - $20,000 range)}; the
actual computer runs necessary to gen-
erate the plots can be run in the batch
mode and the impact on a large compufer
system 1s minimal. The obvious disad-
vantage is the lack of infteraction.
Incremental mode plotters are relatively
slow {(detailed plots ecan take many hours)
but electrostatic plotters can produce
hard coples at rates comparable to most
reproducing machines.

Interactive graphics systems con-
sist of display consoles, means of
entering and editing data (usually CTR's,
tablets, keyboard devices), and a com-
puter system to perform the various
cperations of maintaining the data flies,
and the calculations needed to produce
the plots.

Interactive systems find their
greatest use In design work. The de-
signer is able to communicate with the
computer, see the results, and make the
necessary changes. The earlier systems
required either a totally dedicated me-
dium size computer or a large portion
(partiticon) of the resources of a large
computer. In recent years, the availa-
bility of time-sharing systems and pow-
erful minicomputers has relaxed these
requirements.

There is a proliferation of inter-
action graphic devices, minicomputers,
and specialized systems, but the design
features and goals are similar. A de-
sirable sysfem should:

1. provide full accessibility to
all data through a graphics terminail.

2. use low-cost graphics terminais
to allow access to the greatest number
of users at the minimal capital outlay.

3. be machine-independent,

4. possess enough flexibility so
that 1t can easily be maintained andg
expanded in response to user needs,

5. be able to interface with fi-
nite element programs.

If one cannot afford the luxury of
a completely dedicated system, criteris
l.and 2, can best be met with a time-
sharing system. Of particular interest,
since it satlsfies the above ecriteria
and especially since it was designed
primarily for ship structures, is the
GIFTS (Graphics-oriented Interactive
Finite Element Analysls Package for
Time Sharing Systems) package (2).

The entire system accesses a Unified
Data Base (UDB) which stores all perti-
nent data on a set of random access files.
Each individual mcdule can access and
operate on the UDB. After the entire
model has been verified, part of the UDB
forms the input to a general purpose
analysis program {(e.g., NASTRAN, DATSY,
SAP). The output from the analysis pro-

gram is then incorporated into the UDRB
and additional modules can display re-
sults. Some of the displays obtalned
during the various phases of an analysis
of the lower porticn of a tanker web
frame are shown in Figures 52 and 53.

INPUT MODEL
Figure 52

EXECUTE

RESET

RETLRN

STRESSES

QUTPUT - DEFLECTED SHAPE
AND STRESS VALUES

Figure 53

The greatest disadvantage of the
interacting graphics system is the
cost assoclated with a dedicated com-
puter system, ranging from $20,000 for
minicomputers to a few million deollars
for large computer systems. Time-
sharing equipment can significantly
reduce the initial cost, but cn a long-
term basis connect charges for such
systems can be significant.

CONCLUSIONS AND KECOMMENDATTONS

Summary of Current Status

Structural Response. The analysils
of ship structures for static loads
or equivalent static loads 1s well es-
tablished, and the finite element meth-
od of solutlen provides structural res-
ponseg of excellent engineering accuracy.
New developments in the fleld of sub-
structures together wilth the incorpor-
ation of new finite elements, such as
solids, allow a better structural repre-
sentation and a significant reduction
in marhours per analysis.
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Dynamic lecads on a ship are not
nearly as well defined as static loads,
and much work remains to be done in this
area. Hydrodynamic coefficients, espe-
cially at high wave frequencies, and
internal damping characteristics require
more investigaticn. Mere full-scale
data on excitation forces and wave spec-—
tra 1s also needed.

In performing a raticonal engineer-
ing analysis, structural reliability
should be taken intc account, together
with the apprcepriate extensions beyond
elastic theory to fracture mechanics,
crack propagation, etc.

Computer-Aided Design. Programs
to determine ship characferistics, such
as hydrostatic curves of form, stabil-
ity, etc. have been widely developed
and used, and they provide satisfactory
results for use in the development of
the ship design. However, programs
such &s ship motlon, external pressure,
~ete., are still in a preliminary stage,
with many limitations on their capabil-
ity.

The trend of classification society
rules is to encourage rational computer-
alded analysis. Structural optimization
1s an excellent tool whose applications
are expanded in the industry. Computer
graphics is another fairly recent and
not yet very widely used development,
providing significant time savings to-
gether with very gquick error detection.

Recommended Research Subjects

Based upon the above description
of the current status, the following
items are recommended for further con-
sideration, study and investigation:

1. excitation (loading) forces
induced by propeller and waves lncluding
theoretical analyses and experimental
measurements.

2. 1improvement of the strip theory
in caleculating added mass and damping
coefficients by taking three-dimensicnal
effects into account.

3. statistical combined effects of
wave-induced and springing vibratory
esponse of ship structure.

]

4. development of a procedure to
assess the reliability of ship structure
by means of damage statistics based on
survey records, and their iIncorporation
into fracture mechanics analyses and
long-term wave load analyses.

5. development of required ship
design computer programs to faclilitate
and expedite the deslign process.
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DISCUSSION

J. R. Cheshire, Member

The paper presents a comprehensive survey
of different aspects of structural analysis and
design of ships' structures, and offers the
reader brief details from which he may compare
a variety of the larger F. E. computer programs,
It is commendable in its scope and compares very
favourably with the many other papers of similar
nature which have been presented in recent years.

Lloyd's Register's direct interest lies in
the discussion and relative merits of the NAS-
TRAN finite element computer program as dealt
with in the paper, and the Table below gives
corrections to the analysis options shown in
Table 1 of the paper. As with many large com—
puter programs, NASTRAN is of dynamic design
and a number of facilities not mentioned in
Table 1 are contained in the more recent re-
leases.

TABLE 1
ANALYSIS OPTTONS AVAILARLYE TN NASTHAN

1. Small displacenents YES
2. Large displacements YES*
3. Incremental plasticity YES
4. Creep NO

5, Temperat ure dependent material YES
G, Natural frequencies, mode shapes YES
7. Transient response YES
&. Data generation NO

g9, Graphic displays YES
140, Multi-element library YES
11, Thermal cflects YES
12. Bifurcation buckling YES

* Firat approximation.

Lloyd's Register uses NASTRAN as an inte-
gral part of a large engineering system (LR.SAFE},
developed for application to the appraisal of
ship structures, a description of which is given
in Ref.l. The system contains comprehensive
data generation and post-—processing facilities
available for use on main frame computers,
together with complementary interactive graphics

modules
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The use of
finite element techniques has progressed beyond
the stage of the static elastic response ex-—
amples given in the paper.

In an attempt to demonstrate the range of
work undertaken, the regults of three analyses
using the NASTRAN capability are given in Fig.
1. through Fig. 3. Fig. 1 shows a graphic dis-
play of the buckling mode from a set of results
of a stiffened floor panel of a double-bottom
gtructure,

BUCKLING MODE — DOUBLE BOTYOM FLOOR PAMNELS

Fig !



The analysis makes use of NASTRAN rigid
format 5 in which a stress analysis is performed
to cbtain the stress state on which the differ-
ential stiffness generation is based. Eign-
values are extracted using inverse power itera-
tion.

Fip. 2 shows a comparison of edge stresses
around a transverse bulkhead cuteut for a longi-
tudinal. The diagram compares the results of
a linear analysis using NASTRAN rigid format 1,
and a piecewise linear analysis using NASTRAN
rigid formatr 6. In the non-linear or piecewise
analysis, the load is applied in increments
until the full load intensity is reached. At
each increment the stiffness matrix for the non-
linear elements is computed and then added to
the basic linear stiffness matrix. The incre-
mented solutions are added to the current
solution after each load increment is applied
to the structure, In the example shown, five
Joad increments were applied before attaining
full load.

o

LINEAR AN ALY 2IS
= = — LINEAR FIFCOWISE AMALYSIS

COMPARSION OF EDGE STRESSES

Fig 2

Finally, Fig. 3 illustrates a tramsient
response model in which the bending moments
applied to a hull girder by a transient force
are estimated from the particular solution of
the equatiom,

L '

Mx + Nx + Tx = F{t)

where: M mass matrix
N = damping matrix
T stiffness matrix
F(t} = time dependent force vector
x = first dérivative of displacement
"k = second derivative of displacement

The solution to this equation is arrived
at by using the NASTRAN rigid format 12,
which makes use of modal analysis methods and
employs finite difference techniques. Further
details of the application shown in Fig. 3 are
contained in Ref, 2,
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5. G. Arntson, Visitor

Mr. Stiansen has presented a vivid overview
of the currentstate—-of-the-art in computer
aided structural design. T am sure the paper
will be well received and widely read by struc-
tural designers and ship design managers. 1
would like to address a few comments for the
benefit of the latter group, the ship design
managers who oversee the structural designer
and especially his computer budget,

The discussion of the comparison of results
using various computer techniques may lead to
the erroneous conclusion that only the more
sophisticated programs, such as those utilizing .
finite element techniques, are adequate. This
is not the case at all, All of the programs
discussed in this paper, as well as some addi-
tional ones, are valid analytical tools. The
simple, inexpensive programs have generally been
proven to be adequate for the vast majority of
design programs at a fraction of the cost of
the more expensive sophisticated ones. Simple
beam and space-frame programs have been success-
fully applied for complex appearing problems
which, by careful planning and full understand-
ing, have been reduced to simple terms. On the
other hand there are design problems, sometimes

il



simple appearing ones, which require the full
rigorous treatment of the complex, eXpensive
programs. The main point of this comment is
simply that the structural designer needs a

wide variety of computer techniques at his dis-
posal in order to handle a typical ship design,
He shouid have the freedom to match the proper
design tool with any specific problem in order
to insure that it 1s adeguately and economically
handled, :

Considering the proposal of a reassessment
of factors of safety as noted under structural
reliability, this is one area which requires
the greatest caution. As pointed ocut in the
text, current practices are largely based on
ignorance factors but it must also be noted how
well they work within the existing scheme of
things. Advances in techmiques should, and in-
deed must, be incorporated into designs, how-
ever the principal way to fully refine the de-
g¢ign process is to insure total confidence in the
design criteria and assumptions. The only way
te achieve total conficence is to establish
controls; material property controls, construc-
tion technique controls, fabrication tolerance
controls, operating controls, etc. Generally
controls beget more control and the cost in
time as well as money surely mounts, In many
cases, such as the development of submarine
pressure hulls and nuclear reactor containment
vessels, stringent controls are obviously neces-
sary and well worth the cost. But in the case
of most surface ships, especially commercial
type hulls, it would appear that there is very
little advantage to be gained at what may be
great cost. Therefore, it is recommended that
any reasessemnt of factors of safety be ap-
proached with the utmost prudence and caution,

In the discussion of Static Loading, the
author points out that "the resultant stresses
(from the static ship balance) are considered
only as representative stress levels rather than
absclute stress values". This is a critical point
which cannot be repeated too often. It is
surprizing how often this point is misunderstood
or perhaps misrepresented. Just as in the case
of factors of safety, it is an ignorance factor
which covers a multitude of sins and should
never be considered as anything else.

The final point which I would like to take
up is an additional advantage which results from
the use of computer graphics. Design managers
and others who control design budgets often
consider the use of passive graphics as an un-
necessarily expensive and time consuming luxury
which is not justified. It should therefore be
pointed out that passive graphics can often be
used teo insure cotmputer/operator communication,
or in other words, as a validation check. The
successful use of computers depends upon com-
plete understanding between the machine and
human elements; however machine and human logic
dre not generally the same. Therefore graphics
can be used to insure understanding by requir-
ing the machine to interpret the data in picto-
rial form. As an example, Figure (marked 5A-1)
indicates two sections of a body plan as drawn
by the computer. The offsets for these sections
were similar except for one point at the turn
of the bilge and both sets would have been ade-
quate for human interpretation. As is evident
from the Figure, the computer could not correctly
interpret the data and therefore generated a
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“spike' at the turn of the bilge in the one
case, When calculating the area of the section,
the computer interprets the data in the same
manner thereby introducing an error which is
carried through to the buoyancy and bending
moment calculations. This particular error is
common but is very easily detected by the use
of a passive graphics check, Figure (marked
SA~2) illustrates an unrelated error which was
only detected by use of computer graphics.
Again the computer had difficulty in interpret-
ing the body plan although it was able to re-
produce each section correctly. By computer
logic it generated an excessive amount of
buoyancy in the fore body of the ship (noted as
a buoyancy spike) which naturally invalidated
the entire calculation. The sagging case is
shown, but buoyancy spikes were also evident,
te lesser extents, in both the still water and
hogging cases as well, Standard numerical
print-out indicated only that something was
amiss (excessive trim by the stern), but did
not indicate the nature of the problem. With-
out a graph check, a great deal of engineering
time could have been wasted trying to resoclve
the problem. Both of these examples are from
the same program, however similar ones can occur
in almost any program. The main point being
that computer graphics are often a simple means
of insuring computer-user understanding and of
validating the process.

By this paper, Mr. Stiansen has made a
needed addition to our general understanding of
computer usage in ship structural design.

Frysr is-1t
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Edward V. Lewis, Honorary Member

My comments apply te only three items in
this comprehensive paper. The first is on the
type of dynamic response known as springing
(pp. N-8, 9). This is a particularly important
problem for full-ended, flexible ships -- par-
ticularly Great Lakes bulk carriers. As in-
dicated in the paper, studies have been going
on for some time at Webdb Institute on both ex—
perimental and theoretical aspects (under the
sponsorship of the U,S. Coast Guard). (30).

The model tests confirmed the statement in
the paper that "in most cases, the vibration
originates from synchronization of the natural
frequency of hull wvibration with a region of
the wave energy spectrum which has a relatively
high energy content". In fact, a regular train
of short waves (say 6 inches long and 1/4 inch
in height) excited remarkably high vibratory
response in a jointed model at the speed for
synchronism. After some modifications and
refinements to the Goodman theory (6), good
agreement was obtained between model tests and
theory. Correlations between full-scale
"maneuvering tests" and theory was less satisfac-
tory, presumably because of difficulties in
cbtaining reliable simultaneous wave buoy and
stress records and because of doubts regarding
full-scale damping factors. It was concluded
that for similar, full bulk carriers the non-—
dimensional springing bending moment in re-
presentative severe seas varies mainly with the
non-dimensional natural frequency of vertical
hull vibration. An important area for further
study is recommendation ma. 3 (p. N-35},
"statistical combined effects of wave-induced and
springing vibratory response of ship structure.”

Mention is made (p. N-~17) of the importance
of structural reliability considerations in
developing new and improved design standards.
It is true that both the loads (demand) and the

response of the structure {(capability) need to
he treatosd prahazbildiericalle and hance tha

,,,,,,,,, probabilistically, and hence the
damage cost determined for each mode of failure.
Hence, I would agree with recommendation no., 4
(p. N-35): ‘"development of a procedure to assess
the reliability of ship structure by means of
damage statistics based on survey records, and
their incorporation into fracture mechanics
analyses and long-term wave load analyses'.

My third point is to support the state-
ment regarding hydrodynamic aspects of the power-
ful finlte element technique of stress analysis
(p. N-28), "In order to make full use of the
advantages of such a mathematical model, the
dynamic loads resulting from the waves en-
countered by the ship In a seaway have to be
known, so that the forces at each finite element
node on the wetted surface can be approximated",
As indicated, Hoffman's theoretical appreoach to
this problem has been programmed for computer
at Webb Institute for the simple head sea case.
The programming of the more difficult gemeral
case of oblique seas, with motions in five de~
grees of freedom (piltch, heave, sway, roll and
yaw) is nearing completion. Another factor to
be accounted for -- not mentioned at this point
in the paper =-- is the mass imertia effects on
cargo and on structural elements as a result of
the motions. These refinements should greatly
enhance the value of finite element calucla-
tions.

In conclusion, I should like to offer an
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additional recommendation for further research.
This is related to the preceeding comment on

the reliability approach and the need for in-
formation on structural capability. It would
seem to be of great importance to go beyond

the detailed determination of stresses to the
evaluation of "load-carrying ability" of struc-
ture (John Vasta’s term). In many cases this
will involve buckling strength of critical panels
subject to in-plane compressive loads., In other
cases 1t will involve the low-cycle fatigue
strength of details having high stress concen-
trations. The paper shows both a great deal of
recent progress and a great many important
things still to be done. Hence, it is a valu-
able and timely piéce of work.

Reference

30) Hoffman, D. and van Hooff, R. W.,
"Feasibility Study of Springing Model Tests of
a Great Lakes Bulk Carrier:, Internatiomal Ship-
building Progress, March 1573.

Egil Abramhamsen, Member

In regard to your interesting suggestion
to a mixed beam-membrane frame idealization,
Fig. 1, PInV made some investigations in 1974 on
a hybrid frame model. The results were satis—
factory from the technical point of view but
had little practical consequence as only negli-
gible cost reduction was achieved,

As the authors assumed, the difference be-
tween measured and computed stresses in the web
frame no. 90 of "ESSQO NORWAY", Fig. 8 and 9,
must be due to modelling approximation and
initial deflections. DnV has performed 3
separate finite element analyses of "ESS0O NOR-

WAY" as part of the test procedutre for our
SESAM-69 program system at varied stages, and
we would like to add the following:

Generally speaking, very good correlation
between measured and computed stresses was
found for all three analyses.

In the last analysis, which was of the
order of 24,000 degrees of freedom with quite
accurate modelling of cpenings, etc., the dis-
turbance due to initial deformation was even
further revealed. Referring to Fig. 8, the
normal stresses plotted at a section through the
bracket in the lower part of the wing tank, it
should be mentioned that we obtained similar
discrepancies regarding the normal stresses in
the transverse direction, This was a typical
result of the difference between the linear
elastic finite element analysis of a wathemat-
ically plane structure and the nonlinear but
elastic buckling behaviour of the initially
deformed unstiffened plate part. The measured
normal bending stresses on each side of the
plate show that the plate bending stresses due
to buckling were about 5 times the membrane
gtress. It is therefore of interest to learn
that workmanship inaccuracies, other sources of
imperfections, dynamic load accuracy and non-
linear effects will govern the necessary mesh
fineness, .

Recommended Research Subjects.

I find the items listed by the authors very
appropriate and would like to supply the follow-
ing information and suggestions regarding pos-
sible approaches.

Considering propeller-induced excitation,



Det norske Veritas has developed a method and
corresponding computer programs for predicting
hydrodynamic loading on propeller blades, the
amount of cavitatien and the pressure impulses
on the afterbody. In brief the following pro-
cedure is used:

. The input data describe the propeller
geometry and the axial and tangential
wake field in the propeller plane., A
modified 1ifting surface technique is
applied to calculate the mean and fluc-
tuating chordwise pressure distribution
on the propeller blades. The instan-
taneous pressure distribution on the
blading is also integrated to give the
excitation forces acting on the shaft.
The amount of cavitation is then cal-
culated using the maximum bubble con-
cept combined with correlation func-
tions from several full-scale observa-
tions of cavitation.

. Finally the pressure impulses at various
points on the hull are calculated based
on additional data describing the hull
form and the intermediate results from
the previously described calculations.
The pressure impulses are found by
superposition of pressure impulses from
a non-cavitating propeller and from
volume pulsation of cavities.

The development of the method and the as-
sociated computer program for calculation of
propeller-induced excitation has been closely
followed up by extensive experiments both in
model tanks and onboard ships. These measure-
ments and observations illustrate the the method
gives reliable results.

The authors suggest that three-dimensional
hydrodynamic effects should be included in com-
putations. I agree that this may be necessary
or desirable in some cases, particularly in the
cage of ghips with large dimensions and blunt
end forms, In this connection I can mention
that one of the techniques applied in Det norske
Veritas'® ship motion programs (Frank Close-fit
Source and Sink Technique) is now extended to
a three-dimensional description. The method
permits computation of added mass and damping
coefficients for any water depth, also at fre-
quencies in the range of vibratiom.

For ship forms we expect the importance
of such calculations to be of primary interest
in ship vibration problems (springing, whip-
ping). Evaluations wlth respect to low-frequency
shear forces and bending moments undertaken so
far indicate only minor influence of three-
dimensional effects.

Regarding the subject: 'Development of
required ship design computer programs to facil-—
itate and expedite the design process", we are
presently preparing new rules which explicitely
state the design loads and criteria. 1In this
connection we are working on a program package
for design and analysis of ship. The program
involved will either be rule dependent or used
in direct analysis. Many programs are neot purely
a tool for analysing a given structure, but
will calculate the required scantlings according
to rule criteria or specified allowable stresses.
The package can be used during all stages of
the design process and will assist the designer
in his everyday tasks. Some programs of primary
interest are listed below.
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. Section Program.

This program analyses a given sectiop or
calculates the dimensions of all longitudinal
elements according to our new rules, Any ship
type and arbitrary chosen sections can be handled.
The program can also be used for shear flow
analysis at any open or closed (multicell) sec-—
tions.

. Frame Analysis Programs.

One of these programs has proved to be a
very powerful tool for the designer. This is
due to advanced method and data generationm with
excellent accuracy combined with low cost,
program can be used for analysis of the primary
stiffening system of any ship type or weight
optimization of the transverse web frames ap-
plying either fully stressed or SUMI optimization
technuqies.

mh
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IMCO Arrangement Design.

This is also a powerful tcol when dealing
with large tankers as a SUMI optimization tech-
nique i3 used to find the "best' tank arrange-
ment which fulfiil the IMCO regulations.

Hydrodynamic Calculations,

Our series of programs for prediction of
the ship motion and response in regular or ir-
regular seaways will be used.

All programs may be used separately or
integrated with operation on a common database.
Connections to our PRELIKON and SESAM-69 system
will ensure flexibility and good efficilency.

C. W. Coward, Member

The author has given the reader a good
peek into the current approval and associated
research activities at ABS. He has done a great
job of condensing a very large amount of mate-
rial into manageable size and yet retained
enough detail, examples, etc, to assure that the
paper will get much use as a reference document
by those of us involved in ship structural de-
sign.

My comments will be restricted to cne
specific area, namely the subject of stress
concentrations. Figure 35 of the paper shows
an example of calculated stress intensities
around a hatch corner. As can be seen in the
Figure, local stresses can become quite large,
This raises questions as to the acceptability
of the design. In such cases, acceptability
can be justified, as pointed out in the paper
by the fact that, when a local stress reaches
the elastic limit, a redistribution of stresses
in the area begins and elastic limit stress
levels are not exceeded unless the basic stress ’
reaches that level. It can also be pointed
out that the calculated stresses represent the
worst condition of loading expected during the
life of the ship. It can be stated that similar
concentration conditions have always existed in
various locations on all ships., If the same
type of analysis were performed for ships which
have experienced no structural failure through-
out their life, it is safe to say that stress
intensities greater than yield stress would be
identified in certain locations.

This type of rationale may satisfy one who
has a great deal of structural design experience
but it is difficult to convince a concerned
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ship buye: in this manner. It is also inconsis-
tent with the sophistication involved in de-
veloping the leoads by ship motions programs and
the fine mesh finite element stress analyses
uses to Identify the stress patterns. The
following is offered as a rational method of
establishing the acceptability of local, high
stress intensities which are certain to emerge
as structural analyses become more detailed

and comprehensive.

Even though local high stresses tend to be
redistributed when the elastic limit is reached,
many occurrences could result in failure of the
material due to fatigue, TFigure 1 is the famil-
iar S-N curve for an ABS steel which might be
found in a deck with a hatch opening. Assuming
the hatch corner is so configured that the worst
loading conditions the ship will ever see in-
duces leocal maximum and minimum stress intensi-
ties of 50 ksi and 5 ksi respectively, the rela-
tionship between alternating stress and number

of cycles (108) currently being used is depicted
Figure 2.
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From ASME Boiler and Pressure Veszsel Code
(Sections II1I and VIII, Division 2), the alter-
nating stress becomes:

=¥ (O max -O min) - T 45 ksi for N = 10°

Since the stress at times exceeds the yield
stress of the material, an equivalent alternating
stress component for zero mean stress must he
calculated:

alc,

_ o alt O alt _
Jequiv = ~Tmin L 5 " 1.08 ¥ alt
o ult 65
For N = 10° and Oalt = £ 45 ksi
Tequiv = r 48,75 ksi
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The equivalent alternating stress is also
plotted in Figure 2.
Using Figures 1
any number of cycles
lent level of stress

and 2, we can determine, for
of loading, both the equiva-
and the fatigue strength.
Dividing the fatigue strength by the equivalent
stress level results in a factor of safety
against fatigue failure for that number of cycles.
This, then, is plotted in Figure 3. Unless the
curve dips below a factor of safety of 1.0, it
may be concluded that for any anticipated con-
ditions of loading during the life of the ship,
even though local stress intensities might oc=-
casionally become severe, structural faillure
should not occur.
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It is expected that, in the future, com-
puter programs will handle this type of situa-
tion as a normal thing. I submit that this will
be necessary to take full advantage of our grow-
ing ability to better ldentify loads and struc-—
tural responses for complex structures of ships.

We are at an interim point at present. In
addition to designing ships to regulatory body
rules, we perform the more sophisticated analyses
and identify areas of high stress and modify
structures accordingly. On the other hand, areas
of low stress are not modified unless scantlings
exceed those required by regulatory body rules,

I do not suggest that we throw away the rules,
but we must be willing to develop confidence in
our new techniques, be assured that all factors
are considered, and continue to move toward
accepting the results no matter how they com—
pare with the more simple, empirical methods of
the past.

Gordon G. Piche, Member

Mr. Stiansen's paper presents an excellent
overview of many facets of the design and anal-
ysis of ship's structure. The paper calls out
what can be done in such areas ag linear and
non-linear static stress analysis, dynamic re-
sponse analysis, thermal stress analysis and
initial distortion influences; however, it only
hints at the price in manpower, time and money
that must be paid in order to carry ocut these
analyses, The old axiom "you don't get something
for nothing" was never truer than when applied
to structural analysis using the finite element
methods,

Programs such ANSYS, NASTRAN, DAISY and
MARC are very sophisticated computer programs
that require the very latest and largest in
computer hardware. The user of these programs
must spend many hours learning how to use these
programs, in fact, courses are offered feor that
reason.



After one has become familiar with the
program and determined what information is
needed, a discretized model of the structure
must be created. It is in the creation of the
model that the ingenuity of the user must hold
forth if a valid solution to the problme is to
be obtained. 1In addition to the creation of
the model, loads and constraints must be
selected and applied such that the model will re-

spond like the real structure, The preparation
of the data to create, comstrain and load a
large three-dimensional finite-element model 1is
usually measured in weeks and often months,
Most general purpose finite element programs
have preprocessors which aid in preparing the
data necessary for computer solution. The pre-
processors can significantly reduce the time
for data preparation.

The computers required to do extensive
finite element analysis are large and very fast.
But even these computers require minutes of cen-
tral processing time (CPU) to build up and then
decompose the stiffness matrix associated with
large three dimension problems. Costing any-
where from 15 to 50 cents a CPU second, these
problems consume hundreds of dollars quite
rapidly.

The result from a finite element analysis
is thousands of pieces of information detailing
the forces, moments, displacements, rotations
and stresses. These numbers must be sorted
In this area, the post-processors available
with the general purpose programs came to the
engineer's rescue. Stress contour plots and
deflected shape plots allow rapid reduction of
the voluminous information.

As is apparent from Mr. Stiansen's paper,
there has been a lot of emphasis toward develop-
ing pre and post processors for finite element
programs in recent years. These processors
ease the burden of data preparation and result
reduction and make the finite element method
large commitment in manpower, time and money.
The Coast Guard found itself in precisely this
position,

With manpower ceilings in its' various tech-
nical offices, the finite element method could
be used for only small and unusual applications.
To put the finite element analysis method in the
hands of its naval architects and marine engineers,
the Merchant Marine Technical Division of the
U. 5. Coast Guard has begun using the GIFIS sys~
tem which was created by Dr. Hussein A, Kamel
and his group at the University of Arizona, Mr.
Stiansen has briefly described the GIFTS program
in his paper. I would like to add that our ex—
perience with the program has shown that it is
quite easy to use, even for the novice, and
that the mesh generators, loading and constraint
routines and graphic displays reduces to a
couple of days problems that would have taken
six or eight weeks otherwise.

Interactive graphics is surely the path to
follow toward reducing the manhour requirement
associated with the FEM. The additional cost
for interactive graphics appears to be more than
offset by the savings in manhours. GIFTS uses
low-cost storage tube terminals in a timesharing
environment. .

I would tend to disagree with the author's
statement "Interactive systems find their great-
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est use in design work". That may have been true
over the last couple of years, but I think more
and more interactive graphics will become the
preferred method for engineers to interface with
finite element programs for all types of applica-
tions,

I would also point out that figures 52
and 53 in the paper were not obtained from the
GIFTS program. These figures show the use of a
refreshed scope terminal, where GIFTS use only a
storage tube terminal; however, plots such as
this are obtainable from the GIFTS system.

Vladimir Boban, Associate Member

The author with his able associates have
provided a comprehensive summary of the many
computer programs in use today and his paper
contains a large amount of useful information.

The trend in the last decade to build
larger and larger vessels necessitated a de-
velopment of computerized techniques for the
analytical approach to ship structural design,
The fast pace of development of many programs
and techniques initially created some confusion
in the industry as to which program is best
suited for a particular design problem., The
author gives some insight into the programs
that are available and their capabilities.

In addition to the listing of programs and
their capabilities, the author emphasizes the
need for correlation between theoretical and
experimental results. Please note, however,
that one or several confirmation tests cover-—
ing longitudinal strength programs can hardly
give the complete answer for the long-term sta-
tistical prediction. Additional correlation is
required to obtain complete confidence in the
program.

For commercial reasons it sometimes may be
necessary to keep certain data or program tech-
nology confidentlal. Because of this situation
it is inevitable that some duplication between
Societies will occur. It is hoped, however,
that through IACS (International Association of
Classification Societies) a greater interchange
of information will occur which will be benefi-
cial to the industry. This does not mean that
Classification Societies should have exactly
the game rules or the same philosophy but they
should try to best utilize the informatiom at
hand which will satisfy the shipbuilding indus-
try at large, i.e., interchange of information
on structural defects.

Papers generally tell how to do something
but equally important, and which is often lack-
ing, is that the papers fail to tell one how
not to do something. Many details which are
very important in the overall structure are
superficially treated. Thelr importance is
often misunderstocd by the academic community.,
Because of this, many ship owners are disap-
pointed when they have to pay large repair bills
to solve problems which should have been solved
initially. Such problems are capable of solu-
tion and hopefully will be solved by the ap-
propriate computer programs with the proper
attention to details. In practice many minor
structural defects are corrected as they appear
but at considerable cost and oftem with no as-—
surance that the same or similar defects will
not show up again. To many people these are
"nuisance problems' but they forget that to the
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owners who pay the bill they are anything but
a nulsance.

As an example of the foregeing, I refer te
the cracks which occutrred in the forward most
cargo tanks of the first genmeration VLCC's.
These cracks were located in way of the inter-
gection of the side longitudinals and transverse
webs. Due to the poor connection detail be-
tween the side longitudinal and transverse web
the connection failed., This failure resulted
in some minor shell cracks which presented a
pollution hazard. Due to the urgency of elimi-
nating the pellution hazard these cracks were
very expensive to fix. This situation occurred
on many VLCC's, which were built in variocus
countries and shipyards and classed with several
Classification Societies after about 20 - 24
menths of service.

The author also mentlons a statistical ap-~
proach which will hopefully give us a future
tool in problem solving., The failing with a
statistical approach basically is the reliabil-
ity of the variables, The number of variables
used, the importance of the varlable and the
number of variable readings have to be con-
sidered when analyzing the results of the sta-
tistical appreach method.

We have often heard that since Classifica—
tion Socleties have their rules and various
computer programs, there is no need for an
individual computer program Investigation. In
fact, for special or novel designs a sound en-
gineering approach utilizing computer technigues
is a necessity irrespective of what Classifica-
tion Societies might or might not do on plan
review.

A combined effort is required from industry,
the universities, the Classification Societies
and Ship Structure Committee in order to
produce a sound structural design., All should
be involved in combining or extracting useful
features from existing programs instead of
creating more programs for every day use in prac-
tical shipbuilding.

Huynh duc Bau, Visitor

The author should be commended and thanked
for this very comprehensive review of compu-
tational techniques currently under use in ships
design.

The paper covers a wide range of topics and
it is thus understandable that detailed treat-
ment can not be made of any particular point of
interest. However, this discusser would like to
see the author's further comments on the follow—
ing:

Computer programs scophistication

The computer programs menticned in the
paper (Table 1, pg N-5) are quite powerful and
sophisticated. The table would presumably be
twice as long if one had to compile all avail-
able programs on the market. Considering:

a) The present knowledge of design loads

b) The degree of ignorance concerning safety
factors

c) The time and dollar cost that one must
expect to pay for such complexity and sephisti-
cation.

The author's comments are sought regarding
whether a common effort should be undertaken

by the community of ship structural designers
to halt this escalade toward excessive computers
accuracy.

Such undertaking as Full Hull Finite Ele-
ment are no doubt useful and certainly interest-
ing. However, strain guages adequately fitted
could have provided, at lesser cost, confirma-
tion of the validity of Navier beam theory {Fig.
4 of the paper).

Furthermore, after a little over one decade
of computer aided structural calculations, ef-
forts are still overdue to develop simple, yet
accurate encugh, design guide lines or criteria.
Indeed, with progress being made in the field
of optimization and approach to fallure, pres-—
sure sooner or later will be exerted on Regula-
tory Bodies for tangible analytical formulations
of structural requirements to permit efficient
evaluation of structural load carrying capabil-
ities (transverse elements) or economical opti-
mum criteria.

This approach has been adopted by Bureau
Veritas concurrently with the direct engineer-
ing analysis of modern ship's design., Since
1973, Bureau Veritas Rules and Regulations have
been directed toward such aim.

Influence of Structural Reliability (Pg, N-17)

The author quite rightly qualifies the
classical approach to ship design as a "piece-
by~piece" procedure not allowing for simultanecus
occurrence of failure modes, However, at the
present State-of-the-Art, Reliability Analysis
(full probablistic approach) is still very im-
mature and in almost all cases excludes multi-
modal failures (impossibility of analytical
formulations of load and resistance distribu—
tions). The nature of the problems resides not
in the approach to the safety factor, but in-
deed in the formulation of criteria for multi-
modal failure occurrence., Moreover, Reliability
Analysis for multi-members structure (ship's
transverge elements) for practlcal reasons does
not, as yet, provide a valid substitute to the
classical approach of the weakest link.

Thus, roughly speaking, computer aided
design procedures, in improving the computa-
tion of design locads and structural respounse
have, in the same time, rendered the formulation
of efficient and economical failure criteria
somewhat unattainable, The advance in compu-
tation should be matched by a better knowledge
of resistance distributioms,

Interpretations of Computer Result (Pg N-18-N22)

1.- The 25% increase in the longitudinal
stress in way of the bilge attributed by the .
author to local perturbation due to horizontal
pressures on the end bulkheads 1s somewhat sur-
prising. :

No pertinent discussion can be made without
a better knowledge of the vessel's structure,
However, it can be said that for such loading
pattern the classical (Navier beam) approach to
the Hull girder bending moment ignores the fol-
lowing perturbations:

a) Relative deflection between longitudi-
nal primary members

b) Longitudinal stress due to reactions in
way of transverse end bulkheads due to hydro-
statlc pressures.

e
(O



¢) Horizontal hydrostatic pressures
{Poisson effect)

Perturbations (b) and possibly (c¢) can be
of non neglible importance according teo the
stiffening system used for the transverse bulk-
heads.

In the case discussed im the paper tne
above seems not applicable to the bottom longi-
tudinal stress and to midsection (II-II). The
authors further explanation would be much in-
struetive, particularly in providing indication
of the transverse structure in the ballasted
tanks,

2.~ The example of the connecting detail
(Fig. 40) is very much interesting. This de-
tail has been, time and again, discussed, Aas
mentioned by the author it has been subjected
to "Nuisance Cracks'", The explanation given is
quite clear. This example provides an excellent
demonstration of the capability but also limita-
tion of the computer. Indeed, the finite ele-
ment calculation has provided 2 altermate de-
signs. However, such calculation assumes:

a) A perfect alignment between the longi-
tudinal's face plate and the stiffener allowing
thus a theoretical perfect stress flow,

b} Ko discontinuity at the transverse bulk-
head (welding).

Thus Nuisance Cracks can still develop
should above details not be perfectly executed,
and the author's claim regarding the reduction
in weight may be compensated by heavier labor
cost, )

Would the author please indicate whether
the second modified design has been actually
buile?

2.- Design loads, dynamic loading {Pg. 25)
The author's assertilon regarding cargo weight
should be scomewhat tempered in regard to:

a) Liquid cargo motion

b) Bulk/ore cargo pressures

Research and computers calculation have
been undertaken but much remains to be done,
Bureau Veritas has undertaken full-scale data
measurement in this field., The same comment
may apply to the vessel's weight transverse
distribution regarding rolling calculation.

Would the author please comment further on
the remark {(Pg. 26) of better accuracy in forces
computation. Strip theory (0SM) assumes a 2 -
dimensional water flow around non interreacting
strips, Thus, the method should lead to higher
inaccuracy of computed wave-induced loads as
they, more than the vessels motions, are subject
to interaction between transverse sections.

Regarding the two procedures for long-term
load prediction,would the author please provide
further clarification as to:

a) The need to account for non energy
linearity in heavy sea state and for spectrum
nonN-narrowness \assymetrlc Enape OI J.arge waves;
when considering low probabilities of occurrence.

b} Any experimental basis for the Galtonian
distribution of long-term wave characteristics
{Gaussian short-term wave elevation compounded
by a gaussian likelyhood of occurrence) besides
the Jasper's 956 measurement in the North
Atlantic.

c¢) The need of using extreme value approach
considering that full-scale data are collected
over a short peried of time compared to ship's
life., Moreover the tall of the gaussian short-
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term distribution of wave elevation (yielding
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the Rayleighian distribution) should be modi-
fied for the long-term trend since for long-
term prediction and ultimate strength design the
bulk of the data is of little significance.

Author's Closure

The author thanks the discussers for their

intaract and for their valuabhla rommonte an tho
1nterest ang IeY TNelY vaidap.ig gomments o0 tne

various subjects mentioned in the paper. Since
the paper is a general review survey-type ef-
fort, it could not go more deeply into many of
its component subjects, any of which would merit
an entire paper.

On tha eunhdiart af commutrar
onn Che subject ¢l CO ter

thank Mr. Arntson for his comments and his pre-
sentation of the ship designer's viewpoint with
regard to computer techniques.

Computer programs have been increasing
their capabilities and decreasing their running

time and cost to the point where it is better
Laiig and {os%c e pULlic WIeIE8 it 185 o€ciel

to analyze a more representative, albeit more
complex, structure than to introduce simplify-
ing assumptions whose accuracy is bound to be
questioned at a later stage of the design, The
careful planning and full understanding advo-

cataed hv Mr Arntenn ars narscecarvy for anv
LaL80 oF SE. SGINLSTN &als Loifssary 10T any

engineering problem, but a trade-off study be-
tween a bigger computer model and the extra
engineering time necessary to establish and
justify simplifying assumptions may well lead
to the choice of the former over the latter.

T rhanl M»

Chaehira far his commants and
4 Caallg M. a

Cheshire for his comments an
find it encouraging that Lloyd's Register is
utilizing the many capabilities of NASTRAN in
its computer-aided analysis of ships.

The Analysis options given in Table I of
the paper are constantly being expanded; this

ie a degirabla and nyervasseive fagtura of
L3 & LESsirac.e alld prgiessive Ifature 0oL

present day computer utilization, As Mr, Ches—
hire points out, NASTRAN capabilities are being
expanded and all the other programs show similar
trends. The planned and immediate obsolescence
of Table I, or any such similar compilation, is

a walpnme glon aof nrogrags and imnrovement in
a WoilOWme Sigh ©ir prOEIESS aild Luprovement in

the field of computer-aided design and analysis.
I thank Mr, Bau for his discussion, and
agree with the statement that a table such as
Table I could be considerably longer (much more
than twice as long) if all the available pro-

orams warsa lioctad T muigt mainte hrrsnarn
grams weére Li5ced. 1 WMUST pOinL uul., ngwever,

that the present knowledge of design loads is
increasing, the degree of ignorance concerning
safety factors 1s decreasing and the time and
dollar cost for any given degree of computer
complexity and sophistication is greatly de-
This points to the conclusion that
large-scale finite element analyses are a neces-
sary component of a reliable and cost-effective
design,

On the subject of reliability, I would like
to point out that refinement of the design pro-

oo no wall Ao maravrdal amd mepadnerdan AannErala
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rroacdme
Creéasing.

will not insure total confidence in any analysis.

Even if any portion of the design uncertainties
iz minimized, if not eliminated, the random
statistical nature of applied loads, (waves,
etc,) will always indicate the need for a
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As has been polnted out, a better knowledge
of resistance distributions is indeed necessary
for the formulation of efficient and economical
failure criteria. Computer techniques can be
called upon in the analysis of these resistance
distributions just as they are used in improving
the calculation of design loads. 1 therefore
agree with Professor lewis' additional recom-
mendation to extend the religbility approach
order to determine the load-carrying ability of
the structure.

I thank Mr. Coward for his valuable con-
tribution on the fatigue strength of a highly
stressed hatch corner. It is, of course,
impossible to eliminate all the structural dig—
continuities which cause high stress concentra-
tions in a ship. The best technique for check-
ing the adequacy of a highly stressed structuyral
detail is ©y calculating its fatigue strengtn,
as shown in Mr. Coward's example.

In answer to specific queries about some of
the examples of computer results, the higher
bilge stresses illustrated in Figure 34 are a
result of many structural parameters, but they
are mainly caused by the horizontal pressures
on the end bulkheads., Several horizontal
stringers, extending two web frames beyond the
transverse bulkheads, are present in the ballast
tanks. The example of figure 40 shows that a
computer analysis can be performed for different
alignment and continuity patterns with a minimum
of changes in the preparation of data. The ship
in question was built with the original design,
a choice made by the shipyard based on their
evaluation of options under the particular appli-
cable circumstances at the time,

On the subject of design loads, it is ob-
vious that some areas such as cargo pressure
distribution, liquid cargo motions and weight
distribution in rolling are not completely de-
fined and should be further investigated, as
has been pointed out. The ship and carge weights
for the case of static loadings must be con-
sidered as well defined, however, in relation to
the much greater uncertainties present in the
evaluation of sea loads and inertia forces.

The questions raised by Mr. Bau on the
accuracy of the gtrip theory and clarification
of long-term load predictions go well beyond
the scope of this paper, which emphasizes the
application of computer programs available in
the industry. Neglecting the interaction be—
tween adjacent sections is one of the well-
known assumptions of 0.8.M. strip theory. Al-
though these interactions are important, it is
doubtful that they alone will provide a signifi-
cant improvement to the wave-induced load Pre—
dictions, Some of the other important factors
to be considered are the incorporation of non-
linear rolling into the linearized equations of
motion and the question of whether the veloeity
potential is governed by the two-dimensional
Laplace equation for a ship in an oblique wave.

The considerations of non-linearity as-
sociated with heavy sea states and of the tail
of the Gaussian short-term distribution are
pertinent to the long-term predictions. How-
ever, there is no sufficient full-scale measured
data avallable to evaluate the theoretical pre-
dictions., For this reason, either of the long-
term prediction methods mentioned in this paper
or the suggested extreme-value approach provide
only a reference for practical design purposes.

.

I thank Mr. Boban for his comments, and I
agree that greater confidence in the longitudinal
strength programs can be obtained by a greater
number of correlation tests.

On the subject of classification rules and
engineering analysis, I would like to point out
in reply to Mr, Boban that many classification ‘
societies, and ABS in particular, conduct re-
search investigations utilizing numerous
computer programs and techniques, quite apart
from the plan review., This is an area where ex-
change of information and collaboration in the
acquisition of measured data would be bheneficial
to the entire industry. The International As—
soclation of Classification Societies (IACS) is
working in this general direction of unification.

The owner's design agent is a very impor-
tant and busy member of the design process, He
must know the owner's requirements for a par-
ticular design and then translate them into a
properly engineered ship which will satisfy
these requirements. No classification society
can take his place. At best, a classification
society can provide design assistance in certain
areas of its expertise,
of structures.

I thank Mr. Abrahamsen for his comments
and his presentation of some of the research
work undertaken by Det norske Veritas. On the
subjeet that he mentions, development of re-
quired ship design computer programs to facili-
tate and expedite the design process, I again
emphasize the importance of the computer in
changing the ways of design, eliminating cumber-
some tables and equations, and enabling classi-
fication societies to implement these changes,
In the case of ARS, these trends are reflected
in the development of the RULESCANT program
mentioned in the paper and the extension of the
Rules to permit plam approval based on engineer-
ing principles.

I thank Commander Piche for his contribu—

tion to computer usage

such as the development

experiences at the Coast
Guard, specifically with the GIFTS System. In
answer to his comments on interactive graphics,
I would like to point out that with the in-
creased avallability and decreased cost of
interactive graphics, its use will expand
throughout the industry. However, by its very
nature of being a picture version of a conver—
sational process between man and machine, its
greatest use is, and should continue to be, for
design work. This is not to minimize the appli-
cation and importance of interactive graphics in
other phases of engineering, where its use is
also on the increase,

In answer to Commander Piche's specific
question, Figures 52 and 53 in the paper are in-
deed from the GIFTS Program, They were obtained
on the PDP 15 System used by Dr., Kamel at the
University of Arizona, where the system can
operate elther on a storage tube terminal or a
refresher tube terminal,

Mr. Arntson's example detailing error de-
tection by means of computer graphics is a goed -
typical case history to illustrate the advantages
of this technique.

T also thank Professor Lewis for his valu—
able comments and his information on the latest
results of some of the research conducted at
Webh Institute.

1 appreciate the interest and the contri-

bution of all the discussers.



