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wBSTRACT
\

2

submarines, the Mavy has szought other means to qualify in-

Motivated by a lack of explosive test data on nuclear

stalled equipment in submarine shock environments. The
currently used method for non-shock testable items is the
Dynamic Design Analysis Method (DDAM) developed by the
Maval Research Laboratory in the early 1968°s., With the
advent of large-scale computing power,>newer numerical

me thods have become available to predict equipment re-

-

sponses. This investigation ic a comparative study of
!’ “ - ;

“.);!..,- //\)

DDAM and ELSHOﬂ; a new generation numerical shock response

code. The limitations and strong points of both metheods

are examined using illustrative examplies,
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~A. BACKGROUND
Modern combat vessele must be designed with the

capability to survive moderateiy severe shock loadings

h
I;'_—

induced by the underwater explosion of conventicnal or

nuclear weapons. In the scope of this investigation,
survival includes the miscicon survival of the platform. It
3 must maintain its ability to utilize all machinery and
weapons systems to carry out its primary micssion following
an underwater explosive attack. Although the vessel mayr
withetand considerable hull damage and maintain its
structural integrity, failure of internal equipment can

rerder it ucselese as a weapon and thereby eliminate ite

value in time of crisis. This investigation examines the
shock loading of internal equipment in cubmarines and some
of the methods. available to analyse shock responcse.

In view of the fact that a submarine can not be
expected to survive a direct hit by any modern,
high—-intensity weapon, many attempts have been made tc
specify a level of shock loading for the purpose of decsign
evaluation. The current specifications for building

submarines contain the shock requirements to be met by the
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builders and vendors of installed equipment., Generallw,
al) equipment is to pass & series of chock teste, in the
installed configuration as cutlined by MIL-5-991C [(Ref.11,
where chock testing is practical, This document specifiec
standard explosive and mechanical test fixtures and
procedures for conducting the teets., The suitability of an
equipment design or installation is evaluated according to
ite ability to function as intended during and after each
shock impulse. Equipment testing is very expensive and
requires a great deal of preparation. In the case of
equipment design, it is often not practical to evaluate an
installation prior to the final design. In some instances,
the direct testing of installed components may not be
pocssible from the aspect of prohibitive cize or weight. In
these cases, a design analrysis is specified.

The. design analysis for shock response was first
proposed in the United States during World War II. Hull
damage reports indicated the degree of suceptibility of
installed equipment to shock loadings from bombs and depth
charges. Baced on I}mited testing and cbeervatiaons, a
shock design factor was specified. A series of curves were
used to depict the variation of shock decsign factor with
equipment weight to rvield an equivalent static design
force. Thic force was used to specify mounting hardware

and main structural members for the equipment installatian

B
]
3
~
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and varied with motion input direction. The method proved
to be simple in application but reflected a lack of realism
with experimental tects,

In the late 1956°c, nuclear power plante were
incorporated into submarine designs to atford them greater

«ndependence from the frequent surftacing requirements

inherent in conventional submarine cperations. Nuclear

power plant technology was new and thus had no previcous

»
history of shock resistance. The acquisition cost of :
nuclear components ie high and the new dangers associated -;;7#
with their damage from underwater explosion sparked = . ;

renewed interest in underwxter explosion testing and design
analysis. From the late 1938°s through the middle 1?7s88"¢,
maet of the currently used standards for submarine-

installed equipment shock design were adopted.

The Dyvnamic Design Analysis Method (DDAM) was propocsed

by the Maval Research Laboratory ard accepted by the Navy

as a design evaluation requirement in 173 [(Ref ZI1. The ‘?
details of this specification will be discuscsed more fully» ;i
later; however, the basic principle ie stated here. DDAM is "?
a simplified modal analysis method which utilizes shock * )
inputs which were empirically derived from underwater 'f
explosion teste of realistic ship and submarine instal- fQ;

L 4

lations. 1t ie assumed that the equipment and ite foun

dation together make up a system which responds as a linear

elastic structure to the input which is described by =

19




design shock spectrum. The successful utiiization of DDaM

to evaluate equipment responcse to & design chock input is
dependent on the ability of the design shock spectrum to
reflect accurately the structgral environment existing in &
given installation, Thie will be influenced by the size
and weight of the submarine test subject, the structural
svetem employed in the construction of the submarine, and
the interacticon between the equipment, foundation and hull
structure used to derive the design chock spectrum.
B. THE STATE OF CURRENT S5HOCK DESIGN ANALYSIS

Since its adoption, DDAM has been used without
modification to qualify ship and submarine equipment
installation designe. The original design shock spectrum
[Ret. 21 remains intact without revision. Shortly atter -
the adopticn of DDAM as & decign requirement, underwater
explosive testing of nuclear submarines was banned due to
the inherent riske involved. Thise ban was relaxed in 1983
for the low level explosive test of a 53N &838 class
submarine. Mechanical and explosive teste of equipment
inzstallations on shock simulation platformse are the only
regular check of designs meeting the standards imposed b
DDAM. A danger exists with this Kind of verification in
that the tecste may be decigned to accurately reproduce the -
input motions provided for in the design sheock spectrum

utilized with DDaAM.

11
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In recent years the increasing availability of large
computers and the rapid development of numerical methods
tave provided the engineer with new tools to use in the
analysis of submarine shock response problems.
Finite-Element/Finite-Difference methods allow for the
analysis of structure and fluid résponses and the work of
Geers [Ref. 2] provides a means to incorporate fluid-
structure interaction effects, Several computer codes hawve
teen developed to analyze installed equipment response tc
shock waves based on these formulations. One of them is the
Elastic Shock (ELSHOK) code developed by Weidlinger
Associates under Defense Nuclear Agency and Office of MNaval
Recsearch funding [Ref.4). The motivation for this werk hae
been toc investigate modern submarine underwater explosive
shock response in conjunction with a testing program using
small to large scale models and shaped, explosive, tapered

charges. Throughout itse development, ELSHOK has been

validated using these highly contrulled tests., In the low
leve) explosive test of the SEN 4838 class submarine, ELSHOK
was used to predict the level of equipment responses prior
to the tests and to increacse the level of confidence
associated with the tests. This code has now been made .  ‘

available to the MNava)l Fostgraduate School by the Defence

Nuclear Agency along with support from Weidlinger Associates,




C. PURPOSE FOR THIS INVESTIGATION

DOAM is a design tool. Its function is to provide a
numerical method by which the engineer can check his design
as to its adegquacy for installation in a submarine. It is
intended to be conservative and straightforward to apply.
iwhen DDAM was first proposed [Ref.41, its authors warned
that the design shock factors specified [Ref.2] were not
absolutely determined and should be reviewed as exploszive
testing progressed and data was accumulated. Althcough
testing procedures for installed equipment components hawve
become very sophisticated, these simulators may not accur-—
ately reflect the response of installations in modern day
submarines. Without the ability to carry out high- Ry
intensity shock tests on real submarines, verification of

~the design shock spectrum used in DDAM can not be

accompl ished as intended. The evolution of numerical codes

capable of simulating the response of installed equipment
to a specified shock loading makes available a means to
check the applicability of the ariginmally pﬁopased design fgﬁ
shock factors provided in DDAM to modern submarines., There =
is no flexibility built into DDAM to allow design for other o
than the originally prescribed shock input magnitude. DDAM
makes no separate account for equipment/structure inter-

action effects.

13 o
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The purpose of this investigation iz to examine the
response of several equipment modeles incstalled in & precent
day scale, 49908 long ton (LT) submarine using DDAM and

ELSHOK ., The equipment models range in weight from

1,000-20,808 pounds. Simple models are used to make
correlationeg poseible between the two methode and warst
case resultes are obtained., Additionally, equipment/hull
interactions are invectigated for their poscible influence

on overall equipment response.
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IT. DYNAMIC DESIGN ANALYSIS METHOD

&. DESCRIPTION QF DDAM

As mentioned in the introduction, DDAM is a simplified
modal analysis method which utilizes shock inputs which
were empirically derived from underwater explosion teste of
realistic ship and submarine installations. Although the
analysis is identical for both types of vescsels, all refer-
ences in this document will be to submarines. In order to
vtilize DDAM to evaluate a design, several assumptions muct

be satisfied.

1. The equipment and foundation make up x linear)y
elastic esystem.

2.) The structure can be represented reasonably
well using a lumped parameter model.

3.) The structure is hard mounted to the rest of
the submarine. No bottoming, or damped mounts
are allowed.
In Mavy shock requirements, equipment shock classi-
ficatione are based on a graded system., These arades run

from A for mission critical items, to C for items that

could indirectly affect the ability of the vescel tao

function as intended. For instance, a locker which becomes

'
]
b
)




adrift and could injure personnel or surrounding equipment
could be grade C, The grade of the item ic specified by
contract and determines the degree of shock qualification
it muet undergo to be considered safe for installation. In
this study, all equipment models were considered grade A.
The ideal way to compute the elastic shock response of
an installed equipment is to consider the entire structure
(submarine and equipment) as an elastic system. The normal
modes and natural frequencies of this system can then be
determined and the recsponse of each normal mode to the
water applied pressure loadings computed. The modal
responses can then be superimposed to get the resultant
equipment response. In an everyday design method such as
DDAM, this approach ie impractical, To simplify the above
procedure, DDAM utilizes the concept of a shock spectrum.
Any point on the complete structure can be designated as &
reference point which can then be considered to be a fixed
base for the equipment on one side of it. The dynamic
recsponse of this portion can then be computed by
superposi tion of normal mode responces to the mation of the
fixed base. In DDAM, this motion ics specified as a step
input to each normal mode and is calculated by empirical
equations based on underwater explosion tests of models and
submarines [Ref. S1. A detailed treatment of the

mathematical basis for DDAM is given by Butt [Ref. 6.

16
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In order to use DDAM, a lumped parameter model of the
equipment muet be formulated to obtain the matrix
expression:

(M) €X3 + [K) (X3 = (@2 (1)

which has the associated eigenvalue problem

M) [Xia) € w2 ) = [K) [Xa] (2
where [X;.) is the matrix of eigenvectors and [WZ) is the
diagonal matrix of natural frequencies. The advantage of
thie procedure is that it allows uncoupling of the
equations of motion and subsequent solution of the dynamic
problem in terme of ites component modes. Careful
formulation of the equations of motion to capture all the
domimant charactericstice of the equipment leads to gocod
results with only a small number of modes. When DDAM was
developed, it was intended to be used primarily in hand
computations. The major difficulty encountered in the use
of DDAM was the solution of the eigenvalue praoblem which

can readily be handled today with small computers. The

norma) mode theory» upon which DDAM ic based is well
established in shock and vibration practice. The area of -
concern is the adequacy of the adopted design inputs to
reflect present day submarine building practices. ;(:j
B. DESIGN SHOCK INPUTS .

The specification of design shock inputs for use in ;ﬁf

DDAM calculations determines the ucsefulness of thie method

17
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in the evaluaticon of equipment installation designs., DDAM

is a standard. The design input values must provide
consistent fixed-based equipment excitations tor the broad
base of submarine platfcrms in use today to simulate =
"standard" underwater explosion. To simulate this require-
ment here, charge weights and standoffs were Eelecfed sa that
each case corresponded to a constant vwalue of energy flux
density; i.e.,

W/R2 = Constant (3
In this equaticn, W is the equivalent weight of the charge
in pounde of TNT and R is the standoff distance +rom the
hull in feet. The submarine platforms in use today range in
cize from about 4,400-13,788 LT. Each submarine hull is
characterized by its own modal properties (mass distri-
tution, natural frequencies, mode chapes)., The came piece
of equipment as is incstalled in a emall submarine will
demoncstrate a different responce when installed in the same
configuration, in a large submarine. The effect of hulls
equipment interaction becomes an important consideration in
large pieces of equipment tuned to one or maore natural fre-

quencies of the hull structure. The design shock input uced

with DDAM must incorporate these factors so that when it i

W

caid that a piece of equipment meetes the specification for

qualification, the qualification level is the same for altl

csuybmarine classes,




In the publications regarding DDAM, little ics =aid

about the origins of the particular shock input spectrum
utilized to evaluate equipment responcse. It has been
empirically derived to provide values consistent with the
data upon which it is based. In the event that it ic
decided to design submarines to resist underwater explosians
of a different shock intensity than the ane chosen +tor the
present method, & major effort would be required to
construct a data base upon which to base the new input
values.
C. USING DDAM

Since the development of DDAM, new tools have replaced
the clide rules of engineers. Among them are the readily
available desktop computers. In the course of this work, it
was necessary to use DDAM to analyse simple structures of
fewer than 5@ degrees of +treedom. To this epd, a computer
program has been written in the BASIC computer Janguage to
carry out the required computations. A& listing and short
users’ manual can be found in Appendix A. The praogram was

verified by comparing results with hand calculaticone and

publicshed sample problems.
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ITT. EXPLOSIVE SHOCK RESPUNSE ANALYSIS USIMG ELSHOK

A. GENERAL FRINCIPLES OF OPERATION

The ELSHOK computer code [Ref. 4] calculates the
trancient response of & submerged, ring-cstiffened shell of
revolution, with or without internal structure, to an
underwater shock wave emanating from an explosive scurce
placed at an arbitrary location awar from the shell. The
structure is concidered to be linearly elastic, and the
surrounding fluid is treated acs anp infinite acoustic
medium. Maodal structural analysie ie used in &1l phaces of
the calculations, Internal equipment response is treated
by coupling the free-free modee of the empty ring-stiffened
shell and the fixed-base modes of the internal equipment
through uee of dynamic boundary conditione [Rets. 7,R).
The structure-~fluid interaction is approximated by means of
the Doubly Asymptatic Approximation (DAAY due to Geers
{Ref., 31. The form of the DAA used is that obtained when
the normal fluid displacement of the structure-fluid
interface is expanded using surface expansion functions
which are orthogonal cver the wet surtace of the submarine,
At frequencies of zero and infinity, the precsure-velocity
relaticonse are exact so that in transient analysiz, the DAX

vields exact results at early and late times, and br the

20
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nature of its formulation provides a smooth transition

between these two lTimitse., In effect, the DAR axllows for
uncoupling of the fluid field problem from the structural
field problem.

The structural problem solved by ELSHOK ie separated
into two parts. A modal substructuring procedure is used to
solve the dynamic responce. problem for internal equipment.,
The advantage of this is to eliminate the need to handle the
modes and natural frequencies of the combined structurxl
problem, as well as the requirement for a combined system
stiffness matrix, Interaction forces and moments, and
compatibility of deformation at the shell-substructure
attachment points are uced to sclve for the dynamic response
of the component parts.

Reterring to the ideal cace of DDAM foarmulated withcout
the use of a shock input value; ELSHOK is a numerical means
to arrive at the inmput to the substructure without depend-
ence on an explosive testing database and with the added
advantage that interaction effects between the hull and
substructure are taken into account. ELSHOK performs a
trancsient analysis whereas DDAM utilizee a simplified
"fromt end" to arrive at the maximum lorces and deflections
in a given responce problem for a single magni tude of

loading.

podinter Bunte dhis ey Jng 4




B. ORGANIZATION AND IMPLEMENTATION OF ELSHOK

The ELSHOK code ie implemented as & series of sewven

programs. The major components are:

1. BOSOR4

2. ACESNID

|

3. PIFLASH

}

4. SAPIV
[Ref, 1@]

1

S. PICRUST

é. UsLOE

}

7. PUSLOB

Figure 1| depicte the general
code modules. The numbers above
chronological execution order to

analysis. In order to carry out

-

etructural analyzer for shell [Ref. *]
.virtual mass procescsor
shell-+luid procecssor

structural analyzer for substructure

substructure processor
time integration processor

plotting processor

relaticnghip among the
correspond to the
be followed in & given

an analysis using ELSHOK,

a lumped parameter model of the submarine being analyvzed

must be formulated or available as well as the equipment

model., More wil)l be said abiout models later. The compu-

tations are carried out in four phases.

B.1. Phase ! - Shell and Fluid Analrsis

BOSOR4 is a finite difference code used to

capture the effects of the submarine hull structure on the

overall response. Two models are actually used: a full

model containing information about the major configuraticon
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of the submarine and its general dyvnamic properties, and

a

compartment model representing the loccalized area of
interest on the hull. The full model is us?d to capture
the grose effecte of the recponcse such xs rigid body
transltation and whipping ‘M = 1| modes’, and rolling and
twieting (N = @ torsicnal modes) of the entire structure.
The compartment model is used to capture local details of
the response in the area of interest (M = 8 breathing and
N22 modesd. N is the integral number of circumterential
waves or harmonice in the circumferential distributions of
the surface expansion functions. For each N, a separate
BOSOR4 calculation i required., The BOSOR4 code prowvides
the in-vacuo free—free modec and natural frequencies of the
submarine hull,

The cecond part of phase I ies the use of ACESNID
to compute the virtual mass arrary, which is used in the
IQte time contribution of the DAR. The virtual mass arrayr
ic determined from the solution, based on simple sources=,
of a steady-state low frequency problem in which normal
displacements corresponding to the surface expansion
functions are applied toc the surface of a cavity of
revolution in an infinite fluid having the same size and
cshape ac the wet surfazce of the submarine., Only one run of

this module is required for all values of N considered.




The final step in phaee 1 iz the execution of

PIFLASH to compile the data from al)l BOSOR4 rums and
ACESNID into & zhell-and-fluid file for later use, The
analx»zis done for the worK in thie thesis concsidered anlyw
the hull responce of cne submarine o only cne
shell-and—+iuid file was needed for all subsequent
calculations,

B.2 Phase Il - Substructure Analreis

S5APIV is a commonly available finite element code
used in the ELSHOK ccde to perform the modal analyesice of
each substructure (equipment model>. The equipment
instaliation ie first cast into an appropriate finite
element representation and then 5APIY is used to zaoclve for
the dezired mode shapes and frequencies. This information
is placed in a substructure mode .file along with the
gecmetry, stiffrnese and mass information. The mazes, mode,
and frequency informaticon were alsoc used in the DDAM
analyeie for comparative purposes,

The final =step in phace Il is the execution aof the
PICRUST code. Thizs code prepares the input for phaze 111
calculations by placing the abowve mcdal information on a
substructure file. Additicnally, it calculates influence
coefficients correszponding to the base or support mations of
the csubstructure and accounts for the uvser-specified

connectivity,
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. Phase 11l - Time Integration

B.

')

Following the completion of Phases [ and II, the
chell-and-fluid file is merged with the substructure file
to form the input file for USLOB which is ELSHOK s time
integraticon processor, USLOB allows specification of the
charge weight and geometry. For the problems of concern
here, an exponentially decaring, empirical model was used

to represent the explosive shock source. It is of the

form:
PI(RY = KiW!“3/R)IK2 exp (~t/90) (4y

where;

PI(R> = the incident pressure at a radius R from
the explosion (on the hull)

Ki = a multiplicative concstant for incident
pressure

Kz = a spatial decar constant for incident
pressure ‘

t = time after arrival of shock wave at pcoint
of interest

W = weight of spherical charge

90 = Ks W78 ¢ Wi7% s R YKa

Kz = multiplicative constant for time concstant
of exponential decay

Ka = espatial decay constant for time constant
of exponential decay

In all the caces, the geometry was such ag to maintain con-
stant energy flux according to eq.¢3). The integration in

time is done using a modified version of the Ruhge-Kutta

26
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numerical integration scheme. During the integraticn,

USLOB ocutputs velocity histories for user-spzcified points
on the hull and substructure.

B.4. PhaselV - Plotting

Fhace IV capabilities were not utilized in this inues-
tigation. However, ELSHOK does have the capability to gen-
erate plot filee containing velocity history information for
processing on a graphics terminal.

B.5. Deflection Calculaticns

As mentioned previously, ELSHOK produces velocity
hictories at the pcints of interest on the substructure.
OOAM produces maximum deflections or forces at the same
points for similar models. In order toc make comparisons
between the two methods, it was decided to convert the
velocity histories from ELSHOK to deflection histories using
an integrator based on Simpson‘s 13 Rule. For each
equipment case, & separate program was written in BASIC ta
accomodate the variations in configuration between =zach
model and the differences in output from the USLOB code due
to point of interest specification. These programs are

listed in Appendix B.
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) IV, MODELS USED IN THE ANMALYSIS '.
Pf #. FINMITE ELEMENTA-FINITE DIFFERENCE MQOCELS _
The idea of representing a given domain as a2 collection '
i of diecrete elements or values was not first applied in
. tfinite element/finite difference methods. Early mathemati- i
cians estimated the value of T to nearly 48 decimal places ’-
by representing the circle with a polygon of a finitely
large number of sides. The polygon used by the mathemati- .
cians is a model of the circle they wished to represent. !,@
In modern numerical methods, it is realized that very few {Ejf
problems in the real world can be analyzed without the uss ::;
of csimplifrying models. BOSOR4, the finite difference code {ﬁl
in ELSHOK used to describe the dynamic behavior of the sub- E;Eﬁ
marine hull, requires a greatly'simplified model of its ;gi
real world counterpart., Simitarly, both DDAM and ELSHOK F:T-
uze a substructure model to capture the fixed-base ii
properties of inetalled equipment, ;x
B. SUBMARINE HULL MODELING USING BOSOR4 l:f
Actual submarine hulls are very complex structures, z;
However, they do pozsess certain characteristice that can ;3
R

be used to simplify their modeling. From the zuspect of
submarine hull shock rezponse, the hull iz a free-free r.nyg

stiffened cylinder with suitable end closures. The ' fiﬁ
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internal weightes of machinery and other cutfitting must be

accounted for but these items can be smeared into their !l;
adjacent hull structure. The model thus becomes « cylinder -
whose cross sections reflect the density of the submarine Etk
at a2 given frame. Since a cylinder is a surface of '.
revolution, the properties of each cross seétion need only
be specified at one point. The reader will notice that any )
hard structure serving to stiffen the hull in a non- ?: 
axieymmetric sense, such as non-circular frames or massive i_i-
machinery foundations, can not be represented in this ;;;
facshion. I+ these structures are in the area of interest %fﬁ:
in the hull, they should be modeled as internal structures iija
in phase II of ELSHOK, i;:
)

The BOS0OR4 code allowe the submarine hull model to be

constructed by specifying the properties of the submarine

hull along a line of revolution. A numerical complication
enters the problem when dealing with models of submarines

becauce the structure coften repeate itself regularly alcong
its axis of revolution. With such a configuration, there

are many modes in which the motion of the stiffeners is of -—
emall amplitude compared to that of the shell. The bayrs

between the ringe vibrate at frequencies which may

approximate those corresponding to a simply-supported T
¢ylinder of the same geometry as the bay. Multiple or

closel y-spaced eigenvalues correspond to modes in which e

2%
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one or more of the bays is vibrating while others are
unaffected. To avoid eigenvalue difficulties, the prudent
measure is to analyse as small a segment of shell as
pcssible in order to avoid rnumerical difficulties with
multiple, or closely—cspaced eigenvalues as indicated by
Bushnell [Ref. 7). In submarine shock analysis, the

interest is in the gross respornse éontributions ot the

entire hull to a given section of inéerest. The authore of -l iJ

ELSHOK have allowed for this through the use of two model=. ?; .

A full model is used to obtain the gross contributions p

of the entire hull structure in the N = 8(torsional) and .ghi
o

N =1 (translational and whipping) modes. This will include
such things as bulkheads, heavy ring stiffeners, and end
closures. A compartment model is then used to cbtain more
detailed information about the particular section of
interest, In this way, responses away +rom the section of

interest do not have to be carried through the remaining

calculaticns since they do not affect the recsponse of this
area anyway.

Due to security restrictions placed in intormation re-

'®

garding the construction techniques and arrangements of U.S.
nuclear submarines, it was not possible to model an actuxl
submarine for use in the analysis workK contained in this
thecsics., With the aid of Weidlinger Associates of New York,

however, a model resembling a general submarine hull struc-

ture of &6%08 long tons displacement was obtained. This
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model is available through the U.S. Maval Postgraduate

School hut is not included here so that restrictions do not

have to be placed on the circulation of this work,

Figure 2 is a schematic depiction of the +ull cubma-
rine. The submarine being maodeled has been cut into 14%
slices along the longitudinal axis. In the model, infor-
mation regarding Young’s modulus, Poisson’e ratic, mass

density, thermal expansion coefficient, plating hal+f-

thicknese and whether or not stiffeners are smeared is pro-

vided for each one of these points. Twentyr-six discrete
rings are reprecented along the axis of the model, twenty
of which are in the local area of interest. These rings
represent frames in the real submarine where T-stiffeners
give increased stiffness to the hull. In actuality, thece
ctiffeners are spaced fairly evenly along the entire model
but smearing them outside the area of interest will not
appreciably affect the vibratianal characteristics in the
area of interest. Using the BOSOR4 code, modal analysis
using finite difference techniquee ic carried out. Table
1 is a listing of the natural frequencies and wave numbers
for each mode retained in the analysic. Seven M = 0
torsional modes, and thirty-eight M = 1 rigid body
displacement and whipping modes have been retained for the

full model.
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- MODE N FREG MODE N FREC

L (Hz> Hz

e — s = = o e o ot o o . o . 4 T e o S e o e A e M e A e

. 1 1 3.597548E-8:z 2 1 4.716345E-02

: 3 1 2.377235E+9ea 4 1 7.890112E+82

3 S 1 1.29881&4E+01 é 1 1.793331E+@1

Z 7 1 1.80115SE+0! 2 1 1.897726E+0a1

' ? 1 2.38S572SE+01 14 I 2.720713E+81
11 1 2.792269E+81 12 1 2.22872SE+a1
13 1 3.411510E+w) 14 1 3.47825sE+@1
15 1  3.5882S4E+01 14 1 3.5900%4E+a1
17 I 2.71689SE+91 13 1 3.,204354E+u1
19 1 3.847244€E+01 26 1 3.742945E+0@1
21 1 4.027563E+91 22 1 4.859142E+01
23 1 4.295S87SE+B1 24 1 4.390227E+01
25 i1 4.472591E+@1 24 1 4.918127E+a1
27 1 S.261150E+01 28 1 S5.289662E+41
2% 1 S.544798E+81 el 1 S.834701E+91
31 1 5.774849E+01 32 1 &.131432E+01
33 1 4.31Z2171E+01 24 1 4.521748E+01
35 1 &6.574107E+01 36 1  4.682874E+81
37 I 4.741894E+81 38 1  &4.845%27E+a1
39 ® 4.081347SE-0S 49 8 7.58474PE+@0
a1 @ 1.4654699E+a1 42 @ 2.342790E+01
43 8 3.021432E+81 a4 @ 3.8559SRE+al
45 B 4.579404E+a1

TABLE 1 - Wave MNMumbers and Frequencies of Full Model




Figure 3 is a =s=chematic representation of the compar -
ment (lacal area of interest) model used in this amalwsic.
In this model, all frames are modeled as discrete ring
stiffeners. Since compatibility must be maintained between
the two models, {compartment and +ull?, there is a one to
ane correspondence in the area of interecst between points
in each model. The compartment model is used to ocbtain the
modal contributicons corresponding to N 2 2 inormal, merid-
ional, and circumferential displacements). s mentioned
previously, deformaticne or motions cccuring beyond the
region of interecst should be unimportant for the M = 8
breathing modes and modes corresponding to M 2 2, Each
bounding ring or bulkhead is very stiff in its cwn plane
and moves primarily in that plane for lccalized locading.
Table 2 is a listing of the natural frequencies and
circumferential wave numbers for each mode retained in the
analysiz. For the compartment model, 29 modes carres-
ponding to N = 2, Z4 modes corresponding to N = 2, Z4 mcodes

corresponding toe N = 4 and 25 modes corresponding to N = 4

have beern retained. & total of 254 modes were found by

BOSOR4 for the full and compartment models. 0OF these

@

. . . N T Y
modes, 143 were retained for further calculaticons in phace :
p

IT and 111 of ELZHOK., The 111 modes that were dropped

atfect responzes primarily cutzide cf the area of interest.
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; Figure 4 is a schematic of the general shell ztructure
4 model and notation conventions used in the remainder of the

ELSHOK analyeis. Two coordinate syetemsz are uszed., X,¥ and
i 2 refer ta the submarine glaobal coordinate frame and »=,»

and z refer to the substructure local coordinate frame. In
both systems, the x—~axes run from aft to forward and the

z-axis orientation iz related to the 2 axi in the glabal

n

swstem by the angle o5 where ¢ refers to the substructure.
The variable = is used to locate pointz along the meridian
g of the full model, and u,v, 2nd w are uvsed for Tocal shell
displacements and maotions located circumferentizlly by the
angie ®. This concludes the dizscussicon of the zubmarine
model used in ELSHOK,

One of the conveniences realized in using a DDAM
analy»zis to carry out dezign checke iz the absence of =
submarine model in the computations. The design shock
valuee are intended to provide all inputz to the substruc-
ture model. The penalty which must ke weighed here is the
lack of regard which this places on the peculiarities of a
given submarine structure. On the other hand, the ELIHIK
submarine model is difficult to construct requiring a great

dexl of information and <Kill to properly model a giruen

hull, but the price is paid only cnce for each submarine

. oot o

lagse. A1) subsequent calculations in thisz thesis are SRR

carried out utilizing the same shell model calculations,
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C. ZUBSTRUCTURE MODELIMG USIMG SAPIV

Im both DDAM and ELSHOE calculations, a substructure
model is formulated to determine the modes, mazzez, =znd
natural frequenciesz of the equipment =ycstem being dezign
checked. UWhen DDAM waszs first developed, a computer program
wWas avzilable which could zolve the eigenvalue prokblem +or
up to twenty degrees of +treedom. However, the zcarcity of
computer rezcources dictated that moet uszerz utilize hand
computations for this purpose., Consequently, most earlw
decign checks were limited in scope. DDAM iz well suited
to tabular methode of computation but with the common
availability of small computers todar, hand computaticns
are no longer required, and the restrictions on degrees of
freedom are largely removed. Thiz ie not to say that great
numbers of degrees of freedom are required in every caze.
Ev careful examination of the equipment inzstallaticn being

checked, the major response contributions can be captured

using a small number of mode=. In the casesz idered in

an

(1]
hd

thie thesis, emphasis waz pl

a

ced on using equivalent models
for DOAM and ELSHOK rather than clocely modeling a real
component in a submarine az it would be in each caze in
actual practice, The interest here lies in how the results
compare, for the same models.

Phase Il of ELSHOK utilizes the SAPIV finite element

code to model submarine-installed equipment. Because

paYou]
3




ELSHOK is written utilizing program modules which execute

t independently and exchange data through ocutput tiles, the
SAPIY code could be used to run the modal analrsiz of

- equipment modele for DDAM and ELSHOK thus ensuring equival-

- ence in input to both methods. The models celacted for

analrsis were Kept small so that compariscons could be made

without excessive complication.

Three equipment models hawve been examined for this

thesie. Case I is a cantilever foundation mcdel with a

18860 1b weight attached to ite free end. Cases Il and III
are a simple beam foundation supporting twa weights at

centercspan and having attachment points on two separate,

w

discretering stiffeners.

€.1. Subsztructure Case 1 Mgdel

The case I model development i

W

depicted in
tigure S. The mode)l reprecsentz a 1808 1b valve supported b
a cantilever foundation. 'The fourndation is built up Ffrom
~ISC C 18x38 =steel channels {Ref. 11) and the valve iz

rigidly fixed to the free end. 5Since the intent was not to

W
-

qualit» any particular valve design, the entire wuxlw

i
w

)
been modeled as a particlie (lumped mass>. The beam mass is =T
reprecented by six lumped maszses. The foundation is
designed to be fixed to a discrete-ring stifferner in the lﬁ?ﬁ
submarine in an upright pasition. Although 3-dimenzional

motocion hacs been allowed, the maximum deflection eoccurs in

the athwartship direction in response tc a side-on shock

4@




AT AP AL S il i i

W

loading., This case (s representative of a relatively light
equipment installation,

C.2., Substructure Case 1] Model

1]

The case I! model development ic depicted in
figure &, The model represents a foundation constructed

from AISC W 27x177 I-beams [Re¥. 11] supporting two 10,6882

sented b |

) ()

b weights. The foundaticn strucfure is repr
beam elements and 1% maszes. It spans two discrete

stiffensrzs to which ite ends are fixed, This model is

g

representative of a large pump or turbomachinery
installation.

C.3. Substructure Case Il Model

The case Il model is similar to the cacse I1
model except the foundation structure has beern changed to
AISC W 27x144 I~beams [Ref. 111 and the supported weights

have been reduced to 5,888 b apiece. This made!

[

representes an intermediate weight eguigment installiation

such as a main feed pump.
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Properties

AISC C 18X36 Steel Foundation

Ixx = 333.1 in.4
I,y = 286.8 in.%
J°° = 548.8 in.4

web thickness = 8.473
flange thickness = 0.436
area of channel = 8.82

—> >

T s T ™

REAL WORLD FOUNDATION
AND MASS

in.
in.
in.2

e
[x\}

MR A e At S Adh e ame

Section A-A

FINITE ELEMENT MODEL
FOR DDAM & ELSHOK

Figure S - Case I Equipment and Finite Element Model
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AISC W 27X177 Steel Foundation CASE II Vo
Properties Ay o
Iyx = 6748 in.%
1y, = 556 in.4
J° = 20.1 in.4 X b
'
web thickness = 0.725 in.
flange thickness = {.199 in,
area of beam = 52.2 in.2
Section A-A
AISC W 27X114 Steel Foundation CASE 111
Properties 1\3
pm—|
Iyx = 4090 in.: B
I = 1359 in. L
Yy ot
in.4 e
J = 7.36 in, =X e
web thickness = 8.578 in. S
flange thickness = 8.932 in. S
area of beam = 33.6 in.2 _ R

Section A-A

Figure 6 — Case Il & 11l Finite Element Mode)
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9

y The goal of the analysis procedure used in this inves- :J;ﬁ
g tigation ie two-fold. The primary chjective is to analyze ::E;
h equivalent substructures using DDAM and ELSHOK so a com-

paricon of the maximum predicted deflectione can be made.
Secondly, any hull/substructure interaction etfects are to

be noted. The analysis ies complicated by several factore.

A1l the calculations are based aon constant energy flux which
ic dependent on charge weight and standoff. Since DDAM
shock inputs ultimately represent the results of explosive
shock tests, the geometry of the "amalytical charge" is
invisible to the user and assumed in the empirical shock
spectrum, ELSHOK uses inpute of ch;rge weight and standoff¥
to calculate shock loading by eq. (4) so the effects of
their variation will change the transient responcse of the
substructure even though the shock intensity ie constant.

In thie analysis, three sets of charge weight and standc++ ' :fg
were used. A further complication results due to the fact

that DDAM only can be used to calculate maximum relative - -
deflections or forces. ELSHOK calculates transient

velocities incurred by the model which must be converted to

maximum relative deflections.
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#. CASE ANALYSIS PROCECDURE C
)
Each case analysis was begun by first constructing the -“_}]
equipment models to be investigated using S&PIV. @& dynamic .
analysis was performed to find the natural frequenciesz and N
'
mode shapes of the model. Thie information was saved along i
with the mase matrix for subcsequent DDAM calculations. ;
! .
iﬁ Using PICRUST, the SAPIY data was then reduced to a suit- e
1
able form to ke merged with the hull structuresfluid data : 'J
trom Phase I calculations. Finally, all the resulting data
were integrated using the USLOEB code to compute the tran- ‘~‘;;
]
sient velocity profiles for each equipment installation !
contiguration and charge weight/standcoff zet. j.f
The PICRUST code was used to specify the installation
m———
configuration of each model. Model coordinate svetem crien- T
tation to the hull system is determined by the angle os :f{
fig. (4>. The location of the equipment alcong the longi- ’::;
tudinal axis is alsoc specified. For example, in the case I S
model, the angle is 279 degrees and the base attachment ic
at frame 95 in the submarine model fwithin the compartment
model)., For the cace II and IIl models, two different -
crientations were investigated, cne with the model mounted

athwartship and the other with the model mounted verti-
cally, i.e., shock input from the cide and bottom of the

submarine, “;}




The USLOB code allowe input of charge weight and
standoff. To investigate how these parameterc affect the
transient responce of the subsetructure, three sete of val-
ues were uced for these parameters based on three different
charge weights, The parametere chosen are licted in the

following table.

Charge Weight Standott Distance
(1bs TNTY (Inches/Feet)
5,800 1,414-/117.7%
18,800 2,8080/186.7
15,008 2,450/284.2

TABLE II1 - Charge Weightes and Standaffe for Analyvsis

After selection of all factors aftecting the geometry
ot the prdblem, the time step increment and integration
Timits were specified. In each case, enough'time steps
were chosen to capture the peak responce amplitudes. This
number was found by trial and error,

After calculaticon of the velocity profiles for a given
model, this information was integrated using Simpson’s 13
rule to obtain a deflection hicstory and the maximum deflec-
tion response of the model. #As alluded to earlier, the
models were constructed so that csuitable ditferences taken
between the velocity profiles of designated points would

vield the relative deflection, at any instant in time, of
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the point in questicn., This procedure unfortunately re-
liez, to a certain extent, on symmetry in the model. For
instance, in the case I model, the deflection cof the weight
on the end of the cantilever in the athwartship direction
can be obtained by integrating the difference between the
velaocity histories of the base and the tip of the beam.
Figquree (7> and (8> cshow schematically the differences
taken to calculate deflections for 2ach model configqura-

, - tion.

Vtip,athwartship

SHOCK
WAVE

ARY RN

vbase,athwartship

Vrel = Vbase,athwartship - VYtip,athwartship

Figure 7 - Relative Velocities Used to Calculate
Relative Deflection Between Mass and
Base for Case 1
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V4, vert Vé,vert US,vert

oy

& SHOCK
WAVE
Vi,vert V3,vert V2,vert
y N
6f \_/ ]5

Vertical Relative Velocity of Nodes 3 & &6 wrt fixed base
Nodes (shock wave from ATHWARTSHIP)

V4, vert Vé,vert Vs,vert
b // ¢

Vi, vert V3,vert V2,vert
VUI f% ‘VQL
IN o/ &

SHOCK WAVE

Vertical Relative Uelocity of Nodes 3 & 6 wrt fixed base
Nodes (shock wave from below Keel)

v3,rel

V3,vert = (Vi,vert + V2, vert)/2
Vé,rel

Vé,vert — (Vq,vert *+ V5,yert)/2

Figure 8 — Case Il & III Relative Velocity Calculations for
Athwartship and Vertical Shock Waves




Aa¥ter the ELEZRHCH resultz were ocbtained for
DDAM was uszed to calculate the maximum deflections
the information zaved from the ZAPIV runs. & file
structed, using an editing program, to input the m

naturzl frequencies, and mode shapes for the mode!

MEIfG
e

con-

Ll

-+
-
i

Lo~ program, During execution, the program utilizes
prompts to query the user about the type of inztallation
and shock input direction. The maximum relative detlection
is calculated by the MRL formula [Ref. 121:
Am = absidi max) + JEX4i22-4 mz.Z (5
where;
abs(dj max> = the largest modal deflection of a
pocint on the model
4; = modal relative deflection at a point on
the model
dp = maximum relative deflection of a point on
the model .
This formula iz used to reflect the fact that all modes do

not experience their maximum delections

s2imul tanecuszly,

Figures (%), (183, and 711> summarize the model
configurations and shock input directions for cases [, 11,
and III., Tablesz 1Y, Y, and 1 are zummaries of the in-

formation used in the DDAM and ELSHOK calculations
cases, A +ull case I analysis iz presented in App
4

of theze

endix C.
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TABLE W - Cacse | Inputs to ODAM and ELSHOK

Mumber of Degress of Freedom 1=
Mumber of Connected Degrees of Freedom 23
Mumber of Unconnected Degrees of Freedom 1S
Mumber of Interface Points 1
Number of Frequencies In Analyzic _ 14
Subrstructure Matural Frequencies (coped
1 445,41 S 7épE, 71 o 1Z1&%7.4
2 1d%4.35 é ?553.495 ¥ 12234.4
3 1243.87 7 184%4.,7 i t&eid.z
4 4@37.8S5
Mumber of Time Stepe In the Analysis 1z@1
Size of Time Steps A,.3E-& zec.
TABLE V - Case 11 Inputs to DDEM and ELSHOK f;
e e
Mumbier of Degrees of Freedom 34 f;
Mumbtier of Connected Degreee of Freedom 4 .
Mumber of Unconnected Degrees of Freedom 3 a3
Mumber of Inter+ace Foints 4
Numtier of Freguenciecs In Analysis S

Subietructure Matural Frequencies Ycpe?

1 48,7743 4 S51.143

z 3%2.37@ S S&832.723

3 372.5683

Mumber of Time Steps In the Analrsic {zal

Size of Time Steps 1.2E-S <cec
52
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TABLE W1 - Caze III Inputs to DDaM and ELSHOK

Mumber of Degrees of Freedom 24
NMumber of Connected Degrees of Freedom 4
Number of Unconnected Degreez of Freedom 24

<y

NMumber of Intertace Points
Number of Frequencies In Analysis 1@

Substructure Matural Freguencies (cps)

1 S2.782S = S7@8.582 g 1212.%5

2 389.0971 é 353.771 ? 1433.73

3 381.861 7 1213.4%5 18 14%2.47

4 537.7683

Number of Time Steps In the Analyeis 1361
Size of Time Steps 2.8E-5 zec

%4
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VI, BESULTS

.
éi
2
]

Although the number of cases and their permutaticons :t:
“explored in this investigation are not numercus, ther haue ‘_41
tbeen contrived to accentuate the similtarities and differ- :
encesz between the ODAM and ELSHOK methods of analrzsis M
menticoned previcously, ELSHOK provides a great deal mars
information abcocut the shock response of szubmarine—-installed
equipment than 0DAM, However, UDAM iz not intended to be & j
theoretical tool but rather is simply a design check. Far ;_Tﬁ
this reason, where ELSHOK will predict different maximum ;ﬁfﬁ
deftlections depending on charge weight and standoff, DDAM L?i%
B
will predict only one walue for all variations. s
A. CASE I (1,880 LB CASED ]

The predicted responses of DDAM and ELSHOK compare well

for thie case. The DDAM calculation yields a2 maximum de-— ‘j
flection of 0.8143" for the end of the caxntilever beam when N
zubjected to an athwartship shock input, whereas the ELSHIK ffﬁ
calcultation predicted a #,8131" deflection faor a 16,358 1b -
charge and a 2,880 inch standof+ as in fig (9B). The ‘;i
15,200 1b and 5,008 b charges bath caused slightly lower fE;f
deflections. In this case, DDAM is more conservatiuve ‘:f
fabout %) than the ELSHOK calculation. This illustrates i

that where the equipment weight is only about 1,868 1b,
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little interaction iz to be expectzd between the hull
respconse which iz relatively loaw frequency, and the higher
frequency equipment recponse. The highest hull frequencs

"

conly xbout 166 Hz. Coupling effecte between the

responses of the equipment mass and the hull mass are
insignifigant due to the large ratic of the masses. If the
mass of only cecgment five in the full model is considered
to be the entire hull mass, then the effective masz of the
hull is about 4188 slugs. The mazs of the model is less

than 2.7 slugs. This rvields a mases ratio of about @.908732,

DDAM is based upon the approximaticon that the hull mass can

ke considered infinite which implies a masz ratio of

A.30000,.. providing no account for coupling other than ffi
through the safety factor built into ite design spectrum. aii
The close agreement between ELSHOK and DOMiM is probably due ?;l
to the lack of. response coupling in both methodes of ;5?
analrsis. 2::

BE. CASE II (28,080 LB CASE)

Two equipment configurations were inuestigated in the
ELSHOK analyses for this case. In the problem gecmstry» in
which the submarine is side loaded, figure (?c», the
max imum Jdeflection is again in good agreement with that
predicted by DDAM: 0.2432 inches in the former versus
0.2744 in the latter. However, the input moticon to the
structure is not primarily in the directicn of maximum

deflection in this instance., In the cecond configuration
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of this caze, corresponding to +igure (¥d), 2 much or

deflection (133 gr

T

axter) is predicted by ELSHOK. There

are two poszible explanaticns. Some hull. structure

interactiaon is to be esxpected because the fundamental

natural frequency of the substructure iz 48.8 Hz which

falls in the middle of the entire range of hull frequen-— !

cies, I1f, as in the former case, & hull effective mzxss of -

4188 =lugsz is assumed, and the model mass iz &7.4 slugs in o

this cace, then the ratic of the maseses is increased to !j

#.8184 or about 1.& percent. In this example, the influ- -

ence of coupling on the response can he expected to amplid- i;L;
!

the expected result for an infinite mass hull =vstem
concsiderably. Also a source of uncertainty is the test data
upon which the shock input spectrum uced in DDAM is based.
Mozt explosive testes are set up with the charge geometry of
figure (?c? to avoid problems asscciated with bubble migra—

tion to the hull due to bouvancy effects. In the second

configuration, figure ($d, the charge was situated as if N
it had detonated beneath the keel of the submarine, a
realistic possibility when considering modern weapons i?i
tactics but perhaps not simulated well by explosive test- o
ing. This particular configuration subjectsz the structure
to greater shock input motione in its mare flexible direc-
tion producing the larger deflecticns, howeuver DDaM

provides the s€ame inputs for both problems.



€. CASE IIIl (18,889 LB CRSE:

Two equipment contigurations were inveztigated in the
ELSHOK analvsis for this case. The recsults are very
similar to the results for case Il., In the configuraticon
of Fig. 18{a), a maximum deflection of @8.2134 inch was
predicted and in the configuration of Fig (B8ib), a-max<imum
deflection of 9.6%92 inch was predicted by ELSHOK whereas
DOAM predicted & maximum of @.27432 inch for both contig-
uyrations. Again, the same poszible causes can be cited for
the large (150X difference tn the second instance. In

this case the fundamental freguencr of the foundation i

"

52.7 Hz., The mazs of the equipment model in this caze i
26.8 slugs yielding a mass ratio between the hull and
substructure of about B8.88877,

A summary of the calculated results is presented in
Table VII. Wiith the limited calculations available in this
work, nco attempt could be made to deduce systematically the
exact cause +or discrepancies between ELIHOK and DDAM in

cases Il and III.
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WIT CONCLUST OMS

Since itz adopticon by the nawval shock community, DOaAM
has provided an easy—-to—-use and convenient means to design
check equipment instal\at}ons propcsed for submarines, 1f
ie independent of any well defined submarine structural
input and can be applied early in the owerall design pro-

ce

]
W

before such detailg are well developed. However, the
same qualities that allow for the flexibility in DDAM ma-
also contribute to possible inaccuracies when this methcod
is applied to submarines of radically ditferent size or
design than the ones reflected in the empirical Design
Spectrum,

The work in this thecsis iz in no way construed to ce
an all-encompassing evaluation of DDaAM and ELSHOK. From
the infinite number of pozsible equipment configuraticns
and sizes, three simple models have beern selected which &x-
amine only the hull mounted equipment problem. The intent
of thie investigation has been to examine the capability of
the two methode to predict the shock response of these

equipments and not to rank one against the other, ELSHOK

"

or any variation of this code iz much too complex and
computer resource intensive to usze as a dezign tool and was

not intended for thiz purpose.
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In the case of equipment whose response is relatively
high frequency compared to the hull response, DDAM and
ELSHOK deflection predictions are in good agreement., The
max imum hull responce frequency is limited te xbcocut 188 Hz
for the &788 LT csubmarine used in this work. The good cor-
relation is attributed to the Yack of interaction and
coupling effects between the hull and substructure. When
the responce frequencies of the subetructure approached
those of the hull and the mases of the substructure became =&
significant portiaon of the cverall syetem, the compariscons
be tween ELSHOK and DDAM deflection predictions were not
good,

The indications of thie work are that DDAM does not
correctly reflect the hull-substructure response coupling
amplification which becomes apparent when the substructure
response is tuned to the hull response. Additionally, the
empirical database upon which DDAM is reliant for shock
input may fail to represent the heavy equipment prablem
well,

More basic research remaine to be done before many of
the questions or criticisms posed by this thesis can be
concidered conclusive. Due to the scarcity of publicshed
reports describing the input data used to generate the
design shock waluees used by DDAM, the application of this

method as a general design qualification should be regarded




with caution, The basis of the Design Spectrum used in
DDAM should be available +or analyveic and rewvision,

Additiconal work remaine to be done to determine where
the discrepanciec between ELSKOK and DDAM +irst become sig-
nificant., The cases analyzed here represent both ende of
the substructure .response spectrum but lend little infor-
maticon to what happens in the trancition region between the
low-interaction and high~interaction frequency response
regimes.

DDAM cshould be retained as & design check methad,
However, some modificaticons are recommended here. The
present Design Shock inputs used in DDAM should be updated

to reflect the incresed <ize of modern day submarines. I+

the detzxile cf the original formulztion were Krcwn or
revealed, the current values could be updated by generating
new analytical data based on computer simulations. This
J new spectrum could then be verified by explosive testing.,
| It is apparent from the hull-substructure coupling phe-
nomenon noted.here that a modified shock spectrum should be
= tormulated for each new clase of submarine which would
reflect the peculiarities of this class versusz the previous
ohes.

At the precent time, when new submarines cost billicons
ot dollars and are by no means numercous, every effort must

be made to encure their survival im an underwater explasive
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shock envirconment. This should include taking & new

mn

at DOAM and ensuring it upholds the s=tandardse szt b

fad

shock palicy. There iz & great deal of flexibility

[7a]

ent in DDAM and together with modern numerical techn

tt can be vupdated to reflect current technology.
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AFFPEMDTIX A ¢ DDAEM USER-S MakUsL &b PROGRASM LISTIMNG

Py
wm

The DDAM Program containsed herein provides an easy
meanes -to perform 2 small to medium—sczxle DDAM analrsis of &
given internal equipment design. The program is written in
IBM PC BSSIC language and is nat restricted to submarine
analrses only but includece the standard DDAM cace
possibilities, The sclution algorithm follocws the method
cited in Ref, 2.

A, USING THE DDaM FROGRAM

“.1. Option Selecticons

The DDAM program is menu-driven and written to be
celf-explanatory. Prior to starting the program, it must
be avxilable on « dicskette xlong with the BASICH.COM
program,

To start the program type:

BASICACENTER> ]

CF3I>DDAMIENTERY Tees

{F2> >

- 1
The first command line loads and executes the BASIC inter- 1
preter and the second line loads the ODAM program. The ffgi
third line starts execution of the DDAM Frogram. » 1
Upon starting, the title of the program (0DAM) iz X
written an the screen and several seconde later a meszage f'ﬂ
.
'
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appearsz describing the prowided functicons., Follow the
directions.
Four executicon copticone will appear for cource of

data and program exit to the operating srstem. They are:

{1} Input Mode Shapes and Mass Matrix for the
problem from Kerboard

{21 Input Mode Shapes and Mase Matrix from =z
dizk file

[2) Input a Mass Matrix and Stiffnecss Matrix
for previously formulated equaticonz of motion

(5] Exit to DOS

Mo aopticon [4) is present; however, praovisionse have been
made to install z user-defined subroutine at line Z588H in
the program.

Qptiaon [1] ie useful for emall problems and is not

recommended for situations invelwing more than four degree
of freedom. It allows all datz input to be carried cut
using the Kerboard. In larger problems, the entr» of mode
shapes becomes tedious and error prone,

Option (2] is recommended +or most praoblems. It
allowe the use of a dicskfile for input., The file i<
uzer—-<specitied and utilizes a free—-format data structure.
The information muzt be present in the file in & cet crder

which is described later,
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Selection of option (3] causes a me:
displaved stating that the JACCE! program muset first be
run to solve the eigenvalue problem for mode shapes and
natural frequencies. This program listing follows the DDAM
lizgting in this appendix. Incorporating the JACOBI program
in DDAM would have reovced significantly the size of pro-
biem which could be handled. The JACOBI program is in-

cluded as & convenience to the reader and wasz not integral

0

to the analysis of the case studies done in thiz thesi
Ite cperation ie described later.

~.2. Qptionli] Executiaon

Selecting option [1] allows input of the masses,
modes, and natural frequencies of the problem from the
Kerboard, The number of modee and maxsses are first input.
A mass input subroutine gueries the user interactively for
the diagonal entries of the mase matrix. After input is
completed, the diagonal elements are displayred enabling the
user to make correcticone as necessary. A zerc correcticn
terminates mass matrix input. HNext, the program asks +or
input of the natural frequenciez of the system. It re-
quires one natural frequencr for each mode shape. The
input tormat ic similar to the one used to input the mass
elements. The natural frequencies are required in units of
radians/second. Each mode shape is thern input. aAfter

initixlizing each mode, a correction option i3z provided.
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The program next calculates the participation factors and
modal weights tor the problem.

Following these preliminary steps, DDAM requires
information to fix the installation details for the equip-
ment and type of analrsiz to be carried out. The standard
cases of Ret. 2 are allowed., Ornce the case i= fixed, the
Pesign Yalues are calculated and dizsplared as DALY . .DAMND
where n is the number of modes selected for the analyreis.
The Design Yalues are the equivalent static accelerations
calculated from empirical faormulas for each mode,

Several output options are provided. Modal forces
o deflectians or bath can be selected. @After selectiaon,
the appropriate calculations are made and the results dis-
plared. Initially a print option was ceparately provided,
Howewver, in the present versiocn, selection of the displayr
te screen option with printer on will cause cutput to go to
the screen and the printing dewvice. Disabling the printer
will cause ocutput to go only to the screen., Following
the output options, choices are provided to change the
equipment inetallation type and repeat the analyesis or to
exit the program.

A.3. Opticon £2) Executicon

Selecting option (2] allows input of mascses, nat-
ural frequencies, and mode shapes from a dick file. After
the data is read in, the program execution is similar to

that in option (1], OQption [2) prompte the user for the
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dimencion of the mass matrix, the number of modes in the
analy¥sis, and the name of the input file. The input +ile
is a free-format ASCII file containing the masses, naturzl
frequencies, and mode shapes for the problem. This file
may be constructed from structural analyzer (SAFIW) cutput
or any other problem formulation method uszing a suitable
edi tor program. (EDLIN, the editor provided with the “IE8M
Disk Operating System" is not recommended far this purpose
due to its line crienmtation,> The format for the input
file follows:

mass(l) ... mass(m) (=lugs)

omegall) .... omegaim) (rad/s)

phidi,1y ... phifi,n

phi{m,1> .... phid{m,n)

where m = number of massec and
n = number of modes in the analw¥sis

In the above format, the data is read in sequentially from
left to right. The data is echoed to the screen and/or
printer in order to pravide a check for proper input

operation,
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B. PROGRAM LISTING -DDAM

18 CLS: KEY OFF : LOCATE 8,1,0
20 PRINT® #H8HE4REEEF €A REHRPHIHERRERAREHIR RO E AR PR R R R R RN
Tt
21 PRINT"xx
i1l
38 PRINT® ¢ pDoo 000D A M MM
Ty
48 PRINT"#2 o b 0 o A A I
1 :
58 PRINT 2+ 00 0 00 D ARAANA M N M
T g
48 PRINT® 2 0o D0 0o 0 A A sl ol
Ty
78 PRINT® #x DO0D 0000 A A M M
T
89 PRINT®xx
“l
98 PRINT®#x DYNAMIC DESIGN ANALYSIS METHOO
£x*
190 PRINT"
ity
118 PRINT 42
ity
126 PRINT ZX£XXRRXAXXXRXEXRARERFRFFATFARRRFRRRR R ERRRFERERREERERRRRRRRRRRRINS
ITIy
121 DIM MASS(48)
122 DIM PHI(49,48)
123 DIM W¢48) .
124 DIM MX(48,48) MX2(49,48),5UM]I (48) ,5UM2(40) ,P(dB)
125 DIM WA(48)
127 DIM Va(40) ,AB(48) ,DA(48)
128 DIM AA(48) UA(48) F(48,49) ,DEFL(48) ,DELTA(48,40)
138 FOR I = 1 TD 5808 : NEXT I
140 CLS: LOCATE 1,1,0
158 PRINT®  The purpose of this program is to allow the user a convenient meth
0d" :PRINT
168 PRINT"by which to carry out a small to medium sized DDAM analysis of a give
n" :PRINT
170 PRINT*piece of equipment, Familiarity with NORMAL MODE AMALYSIS and some u
n-":PRINT
188 PRINT*derstanding of the theory behind DDAM is prerequisite to confident us
e":PRINT
198 PRINT"of this progran. The program is pronpt driven but the user should hav
e “:PRINT
290 PRINT®available to him / her either :*:PRINT:PRINT

218 PRINT® A.)  Mode Shapes and a Mass Matrix for the®

228 PRINT® problen of interest,’ :PRINT:PRINT

238 PRINT® B.) A Mass Matrix and Stiffness Matrix fron"
2
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248 PRINT® previously formulated EQUATIONS of MOTION®:PRINT
1PRINT:PRINT

259 PRINT® ( Press ANY key to continve )*:LOCATE 25,1,8

240 A% = INKEYS: IF A% = *° THEN 240

278 CLS:

288 LOCATE 5,1,0

290 PRINT®  In order to initialize the program input, choose one of the 4oltow
ing" :PRINT

380 PRINT"nenu selections Y iPRINTPRINT

318 LOCATE 18,20,8 :PRINT*[1] Input Mode Shapes and Mass Matrix"

328 LOCATE 11,26,8 :PRINT® for the problem from Xeyboard®

325 LOCATE 13,28,8 :PRINT*[2] Input Mode Shapes and Mass Matrix"

326 LOCATE 14,20,8 :PRINT® from 3 disk file *

338 LOCATE 14,28,8 :PRINT*[3] Input a Mass Matrix and Stiffness Matrix®

348 LOCATE 17,28,8 :PRINT® for previously formulated equations of*
]
8

)
398 LOCATE 18,28,8 :PRINT® motion®
348 LOCATE 26,20,8 :PRINT*[51 Exit to DOS*
378 A% = INKEY$ : IF AS )= CHR$(49) AND A$ (= CHR$(53, GOTO 489
388 IF A¢ = ** GOTO 379
398 BEEP : 6OTC 378
490 B = VAL(AS) : CLS
419 ON B 60SUB 5049,15069,20964,25080,586
308 SYSTEM :END
409/ BERBEHBHERRRRRRRAIHEHEMH O A R R R A R R R R
401 ¢ SUBROUTINE TO INPUT MASS MATRIX
83 FHHRRRBBARRBARERRRBRRARFRRRRBRRRRRRRBRRBRRRAR RS AE R AR AR RN RR TR RRERARRR AR
485 INPUT *Enter the dimension of the Mass Matrix ==) "; N
418 IF N (= 28 GOTQ 422
428 PRINT:PRINT:PRINT"##xx% PROBLEM SIZE IS LIMITED TO 28 X 20 MATRICES wwxx
% *:PRINT:PRINT: GOTO 408
821 PRINT:PRINT:PRINT
622 INPUT *Enter the number of modes you wish to use =) *;N
630 CLS: PRINT"#xx#x Enter the elements of the DIAGONAL Mass Matrix ss#¥##®:PR]
NT:PRINT
448 PRINT® 14 you make an error you will have an opportun-’
438 PRINT® ity later to correct it.":PRINT:PRINT
478 FORI=1TON
489 PRINT *  M(";1:°,%:;1;") = ";:INPUT" *, MASSCD)
690 IF (1 =5) OR (1 = 18) OR (1 = 13) THEN CLS
788 IF MASS(I) ¢) @ GOTO 738
718 PRINT® #xxax MASS MATRIX MUST BE POSITIVE DEFINITE --- INPUT NON-ZERD VALY
E #aaa"
720 PRINT: 6070 488
738 PRINT: NEXT 1
748 CLS
7SO FORI=1TON
748 PRINT *M(":1:%,%:1:") = " MASS(D),
778 NEXT 1
788 PRINT:PRINT :PRINT
798 PRINT"Enter diagonal element number to correct mistaken entries or *
889 PRINT:INPUT * Enter { ZERD ) to continue ==)", RESPONSE

8,
g
9,
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818 1F RESPONSE = @ THEN RETURN

820 IF RESPONSE <= 8 OR RESPONSE > N THEN CLS : GOTO 756 ELSE [ = RESPONSE
958 PRINT:PRINT:INPUT *Enter correct element value =) *, (D)

848 PRINT:PRINT*MC"5I;*,*;1;") CHANGED TO °;MASS(1)

878 FOR 1 =1 TO 1580 : NEXT I ; CLS : GOTO 758

888 RETURN
1008/ $XAREERFREFHRERRRRERESHEREA N HARRE T ER IR A AR AR
1018 - SUBROUTINE TO INPUT MODE SHAPES

1920 /BRER Rt R AR RRE A AR AR AR R R A AR A AR R ERE AR R ARRRRRE AR RRR R AR ARRRRERRRARLN
1658 CLS: LOCATE 5,1,8

1948 PRINT®xx#x% Enter OMEGA’s corresponding to Mode Shapes ##¥##":PRINT

1878 PRINT® ( smallest to largest )*:PRINT:PRINT

1880 FOR 1 =1 TO N

1699 PRINT *  omega(®;I;") = ";:INPUT" * M(D)

1188 IF (1=5) OR <I=18) OR (]=15) THEN CLS

1118 NEXT ]

HB S : FORI=1TOM

1138 PRINTOMEGA(®;1;*) = "jW(D),

1148 NEXT |

1158 PRINT:PRINT:PRINT

1148 PRINT "Enter frequency number to correct mistaken entries or *:PRINT
1178 INPUT * Enter ¢ ZERD ) to continue ==)" ,RESPONSE
1188 IF RESPONSE = @ THEN 5070 1238

1198 IF RESPONSE <= @ OR RESPONSE ) N THEN CLS : GOTO {128 ELSE I = RESPONSE
1268 PRINT:PRINT:INPUT *Enter correct frequency value =) *, W)

1219 PRINT:PRINT®OMEGAC";1;") changed to *;W(I)

1228 FOR I =1 TO 2888 : NEXT 1 : GOTO 1128

1238 CLS: LOCATE 3,1,0

1248 PRINT® #xx4x Enter EIGENVECTOR’s corresponding to Moge Shapes #x%x® iPRINT
1258 PRINT® ( begin with Mode One )*:PRINT:PRINT

128 FOR I =1 TO N

1226 FORJ=1TON

1268 PRINT*  MODE SHAPE *;1;*  Phi(*;J;") = *j:INPUT* *,PHICI,d)
1298 IF (J=5) 0R (J=18) OR (J=15) THEN CLS : LOCATE 5,1,8
1389 NEXT J

1385 CLS : PRINT:PRINT

1318 PRINT *sssussansnsaaxs MODE NUMBER ;1" sasmsnsvextsnas’
1320 PRINT:PRINT:FOR J = { TON

1338 PRINT® Phi(®;J;") = ";PHI(], D),

1348 NEXT J

1358 PRINT:PRINT

1368 PRINT"Enter element number in mode to change or®:PRINT

1378 INPUT® Enter ( 2ERD ) to continue ===) *, RESPONSE

1380 IF RESPONSE = @ THEN GOTG 1438

1398 IF RESPONSE {= 8 OR RESPONSE > N THEN CL5:G0TO 1318 ELSE J = RESPONSE
1488 PRINT: INPUT"Enter correct element value ==)°;PHI(1,J) :PRINT

1418 PRINT*Phi(®;J;") CHANGED TO *;PRI(I,J)

1420 FOR K =1 TO 2088 : NEXT K : CLS : GOTO 1318

1438 CLS:NEXT |

1448 RETURN

SO00 / REAREREARERERRRRERARARERERBRRARRRFARRRRARRRRRARRARARRHRRIRARSRRRS RN RRARE
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5005 SUBROUTINE 70 ORIVE MODE/HASS INPYT
SB10 / HEAEARERARERRRGHEEEEE R R R R R AR R R R AR R R AR R AR AR

5828 LOCATE 5,1,0
5838 PRINT" The program has been initialized to allow user input of the®:PRINT
5848 PRINT"Mode Shapes and Mass Matrix. [f you desire one of the other op-":PR

INT
5858 PRINT®tions, PRESS { escape Key »; ......otherwise ==)":PRINT:PRINT
5855 PRINT® PRESS ( space bar ) to continue )*

5848 A$ = INKEY$ : IF A$ = CHR$(27) GOTO 278

5878 IF A {) CHR$(32) GOTO Sede

5875 CLS : LOCATE 5,1,8 : GOSUB 4ee

5088 CLS s LOCATE 3,1,8 : 6OSUB 19449

3898 CLS : 50SUB 4888

3190 CLS: LOCATE 25,1,8

5118 PRINT

5128 GOSUB Saes

5138 CLS: GOSUB 8208

5148 CLS : GOSUB 18968

4880 AERERERERRERRARFEREIRRRRIRBRIRRRERSFRERRERRFRRBRFFHARRERTRRRRRRRIRRRIRIRY
4018 7 SUBROUTINE TO FIND PARTICIPATION

4828 ¢ FACTORS

4030 7 RRERERRERRFRRRRHHEAIFIHIHRRREEH R RRRERERIRERRRARR LR DL RRRBRRRXERHERES
6849 LOCATE 25,1,8

4050 T$(1) = TIMES

4048 PRINT®  CALCULATING PARTICIPATION FACTORS == start : °;TIMES

GO0 FOR 1 =1 TO M

4896 FORJ=1TON

7909 MX(1,J) = MASS(J) * PHI(I, D)
7018 MX2(1,d) = MXCT,d) % PHICT, )
7820 NECT J

7038 NEXT |

7800 FOR 1 =1TOM

7856 SWMICI) = MX(1,1)
7848 SM2(D) = MX2(I,1)
%79 FORJ=2TON

7090 SIMICI) = SIMICI) + MXCT, D) RS
7899 SIN2(1) = SIM2AT) + MX2(1, D) SR
7108 NEXT J e
7118 NEXT | SRR
718 FRI=1T0M )
7138 PCD = SINICD) / S - -
7148 NEXT | o
7158 FOR 1= 1 TON =
7168 MBARCI) = P(I) # SMICD) - g
7178 NEXT | N
7188 LOCATE 25,60,0 : PRINT® done: *;TIMES p ]
7198 DUMMY = N S
7266 IF OUMMY ) 18 THEN K/ = M/2 ELSE K/ = M SN
7218 L=1:J= N
7215 LOCATE 5,18 N
7228 PRINT*a#24 PARTICIPATION FACTORS AND MODAL MASSES ##2#2*:PRINT:PRINT RO
b
74 R
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7221 LPRINT*##x4x P FACTORS AND MODAL MASSES sexes'

7222 LPRINT

7225 PRINT®* N MNODAL PARTICIPATION MODAL MASS *
7226 PR3 ="M LIFEL L1 LIMLEEL e
7227 LPRINT* N MODAL PARTICIPATION MODAL MASS *

7230 FOR 1= L T0 K

7248 PRINT USING PP$ ; 1,P(1) NBARCI)

7241 LPRINT USING PP$ 5 1,P(1),MBARCI)

728 d=J+t

7268 NEXT 1

7270 1F DUMMY > 16 AND J ¢ 11 THEN A$ = INKEY$:GOTO 7288 ELSE GOTO 7311
7200 PRINT:PRINT:PRINT

7281 LPRINT:LPRINT

729%  PRINT® PRESS ANY KEY TO CONTINUE...'
7380 IF A% = ** THEN GOTO 7368

736 K0 =M:L=10: CLS : GOTO 7215

7311 PRINT:PRINT:PRINT® PRESS ANY KEY TO CONTINUE..."
7320 A% = INKEY$ : IF AS = ** THEN 60T0 7320

7330 RETURN

RGO HEEHEEHEREBEHEREGHI IR AL R R R AR
9618 - SUBROUTINE TO CALCULATE MODAL

8020 ’ WEIGBHTS

8930 / RREFRRRARARXRRRRRRRRRRERRRRERREEFRRRRERXERRERRRRERRXRRREFRRRXRRLRRRLRERRY
8835 CLS:LOCATE 5,1,8

8040 PRINT #2222 CALCULATED MODAL WETIGHTS xaxex®

8041 LPRINT*sxaxx CALCULATED MODAL WETGHTS sennat

8043 Wi = "M LRI

8844 PRINT : PRINT * N WEIGHT IN KIPS®

8847 LPRINT * N WEIGHT IN KIPS®

8858 PRINT

8851 LPRINT

8878 FORI =1 TON

8688  WA(I) =386 # SUMICI) # P(]) / 1888

8898 PRINT USING Wi ; 1,WACD

8891  LPRINT USING Was ; 1,WA(D

8895 NEXT |

8188 LPRINT:LPRINT :PRINT :PRINT :PRINT® Press any ke
y to continue...*

8118 A8 = INKEY$: IF A$ = *° THEN 6OTO 8119

8128 RETURN

BZGO CRARRRRRRRIRRRRAERERIRRRARRRRRE AR BRI RRR AL RRREERERARRRRRRERFRERLRER RS RN
8218 ' SUBROUTINE TO DETERMINE GEOMETRY
8228 / 0F ANALYSIS AND A() ,V(® D<A

8233 S RRARRRERRAAREREBRRRRERRERARRRRRRRRERRLLAEEEERARRRRERLHNHBRAR AR RRRERRERAR
8248 PRINT® Some information is now needed to complete the details about th
el

8256 PRINT"type of vessel the structure 1 am analyzing is installed in and whet
her*®

8248 PRINT®or not the analysis is to consider elastic or elastic-plastic defor
m-*

8278 PRINT*tions."
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8280 PRINT:PRINT

8298 PRINT"PLEASE ENTER ONE OF THE FOLLOWING =)'

8300 LOCATE 2,20,8: PRINT'[1)  SUBMARINE { hull mounted system '

8318 LOCATE 11,208,8:PRINT*{2]  SUBMARINE ( deck mounted system )*

8328 LOCATE 13,20,0:PRINT"[3)  SUBMARINE ( shell plating mounted system 3*
8338 LOCATE 15,28,0:PRINT*{4]  SURFACE SHIP ( hull mounted system )*

8348 LOCATE 17,28,0:PRINT*{5]  SURFACE SHIP ( deck mounted system )*

8358 LOCATE 19,28,0:PRINT*14)  SURFACE SHIP ( shell plating mounted system )*
8340 A$ = INKEYS: IF A3)=CHR$(49) AND A$ (= CHR$(54) GOTO 8398

8378 IF A8 = '* THEN GOTO 8348

8388 BEEP: GOTO 8348

8398 B = VAL(A$):CLS

8480 PRINT"ENTER ====) [1} for ELASTIC ANALYSIS® :PRINT:PRINT

8418 PRINT® {2) ¢or ELASTIC - PLASTIC ANALYSIS *

8420 A% = INKEY$ : IF A$ )= CHR$(49) AND A$ (= CHR$(S58) GOTD 8459

8438 IF A8 = ** THEN GOTO 8420

8448 BEEP: GOTD 8420

8458 C = vaL(As)

8468 1F C=2 AND (B = 3 OR B = 4) THEN 60TO 8478 ELSE 60TO 8589

8470 PRINT:PRINT :PRINT:PRINT®sax%x ELASTIC - PLASTIC OPTION NOT AVAILABLE FOR #**
#33" 1 PRINT

3488 PRINT*sxxas SHELL PLATING MOUNTED SYSTEMS ReEe"

8481 LOCATE 16,20,0

8482 PRINT® PRESS ANY KEY TO CONTINUE ....

8483 A% = INKEYS ; IF A$ = ** THEN GOTO 8483

8498 CLS:G0TD 8248

8580 CLS:LOCATE 5,1,8

8518 PRINT'ENTER =—==) [11 4or motion in VERTICAL direction® :PRINY
8320 PRINT® [2] {or motion in ATHWARTSHIP direction®:PRINT
8538 PRINT® [3] {for motion in FORE AND AFT direction®

8540 A% = INKEY$: IF A8 )= CHR$(49) AND A3 (= CHR$(51) GOTO BS79
8358 IF A$ = *° THEN GOTO 8348

8368 BEEP: GOTD 8348

8578 D = VAL(AS)

8571 IF B = | THEN LPRINT® SUBMARINE ¢ huil mounted system )*;

8572 IF B = 2 THEN LPRINT® SUBMARINE ( deck mounted system )';

8373 IF 8 = 3 THEN LPRINT® SUBMARINE ( shell plating mounted system )°;
8574 iF B = 4 THEN LPRINT" SURFACE SHIP ( hull mounted system )*;

8575 IF B = 5 THEN LPRINT" SURFACE SHIP ( deck mounted sysiem )";

8576 IF B = & THEN LPRINT® SURFACE SHIP ( shell plating mounted system )*;
8377 1F € = 1 THEN LPRINT" for ELASTIC ANALYSIS®

8578 IF C = 2 THEN LPRINT® for ELASTIC - PLASTIC ANALYSIS®

8579 IF D = | THEN LPRINT:LPRINT * for motion in VERTICAL direction® ;LPRINT
8580 IF D = 2 THEN LPRINT:LPRINT * for motion in ATHWARTSHIP direction® :LPRINT
8581 IF D = 3 THEN LPRINT:LPRINT * for notion in FORE AND AFT direction® :LPRINT

8599 FOR 1 =1 TON
8488  IF B (> | THEN GOTC 8480

8418 ABCT) = 18.4% ((4884WACT))/(284UACT)))

8428 VLD = 28! % ((4B3+WAC)/(1RIMACD)))

8438 IF (D=1 OR 0=2) AND C=1 THEN MULTI=1:MULT2=1 : GOTO 9118 ELSE
8448 IF (D=3 AND C=1) THEN MULT{=.4:MULT2=.4 : GOTO 9118 ELSE
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3639
B0
8478
8488
8498
8709
8718
8720
8738
8748
87358
8748
8778
8788
8798
8800
asio
8828
8838
8849
8858
8840
8878
8088
8898
8980
8918
8928

8938

8946
8958
8948
8978
8788
8999
99080
9818
9620
9838
9948
9658
9840
9888
2899
9169

IF (D=1 OR [=2) AND (=2 THEN MULTI=1:MULT2=.5 : GOTO 9118 ELSE
MULTI=.4 & MULT2=.2

6079 9118

IF B <) 2 THEN GOTO 8788
ABT) = 5.2 ¥ ({480 + WACD))/(28 + WACI)))
VBLT) = 18! # ((48B4UAC1))/(188+WACI)))
IF (D=1 AND C=1) THEN MULTI=1:MULT2=1 : GOTO 9118 ELSE
IF (0=2 AND C=1) THEN MULT1=2:MULT2=2 : GOTO 9118 ELSE
IF (D=3 AND C=1) THEN MULT!=.8:MULT2=,8 : GOTO 9118 ELSE
IF (D=1 AND C=2) THEN MULT1=1:MULT2=.5 : GOTO 9118 ELSE
IF (D=2 AND (=2) THEN MULTI=2:MULT2=1' : GOTO 9118 ELSE
MULTY = .8 : MULT2 = .4

60TO 9118

IF 8 (> 3 THEN 60TO 8858
ABCT) = 52 % ({488+UACT))/(284UACT))
VB(1) = 1808 * ((4BB+IACT))/{108+ACT)))
IF D=1 THEN MULT!=1:MULT2=1 : 6OTO 9118 ELSE
IF D=2 THEN MULT{=.2:MULT2=.2 : GOTO 9118 ELSE
MULTI = .88 : MULT2 = .88

GOTO 9118

IF B <> 4 THEM GOTO 8950
AB(L) = 28 % {{37.5 + WACINR(I2 + WALD)/(6 + WACII*2))
VB(I) = 48 % ({12 + UWA(DD)/(4 + UalD)))
IF (D=1 AND C=1) THEN MULT!=1:MULT2=1 : GOTD 9118 ELSE
IF (D=2 AND C=1) THEM MULTI=,4:MULT2=.4 : GOTO 9118 ELSE
IF (D=3 AND C=1) THEN MULT1=,2:MULT2=,2 ; GOTO 9118 ELSE
IF (D=1 AND (=2) THEN MULT1=1:MULT2=.5 : GOTO 9118 ELSE
IF (D=2 AND C=2) THEN MULT1=,4:MULT2=.2 : GOTQ 9118 ELSE
MULTY = .2 s MULT2 =

GOTO 9118

IF B <} 5 THEN GOTD 9858 '
ABCD) = 18 % ((37.5 + WACD)IR(12 + WACTD)/ (4 + WACDI*2))
V1) = 38 # ({12 + WACID)/(6 + WAL
IF (D=1 AND C=1) THEN MULTI=1:MULT2=1 : GOTO 7118 ELSE
IF (D=2 AND C=1) THEN MULTI=,4:MULT2=.4 : GOTO 9118 ELSE
IF (D=3 AND C=1) THEN MULT1=,4:MULT2=,4 : GOTO 9119 ELSE
IF (D=1 AND C=2) THEN MULTI=1:MULT2=.5 : GOTO 9118 ELSE
IF €0=2 AND C=2) THEN MULTI=.4:MULT2=,2 : GOTO 9118 ELSE
MULTI = .4 @ MULT2 = .2

6070 7118
ABCT) = 48 % ((37.3 + WACD))#(12+ WA(I)/(4 ¢ WALIN D)
VBCI) = 128 * ((12 ¢ WACD)/(6 + WALDD))
IF D=1 THEN MULTi=1:MULT2={ : GOTO 91i8 ELSE
IF D=2 THEN MULT1=.2:MULT2=,2 : GOTO 9118 ELSE
MULTY = .1 @ MULT2 = .1

9118 VBCI) = MULT2 # VB(I) : AB(1) = MULTL » AB(CI) : NEXT I
NWFRI=JTON

9138
9148
9158
9148

AACD) = ABCT) * 384

VACT) = vgch) # WD
IF ABS(AACT)) ) ABSCVACT)) THEN DACD) = VA(T) ELSE DACI) = AA(D)
IF ABS(DACI)) ( 2316 THEN DACD) = 2314
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9178 NEXT |

9171 CLS: LOCATE 5,1,8

9172 FOR 1 = 1 T0 M: PRINT *DA(*;1;") = ";Da(D),

9173 NEXT |}

9174 PRINT:PRINT:PRINT® Press any key to continue ...'
9173 A$ = INKEY$:IF A$ = ** THEN GOTOQ 9175 ELSE CLS : LOCATE 3,1,8

9126 FOR 1 = 1 TO M : LPRINT : LPRINT *DAC";1;") = ";0a¢T): NEXT 1 & LPRINT
9180 RETURN

10080 TARARARRRRRRRRRRERRRRERERRRERA AR PR RRER LR AR RRRERER RS RARRRRARARAREERABRARES
160198 ’ SUBROUTINE TO CALCULATE MNODAL

18020 ¢ FORCES OR DEFLECTIONS

1903‘ TARRRRRRRRARRAERRRRRFERERRRRRFRRRERRRRERBERRLRRRRRRRRRRRRARARR AR ARRBRERAR
18048 LOCATE 5,1,8

10858 PRINT*  Almost done.... Please ENTER the number of the type of informat
ion®

18848 PRINT:PRINT"you desire as output ==)*

10079 LOCATE 19,1,8 :PRINT" {11 MODAL FORCES®

18088 LOCATE 12,1,8 :PRINT® {2) HODAL DEFLECTIONS'
18099 LOCATE 14,1,8 :PRINT® 3] FORCES & DEFLECTIONS'
18895 LOCATE 14,1,8 :PRINT' [4) CHANGE ANALYSIS TYPE®
10894 LOTATE 18,1,8 :PRINT" [53 EXIT TO DOS*

18188 A$ = INKEY$: IF A$ )= CHR$(49) AND A$ (= CHR${53) THEN 60TO 19148
10118 1F A8 = *" THEN GOTO 18168

10139 BEEP : GOTO 18180

18148 FLAGI = WAL(A$) : (LS

10158 IF FLAGY = 2 THEN GOTO 18228

10153 IF FLAGI = 4 THEN GOTO 16148

19156 1F FLAGY = 5 THEN SYSTEM

10160 REM #xxxax CALCULATE MODAL FORCES s#sssuxx

10178 FOR 1 = 1 TOM

10t8¢ FORJ=1TON :

18198 FC1,d) = PCD) % MASS(S) # PHICI,J) # DACT)
10200 NEXT -

18218 NEXT |

18220 IF FLAG! = { THEN GOTOD 12068

18238 REM xzaxxx CALCULATE MODAL DEFLECTIONS #axaxxxas
10249 FORI=1TOMN

186258 FORJ=1TON

18260 DELTACI,J) = PHICI,J) # PC1) * DACD) /7 W(D*2
18299 NEXT J

18360 NEXT |

16310 FOR J= { TON

18320  BIGGEST = @

10338 FOR1=1TON

18348 IF BIGGEST ( ABS(DELTA(I,J)) THEN BIGGEST = ABS(DELTA(1,J)): K=]
18330 NEXT |

10348 S=19

10379 FORI=1TOM

19380 IF 1 = K THEN GOTO 10488

10399 § =5 + DELTA(], D)2

19488 NEXT |




...............

18418 DEFL(J) = ABSCDELTACK,J)) + SQR(S)
18428 NEXT J

XZDED REH ERERRRERR OUTPUT RESULTS E222232122 2]
12019 CLS : LOCATE 5,1,0

12829 PRINT ° ENTER {1] 70 ECHO RESULTS TO SCREEN®:P
RINT :PRINT
12038 PRINT * [2} TO ECHO RESULTS TO PRINTER®:
PRINT :PRINT

12048 4% = INKEY$

12850 IF A3 = CHRSC49) AND AS$ (= CHR$(S8) THEN GOTO 12678

12048 1F A% = ** THEN GOTO 12849 ELSE BEEP: GOTO 12849

12078 FLAG2 = VAL(AS)

12988 IF FLAG2 = 2 THEN 60TO 12380

12896 IF FLAGI = 2 THEN GOTO 1219

12166 FOR 1 = 1 TO M

12118 CLS : LOCATE 5,1,8 : PRINT" xss M O0DAL FORCES FOR MODE
{*11;%) (lbs) wx%* ;PRINT

12111 LPRINT:LPRINT® sx# MO DAL FORCES FOR MODE ¢ *;1;*) [1b
5] #ae* 3 LPRINT

£2112 LPRINT * N *: LPRINT

12114 PRINT * N * : PRINT

12015 FF$ = "#K 4. BRRERR "0

12128 FORJ=1TON

12138 PRINT USING FF$ ; J,F(1,d)

12131 LPRINT USING FFs ; J F(l b

12148 NEXT J

12150 PRINT :PRINT :PRINT :PRINT

12148 PRINT® Press any Key to continve ...*
12179 A% = INKEY$: IF A$ = ** THEN GOTO 12179

12188 NEXT 1

12198 IF FLAG! = 1 THEN GOTO 12286

12268 CLS: LOCATE 5,1,0

12218 PRINT" H*DEFLECTIONS AT MASS ATTACHHENT P g
I NT S ##x":PRINT:PRINT

12211 LPRINT : LPRINT*#* DEFLECTIONS AT MASS ATTACHNE
NT POINTS #2°:LPRINT

12215 DD3 = “NE. HRNRR °

12220 FOR 1 =1 TON

12230 PRINT®DELTA (“;1;*) =

12231 LPRINT"  DELTA (*;I;") = *;

12232 LPRINT USING 00$ ; DEFL(I)

12233 LPRINT®in."

12235 PRINT USING DD$ ; DEFL(D) ;

12236 PRINT *in.*

12240 NEXT |

12258 PRINT :PRINT:PRINT

12251 LPRINT:LPRINT

12248 PRINT® Press any key to continve ...*
12278 A$ = INKEY$ : IF A% = " THEN GOTO 12270

12288 CLS : LOCATE 5,1,8

1229¢ 60TO 10608
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12388 PRINT * OPTION NOT AVAILABLE YET;===) USE ( Prtsc ) KEY *

12318 FOR [ = | TO 3808 : NEXT 1 GOTO 12888

15089 REFERRFRRRXRBIRIRRRERERRHRFRERERRRELFRRBRRRERERRBRRRERREBRRARRARRRBREFHE :
15818 © SUBROUTINE TO INPUT MASS/MODES -
15020 FROM DISK FILE o
15830 / SRRERFFERFIRRERERRRRRHREFRANRRAR LRI HH NI ER R R NI RHRRERRIRAARRIRRRIRRRS :
15048 CLS : LOCATE 5,1,8

13858 PRINT* The program has been initialized to allow user input of the':PRINT

15848 PRINT"Mode Shapes,Frequencies, and Masses via an input file.":FRINT el
15678 PRINT : PRINT*14 you desire one of the other options,®:PRINT:PRINT -
15688 PRINT® PRESS {escape Key?; ......0therwise =:":PRINT : PRINT g
15898 PRINT* PRESS {space bar) to continue ' ’ ,
15188 A% = INKEYS : IF A$ = CHR$(27) GOTO 279

15118 IF A3 () CHR$(32) GOTO 15104

15128 CLS:LOCATE 5,1,8 o
15138 INPUT *Enter the dimension of the Mass Matrix ==) *iN -
15148 IF N (= 58 THEN GOTO 15178 L
15158 PRINT:PRINT:PRINT® %222 PROBLEM S12E IS LIMITED TO 58 OEG OF FREEDOM %

*l

15148 FOR 1 = 1 TO 1888 : NEXT 1 : GOTO 15138

15179 PRINT:PRINT:INPUT"Enter the number of modes you wish to use ==) °;M

15175 PRINT:PRINT:INPUT"Enter the input file name ==) ' FiNs - -
15188 (LS *
15198 7 43R0 R BRI R E S PRRNRHRRHRRRREIRRRARHERHRRRRRI R HRRR BRI RIS RRARIRHRI NS :
15288  INPUT MASS,FREQ, AND PHI

15218 /BAR3RERREERERRRERRHERERRRRRRIHAIFRENF RIS RS IR HRRH LI AR R IR IAF RARFRARIE
15229 OPEN FINS$ FOR INPUT AS 1

15248 FOR 1 =1 TON

15250 INPUT M1, MASS(D) »
15268 NEXT 1 R
S22 FOR 1 =1 TON : o
15280  INPUT &4, W(h .
15299 W(D) = WD) # 4,283185 R
15388 NEXT | e
1SMG FOR J =1 TON ’
15338 FORI=1TOM

15348 INPUT #1,PRICI, D)

15350 NEXT |

15368 NEXT §

{9370 / BREEERERRRERRRRRREERRRERERRRRRRRARRRRERRR SR IR RRR R AR AR RN RARRRRRR L4

15388 * OUTPUT MASS, OMEGA, AND PHI ’

1539. SRR RRE RS R R RN R AR R R R RN AR RN R F AR AR AR AR EAR R AL RAEEERERL R
15488 LOCATE 5,1, : PRINT'NASS MATRIX DIAGONAL ELEMENTS ® : PRINT

15481 LPRINT"#3x MA SS DIAGONAL ELEMENTS saan’

15482 LPRINT

15485 MM = "HE  NN.NNNRRARSS 0

15410 FOR 1 = 1 TON ’
15428 PRINT USING M8 5 1 MASS(D)

15421  LPRINT USING M¥$ ; 1 MASS(D)

15438 NEXT |

15431 PRINT:PRINT® v+ .PRESS ANY KEY TO CONTINUE®
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15432 A% = INKEY$ : IF A$ = ** THEN GOTO 15432

15434 CLS

15448 PRINT:PRINT:PRINT

15458 PRINT*FREQUENCIES USED IN ANALYSIS (RPS)*:PRINT

15451 LPRINT

15452 LPRINT %4+# FREQUENCIES USED IN ANALYSIS (RP
¥a#4x* ;LPRINT

{5468 FOR 1 =1 TON

15478 PRINT I;*  *;W(D)

15477 LPRINT 13" ;WD

13488 NEXT 1

15481 PRINT:PRINT! .+ «PRESS ANY KEY TO CONTINUE®
15482 A$ = INKEY$ : IF A8 = " THEN GOTD 15482

15484 CLS

13498 PRINT:PRINT:PRINT

15491 LPRINTLPRINT

15508 PRINT"MODES USED IN ANALYSIS®:PRINT

1558 LPRINT*®#+xs2 M ODES USED IN ANALYS TS sesse’ [ PRINT
15518 K =M & US = "B4.0usadeer o

19528 IF K > 3 THEN GOTO 13488

15530 FORJ=1TON

15548 FORI=1TON

15550 PRINT USING U$; PHI(I,d);
15951 LPRINT USING Us$; PHICI,d);
153568 NEXT 1

15578 FRINT * *

19971 LPRINT * *

15588 NEXT J

15598 PRINT:PRINT

15591 LPRINT @ LPRINT

13592 PRINT: PRINT" ++..PRESS ANY KEY TO CONTINUE®
19593 A$ = INKEY$ : IF A3 = ** THEN GOTO 15593

13594 CLS: GOTC {5748

15688 FOR J=1TON

15618 FOR1=1T05

15628 PRINT USING U$; PHICI, I

15621 LPRINT USING U$; PHICI,d);

15638 NEXT 1

15648 PRINT * *

15441 LPRINT * *

15658 NEXT J

15668  PRINT:PRINT:LPRINT:LPRINT

15661 PRINT® ... PRESS ANY KEY TO CONTINUE®

19662 A% = INKEYS : IF A3 = ** THEN GOTO 15442
13643 CLS: PRINT: PRINT
15678 FORJ=1 TON

15689 FOR1=4TON

15698 PRINT USING Us; PHI(I,J);
15691 LPRINT USING US; PHICI,d);
15788 NEXT 1

15718 PRINT * *

rrrrrr




19711 LPRINT * *

15728 NEXT J

15738 PRINT:PRINT:LPRINT :LPRINT

15731 PRINT? 1 PRESS ANY KEY TG CONTINUE®

15732 A$ = INKEY$ : 1F A% = "° THEN GOTO 15732

15734 CLS: PRINT : PRINT

15735 CLOSE #1

15740 ' AARERREERRRARAAR AT R R R R R R R AR R R
15758 7 NORMALIZE MODE SHAPES

15768 /4B R R R R R E AR R R A AR AR A
ISTZRFOR I =1 TOM

15788  BIG = 9!

15796 FORJ=1TON

15888 IF BIG ¢ PHI{1,J) THEN BIG = PHI{I,d)
15818 NEXT J

15828 FORJ=1TON

15830 PHICT,d) = PHICI,J)/BIG

15849 NEXT J

15858 NEXT ]

]5368 S RAARRERARARERE AR R AR RR AR R AR IERRERERRRRRRRE SRR ERRERR R AR RRER IR RERRRAS
15878 / OUTPUT NORMALIZED MODE SHAPES

) }588' RRRRRRREERAERRE R R AR A REAR AR EERRREERRERE R AR A RRERAERERERRRRER AR R RARY
15898 PRINT*NORMALIZED MODES USED IN ANALYSIS®:PRINT :LPRINT
15891 LPRINT ##xsx NORMAL I ZED MODES FOR ANALYS TS saxxa’
15892 LPRINT

15998 K = N

15916 IF K > 5 THEN GOTO 15989
i 15920 FORJ =1 TON

15938 FORI=1T0M

15948 PRINT USING Us; PHICI,J);

15941 LPRINT USING U$;PHICI,Jd);

15958 NEXT |

15940 PRINT * *
I 15961 LPRINT * *

15978 NEXT J

15971 PRINT: PRINT* «++ [PRESS ANY KEY TO CONTINUE®

15972 A% = INKEYS : IF A$ = " THEN GOTO 15972

15973 CLS

15980 LPRINT : LPRINT : GOTO 14128
) 15998 FOR J =1 TON

16098 FORI=1T05

16818 PRINT USING U$; PHICI,Jd); -

16011 LPRINT USING U$; PHIC1,));

16020 NEXT |
- 16838 PRINT * * S
) 16831 LPRINT * * ' ﬁ

16048 NEXT J A
. 16858  PRINT :PRINT:LPRINT :LPRINT DR
. 16851  PRINT® v.« PRESS ANY KEY TO CONTINUE® PR
: 16852 A8 = INKEYS : IF A$ = ** THEN 6070 15852 o
! 16853 [LS -
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16848 FOR J =1 TON

16078 FOR1=4TON
16888 PRINT USING US; PHI(I,J);

16081 LPRINT USING U$; PHICT,d);

14898 NEXT 1

16108 PRINT * *

14101 LPRINT * *

16118 NEXT

16128 PRINT:PRINT:LPRINT :LPRINT

16121 PRINT® v PRESS ANY KEY TO CONTINUE®
16122 A$ = INKEYS : IF A$ = ** THEN GOTO 14122

16138 CLS : GOSUB 6848 ‘

16148 CLS : LOCATE 21,1,

16150 PRINT

16135 CLS : GOSUB 8eee

16168 CLS : GOSUB 8268

16178 CLS : GOSUB 18086

20808 CLS

20018 LOCATE 5,1,0

28820 PRINT®*#% YOU MUST FIRST USE THE PROGRAM JACOBI TO SOLVE EIGENVALUE *2#°
20838 PRINT®s## PROBLEM. 1T WILL CALCULATE NATURAL FREQUENCIES AND MODE %"
20048 PRINT'#x#  SHAPES THAT CAN THEN BE USED 7O RUN THE ODAM PROGRAM.,  x¥#°
28858 PRINT: PRINT: PRINT:

28868 PRINT® ceveas ENTER (F3)JACOBI(RETURN)® :PRINT

20878 PRINT® {FD*

20888 STOP

25686 CLS:PRINT"### USER MAY USE OPTION 4 TO INSTALL HIS/HER SUBROUTINE #x#*
25818 PRINT® #x¢ BEGINNING AT LINE 25080, %xx"

25028 FOR 1 =1 70 5860 : NEXT 1 : GOTO 278
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C. PROGRAM JACOBI - IMSTRUCTIONS FOR USE

madified by the user to scolve the Eigenwalue problem ance

the equations of motion are formulated. It is sel$ explan-—

& . . . .

ﬁ The following BASIC program may be used as s or
\

3

-

atory in execution with the exceptions that the A matrix

replaces the stiffress matrix and the B matrix replaces the

mass matrix, The program only requires that the upper tri-

angle elements of the stiffrness matrix be supplied along

with the diagonxzl elemente of the mass matrix.

D.  PROGRAM JACOBI LISTING (Adapted from ref, 13)

4 CLS
5 REM =CYCLIC JACOB] METHOD==

19 DIM AC19,19), B(18),U(C18,18)

19 REM ==INPUT DATA==

20 GOSuB 78

28 REH=INITIALI2E=

38 GOSUB 440

48 GOSUB 988

43 REM ==QUTPUT RESULTS=

58 60SUB 758

48 GOTD 3088

65 REN =INPUT DATA==

78 PRINT

88 PRINT * CYCLIC JACOBI METHOD"

168 PRINT

.. 180 PRINT

- 199 PRINT ° ENTER THE SIZE OF PROBLEM (i.e. no. of rows)®
208 PRINT

.....................................

............................

..................................................................

................................................

........................
...............



240 INPUT "N = *5 N

228 LPRINT *PROBLEM DIMENSION = *; N

239 INPUT *NUMBER OF SIGNIFICANT FIGURES = *; S

248 LPRINT

258 PRINT

268 PRINT * ENTER THE UPPER TRIANGULAR ELEMENTS OF MATRIX A ¢ by columns ):*
278 PRINT

280 LPRINT "UPPER ELEMENTS OF MATRIX 4 =*

299 LPRINT

328 FOR J= { TON

330 PRINT

340 PRINT * ENTER UPPER PART OF COLUMN *; !

350 PRINT

360 FOR 1 =170

378 BRINT * AC313% ") = %

380 INPUT ACI,J)

381 LPRINT * AC*;1;%, %3030
382 LPRINT

398 NEXT 1

488 PRINT

448 PRINT

450 NEXT
WBFRI=1TON

M =1-1

480 FOR J = 1 TO I

498 AC1,0) = AJLD)

588 NEXT J

519 NEXT 1

520 PRINT

539 PRINT * ENTER ELEMENTS OF DIAGONAL MATRIX B:*

531 LPRINT * ELEMENTS OF DIAGONAL MATRIX B °

532 LPRINT

549 PRINT .

S FORI=1TON

589 PRINT * B(";1;") = *;

598 INPUT B(D)

591 LPRINT * B(*;1;") = *;B(D)

489 NEXT 1

418 PRINT

811 LPRINT : -
450 RETURN ~——
455 REM =INITIALIZE TOLERANCE AND MAX NO. OF ROTATIONS = S
460 222 %81

678 T1 = 1/(10°D)

488 PRINT

499 CLS: PRINT *TOLERANCE = *;T! : :
691 LPRINT *TOLERANCE = *;T! -
706 R = SN =
710 Rt = 8
70 72= .1
7N =N -1

"5 AL
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748 RETURN

744 REM ==OUTPUT EIGENSOLUTION==

750 PRINT

740 PRINT

778 PRINT “SOLUTION®

771 LPRINT

780 PRINT

781 LPRINT

782 LPR]NT TARAREARRRRBRBENE SOLUT]Q{ EREREEERAERBARREE"
783 LPRINT

888 PRINT * NUMBER OF ROTATIONS REQUIRED = *;R!

881 LPRINT "NUMBER OF ROTATIONS REQUIRED = *;R!

882 LPRINT

883 LPRINT

819 PRINT

829 PRINT

83 FORJ =1 TON

848 PRINT

850 PRINT * EIGENVALUE *;J;° 1S *;B(J)

851 LPRINT "EIGEMVALUE *;J;* 1S *;B(D)

852 LPRINT

853 LPRINT *1TS EIGEMVECTOR IS *

846 PRINT

870 PRINT * 1S EIGENVECTOR 1S *

880 PRINT

898 FOR 1= 1 TO N

980 PRINT K1,)

981 LPRINT U(1,d)

982 LPRINT

918 NEXT 1

928 PRINT

921 LPRINT

938 PRINT * PRESS SPACE BAR TO CONTINUE °

940 1F INKEYS = * * THEN 942

941 GOTD 948

942 CLS S
956 PRINT EDS
960 NEXT J Rt
978 RETURN , i
975 REM ==EI1GENPROBLEM SOLUTION==

989 60SUB 1138 -~
985 REM ==PERFORM ONE CYCLE OF ROTATIONS= D
998 GOSUB 1298 e
995 REM == CHECK TOLERANCE = el
1808 IF X1 ¢ T1 THEN 1118 e
1985 REM = CHECK NO, OF ROTATIONS =
1810 IF R1 ) R THEN 1948

1028 T2 = 1 # X1

1638 GOTO 998

1048 PRINT

1856 PRINT * a## ERROR #s+®
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105§ LPRINT "xssxxsxxarxsarxadzdd ERROR RXak£¥3asxiaeasaasss’
1848 PRINT

1879 PRINT * NO CONVERGENCE ATTAINED®

1871 LPRINT * NO CONVERGENCE ATTAINED *

1888 PRINT

1881 LPRINT

1898 PRINT * WITH *;RI;" ROTATIONS'

1891 LPRINT * WITH *;R1;" ROTATIONS®

1168 END

{118 GOSUB 1838

1128 RETURN

11BFORI=1TON

1A FRJI=1TON

1158 WI,0) =8

1148 NEXT J

1178 U1, = 1

1188 NEXT |

19 FORI=1TON

1289 Bl = SQR(B(IN

1216 B =1 / 81

1228 NEXT |

1220 FORI =1 TON

1240 FOR J = { TON

1238 ACL,d) = B(D) # ALL,0) % B(D)

1248 NEXT J

1278 NEXT |

1288 RETURN

1298 X1 = 8

1388 FORK =1 TO NI

1318 K1 = K + {

1320 FOR L = K! TON

1338 Al = AK,K)

1348 A2 = AK,L)

1338 A3 = A(L,L)

1360 X = A2 ® A2 /{A] * AD)

1365 REM == CHECK IF ROTATION IS NEEDED ==

1378 IF X ) X1 THEN 1398

1388 GOTO 18088

1399 X1 =X

1488 IF X ¢ 72 THEN 1808

1410 R1 = R1 + | S—
1415 REM = COMPUTE ANGLE = e
1420 1F Af = A3 THEN 1470
1438 2 = .5 *# (Al - AD) /A2
1440 21 =1 ¢+ 1/ (2 % D)
1450 T = -7 # (1 ¢ SOR(21))

1469 GOTO 1468 ~—1
WM T=1 )
1488 C=1/SIRC 1 +T 4D N
N S=C 4T ]

1589 S2= 8% § R
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1510 C2=C*¢C
1528 ACK,L) = 8
1525 REM = TRANSFORM DIAGINAL ELEMENTS =
1530 A8 =2 %A2 8 C % §
1540 ACK,K) = A1 402 + AB + A3 ¥ §2
1556 ACL,L) = Al % 52 - A + A3 ¥ €2
1555 REM == TRANSFORM OFF DIAGONAL ELEMENTS =
1560 FOR 1 =1 TON
1578 1F 1 ¢ K THEN 1480
1580 1F 1) K THEN 1648
1598 GOTO 1748
1608 48 = A(L,K)
1618 ACT,K) = C + A8 + § # AL
1620 ACL,L) = -5 # 4B + C * ACLL)
1638 GOTD 1749
t 1448 1F 1 ¢ L THEN 1678

1656 IF 1 ) L THEN 1718
1660 6OTO 1748
1678 A8 = AKK,D)
1688 A(K,1) = € 5 AB + § * ACI,L)
1698 ACI,L) = -5 # A8 + C ¥ ACL,L)
1700 GOTO 1749
1718 A8 = AK,D)
1728 ACK,1) = C % AB + § % ACL,D)
1738 AL,D = -5 % 4B + C ¥ ALL,D
1748 NEXT 1
1745 REM = TRANSFORM MATRIX U TO GENERATE EIGEMVECTORS =
1758 FOR 1= 1 TON '
1766 UB = UC1,K)
1778 UCL,K) = C % U8 ¢ S * UCI,L)
1780 UCI,L) = -G % UB + C # U(T,L)
1798 NEXT 1
1899 NEXT L
1818 NEXT K
1828 RETURN
1825 REM == NORMALIZE EIGEMVECTORS =
193 FOR 1= 1 TON
1848 FOR J = 1 TON
1850 UCT, D) = KT, * KD
1960 NEXT J
1878 NEXT |
1888 FOR 1= 1 TON
1899 8¢D) = ACI,D)
1909 NEXT 1
1993 REM = ORDER EIGENSOLUTION =
1910 FOR 1 = 1 TO NI
19 1121+
1930 2 = B(D
1949 4 = |
1950 FOR J = 11 TO N
1968 IF 7 ¢ B(J) THEN 1998




1978 2 = BLO)
1988 M=

1998 NEXT J

2808 B(M) = B(D)

2818 B(D) = 2

2020 FORJ =1 TON

2030 7 = U, D

2048 U¢J,1) = UM

2058 UM = 2

2048 NEXT J

2078 NEXT |

2688 RETURN

3008 PRINT * END OF PROGRAM *
3018 END
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aPPENMDIX B: PROGRAMET USED TO COWVERT VELOCITY HISTORIES

TO DEFLECTION HISTORIES

18 -

20 Y PROGRAM ## SIMPSI % USED FOR CASE 1

30 ©  INTEGRATES VELOCITY HISTORY WRT TIME TO OBTAIN DEFLECTIONS

4

58 CLS : DIM A%<3)

68 F(1)=8 1 F(2)=8 : F{3)=8 : FORMIS=" H.B4NN ° : FORMZ3=" #i.AHNNNN ©
70 INPUT® ENTER THE NAME OF AN INPUT FILE.........0u000s .. *,FILEINS : PRINT
88 INPUT® ENTER THE ORDINATES TO INTEGRATE OVER........... ' NUMBER : PRINT
98 INPUT® ENTER THE SIZE OF THE INTEGRATION INTERVAL...... "

188 €15

118 OPEN FILEINS FOR INPUT AS 1 : OPEN "DISPR2.0UT* FOR OUTPUT AS 42

128 ¢

139 USE SIMPSON’S 1/3 RULE TO CALCULATE DEFLECTIONS

148 ’

158 INPUT #1,M,TIMECE) VEL11(0) VEL12(8) ,VEL13(8) VELS1{B) VELS2(B) VELAI(D)
160 FOR1=1T702

178 INPUT #1,M,TIMECD) VELI17]) VELT2(]) VEL13(]) VEL&ICT) WELS2(D) VELSH(T)
188 NEXT |

199 ViA = VEL&1<®) - VEL11(B)

208 V1B = VELSI(1) - VELIIK1)

218 VIC = VELSI(2) - VELII(2)

26 01 = (VIA + 4W1B + ViL) * H/ 3

238 U2A = VEL42(8) - VEL12(9)

249 V2B = VELA2(1) - VEL12(1)

238 V2C = VEL62(2) - VELI2(D)

268 02 = (U2A + 428 + V20) 2 H/ 3

278 V34 = VEL43(8) - VELI3(B)

288 V3B = VELAI(1) - VEL13(1)

298 V3C = VEL43(2) - VELI3(2)

300 03 = (U3 ¢+ 4W3B + VI0) # H / 3

318 FC1) = F(1) + 01

320 F(2) = F(2) + @2

338 F(3) = F(3) + @3

348 7 = TIME(D) * 10088

JSBFOR1I=1T03

340 IF ABS(AMAX(I)) ) ABSCF(I}) THEN GOTO 38¢

370 MAX(D = F(D) » MAX(D) = T

388 NEXT 1

398 PRINT 42, * T = ";: PRINT #2, USING FORMI4;T;

408 PRINT #2, "msec DX = °; : PRINT #2, USING FORM2$;F(1);

418 PRINT ¥2, ®in. DY = ";:  PRINT 42, USING FORM28;F(2);

420 PRINT %2, ®in, 02 = *;: FPRINT 42, USING FORM24;F(3);:PRINT ¥2,%in."
436 VELI1C8) = VELIIC2) : VELI2(8) = VELI2(2) : VEL13(8) = VEL13(2)
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449 VELGL(9) = VEL&1(2) : VEL2(B) = VELS2(2) : VEL43(B) = VEL&3(D)
458 1F M + 2 ¢ NUMBER THEN GOTO 140

468 ASCI) = *(X) = % { AS(D) = (V) = ' AID) = () =

470 FOR1=17T03

488 PRINT #2, "TMAX";A8C1); : PRINT #2, USING FORMI$;TMAX(D);

485 PRINT 2, msec OMAX";A$(I);: PRINT #2, USING FORM2S;0MAX(1);
486  PRINT ¥2," in.*

498 NEXT 1

586 CLOSE A1 : CLOSE #2

19«
28 ©  PROGRAM ** SIMPS2 ## USED FOR CASES 11 AND 111

38/ INTEGRATES VELOCITY HISTORY WRT TIME TO OBTAIN DEFLECTIONS
4 -
58 CLS : DIM A$(D)

48 F(1)=8 : F(2)=0 : FORMIS=" #U.MAR0 " : FORM24=" 4%.NaNaN °

¢ 70 INPUT® ENTER THE NAME OF AN INPUT FILE........... verees * FILEINS 1 PRINT
80 INPUT® ENTER THE ORDINATES TO INTEGRATE OVER........... * NUMBER : PRINT

- 98 INPUT® ENTER THE SIZE OF THE INTEGRATION INTERVAL...... ' H

g 108 CLS

5

110 OPEN FILEINS FOR INPUT AS #1 : OPEN "DISPR2.0UT" FOR OUTPUT AS #2
115 PRINT #2,°H = ";H;" SEC"

128
138 USE SIMPSON’S 1/3 RULE TO CALCULATE DEFLECTIONS
149 /
158 INPUT #1,M,TIMECO) VEL12(0) VEL92(8) ,VEL52(8) VEL112(8) \VEL192(0) ,VEL152:8)

168 FOR I =1702

178 INPUT #1 M, TIMECD) VELI2¢]) ,VEL92(1) VELS2¢(1) WEL112¢1) ,VELI92(]) ,VEL1S2¢1)
188 NEXT 1

198 VIA = (VEL12(8) + VEL92(8))/2 - VELS2(B)

288 V1B = (VEL12(1) + VEL92(1))/2 - VELS2(D)

210 VIC = (VELI2(2) + VEL92(2))/2 - VELS2(2)

220 01 = (VA + aW1B + VIC) ¥ K/ 2

238 V24 = (VEL112(B) + VEL192(8))/2 - VELIS2(8)

249 V2B = (VEL112(1) + VEL192¢1))/2 - VEL1S2(1)

258 V2C = (VELH12(2) + VELI92(2))/2 - VELIS2A(2D)

260 02 = (V2A + AW2B + U20) * K/ 3

N R =K + O

328 F(2) = F(2) + @2

8T = TIMECD) * 1690

PFRI=1T02

348 IF ABS(OMAX(1)) ) ABS(F(1)) THEN GOTO 388

n AT = F(D : ™MD = T

388 NEXT |

390 PRINT 92, ° T = *;: PRINT #2, USING FORMIS$;T;

480 PRINT 42, *msec  O(5,Y) = *; & PRINT #2, USING FORM2$;F(1);

91
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410 PRINT #2, *in.  D(I5,Y) = *;:  PRINT 2, USING FORM2$;F(2);
426 PRINT 42, *in.*

439 VELI2(9) = VELI2(2) : VEL92(8) = VEL92(2) : VELS2(8) = VELS2(2)
448 VEL112¢8) = VEL112(2) : VEL192(B) = VELI92(2) : VEL152(8) = VELI52(2)
458 1F M + 3 ¢ NUMBER THEN GOTO 148

460 A3C1) = “(5,Y) = * 1 A(D) = "(15,V) = *

470 FOR1=1702

480 PRINT §2, "TMAX*;A8(1); : PRINT 2, USING FORMIS;TMAX(D);

485  PRINT 42," msec OMAX®;ASCI);: PRINT 2, USING FORM2$;MAX(I);
486 PRINT #2,° in.*

498 NEXT 1

599 CLOSE #1 : CLOSE #2

92
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APPEMDIX C - TYPICAL CASE I ARALYSIS

)
#s noted in Chapter W, the first etep in each analvsis
was the construction of an appropriate S&EPIV model of the )
equipment substructure under consideration, In thise cass, '
the model reprecents a 1,880 1b vwalve attached to the free
end of a cantilever foundation. )
. SAPIYV INPUT DATA FOR CASE I
The following data file was used to generate the moda!l
information for the Case I model (Ref. 181. g
]
HEADING CARD -
CASE | -- VAaLVE ON CANTILEVER FOUNDATION 'i
MASTER COWNTROL CARD T
7.1,0,%,1,3,0,8,d,8
NODAL PT DATA o
a,1,1,86,00,1,{,1,9.,8,,08.,1,8.@ *.t
6,2,1,0,8,0,1,1,4.,08,,5.,1,0.4 .
6,5,1,6,8,8,1,1,06.,6,,25,,1,8.9 .
a,7,1,1,1,1,1,1,16.,8.,18.,8.68 -
TvPE 2 - 3D BEAM ELEMENTS .
2,5,1,2,1
M&TERIAL PROPERTIES
1,30.8E4,9.3,7.29€E-4,8.92
ELEMEMNT PROPERTY CaARD ;;5

1,17.44,0.0,8.04,53%.95,333.95,204.49




e
8.8,8.8,0.9,08.9
@.4,0,0,58.9,a.9
9.,5,2.,0,80.9,8.4 '
e.2,8.,8,8.8,0.9 ; i
BEAM DATA CARDS :
1,1,2,7,1,1,08,0,0,0,800800,1 I
5,5,8,7,1,1,6,0,8,8,000888,1 o
)
COMCENTRATED MASS ON FREE END
é,0,2,571,2.591,2,571 ,8.8,2.6,48.8
é4,0,4 60Q,4,8086,4,0060,0.0,9.8,0.,0
DYNAMIC ANALYSIS CARD (IN ACCORDANCE WITH REF.4 )
6,6,0,08.0,06,0,0,3.0
1,8
1,1,8,1,1,4,1
END QF DaTa (DUMMY TITLE CARDS '
0,8,d4,8,4,6,6,6,08,6 L
The output from the SAPIY code is not included here but f,
all the essential! infaormation iz included in the USLOER code -;_
) )
cutput,
B. PICRUST INPUT DATA FOR CARSE 1
The PICRUST code is used to process the SAPIW ocutput L
L
and calculate influence coefficients corresponding to the .
base or support motions of the substructure. Additionalls, f'
connectivity between the hull and foundation is specified o
)
and a substructure file is proaduced. -
The follawing input file was wesed for CASE I: f
LIST OPTIONS ]
1,1,1,1,8,1,1,1,0,4 .
0,1,1,1,1.1’@’1,856 '.
MObsL SPECIFICATION -
'
24 -
]
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S,9,8

CONMECTIVITY -

()

39,11
7@

[0 Mg

MODES FROM SAPIV INCLUGED IMN AMALYSIS

. 1,2,3%,4,5
EMD

The ocutput listing from the PICRUST caode iz not
included here but all essential cutput from these
calculations ie included inm the USLOE cutput,
C. UsLDB INPUT DATA FOR CASE I (1414" STANDOFF)

The following input data was supplied to the USLOB
code to specifr the parameters for the time integration

and aszociated cutput. A total of 1261 time step

"

ar

QO

specified for the integration interval, each cowering an
interval of S.8E-& seconds., The XXXX parameters dencte
parameters for egq. S which are ommitted due to the
sensitivity of this equation.

The following input data correspond to the USLOB cutput

included in thizs appendix.

TIME STEP AND CONTROL CARD FOR INTEGRATION
1201 ,1,1,%,11,1,1
EQUATION ¢S) PARAMETER SPECIFICATION

S.BE-4 ,XXXX,1485,0,8
S80@ . , XXX, XK OO | }HEXK




QUTPUT QOPTIONS

’

a,1, '8,
6,0,1,1

Lol s}
[
[N
=

!a!a!gi 1
!a!a!l! ’
SHELL VELOCITY OUTPUTS AT EACH TIME STEP

1,595,148

SUBSTRUCTURE VELOCITY OQOUTPUTS AT EACH TIME STEP

: ~.1
1,1,1,2,1,2,46,1,6,2,6,3 N
(This noctation specifies the x,v,z translationsz of the .
tase and tip nodes of the substructure respectively.’ K i

END ]
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D. LISTING - USLOB OUTPUT FOR CASE 1
CASE { -- VALVE ON FOUNDATION VERT DISPL

CONTROL PARAMETERS FOR SUBSTRUCTURE i

NPOINT = 7 NOOF = 18
NCDOF = 3 NUDOF = 13
NFRE@ = 1@ NFACE = 1

NSYMTY = B NFORCE= 13

CONNECTION DATA FOR INTERFACE POINTS —

'
SHL  SuB X Y 2 XYY 27 LSGPT LFIND DEGCON .
56 1 1 1 1 8 L] 8 Sete 27 2.700000E+82
BDEGROT = 9.808880E+81
1EQUATION NUMBERS FOR SUBSTRUCTURE l——:.
POINT X Y 2 XX YW 2 B
fr 12 3 8 8 @
2 4 5 6 8 0 "8
3 7 8 9% @8 8 8
4§ 19 1 12 9 8 9
S 13 14 15 8 &8 @
6 16 (7 18 & 8 8
7 8 8 98 @8 98 @

FIXED-BASE NATURAL FREQUENCIES FOR SUBSTRUCTURE |
MODE FREQ MODE FREQ _  MODE FREQ  MODE FREQ

1 4.45541E+02
5 7.48871E+83
9 1.22840E+84

2 1.85485£+43
6 9.35885E+83
10 1,88142E+84

3 1.34307€+03
7 1.84549E404

1COMPACTED FIXED-BASE MODES FOR SUBSTRUCTURE 1

1

2 3

1 1.9139E-18 -1,24826-01
2 3.1568E-20 8.9711E-89
3 -1.2442€-81 -4.06588E-29
4 3.8186E-18 -2.4745E-01
5 4.2987E-20 1.7989E-98
6 ~2.4745E-91 -9.4785E-20
7 5.7852E-18 -3.4971E-01
8 9.4105E-20 2.4743E-88

)

4 4.83763E+83
8 1.21696E+84

5

9.5490E-10 4.2397E-12 2.4775E-11

1.2402E-8)

$.11B3E-12 1.4989E~13

3.7187E-11 -1.4719E480 -2,3765E+80

1.9853E-69 1.883¢E-11

3.9843E~11

2.4745E-01 1,8004E-12 2.7333E-13
5.9702E-11 -2,3685E+88 -1.4497E400
2.B445E-99 9.998RE-12 3.9373E-1!
3.6971E-01  1.7811E-12 2.6992E~13

97
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9 -3.4971E-8] ~1.4449E~19
18 7.5446E-18 ~4.7826E-81
11 1.2478E-19 3.5459E-98
12 -4.9020E-01 ~1.9173E-19
13 9.3888E-18 -4.8834E-81
14 1.3485E-19 4.4084E-08

5.8957€-11 -2.3393E+468 1.4837E+00
3.7743E-87 5.9693E-12 2.3492E-11

4,.9020E-91 1,8677E-12 1.4183E-13
3.5172E-11 -1,3957E+400  2.3072E+00
4,4840£-09 -3,9555E-13 -1.57(8E-12
6.9836E-81 -5.9949E-14 -1.8775E-14

........
......
-----------------------------

15 -6.0836E-81 -2.3794E-19 -2.3534E-12 9.3383E-02 -4.2342E-02

] 7 8 9 14
1.4719E+88 3.5428E-14 1,2133E-20 1.2895E-12 -2.3785E+88
1,3626E-13 2,2993E-11 -1.4719E+08 ¢.6535E-13 9.7987E-11 °
2.4183E-19 -2,3485E+80 -3.3444E-12 -1.4634E400 -1,8812E-12
2.3485E+00 5.3840E-14 1.5884E-28 -7,4586E-13 -1.4497E+00
2.1925E-13  3.6999E-11 -2.3485E+88 1.9480E-12 §.7223E-11

-1.9014E-18  1.4719E408 5.45R1E-12 2.3493E+89 -3.7449€-12
2,3393E+88  4.9358E-14 1.1252E-20 -4.4834E-12 1.4837E+48
2.1655E-13 3.6543E~11 -2.3393E+80 1.8516E-12 -4.8350E-11

-1,4849E-18 1,4530E400 -5.4572E-12 -2.3724E+80 -5.6047E-12

19 1.39576+480 2,7551E-14 4.4918E-21 -4.5906E-12 2.3972E+09

11 1.2920E-13 2.1803E-11 -1.3957E+88 4.2577E-13 -1.0703¢-19

13 2.4276€-19 -2.3754E+00 3.3850E-12 1.4715E+00 -7.4239E-12

14 -9,3383E-92 -1,9932E-15 -4,7535E-22 ~5.2983E-12 -4.2362E-92

15 -8.4446E-15 -1.4588E~12 9.3383E-82 ~4.1996E-14 -7.7491E-12

16 -2.2910E-12 2.2420E-82 -2,3083E-14 -1.0835E-02 -9.2143E-12

OO O S N e

1SUBSTRUCTURE CONTROL PARAMETERS

SUB NFREG NDOF NCOOF NPTS LOC2 NEGB NBLOCK NROWFC
| 18 18 3 7 518 15 1 3
NBLFOR KOLBAR NBLBAR BEGFR@ BEGSBL BEGBAR BEGFOR
1 2 1 1 1 1 i

CONTROL PARAMETERS FOR SOLUTION

NTIME = 1281 NEGS = 438

NSKIP = ] 'NRECS = 481

NCHRG = 1 NTHETA = 17

NOWRD = 9 NDELTA = 21

NFINE = 11 NGDOT = 244

KOUPLE = 2 NSUBS = |

SOLUTION PARAMETERS

TOTALM = 3,541492E404 AREA =  3,639044E+04

RHOFLU =  9.452160E-05 CFLU = 4.0008000E+04
DELT = 5.0000006-04 TEND = 4.0000808E-03
XLOAD = 8,844880E+82 STOFF = 1.4140006+83
RLOAD = 1.404000E+83 ORNRAD = 8.

98
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STEP TIME

18,

3 1.0080E-85
5 2.8080E-85
7 3.8000E-85
9 4.9000E-835
11 5.0000E-85
13 6.9090E-95
13 7.0008E-835
17 8.9008E-85
19 9.9080E-85
21 1.0000E-04
23 1.1888E-84
25 1.2089E-84
27 1.3809E-04
29 1.4008E-04
31 1.5800E-04
33 1.4000E-04
35 1.7000E-84
37 1.8090E-04
37 1.9008E-84
41 2.8088E-84
43 2.1000E-04
45 2.2000E-04
47 2.3086E-84
49 2.4008E-04
31 2.3808E-84
93 2.5080E-94
59 2.7008E-04
57 2.89000E-04
99 2.9080E-04
61 3.9000E-04
63 3.1908E-84
63 3.2000E-44
67 3.3000E-04
49 3.4000E-04
71 3.5006E-94
73 3.6000E-84
75 3.7680E-04
77 3.8000E-84

..............
.........
b - -

WCHRG = 5.308400E+83
PIMLT = X0000000000CK
PZEXP =  X000CO0C000C(

Ly o re
....................

wpotC @)

8.

4.9444E-81
1.8855E+08
3.8391E+88
6.1484E+88
8.4881E+80
1,1347E+81
1.4143E+01
1.7083€+81
2,0182E+01
2.3241E+081
2.4547€481
2.9933e40)
3.3481E+81
3.7123e+81
4.0922e481
4.4771E+0)
4.8745E+81
5.2721E481
3.4819E+81
6.9891E+01
§.5034E481
6.9141E+81
7,3292e481
7.7437e401
8.1493€+81
8,5604E+81
8.9472E401
9.3469E401
9.7634E481
1.8154E+92
1.0542E492
1.8933E+82
1.1317€+02
1,1781E+82
1.2086E492
§.2443E+82
1,2844E+82
1,3224€+92

THEXP =

DATA FOR EMPIRICAL PRESSURE-TIME HISTORY

upoT( 90)

8.

7.5444E-02
2.87228-01
5.8428E-01
9.3465¢-81
1.3193€+88
1.7214E+98
2,1414E400
2.5792E+68
3.0245E+00
3.4893E+00
3.9497E+80
4,4593E+00
4.9451E408
5.4796E+80
4.8954E400
6.9359E+00
7.0707E490
7.4048E+00
8,1394E+08
B.4490E+06
9.1899E+08
9.7044E+80
1.8289€+81
1.87090E+81
1.1180E+81
1.1443E481
1.2097E481
1.2520E+8)
1.2918€481
1.3301E+81
1. 3669E481
1,4026E481
1.4379E491
1,4712E+81
1.9834E+01
1.3354€+01
1,5635E+01
1.3948E+01

99

SURCUT = 00000000MXX
THHLT = 0000000000
J0000C00000CK

IVELOCITY DISTRIBUTION AT SHELL STATION 56  (SEGMENT

woaT(18e)

8.

1.7639€-81
4.5644E-01
§.3085E+80
2.8219E+00
2.7649E+80
3.4983E+10
4.22756+88
4.9559E+810
5.4643E490
6.3713E+08
7,8994E+88
7.8237E408
8.5634E480
9.3141E+88
1.0091E+01
1.9856E+01
1.1647E481
1.2411E+01
1.3200E+81
1,3957E+01
1.4723E49
[.5459E+81
1.6183E+81
1.4899E+481
1.7569E+81
1.8247+81
1.8895E+81
1.9509€+81
2.0184E+01
2.8449E401
2.1219E404
2.1774E44!
2.2309E+61
2.2828E49!
2,3353E+01
2,3838E+01
2.4379E+01
2.4892E+01

3 POINT

WpoT(278)

0.

7.5445€-82
2.8728€E-81
5,8410E-81
9.3436E-91
1.3184E+68
1.72026+89
2,1397E498
2,5743E+88
30224489
3.4840E+08
3.9425E+00
4.4502E+80
4,9339E+08
3.4650E+08
3.9891E+88
6.5167E+00
7.8482E+08
7.5788E+08
8.1097€+08
8.4353E+80
9.1519E+88
9.6416E+88
1.0161E481
1.064BE+8]
111226481
1.1580E+01
1.2027E+81
1, 2451481
1.2835E+01
1.3209E+81
1.3578E+81
1.3918E+81
1.4261E+81
1,4585E+01
1.4894E+01
1.5205E+81
1.3494€E+01
1.5767E+81

10)

-




79 3.9988E-84 1.3599E+82 1.6222E+8) 2.5382E+B1 1.4034E+8]
81 4.9088E-84 1.3974E+82 1.4490E+81 2.58B4E+81 1.46291E+81
83 4.1008E-84 1.4349E+02 1.4740E+01 2,6395E+61 1.6526E+8]
83 4.2008€-84 1.4719E+82 1.4987E+81 2.48B5E+8! 1.6759E+81
87 4.3000E-84 1.5694E+82 1.7222E+81 2.737IE+81 1.4979E+di
89 4.4000E-04 1.5454E+82 1.7432E+81 2.7844E+81 1.7174E+8!
91 4.5008E-84 1.5817E+82 1.7639E+81 2.8350E+81 1.7345E+41
93 4.6088E-84 1.4175E482 1,7843E+01 2,88228481 1,7353E+81
95 4.7000E-84 1.4533E+82 1.8017E+B1 2.9304E+81 1.7718E+8]
97 4.8008E-04 1.4838E+82 1.8188E+01 2.9778E+81 1.7854E+d1
99 4.9006E-84 1.7237E482 1.8342E+@1 3.0233k+81 1.8000E+dI
181 5.8009E-84 1.7388E+82 1.8487E+01 3.8477E+01 1.BI27EHD]
193 S.1000E-94 1.7920E+82 1.8481E+8! 3.1125E+81 1.8223e+81
103 3.2000E-04 1.8255E+82 1.8714E+81 3.1558E+81 1.8317E+81
187 S5.3000E-84 1.8585E+82 1.8824E+81 3.1944E+4! 1.8488E+81
189 5.4000E-04 1.8918E+82 1.8900E+81 3.2371E+01 1.8443E+8!
111 9.5000E-84 1.9229E+82 1.8957E+01 3.2765E+81 1.8581E+81
113 S.4000E-84 1.9540E+02 1.9913E+81 3.3136E+01 1.8537E+81
113 9.7088E-84 1.9845E+02 1.9863E+01 3.3489E+41 1.8545E+0]
117 5.9008E-84 2.8147E+02 1.9B73E+8] 3.3847E+8] 1.8352F+91
119 5.9000E-84 2.8442E402 1.9874E+81 3.4182E+81 1.8533E+88
121 6.8000E-94 2,0730E+82 1.7876E+01 3.4496E481 1.8312E+01
123 4.1800E-84 2.1016E+82 1.9937E+01 3.4789E+01 1.8471E+81
125 4.2000E-94 2.1283E402 1.8993E+81 3.5074E+01 1,8384E+8t
127 6.3000E-04 2.1550E+82 1.8932E+81 3.5335E+01 1.8360E+01
129 ¢6.4008E-04 2.1811E+82 1.8869E+81 3.5583E+01 1.8213E+01
131 6.5800E-04 2.2047E+02 1.8790E+81 23.5823E+81 1.8110E+01
133 4.4008E-84 2.2317E+82 1.8681E+81 3.4856E+61 1,7978E+01
135 6.7009E-84 2,2563E+02 1.8572E481 3.4277E+81 1.7844E+01
137 4.8000E-84 2,2005E+02 1.8443E+01 3.4484E401 1,7711E+81
139 6.7080E-94 2.3841E402 1.8348E401 3.44B2E+B1 1.7544E+04
141 7.0008E-84 2,3271E+02 1.B8189E+01 3.4873E+81 1.7389E481
143 7.1808E-84 2.3497E+02 1.8035E+81 3,7054E+01 1.7211E+01
{45 7.2008E-84 2.3719E462 1.788ZE+01 3.7222E+81 1.7834E+81
147 7.3008E-04 2.3934E402 1.7723E481 3,7379E+81 1.4851E+81
149 7.4800E-84 2.4147E+402 |.7531E+81 3.7534E+81 1.4435E+8!
151 7.5008E-04 2,4354E482 1.7336E+81 3.7474E+81 1.4415E+81
153 7.4000E-84 2,4558E+82 1.7144E+81 3.7804E+481 1,4201E+01
135 7.7000E-94 2.4757E+02 1.6941E481 3.7924E+81 1.3993E+01
157 7.8008E-84 2.4950E+82 1.6734E+01 3.8042E+81 1.5744E+01
139 7.9000E-84 2.51396482 1.4504E+01 3.8147E+81 1.5489E+01
161 8.8080E-84 2,5325E+82 1.4279E+81 3.8242E+81 1.5240E+01
1643 8.1008E-04 2.5508E+82 1.4842E+01 3.8324E+81 1.5081E+01
165 8.2009E-84 2,.3485E+82 1.5889E+81 3.8487E+01 1.4725E+01
1647 8.3000E-04 2.5857E492 1.5546E+81 3.8481E+81 1.4440E+01
149 8.4000E-84 2.4026E+82 1.5290E+81 3.8542E481 1.4141E+81
171 8.5088E-84 2.6193E+82 1,5039E+81 3.8594E+91 1.3888E+01
173 8.4880E-84 2.4355E402 1.4778E401 3.8448E+81 1.3404E+91
173 8.7008E-84 2.4510E+02 1.4488E+81 3.84BBE+81 1.3294E+81
177 B8.B080E-D4 2,4463E+82 1.4208E+8) 3.8710E+81 1.2985E+8)
179 8.9008E-04 2,4813E+02 1.3917E+#1 3,8730E+01 1.2482E+81

180

.............................................................
..............................
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18] 9.8888E-84 2,4941E482 1.3443E+83 3,8739E+01 1,2388E+81

183 9.1000E-04 2.7182E+02 1.3333E+01 3.8744E+01 1,2048E+01
- 183 5.2000E-84 2.723BE+02 1.3019Es81 3.B746E+8! 1.1725E+81
i y 187 9,3008E-04 2.7372E+82 1.2789E+81 3.8734E+8! 1.1397E+8)
. 189 9.4008E-04 2.7505E+02 1.2484E+B1 3.8713E+81 1.1077E+8)
. 191 9.5000E-04 2.7433E482 1.2108E+81 3.8484E+01 1,0754E+81
.. 193 9.4000E-84 2.7755E+82 1.1745E+81 3.8452E+01 1.8483E+01
195 9.7000E-84 2.7873E+482 1.1429E+81 3.8488E+81 1,3052E+8)
X 197 9.8000E-84 2.7991E+82 1.110QE+81 3.8552E+8! 9.7097E+08
. 199 9.9008E-04 2.8184E+02 1.0778E+81 3.8489E+01 9,3739E+08

201 1.0068E-83 2.8214E+82 1.8442E+81 3.8421E+81 9.8253E+89

203 1.0108E-83 2.8320E+82 1.0089E+81 3.8344E+01 8.4404E+00

205 1.0280E-83 2.8423E+82 9.7388E+08 3.8257E+81 8.2991E+89
A 207 1.9300E-83 2.8524E+02 9.393BE+08 3.B143E+81 7,9440E+00
= 209 1.0466E-03 2.84236+62 9.8548£+68 3.8841E+81 7.5959E+00
211 1.8500E-83 2.8715E+82 B8.7044E+80 3.7956E+81 7.2392E+88
213 1.8600E-83 2.0002E402 ©.3494E466 3.7847E+81 4,8749E+808
215 1.0780E-03 2.8887E+02 7.9933E+08 3.7734E+d1 4.5125E+88
217 1.9800E-83 2.8971E+82 7.4462E+88 3.7611E481 4.1599E¢64
219 1.0980E-03 2.9854E+02 7.3034E+8d 3.7480E481 5.8128E+80
221 1.1900E-03 2.9136E462 4.9413E+88 3.7345E+81 5.4446E+00
223 1.1188E-83 2.9281E+82 4.SE47E+88 3.7204E+81 5.0494E+08
225 1.1200E-93 2.92726402 4.1998E+88 3.7058E+61 4.7989E+00
227 1.1380E-03 2.9342E+82 5.B414E+00 3.4B9BE+B1 4,3419E+90
229 1.1488E-03 2.9411E+82 5.4887E+00 3.4729€+61 3.9894E+68
231 1.1560E-03 2.9473E402 S5.1148E480 3.4555E+81 3.6193E+80
233 1.1480E-83 2.9531E+82 4.7374E+88 3.4373E+61 3.2424E+88
235 1.1708E-03 2.7589E482 4.3449E+00 3.6183E+81 2.8742E+400
237 1.1800E-93 2.9444E+02 4.0030E+80 3.5985E+41 2.5183E+89
239 1.1900E-63 2.9783E402 3.4475E408 3.5777E+01 2,1484E+80
241 1.2000E~83 2.9702E+92 3.2711E400 3.5571E+01 1,7998E+00
243 1.2108E-83 2.9796E+02 2.8911E+08 3.5359E+01 1,4288E+89
245 1.2200E-83 2,.9841E+82 2.5193E+88 3.513BE+01 1,0473€+08
247 1.2300E-03 2.9886E402 2.152BE+09 3.4909E+81 7,1232€-81
249 1.2498E-03 2.9929E402 1.7B94E+80 3.4474E+81 3.4192E-01
231 1.2500E-03 2.9946E+02 1.4148E488 3.4442E461 3,2035E-83
233 1.2600E-83 2.9999E+92 1.938BE+8@ 3.4205E+8] -3,5943E-01
239 1.2789E-03 3.8831E+02 4.4715E-81 3.3959E+81 -7.1455€-81
257 1.2080E-03 3.8043E+82 2,9858E-81 3.3787E+81 -1.0433E+00
239 1.2990E-83 3.0094E+02 -4.5743E-82 3.3451E481 -1,4107E+80 =07
261 1.3000E-03 3.0121E402 -4.3242E-81 3.3190E+81 -1.7571E+60 —et

243 1.3188E~03 3.81492E402 -B.B4BLE-B1 3.2925E+481 -2.1101E+08 L;_}gi
265 1.3200E-03 3.0144E+82 -1,1766E+80 3,2647E+61 -2,4572E+80 ol
267 1.3300E-83 3.8185E+62 -1,5432E+89 3,2343E+81 -2.86800E+00 b
269 1.3400E-03 3.0204E+02 -1.9044E+80 3.2070E+61 -3.1344E+08 ]
271 1.3500E-03 3.8225E+82 -2,2444E+88 3,1774E+81 -3,4702E+09 R
273 1.3400E-83 3.9234E+02 -2.4320E+00 3.1478E+81 -3.8104E+080 -7
275 1.3700E-83 3.0244E482 -2,9962E+60 3,1175E+01 -4,1462E408 AERES
277 1.3800E-03 3.0254E+82 -3.3570E+00 3.8849E+81 -4,4775E+08 ]
279 1.3900E-03 3.0247E492 -3.7125E+80 3.0553E+0) -4.8823E+08 SRR
281 1.4000E-3 3.0278E+82 -4.0445E+00 3,0233E+81 -5,1225E+00 Iﬂ{;}i
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283
285

1.4100E-83
1.4288E-83

3.0208E+82 -4.4214E+80
3.8256E+82 -4.7754E+89

2.991784081 -5,4443E+80
2.9599€+0] -5.7442E+08

e Brai e - T I M MR-
..............

287 1.4300E-83 3.8279E402 -5.1262E+08 2.9276E+81 -6.0813E+00
289 1.4490E-83 3.0280E+02 -5.4737E+88 2.B944E+81 -4.3920E+80
291 1.4508E-83 1.8281E+82 -5.8180E+80 2.8404E+81 -4.4982E+00
293 1.4600E-03 3.0277E+482 -4.1411E+08 2.824BE+01 -7.002]E+09
295 1.4708E-83 3.0267E+82 -4.5B1BE+RE 2.79364E+81 -7.3824E+88
297 1.4B00E-83 3.9257E+482 -4.8409E+80 2.7599E+81 -7.5999E+00
299 1.4900E-83 3.0247E+02 -7.1774E+00 2.7235E+01 -7.8941E+08
381 1.3660E-03 3.8239E402 -7.5121E408 2.4993E+0) -8,1858E+08

{ This history is abbreviated for illustrative purposes.)
IVELOCITY DISTRIBUTION ALONG SUBSTRUCTURE |1

STEP TINE VELC 1,10 VELC 1,2) VELS [,3) VEL( 4,1) VEL( 6,2) VEL( 6,3)
I B 8. 0. 8. 8. 8. 8.

3 1.0008E-85 -7.4928E-04 -6.4808E-03 7.5445E-02 4.48726-87 -1,9745E-95 -4,3568E-14
5 2.0080E-03 -3.4167E-83 -2.9700E-02 2.8720E-81 1.9928E-04 -3.3974E-85 1.4181E-12
7 3.0000E-85 -8.8040E-03 -3.3246E-92 T.8418E-01 1.4589E-04 1.2345E-85 3.8135E-19
9 4.9000E-85 -1.6429E-82 -3.7045E-02 9.3436E-91 -3.5152E-08 4.4997E-85 1.3005E-08
11 3.0000E-00 -2.46541E-92 -2.6846E-02 1.3186E+08 -4.3943E-84 -1.4797E-04 1.8281E-87
13 6.0000E-05 -3.8720E-62 3.0282E-04 1.7202E+68 -2,8589E-95 -9.1328E-84 1,5878E-04
13 7.0000E-65 -5.20096-92 4.4051E-62 2.1397E+06 -1,2147E-04 -2.3440E-03 8.6295E-06
17 8.0008E-05 -4.8819E-02 1.9709E-01 2.5743E+88 -3.7000E-04 -4,2451E-83 3.7799E-85
19 9.0000E-95 -8.6191E-02 1.8835E-81 3.0224E+80 -B.8420E-04 -4,0883E-83 1.3459E-04
- 21 1.0080E-84 -1.9522E-81 2.9143E-01 3.4840E+08 -{.7841E-03 -4.8775E-83 4,0597E-04
S 23 1.1909E-B4 -1.2514E-81 4.1200E-81 3.9425E+89 -3.1440E-83 -5.5941E-93 1.B480E-93
25 1.2000E-94 -1.4552E-81 5.3122E-81 4.4302E+08 -5.1171E-83 -1,2343E-83 2,5641E-83
| 27 1.3000E-84 -1.6745E-01 7.1056E-01 4.9539E+08 -7.7110E-83 7.9835E-83 5.3195E-03
29 1.4808E-04 -1,9027E-01 8.8589E-01 5.4638E+88 -1.1017€-02 2.8128E-02 1.8372E-82
31 1.5008E-84 -2.13B1E-81 1.8795E+00 3.9B91E+00 -1.50956-02 3.8738E-82 1.8757E-82
| 33 1.4000E-84 -2.3783E-01 1.2921E+80 &.5147E+00 -1.9994E-02 4.3975E-02 3.1738E-82
35 1.7000E-84 -2,6200E-01 1.5173E+89 7.8482E+08 -2.5775E-92 9.7299E-62 5.8428E-92
37 1.8080E-84 -2.8483E-01 1.7426E+80 7.5788E+08 -3.2514E-92 1.4034E-81 7.4405E-82
39 1.9800E-04 -3.1149E-01 2.9222E+00 B.1097E+00 -4.8329E-02 1.9492E-81 1.1045E-01
41 2.8080E-84 -3.34B1E-81 2.2970E+88 8.4353E+88 -4.9349E-62 2.4245E-81 {.5337E-81
43 2.1009E-84 -3.4129E-81 2.5879E+08 7.1519E+68 -5.9491E-02 3.4499E-81 2.8504E-01
45 2.2008E-84 -3.8480E-81 2.8949E+08 9.441BE+88 -7.1427E-92 4.4315E-81 2.4573E-8!
47 2.3000E-04 -4.1029E-01 3.2141E+00 1.8161E+01 -8.4401E-02 §,5824E-91 3.3527E-8{
49 2.4008€-04 -4.3351E-01 3.54B1E+00 1.0448E+8) -9.9248€-92 4.9154E-81 4,1357E-01
51 2,5000E-84 -4.3582E-91 3.8942E+08 1.1122E+81 -1,1534E-81 8.4451E-81 5.8041E-81
33 2.4800E-04 -4.77476-81 4.2000E408 1,1580E+40) -1.3297E-81 1.0188E+09 5.9453E-0}
35 2.7008E-04 -4.9883E-81 4.6265E+89 1.2027E+81 -1.5289E-91 1.2141E+88 7.9155E-81
57 2.8000E-04 -5.1832E-01 5.8121E+88 1.2451E+01 -1.7264E-81 1.4379E+00 8.1S94E-8) o

39 2,9000E-84 -5.3428E-81 S5.4117E+400 1,2835E+01 -1.9473E-81 1.4854E+08 9.3985E-91 N

61 3.0000E-04 -5.5399E-01 5.8235E+08 1,3209E401 -2,1829E-01 1.9593E+60 1.8733E+09 R
63 3.1000E-94 -5.7030E-01 4.2440E+80 1,3570E+01 -2.4339E-81 2,2403E+00 1.2143E+00 =
85 3.2008E-04 -5.8558E-01 4.4781E+00 1,3918E+81 -2,7002E-91 2,5890E+00 1,3485E+88 lﬁ
67 3.3000E-94 -5.9947E-81 7.1191E480 1.4241E+81 -2.9812E-81 2.9461E+08 1.5299E+00 : B
69 3.4000E-04 -4.1224E-01 7.5694E+00 {,4585E+01 -3,2760E-01 3.3327E+00 1.7601E+60 -]
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71 3,5008E-84 -4.2448E-8] 8.930BE+00 1.4894E+81 -3.5835E-01 3.7494E+89 1.8791E+8d
73 3.6808E-84 -4,3510E-81 8.4948E+00 1,5285E+01 -3,9024E-81 4.1949E+08 2,0478E+00
75 3.7000E-84 -4,4494E-81 8,9484E+488 1.5474E+8) -4,2323E-B1 4.4753E+80 2.2439E+488
77 3.8080E-84 -4,5414E-81 9,4509E+80 1.3747E+81 -4.3715E-81 5.1844E+89 2.4709E+09
79 3.9980E-94 -6,6229E-81 9.9375E+88 1.6036E+81 -4.9189E-01 5.7234E+80 2.4857E+08
81 4,0008E-84 -4,7834E-81 1.0431E+81 1.4291E+81 ~5.2734E-81 4.2922E+80 2.9112E+89
83 4.1008E-84 -46.7754E-81 1.8931E+81 1.4526E+8] -3.4347E-81 4.8894E+89 3.1470E+08
85 4.2000E-84 -4.8457E-81 1,1437E+81 1.4759E+81 -6.0013E-81 7.5155E+88 3,3937E+08
87 4.3088E-84 -4,9893E-81 1,194BE+81 1.4979E+481 -4.3723E-01 8.1493E+68 3.4518E+480
89 4.4000E-84 -4.9747E-B1 1.2445E+81 1.7174E+B1 ~4.7444E-9) 8.B503E+08 3.9219E+689
91 4.5008E-84 -7.8374E-81 1.2989E+81 1.7365E4081 ~7.1217E-81 9.5574E+489 4.2043E+09
93 4.4808E-04 -7,1828E-81 1.3512E+01 1.7003E48] ~7.4945E-D1 1.0289E+81 4.4993E+00
95 4.7008E-94 -7,1622E-01 1.4843E+81 1.7718E+81 -7.8691E-81 1.1044E+81 4.8069E+88
97 4.8000E-84 -7.2251E-81 1.4588E+81 1,7854E481 -8.23B1E-81 1.1819E+81 5.1244E+80
99 4.9068E-84 -7.2891E-81 1.51186+81 1.8008E+81 -8.4022E-B1 1.2614E+8] 5.4588E+68
101 5.8868E-94 -7.35776-81 1.5459E+B1 1.8127E+81 -8.9482E-81 1.3424E+81 5.8002E+80
183 5.1088E-94 -7.4298E-01 1.4208E+81 1.8223E+81 -9.3109E-01 1.4233c+81 4.1527E+80
185 5.2000E-04 -7.5094E-81 1.4760E+81 1.8317E+81 -9.6534E-81 1.5895E+81 &.5144E+88
187 5.3000E-84 -7.5834E-81 1.7311E+01 1.8408E+81 -9.9872E-81 1.5950E+81 4.8854E+09
109 5.4000E-04 -7.4440E-81 1.7971E+81 1.B443E+Q1 -1.0311E+80 1.4B14E+81 7.2452E+80
. 111 5.5080E-04 -7.7554E-81 1.8433E+01 1.8501E+01 -1.0623E+88 1.7484E+81 7.4533E+00
i 113 5.4008E-84 -7.8511E-81 1.8995E+81 1,B337E+81 -1.0923E+80 1.B542E+81 B8.0494E+08

115 5.7080E-04 -7.9475E-01 1.9559E+@1 1.8363E+81 -1.1209E+88 1.9442E+81 8.4538E+88
117 5.8008E-04 -8.8490E-81 2.0129E+01 1.8552E+01 -1.1480E+89 2.9321E+81 8.8457E+88
119 5.9080E-84 -8.1542E-81 2.8782E+81 1.8533E+81 -1.1730E+08 2.1199E+81 9.2848E+89
121 4.0000E-84 -8.2443E-01 2.1275E+01 1.8512E481 -1.1974E+88 2.2074E+81 9.7105E+08
123 4,1000E-04 -8,3804E-01 2.1851E+81 1,8471E+81 -1.2197E400 2,2944E+81 1.8142E481
125 6.2000E-94 -8.5926E-01 2.2434E+01 1.B3B4E+01 -1.2403E+Q% 2,3804E+81 1.8379E+8)
127 6,3000E-94 -8,4205E-91 2.3023+81 1.8300E+81 -1.25926+480 2.4457E481 1.1021E+61
129 6.4000E-04 -8.7420E-91 2.3400E+81 1.8213E+01 -1.2764E+08 2.0499E+81 1.1448E+01
131 4.5080E-04 -8,8781E-81 2.4194E+01 1.8110E+81 -1.2919E+08 2.4325€+81 1.1919€+8!
133 4.4000E-04 -8.9944E-01 2.478BE+@1 1.7978E+81 -1.3857E+08 2.7134E+81 1.2375E+8)
" 135 6.7000E-84 -9.1225E-81 2.53B0E+01 1.7844E+01 -1.3176E+88 2.7930E+8! 1,2834E+01
i 137 4.8000E-04 -9.2519E-01 2,5971€+81 1.7711E+81 -1.3277E+80 2.8786E+81 1.3382E+8!

139 4.9088E-84 -9,3799€-01 2.45626+81 1.7564E+81 -1.3348E+88 2.9444E+81 [.3774E+81
141 7.0008E-84 -9.5074E-01 2.7162E+81 1,7389E+01 -1.3425E+08 3.0201E+01 1.4250E+81
143 7,1000E-04 -9,6374E-01 2.7760€+81 1.7211E+81 -1.3473E+80 3.0916E+81 1.4738E+8!
145 7.2000E-84 -9.7703E-81 2.8354E+01 1.7634E+01 -1.3504E+00 3.1608E+81 1.3215E+84
147 7.3088E-84 -9.8930E-81 2.8998E+81 1.4851E+81 -1.3519E+08 3.2277E+81 1.3703E+8)
149 7.4000E-94 -1.0021E400 2,9552E+01 1.4635E+8]1 -1.3510E+00 3.2922E+01 1.4193E+01
131 7.5000E-84 -1.8150E+88 3.0155E+81 1.6415E+81 -1.3502E488 3.3543E¢0! 1.4485E+0!
133 7.6000E-04 -1.0277E400 3.07G5E01 1.4201E+401 -1.3472E+80 3.4140E+81 1.7177E+01
135 7.7000E-04 -1,0394E+00 3.1352E+81 1.5993E+8)1 -1,3429E+08 3.4713E+81 1.76449E+8) SRS
157 7.8000E-04 -1.8519E+88 3.1957E+@1 1.5744E+81 -1.3371E+00 3.5263E+81 1.8159€+01 RN
. 139 7.9008E-84 -1.0447E+00 3.2543E+01 1.5489E481 -1.3301E408 3,5789E+81 1.8447E+9) SR
= 161 8.9000E-04 -1.8745E+88 3.3147E+81 1.5240E+81 -1,3219E+80 3.4292E+81 1.9131E+81 : -~-i
) 163 8,1600E-04 -1, BSBIE+B8 3.3766E+81 1.50B1E+81 -1.3125E+88 3.4772E+81 1.9611E+01 =]
165 8.2000E-04 -1.1002E+00 3.4372E+81 1.4725E401 -1,3021E400 3.7231E+01 2.8085E+01
167 B,3008E-94 -1.1120E+08 3.4980E+01 1.444BE+81 -1.299E+00 3.7649E+01 2.4S55E+8!
169 8.4000E-84 -1.1235E+08 3.35B4E+81 1.4141E+81 -1.2789E+00 3.8888E+d1 2.1019E+81 e
§71 8.5088E-84 -1,1348E490 3,4189E+81 1.388BE+01 -1.2664E+00 3.8490E+81 2.1477E+81 R
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17
175
Y
179
181
183
185
187
189
191
193
195
197
199
73
E 23
25

~ 7

29

211

) 213
‘; 25
: 27
219
21
23
225
2

LR

-,

231
233
235
237
23
241
243
245
%7
249
1
253
255
25
%59
261
263

267
: 269
- 2
m

8.4080E-84 -1.1440E480

8.7008E-04 -1,1572E+00
8.8860E-84 -1.1679E400
8.9000E-04 -1.1785E+80
9.0000E-84 -1.1892E+00
9.1008E-04 -1.1993E+60
9.2000E-84 -1.,2090E+88
9.3000E-04 -1.2173E+00
9.4008E-04 -1,2291E+88
9.5000€-84 -1,2383E+04
9.4808E-84 -1.2473E+80
9.7000E-84 -1.2544E+80
9.8806E-84 -1,2455E+00
9.9886E-84 -1.2737E+00
1.9009E-03 -1.2818E+08
1.9108E-93 -1.2898E+88
1.8260E-43 -1.2982E488
1.0380E-93 -1.3057E+88
1.0480E-93 -1.3129E+00
1.8500E-93 -1,3206E+89
1.0689E-03 -1.3272€+488
1.0780E-93 -1,3338E+09
1.9600E-03 -1.3399E+00
1.0986E-43 -1.3440E+60
1.1808E-03 -1,3028E+00
1.1180E-93 -1.3579E+00
1.1200E-83 -1.3433E+09
1.1380E-03 -1.3483E+80

1.1408E-03 -1.3730E+80

1.1388E-93 -1.3777E+80
1.1609E-93 -1.3820E+89
1.1700E-93 -1.3840E+00
1.1886E-83 -1.3708E+08
1.1990E-83 -1,3934E+09
1.2080E-83 -1.3949E498
1.2100E-83 -1.40R0E+88
1.2280E-93 -1.4836E+00
1.2300E-93 -1.4858E480
1,2480E-03 -1.4080€+08
1.2506E-83 -1.4180E+00
1.2600E-83 -1.4119€400
1.2790€-83 -1.4137E+68
1.28600E-03 -1.4151E+00
1.2900E-03 -1.4140E+80
1.3080E-83 -1.4144E400
1.3100E-93 -1.4174E+09
1.,3200E-03 -1.4178E+00
1,3380E-03 -1.4179€+00
1.3400E-93 -1.4175E+00
1.3096E-03 -1.4148E+00
§.3600€-03 -1.4143E400

3.4798E+81
3.7409E+81
3.8088E+8)
3.8613c+01
3.9213E+81
3.9821E+01
4.8438E+8)
4.1038E+81
4.1641E+81
4,2240E+81
4.2849E481
4.3457e+81
4.4862E+01
4.4461E+81
4.5243E481
4.3870E+01
4.4477€+81
4.7079E481
4,7628E481
4.9279E+81
4.8883E+81
4.9499E+81
5.8089E+481
3.8684E+81
5.1285E481
J.1889€+41
5.2490E481
3,3085E+81
5,3674E481
3.4274E+81
5.4874E+81
3.9473€+0}
3. 4B46E+81
9.6454€+01
5.72488481
3.7844E+01
3.8437E481
3.9825E+81
3.9486E481
§.9192E+81
4.8781E+81
4.1348E+81
4.1950€E+81
6. 2524E+81
6.3181E+81
6.3684E+01
6,4248E+81
6.4844E+01
4.3419€+81
4,5999E+01
4.,6348E+81
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1.3686E+81 -1.20326488
1.3294E481 -1.2397E+80
1,2985E+81 -1,2257E+80
1.2682E+81 -1.2115E+09
1.2388E+31 -1.1971E+80
1.2846E+81 -1.1826E+68
1.1720E+81 -1.1681E+408
1.1397E+81 -1.1339E+88
1.1077E+81 -1,1399E+88
1.0754E481 -1.1244E+08
1.8483E+81 -1.1135E+88
1.0052E+81 -1.1012E+89
9.7097E+00 -1.08895E488
9.3739E+20 -1.8704E+80
9.0253E+488 -1.8484E400
8.6604E+00 -1.8574E+08
8.2991E+68 -1.8512E+60
7.9440E+68 -1.0441E+80
7.5959E488 -1.8381E+88
7.2392E408 -1 .8334E+89
4.8749E408 -1.0308E+09
6.5125E+80 -1.0200E+08
6.1599E468 -1.8273E¢68
5.8128E+80 -1.0280E+08
S.44468E+80 -1,8301E480
J.8696E+08 -1.8335E408
4.7089E468 -1.8384E+80
4.3419E400 -1.08446E+09
3.9896E+08 -1.0522€+08
3.6193E+80 -1.0413E+08
3.2424E480 -1.0719E400
2.8762E+60 -1.0830E+80
2,5183E+06 -1.9971E+00
2.1684E4+80 -1.1118E+08
1,7998E+89 -1.1274E408
1.4288E+00 -1.1445E+80
§.8673E400 ~1.1624E409
7.1232E-81 -1.1817E+80
3.6192E-81 -1.2017€+88
3.2035E-03 -1.2227E+60
=3.9943E-91 -1.2445E+00
-7.1453E-91 -1.2471E+00
-1.,9653E+08 -1.2905E480
=1.4187E+80 -1,3144E420
-1,7571E409 -1,3387E+00
<2.11B1E+00 ~1.3633E+08
<2.45726488 -1.3882E+08
=2.8000E+80 -1.4131E+99
-3.1364E+08 -1,4380E+08
<3.4702E+00 -1.4629E488
-3.8104E+90 -1.4875E+00

3.8875E+81
3.9247E+01
3.9403E+01
3.9951E+01
4,9287E+81
4.0415E+81
4.0937E+01
4,12578+81
4,1575E+81
4,1894E+01
4,2214E+01
4,2542E+01
4,2873E+01
4,3213E+81
4.3543E+81
4.3926E+01
4,4383E+481
4.4496E+0)
4.5105E+01
4.5533€+81
4,5980E+81
4,4447E+8)
4.6936E+81
4,7447E+01
4.7982E+81
4.8541E+91
4.9124E+81
4,9731£+01
9.8360E+01
J.1014E+81
5.1698E481
5.2389E+81
5.3111E+81
5.3853E+01
S.4617E+01
5.5398E+01
5.4197E+81
5.7012E+01
5.7840E+81
5.8481E+81
5.9533E+81
6.0395E+81
4.1264E481
6.2138E+81
§.3014E+01
6.3890E+81
6.4765E401
4.5634E4+01
§.8501E+81
8.7360E+81
6.8289E+81

2.1929E+8)
2,2374E+8)
2.2811E+81
2.3248E+01 :
2,3660E+81
2.4970E+81
2.4471E+81
2.4842E+81
2.5245E481
2.5617€+81
2.5980E+81
2.6333E+481
2.4474E+01
2,7887E+81
2,7325E+81
2.7629E481
2.7918E+81
2.8192E+81
2,8448E+01
2.8487E+81
2.896BE+81
2.9111E+84
2.9294E+81
2.9458E+01
2,9602E+8)
2.9727€+81
2.9831E481
2.9914E+01
2.9986E+81
3.0024E+81
3.8848E+401
3.6850E+01
3.86831E+84
2.9992€+81
2,9931E481
2.9850E+81
2.9749E+81
2.9627E4+01
2.9484E+01
2.9320E+01
2.9134E+81
2,8925E+01
2.8492k481
2.8435E401
2.8133e+81
2,7845E+01 )
2.7312E481 -
2.7154E+81 D
2.4772E481
2.4345E+01
2.5933E 401 '




275 1.3780E-03 -1.4156E+88 6.7146E+01 ~4.1462E480 -1,5120E468 6,9847E+81 2,5478E+8!
277 1.3800E-83 -1.4142E+08 6.7718E+81 -4.4775E400 -1,5340E+08 4.9870E+81 2.5880E+81
279 1.3906E-03 -1.4128E+80 §.8285E+81 -4.8823E+00 -1,5594E+408 7,8478E+¢61 2.4498E+8!
281 1.4008E-93 -1.4109E+08 4.8945E+@1 -5.1225E+80 -1,5825E+88 7.1469€+81 2.3973E+81
283 1.4100E-83 -1.4091E+08 4,9415E+81 -5,4463E400 -1.6046E400 7,2241E+81 2.3426E+61
285 1,4200E-83 -1.4970E+88 4.9904E+01 -5.7662E+80 -1.4209E+08 7.2993E+01 2.2854E+8!
287 1.4300E-03 -1.4044E+08 7.8547E+81 -4.0813E+408 -1.4441E489 7.3724E+81 2.2244E+0
289 1.4400E-03 -1.4018E+08 7.1118E+81 -4.3920E+80 -1,4452E+80 7.4433E+81 2.1452E+81
291 1.4500E-83 -1,3987E+00 7.1464E+81 -6,4982E+08 -1.4832E+08 7.5118E461 2.181BE+8]
293 1.4608E-03 -1,3956E+00 7.2220E+81 -7.8821E+88 -1,4999E+00 7.5779E+81 2.8343E+81
295 1.4700E-03 -1,3921E408 7.2788E+81 -7.3024E+80 -1.7154E+88 7.4414E48]1 1.7488E+4]
297 1.4000E-83 -1,38084E+88 7,3336E+81 -7.5999E+486 -1,7295E+80 7,7823E+81 1.8994E+0)
299 1.4990E-83 -1,3B44E+00 7,3892E+81 -7.8941E+08 -1,7421E+88 7.7465E+81 1.828BE+6]
381 1.5008€-03 -1,3001E+00 7.4440E+91 -8.1850E+00 -1.7533E+88 7.B141E+8! 1.7544E+8!

k (This history is abbreviated for illustrative purposes.)
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E. INTEGRATION USING SIMPS!
The final step in the ELSHIK analvsis of Caze I iz to
use an appropriate integration algorithm to calculate a
deflection history from the velocity information provided
by the USLOB code. Simpeon‘es 1/3 rule was chaozen in this
work and in tuis example, implemented .in the form of
3 SIMPS1 .BAS which appears in appendix B.
. The following is an entire output listing from this
s program, In the listing, the coordimate directions are
detined as:
X = fore and aft
Y = vertical or normal to the hull
Z = athwartcships
T= 0.0100 nmsec DOX= .000800 in. DY = 0.000080 in, D2 = -0.280082
T= 9.8308 nmsec Dx= 0.000008 in. DY = 9.8008801 in. 02 = -0.000014
T= 0.8500 msec OxX= 8.000081 in., DY = 0.868001 n, D2 = -0.808948
T= 9.870% omsec DX = 0.068002 in. DY = 0.800000 in, 02= -§.800883
T= 0.0980 msec DX= 0.000004 in. DY = -0.000084 in. D2= -0.888144
T= 61100 msec DX= 0,000006 in. DY = -0.900012 in. D2 = -9.800223
T= 08.1308 msec = 0.900899 in. DY = -0.000026 in. D2 = -9.880322
T= 8.1500 msec OX= 0.000013 in, DY = -4.000047 in, DI = -9.880441
T= 0.1780 msec DX= 0.600818 in, DY = -0.000075 in, D2 = -9.08958!
T= 9.1980 nsec DX = 9.000023 in. Oy = -9.800112 in. D2 = -0.000741
T= 0.2188 nmsec OX= 0.000029 in. DY = -0.900157 in. D2 = -0.000928
T= #7788 msec DX= 0.000034 in., DY= -0.080218 in. DZ= -0.801116
T= 8.2588 nsec OX= 9.980043 in, DY = -8.008271 n. D2 = -0.001329
T= 0.2708 nsec DX= 6.008059 in, ODY= -9.000339 in. D= -8.8081555
T= 8.2960 msec OX= 0.800058 in. DY= -0.800414 in. D2 = -§.081793
T= B.3108 msec OX= 0.000063 in, DY = -0.008493 in, D2 = -0.0862040
T= 08,3388 nmsec O0X= 0.800049 in, OY= -9.008577 in. D2 = -8.082295 .
T= 0.3500 nmsec OXx= 0.000074 in. OY= -8.800662 in. D2 = -0.882555 o -3
T= 83760 msec OX= 0.000079 in. DY= -8.,808748 in. D2 = -6.082819 PR
T= 03908 nsec OX= 0.000082 in, DY = -8.000832 in. DZ= -0.88308¢ R
T= 8.4188 msec OX= 6.806884 in. DY = -0.808913 in. D2 = -8.083354 i
T= 0.4308 nmsec DX= 0.906885 in. OY = -8.080988 in. D2 = -0.083420 !1‘.ST?
T= 9,459 msec OX= 0.000085 in. DY = -0.801857 in, DI = -8.893883 o -}1
T= 9.4700 nmsec ODX= 0.069984 in, DY = -9.001117 in. 0= -9.8041d1 RSN
T= 0.4900 nsec ODX= 0.00008! in, Ovy= -0.001167 in, DI = -8.804392 KN
T= 85100 msec ODX= 0.000877 in., OV= -8.001286 in, DI = -0.884434 A
L S
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T= 9,500 nmsec OX= 8.000873 in, OY= -8.801233 in. 07 = -8.884354
T= 8.5560 msec DX= 0.080847 in. OY= -8.801248 in. DI = -6,88588!
T= 8,578 msec DX= 9,808848 in. OY = -8,801251 in. D2 = -0,985283 ‘
T= 8.598 msec O0X= 6.008853 in. OY= -6.881241 in. D2 = -8.005448 o
T= 9.4180 msec DX= 0.000846 in. OY = -0.881219 in, 07 = -8.805634 v
T= 0.4306 msec O0X= 8.980838 in. OY= -0.30118 in. [DZ= -0.885780 :
T= 0.4589 msec DX= 8.090830 in. OY= -0.881144 in, D2 = -B.065983
T= 0.4788 msec DX= 6.008821 in. OY= -8.881993 in. DZ= -8.084884
T= 8.67908 msec DX = 0.880014 in. OY= -8,881835 in. DI = -0.886879
T= 0.7180 nmsec DX= 9,008886 in. DY = -8.060972 in. D= -8.884129
T= 9.7389 nsec 0X= -8.868881 in. DY = -8.800985 in. D2 = -0.884152
T= 9.7580 msec DX = -5.008888 in. DY = -0.808837 in. D2 = -0.886146
T= 9.,7788 nsec DX = -8.000814 in, DY = -8.860778 in. DZ = -0.086113
T= 9.7980 nsec DX = -8.368819 in. DY = -8.808786 in. D2 = -9.384850
T= 0.8188 msec DX= -9.800824 in. DY = -8,008646 in. 02 = -0.885957 ~
T= 9.8389 msec DOX= -8.808827 in. DY= -0.988592 in. D2 = -8,395835 _
T= 9.8580 nmsec O0X= -0.808838 in. OY= -8.808546 in. DZ = -9.885483

i T= §.8708 nmsec OX= -0.888032 in, DY = -9.088569 in. 02 = -5.805502

'_ T= 9.8988 msec DX = -0.800832 in. OY= -.808483 in. DZ = -0.08529!

1 T= §.9180 msec DX = -8.808832 in. DY = -8,800447 in. D2 = -.885058

{ T= 9.9399 msec DX = -5.989831 in. DY = -8,800462 in. D2 = -8.80478! g

k‘ T= 0.9588 nsec DX= -9.000829 in, DY = -8.008469 in. D2 = -0,884484 -
T= 9.9788 msec DX = -8.008825 in, DY = -8.808488 in. 02 = -8.884158
T= 8,998 msec DX= -8.008822 in. DY = -6.808516 in. 02 = -9.88388¢

1 T= 1.8189 msec DX = -0.080817 in, OY= -9.888555 in. 0Z = -8.883426
T= 1.8306 msec DX = -0.888812 in. DY = -0,080483 in. DI = -9.88382!
T= 1.8508 nsec DX = -0.000886 in, DY = -8.808458 in. DZ= -0.882592
T= 1.0700 nmsec DX= 0.000880 in. OY = -8.088719 in. DI = -0.86214! i
T= 1.8900 nsec O0X= 6.900886 in. OY= -8.808783 in. D2 = -0.8081448 .
T= 1.1160 msec DX= 0.900813 in. OY= -6.,000858 in. 02 = -9.861175 '
T= 11,1380 nsec O0X= 0.008819 in. DY = -9.000917 in. D2 = -0.888463
T= 1.1580 msec DX = 0.808626 in. DY = -0,006982 in. DZ= -0.880135
T= 1.1780 msec DX= 0.800032 in. OY = -8.,881844 in. D2 = 9.880488
T= 1.1988 msec OX= 8.800837 in. OY= -0.081188 in. D2 = 9.088945 ol
T= 1,210 msec DX= 9.800043 in. OY= -0.801149 in. DI = 9.801533 .
T= 1.2300 msec DX= 0.988847 in. DY = -8.881189 in. DZ2= §.882!1! .
T= 1.2580 msec DX= 0.880851 in. OY= -0.881219 in. DI = 0.862497
T= 1.2708 msec DX= 0.808854 in. OY = -6.881238 in. D2 = 4.88329
T= 1.2999 nmsec DX = 0.988856 in. DY = -B.001246 in. DZ= 0,883887
T= 11,3186 msec DX= 0.000857 in. DY = -8.981242 in. 0Z = §.,804486
T= 1.3309 nsec OX= 0.008857 in, DY= -8.001z2 .. DZ= 4.885085 i
T= 1.3588 nmsec OX= 0.800856 in. OY= -9.88{199 in. 0Z= 8.885482
T= 1.3780 nmsec OX= 0.886054 in, OY= -8.001181 in. 0Z= 9.806274
T= 1,3998 nmsec OX= 9.888651 in. DY = -8.881113 in. DZ = B8.806848
T= 1.4108 msec DX= 0.008047 in, DY= -0.801657 in. 02 = §.807437
T= 1.4308 nsec DX= 9.808842 in. OY = -8.660993 in. 02 = 6.098084
T= 1.4568 msec OX = 6.886037 in, OY = -8.086924 in, 0Z= 0.808558 -
T= 1.4700 nsec OX= 0.800839 in. OV = -8,989852 in, D2= 9.809698 N
T= 1,498 nsec D0X= 0.000823 in. OY= -0.000777 in. D2 = 9.889421 :
T= 1.5189 msec OX= 0.808815 in. OY= -0.006783 in. DZ= 0.818127 S
T= 1.50 msec OX= 9.986007 in, DY = -8.888432 in. DZ= 9.818612 T
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T= 1{.558 nsec DX= -0.008881 in. OY= -0.8885¢4 in., DI= 0.811875
T= 1.570 nsec DX= -8.008816 in. OY= -0.008563 in. D2 = 0.81!514
T= 1.590 nsec DX= -3.000819 in. OY= -0.0884d9 in. 02 = 6.811927
T= 1.4108 nsec DOX= -0.809028 in. DY = -8.800483 in. 2= 9.812312
T= 1.4300 nmsec DX= -0.008836 in. DY = -B.B8836B in. ODZ= 0.812667
T= 1.6580 msec DX = -0.900045 in. DY = -8.8003d4 in. DZ= 0.8129%0
T= 1.4700 nmsec DX = -3.880953 in. DY = -5.008331 in. 0Z= 9.813282
T= 1.4908 msec OX= -9.800048 in. DY = -8.000329 in. 7= 8.913548
T= 1.7100 msec OX= -0.888847 in. DY = -0,008339 in. DI= 0.813764
T= 1.7300 msec DX= -.800072 in. OY= -0.006359 in. Dl= 0.813952
T= 1.7588 nsec DX= -.800877 in. DY = -3.000398 in. D2 =. B.314104
T= 17700 nsec DX= -3.0080882 in. OY= -0.808430 in. DZ= 0.814219
T= 1.7968 nmsec OX= -8.880685 in. DY = -.000477 in. D2= 0.014297
T= 1.8100 msec OX= -9.000887 in. DY = -8.880531 in. D2 = 8.81433
T= 1.830 nsec O0X= -8.908088 in. OV = -8.800588 in. (02= 9.8143%7
T= 1.850 nsec DX= -8.800888 in. DY = -8.800448 in. DI = 8.814299
T= 1.6780 nsec OX= -8.888887 in. OY= -0.009789 in. OZ= 0.814222
T= 1.8989 nsec DX = -8.008085 in. DY= -0.800769 in. DZ= 9.814105
T= 1.918 nmsec DX = -.000883 in. DY = -9.000824 in. ODZ= §.913950
T= 1.930 nsec DX= -0.008879 in. DY = -8.080875 in. D2 = 8.813755
T= 1.958 nsec DX= -.000675 in. DY= -0.000919 in. O2= 0.013522
T= 1.9780 nmsec DX= -8.088078 in. DY = -.808954 in. O2= 9.013251
T= 1.9980 nsec DX= -8.000844 in. DY= -9.008988 in. DZ= 0.912943
T= 2.8188 nsec OUX= -8.808858 in. DY = -.008995 in. D2 = 9.912598
T= 24380 nsec DX= -0.00051 in. DY= -0.008999 in. OZ= 8.012218
T= 2.0580 msec DX = -9.808045 in. DY = -0.000991 in. D2= 9.011884
T= 2.4780 nmsec DX= -.000838 in. DY= -8.000971 in. OZ= ©.811355
T= 2,898 nmsec DX = -B.000632 in. DY = -5.008948 in. O2Z= @.818875
T= 2.1180 msec DX= -8.000825 in. OY= -3.000898 in. OZ= 9.818363
T= 2.1380 nsec DX= -B.008819 in, DY = -B.808846 in, D2 = 9.889822
T= 2.1508 nsec DX= -8.000614 in. DY = -0.000786 in. O02= 0.899252
T= 2.1780 nmsec DX= -0.800809 in, DY = -B.808718 in. DI = 8.888454
T= 2,980 nsec DX= -.000085 in. OY= -9.880445 in. DZ= 9.088830
T= 2,200 nsec DX= -9.808001 in. DY = -8.880568 in. DI = 9.887383
T= 2238 nsec DX= 0.000081 in. DV= -3.008489 in. OZ= 9.086713
T= 2,288 nsec OX= 0.000083 in. DY = -0.880418 in, D2 = 8.806824
T= 22788 nmsec OX= 0.008004 in. DY = -9.800333 in. DZ= 6.805318
T= 2,298 nsec OX= 0.800083 in, DY = -0.888268 in, D2 = 8.804595 AR
T= 2,318 msec DX= 0.000082 in, DY = -0.880193 in. Dl = 0.093858 R
T= 2,300 nsec OX= -0.600668 in. OY= -8.888133 in. D02 = §.%33(1! \
T= 2,350 msec DX= -0.008004 in. DY = -0.800882 in. DZ= 1 182354 ~ 1
T= 2.3780 nsec OX= -9.800008 in., OV = -0.880041 in. 0Z= 8.641589 RN
T= 2,390 msec OX= -9.080013 in. DY = -3.008011 in. OZ= 49.000828 Qs
T= 2.4100 nsec OX= -0.000819 in. OV = 0.000687 in. DZ= 6.800048
T= 2.4300 nmsec DX = -8.000026 in. DY= 0.000013 in. DZ= -9.800724 S
T= 2,450 nmsec OX= -0.800833 in. DY = 0.006008 in. DI = -9.881493 L
T= 24780 nmsec OX= -.008041 in, DY = -0.008068 in. DZ = .-9.892258
T= 2,490 nmsec DX = -0.000049 in, DY = -0.808835 in. D2 = -6.803817
T= 2.5100 nsec DX= -8.000657 in. DY = -8.008071 in. D2 = -9.0037¢5
T= 2,538 nsec OX= -0.000065 in. DY = -0.800116 in. D2 = -0.804502
T= 25500 nsec DX= -0.000074 in. DY = -0.080167 in. DI = -9.805226
—e
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T= 25708 nmsec DX= -8.808882 in, DY= -0.088223 in. D2 = -§.505933

T= 2,590 msec DX = -0.800898 in, DY = -8.088282 in. DZ= -8.884423

T= 2.6108 msec ODX= -0.008898 in. OY= -8.886342 in. DZ= -0.887294 R
T= 24386 nsec OX= -8.800185 in. DY = -8.000482 in. D2 = -8.007942 .'—‘—
T= 2,658 msec ODX= -9.0081138 in. ODY= -9.980458 in. DZ = -0.888544 e
T= 2.4780 nmsec OXx= -8.808417 in. OY= -8.808518 in. D2 = -6.00916

T= 2.4900 msec DX= -0.888122 in. DY = -8.008555 in. DZ = -0.889739

T= 2.7188 nmsec 0X= -6.868126 in. OY= -8,888592 in. D2 = -0.810281

T= 2738 nsec OX= -9.000129 in. OY= -9.000620 in. DZ= -0.818794

T= 27500 nsec DX= -9.880131 in. DY= -8,888438 in. D2 = -9.,811274

T= 27780 msec O0Xx= -8.,800132 in. DY = -B.080444 in. DI = -0.811720

T= 2.7988 nsec DX= -8.800131 in. ODY= -8.880643%9 in. D2 = -0.812133

T= 2.8180 msec DX= -0.880130 in. DY = -8.008423 in. DZ= -0.912510

T= 12,8388 msec OX= -0.880128 in. DY= -0.800595 in. D2= -8.0{2850

T= 248380 msec DX= -0.880125 in. OY= -8.800556 in. OI = -6.813155 R
T= 12,8788 msec DX = -0.808121 in. DY = -8.888587 in. D2 = -8.613421 ."“"
T= 2.8980 msec OX= -8.808116 in. DY= -B.000449 in. DI = -0,013448 L
T= 29188 msec DX= -0.8081f1 in. OY= -0.880384 in., D2 = -8.812837

T= 29300 nsec OX= -8,800185 in, Dvy= -8.880313 in., DI = -0.813987

T= 2.9500 nsec OX= -8.900898 in., DY = -0.006238 in. DI = -0.814897

T= 29788 msec DX= -0.880891 in, DY= -0.880141 in. D2 = -8.814146 R
T= 29960 nmsec OX= -8.880084 in. DY = -0.888085 in. DZ= -6.8141%6 e
T= 3.0100 msec OX= -8.000077 in. ODY= -0.080810 in. 02 = -6.914185 L 2
T= 3.8360 msec DX= -6.888878 in. DY= 0.88884! in, D2= -0.814135 s
T= 3.8508 msec OX= -8.809043 in. DY= 0.800126 in. DI = -8.01404¢ --_Z.-'_‘.‘_-
T= 3.8789 nmsec DX= -§.080856 in. DY = 0.888§84 in, DZ = -9,813917 e
T= 3.8980 nsec O0X= -8.800058 in. OY= @.088233 in, DI = -§.813751
T= 3.1180 nsec DX= -0.888044 in. OV = 9,088272 in. 02 = -8.913548 ,"“"
T= 3.1388 nsec DX= -5.800839 in. OY= 0.800299 in, D2 = -8.813309 >
T= 3.158 nmsec OX= -8.000835 in. DY= 9.808315 in, D2= -0.813834 R
T= 3.1780 msec OX= -0.880031 in. OY= @.888320 in. DZ= -9.812726

T= 3.1989 msec DX= -8.888828 in. OY= 90.888312 in, DZ= -0.812385 N
T= 3.2188 msec DX= -8.888827 in, DY= 8.008294 in, D2= -8.B1201} S
T= 3.2308 nsec DX= -0.800826 in. DY = 0.808244 in, D2= -8,811488 e
T= 3.2588 msec DX= -0.980024 in. DY= 0.,808225 in. DZ= -8.B11174 -~
T= 3.2786 nmsec OX= -8.800027 in. OY= 0.080177 in, 02 = -8.818715 s
T= 3.2988 msec DX= -0.888038 in. ODY= 0.088123 in. D0Z= -8.818231

T= 3.3188 msec DX= -8.808033 in. DY= 9.880843 in, D2 = -8.889723

T= 3.3300 msec DX= -8.808937 in. DY= 9.008080 in, D2 = -0.889192

T= 3.3586 msec DX = -B.000842 in. DY = -0.008844 in. D2 = -9.988442

T= 3.3700 nmsec DX= -8.800047 in. DY = -8.088127 in. D2 = -0.80887¢ - -
T= 3.3988 msec DX= -9.008854 in, DY = -9.980188 in, D2 = -0.887492 -
T= 3.4190 msec O0X= -6.808868 in. DY = -8.898244 in, D2 = -0.884897

T= 3.4380 nsec = -9.800848 in. DY= -8.800294 in, D2= -8.004298

T= 3.4500 nmsec DX= -9.000075 in. OY = -0.00833¢ in. D2 = -9.985673

T= 3.4788 nmsec ODX= -8,900883 in. DY = -8.008348 in. 02 = -8,085050

T= 3,499 nmsec 0X= -9.880691 in., OY= -0.008398 in, DZ= -6,884422 s
T= 3.5168 msec DX= -0.0008898 in. DY= -8.900400 in. DZ= -0.083791 s
T= 3.500 msec OX= -8.808185 in. DY= -9.000399 in. D2= -9.983159

T= 3.5500 nmsec OX= -9.888112 in. OY= -0.000387 in. D2 = -0.002538 .

T= 3.5780 msec DX= -0.00011% in. OY= -0,880362 in, 02 = -8.001905 :
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T= 3.9990 nsec DX= -8.000125 in. OY= -0,888327 in, D2= -0.081286
T= 3,410 msec DX= -8,008138 in. DY= -0,080281 in, 02= -9.900477
T= 3.430 nmsec OX= -6.000134 in, OY= -8,898227 in., 02 = -9.006879 .
T= 3.43580 msec DX= -9.000138 in. DY= -0.008145 in. D2 = 9.800508
T= 3.4788 msec [DX= -9.088149 in. DY = -9.800897 in. D7 = 0,801878
T= 3.4988 nsec 0X= -0.806142 in., ODY= -9.880824 in. D2= 0.801432
T= 3.7100 msec [X= -8.096142 in, OY= 0.880058 in. D2= 9.082147
T= 3.7368 nmsec DX= -0.808142 in, DY= 8.000125 in. D2 = 0.88248! AR
T= 3.7508 nmsec Ox= -8.000140 in., DY= 9.088197 in., 02= 9.803174 PO
T= 3.7788 nsec = -0.800137 in. DY = 9.080246 in. D2= 9.803:43 ..
T= 3.7988 msec OX= -8.408134 in., O0Y= 9.868338 in. DZ= 0.804084
- T= 3.8180 nsec OX= -0.000130 in., OY= 0.806387 in. 02 = 9.084581
. T= 3.8308 nmsec DX= -8.008124 in. OY= 9.888434 in. D2 = 8.804889
: T= 3,850 nsec OX= -9.808(18 in., OY= 9.088472 in. 0Z= 0.865246
b T= 3.8708 nsec D0X= -9,000112 in, DY= 9.08049%9 in. DZ= 9.885571 .
‘ T= 3.8900 nsec DX= -0.808185 in. DY = 8.868514 in, DZ= 0.885845 »
T= 3.9100 nsec O0X= -0.800097 in. OY= 0.006518 in, D2= 4.886125 KOS
T= 3.9388 nsec OX= -0.800689 in. DY = 0.808589 in. 02= 4.88435! R
¥ T= 3.9588 nsec OX= -0.906881 in., DY= 0.000489 in. 0Z= 9.886543 .
T= 3.9700 nmsec DX= -0.800873 in., DY= 0.000458 in. D2= 0.884699 R
T= 3.9900 nmsec O0Xx= -0.900045 in, OY= 8.808418 in. D2 = 9.884819 S
T= 4.01808 nmsec OX= -8.900858 in. DY= 9.080369 in. D= 0.8084905 »
T= 48388 nsec OX= -9.000051 in. OY= 9.000313 in. D2= 9.884953 W
T= 48580 nsec DX= -9.008844 in, DY = 0.900252 in. D2= §.804944 Z;-:’ :'.:
T= 48700 nsec DX = -0.080838 in., DY= 8.,000187 in. DZ= 9.684944
T= 49990 nsec OX= -0.000832 in., DY= 9.000121 in. D2 = 0.884884 e
T= 41108 nmsec DX= -9.900828 in. DY = 9.080056 in. 0DZ= 9.806789 SO
T= 4,138 nmsec DX= -8.990024 in. OY= -8.800007 in. 02= B.895459 »
T= 4,580 msec OX= -0,000021 in. DY = -8.900865 in. DZ= 8.0044%¢4 o
T= 41780 nmsec DX = -8.080020 in. DY = -6.900118 in., D2 = 9.884294 IR
T= 4.1998 nmsec OX= -0.000019 in. DY = -8.080162 in. D7= 0.004942 RO
T= 4.2188 msec OX= -0.008019 in. DY= -0.880197 in. DZ= 6.88579¢ DRI
T= 4.2302 nmsec OX= -0.000020 in. DY = -8.900222 in. DZ= 9.98558¢ S
T= 42566 nsec O0X= -0.860822 in., OY= -0.808236 in. DZ= 0.885174 .
T= 42708 nmsec DXx= -8.000925 in. DY= -9.900238 in. D2 = 9.064818 e
T= 4299 nmsec OX= -0,000829 in. OY= -0.008228 in. D2 = 6.88443¢ -
T= 4.3168 nsec OX= -8.980034 in. DY = -0.800207 in. O0I= 9,804827 o
T= 43308 msec OX= -9.000839 in. DY= -9.888175 in. 02 = 0.883593
T= 43500 msec OX= -0.000045 in., OY= -0.800132 in. DZ= 0.88313% T
T= 43700 nmsec DX= -8.000852 in. OY= -9.80088] in. D2 = §.982457 »
T= 43900 nmsec OX= -0.800058 in. OY= -8.000021 in. DZ= 9.002158 o
T= 4.4109 nsec DX = -0.000065 in. OY= 0.000044 in. D2 = 6.9881441
T= 4.4300 nmsec DX= -0.900872 in. DOY= 9.000114 in. DI= 2.901109
T= 44500 nmsec DX= -8.000079 in. OY= 9.080187 in. D2 = 0.008542
T= 4.470¢ nsec DOX= -0.000084 in. OY= 0.000268 in. 02 = 9.000085 PR
T= 44990 nsec DX = -0.008093 in. OY= 8.900331 in. DZ= -9,008543 »
T= 45100 nsec OX= -8.000099 in. OY= ©.000399 in. D2 = -8.881138 T
T= 45300 omsec DX= -8.008184 in., OY= 9.800462 in. 02= -0.001719
T= 45508 msec OX= -9.000109 in. OY= @8.000517 in. 02 = -0.002303
T2 45708 nmsee DX= -9,000113 in. ODY= 8.,00055 in, 02= -8,802088 B
T= 4598 nmsec DX= -8.089116 in. ODY= 9.080602 in., DZ= -0.083472
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- T= 4.4180 amsec OX= -0.800118 in, OY= @.808629 in. DZ= -0.004833
- T= 4,6309 asec OX= -3,88819 in, OY= 0.808444 in, O0Z= -8.804629
" T= 4.4500 msec ODX= -8,000120 in. DY = 0.000448 in. D2 = -8.8051%4
’ T= 44700 nmsec DX= -8.00011% in. OY= 0.000648 in, 02 = -0.005754 —_—
- T= 4,498 nsec DX= -~0.000117 in, OY= 0.800620 in. D2 = -0.804299 CoT
T= 4,7108 nsec OX= -8.000114 in, DY= 6.008596 in. 02 = -08.88683!
T= 4,730 nsec O0X= -8.800118 in, OY= 9.000558 in. DZ = -0.907345 e
T= 4,750 nsec Ox= -§.806185 in, OY= 6.066561 in. DZ= -8.987841 e
T= 4,7780 nsec OX= -0.800188 in. OY= 8.000445 in. DI = -9.008318 i i
T= 4,7968 nsec 0X= -0.066893 in. DY= 0.088383 in. D2= -0.808772 .
T= 4.8168 nsec O0X= -8.800884 in. OY= 0.008318 in. 07 = -8.809202
T= 4,838 nmsec ODX= -0.000879 in. DY = 8.808251 in. D2= -0.009408
T= 4,850 nsec OX= -~8.000871 in. OY= 0.008184 in. 02 = -8.089987
T= 4,878 nsec OX= -8,800862 in, OY= 0.006128 in. D2 = -9.818337
T= 4,890 nsec DX = -9.008854 in, DY = 6.000068 in. ODZ= -0.818438
T= 49188 nmsec DX= -0.800045 in. DY= 0.008885 in. DZ = -8.018748 -
T= 4,930 nsec DX= -0,800837 in. OY= -0.860042 in. 02 = -0.811285 '
T= 4,989 msec DX= -5.008828 in. DY = -0.00087%9 in. D2= -9.011429
T= 49708 nsec DX= -8.000020 in, OY= -8.088187 in. OZ= -0.8114i8
T= 4.9989 nsec = -3.080833 in, DY = -B.800124 in. ODZ= -0.811771
T= 50100 nmsec OX= -9.880096 in. DY = -.868129 in. 02 = -8.911888 L
Y T= 59300 nsec OX= 9.,008886 in, DY= -0.6808123 in. D2 = -0.811949 o~
T= 5.8580 nmsec OX= 8,008086 in. OY= -0.808185 in. D2 = -0.012812 T
T= 50700 nsec D0X= 8.008811 in. DY = -6.880074 in, 02 = -0.012817
T= 5.8988 nsec ODX= 0.808814 in, DY = -0.806837 in. DI = -9.011985
T= 5.4180 nmsec O0X= 0.000817 in, DY= 0.008812 in. DZ= -9.811914
T= 95,1300 nmsec OX= 0.000019 in. DY = 0.001498 in. DI= -0.811886 _—
T= 15,1508 nsec OX= 9,800819 in, DY = 0.801581 in. DI = -8.811459 s
T= 5.1708 nsec DX= 0.000819 in, DOY= 8.001629 in. DZ= -0.811474 =
T= 5.4980 msec ODX= 0.808918 in. DY= B8.061700 in, DZ= -8.811252 o
T= 5210 nsec O0X= 9.000818 in. OY= 0.801771 in. DI = -8.8108992
T= 52300 nsec DX= 0.800013 in, DY= 6.881842 in. 0Z= -0.0106%6
T= 5,258 msec ODX= 0.000009 in, OY= @.001999 in. O0Z= -0.008343 el
T= §.,2708 nsec DX = 9.080004 in, DY = 0.801971 in. DZ = -0.88999¢ Shuncen
T= 5.2980¢ msec O0X= -9.888881 in. OY= 6.002827 in. OZ= -8.8895%4 BRI
T= 53100 nmsec DX = -0.000887 in, DY= 0.002874 in. D2 = -0.089148 e
T= 53380 nsec O0X= -6.000813 in. OY= 6.882112 in. D2 = -0.8884%4
T= 15,3508 nsec ODX= -0.800019 in, ODY= 0.,002139 in. DZ= -0.008198
T= §5.3788 nsec = -9.806626 in. DY = 9.882155 in. D2 = -0.887474
T= $.3900 nsec OX= -0.908832 in. DY = 0.8621686 in. DZ= -0.887122
T= 54100 nsec DX= -0.008838 in. OY= 0.882132 in. D2 = -0.884544 -
T= 5.4300 nmsec ODX= -0.000044 in, DY = 0.982133 in, DZ= -0.905943
T= 5.4500 nmsec OX= -6.0088589 in. DY = 0.0882194 in. D2= -9.805318
T= 5.4700 nsec OX= -0.000855 in, OY= 0.802064 in. DZ= -0.004674
T= 5.4900 msec OX= -0.900859 in. DY= 0.002815 in. DZ = -0.004810
T= 55100 nsec OX= -0,008043 in. OY= 0.801959 in, 02= -0.903329
T= 55300 nsec OX= -B.080046 in. DY= 6.081898 in. D2 = -0.092434 -
T= G5.5588 nsec DX= -0.000848 in, OY= 9.081832 in. O0Z= -0.881927 :
T= 5,500 nsec OX= -0.000049 in, OY= 0.801764 in. D2 = -0.801209
T= 55900 nsec OX= -08.000069 in. OY= 0.00149¢ in. DZ= -0.000483
T= 35.4180 nmsec DX= -9.800068 in. OY= 9.801638 in. D2= 10.806248
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™RXCO
TMAXCY)
™HAX(2)

5.4388
5.4580
5.6790
5.4988
5.7109
5.7380
5.75088
5.7798
5.7988
5.8168
3.8388
5.8588
5.8788
5.8968
5.9188
5.9308
5.9580
5.9708
5.9980

nsec
nsec
msec
msec
msec
msec
nsec
nsec
msec
msec
msec
nsec
msec
msec
meec
nsec
msec
nsec
msec

3.7189
3.3ve8
1.8308

DX = -8.800046
0X = -9.800843
DX = -9.880059
DX = -8.880054
0X = -9.906049
DX = -8.880042
DX = -0.886035
DX = -8,008827
0X = -9.908019
0X = -8.008018
DX = -8.60060)
DX = 0.800008
DX = 9.000817
OX = 0.000025
0X = 0.000834
DX = 0.000042
0X = 8.800849
0X = 8.806856
DX = 0.8880862

nsec DMAXC(X) = -0,8008142

msec OMAX(Y) = 9.882140
msec DMAX(2) =  0.8143%7
112

in,
in,
in,
in,

pY =
DY =
by =
DY =
DY =
bY =
DY =
DY =
oY =
0Y =
DY =
DY =
oY =
bY =
bY =
DY =
DY =
o=
DY =

in,

in.

in.

8.801347
8.901510
9.0881441
b.801428
0.281389
8.601349
8.201340
8.881363
8.881377
8.001483
0.001439
8.861485
9.0881539
8.901599
8.901645
0.081734
9.201804
8.001873
8.001939

in.
in,
in.
in,
in,
in,
in,
in,
in,
in,
in.
in,
in.
ine
in.
n.
in.
in,
in,

SO0 D OO0 OO OO OO0 o Do o

P R NP NN N PN RN RN NN NN NN

LU T A | N 20 | F [ [ I T AN | O T T | A T TN | N O : IO ' O O I |}

6.800983
$.881720
9.802456
8.083189
§.083517
8.004438
§.005350
9.804051
8.886737
9.087408
6.880041
8.088494
9.809385
9.889892
8.819454
8.818990
0.811497
8.811974
9.812428
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