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ABSTRACT

A generaliz ed shi p moti on and hu l l  f lexur e data base
applicable to the CG-26 was developed. This data base is

stored on the David W, Tay lor Naval Ship Research and Development
Center CDC 6700 computer disk packs. This data base consists

of both an extensive frequency domain data base an d an extens ive
t i me domain data base of the rigid body motions and the angular

hull deflectiens. The conditions represented in the data base

inclu de a range of ship speeds and sea conditions at headings

from head to following seas. Also included are the necessary

computer programs to access and manipulate the data as required.

ADMINI STRATIVE INFORMATION

— Th i s inves tigat ion was au thorize d by Naval Sea Systems Coma nd Program
El ement ~35~4N, Task Area Number S0407055 and was performed under Work Unit
Number 1-15U-$$1.

I NTRODUCT I ON

In order to access the overall combat capability of surface ships, the

Navy has Initiated the development •f a topside synthesis model (TSM) for use

in ship design. The predicted responses generated In this investigation will

b used as input ts the TSM.

The responses necessary as Input t. the TSM consist .f the rigid body

mot i.ns, vel.cities and acceleratIons of the ship ’s origin* as wall as motions
if ether des ignated points on the ship. It was also necessary to predict the

angular hull girder deflections to help further evaluate the combat capability

if the CS-2~. This investigation established the extensive data base necessary
for the TSM. This data base consists if both frequency damain data base and

I’

~~~ .rlgln l ies at the intersection if th. calm water p lane and the perpendicu-
lar through the ship canter if gravit y f.r the ship with zero heel and trim.



a t ime domain data base of the CG-2~ rigid body mot ions, veloci ties arid acceler-

ations and the angular hu l l  def lections. The frequency domain data base also
inc lu des the mot ions , vel oc i ties , and accelerations of two add i tiona l loca t ions
on the ship. The frequency domain data base consists of the mot ions of the

ori g in , i.e., sur ge, sway, heave, roll , pitch , and yaw, and their veloc i ties and
accelerations. Also included are the transverse, la teral , and ver ti cal mot ions ,
velocit ies and accelerations of two additiona l points on the ship. The vertica l ,

transverse and torsion al deflec t ion ang l es were also predicted for five locations
along the ship )ength. These were invest igated for both long—crested and short-
crested sea condition s ever a range of headings and ship speeds. The time domain

data base consists of the same predictions for the ship ’s ori gin as well as the
same angular deflections but at four locations along the ship length. These were

investigated over the same range of headi ngs and speeds as the frequency domain

analysis fir a set of long—crested sea conditions.

This data base has been stored on the CDC ~70O at David W. Taylor Naval
Ship Research and Development Center (OTIISRBC) on a series of disk packs , along
with the necessary computer programs to access the data. A computer program

is available to interpolate the hull deflection time histor ies for additional
poin ts alon g the shi p length and to provide short-crested t ime h i s tories from
the long-crested time history data base.

CONDITIONS INVEST IGATED

This study was conducted fir the CG-2~ (body plan presented in Figure 1)
using its load conditions as obtained from the Naval Ship Engineering Center

(NAVSEC). The ship characteristics as designated for this i nvestigation are
presented in Table 1 wIth the l.ngl tud lnal lead distribution presented in Figure
2. it may be seen in Figure 2 that the load distribution was revised ; however ,
the bu lk if this computational study had been comp leted and the differences were
net viewed as sIgnIficant enough to warrant recalculations. This investigation
was carr ied eut fir ship speeds of 5, ii, 2$, and 25 knots.

For the frequency domain data base , the statistical rigid body mot ions and
hull deflection. ware predicted for the ship speeds Ind icated fir a rang. if

2



headings and sea conditions. The rigid body mot ions were investigated at three
locatIons on the ship. The first location investigated was the ship ’s o r i g i n
which Is located on the center line co incident with the longitudinal center of
gravity and the waterp iane. Here the six degrees of freedom of surge, sway,
heave , roll , pitch, and yaw were investigated. Predictions of the displacements,
velocities and accelerations of each of these modes of mot ion were made at the
or igin. The next location investigated Is designated as the Gun Mount wi th Its
location being 59.4 meters (195 feet) aft of the longi tudinal center of flota-

tion (LCF ) and 5.~~~ meters (18.4 feet) above the waterline on the ship ’s center-
line. Predictions of the longitudinal , transverse and vertica l displacements,
velocIties and accelerations were made for the Gun Mount. The third location

studied is designated as the 48c Radar with its location being 14.6 meters (48
feet) forward of the LCF and 31.1 meters (102 feet) above the waterline on the
center line. Tne same predictions were made for the 48C Radar as for the Gun
Mount. The predict ions of the hull deflections were made for five locations
along the ship with these being ?elat ive to the Station 0.5, i.e., zero
deflection at StatIon 0.5. The five locations for which these hull deflections
were made were Stat ions 1.5, 5.5, 10.5, 15.5, and 18.5. At each of these
locations response amplitude operators (MO ’s) were predicted for the transverse

and vertical displacement deflections and the transverse, vert ica l , and tors ional
angular deflections; however, the statistical data base was generated for the
angular deflections only.

The frequency domain data base consists of the statistical data for the
motions and deflection s ind i cated. This includes an extensive i nvestigat i on
of the four speeds ind i cated (5, 10, 20, and 25 knots) over a range of headings
and sea conditions. The headings included in this data base are head waves (180
degrees) to following waves (zero deg rees) In 15-degree increments for a total
of thirteen head Ings. Th. sea conditions included were described using the
Bretschneider two—parameter mathematical formulation . Statisti cal data for the
motions and hull d.flecttons, i.e., root mean square (RMS) and period associated
with the largest response cycles (Ta), ware predicted for significant wave
heights of 2 meters (~~~.5 feet), 3.1 meters (10.2 feet) and 5.2 meters ~~~~
feet) with modal periods of ~~~, 8, and 9 seconds, respectively, as well as a

3

~~~~ ~~~~~.



significant wave height of 3.0 meters (10.0 feet) for modal periods of 7, 9, 11 ,
13, 15, 17, 19, and 21 seconds. Calculations were made for the 10—foot signifi-

cant wave height only because predict ions of both mild and severe conditions are
readily available from these results by direct sca ling of wave height at the
desired modal period. This is possible as linear theory was used in generating
the data base. For all of the sea conditions Indicated , both long-crested and
short—crested resu lts are Inc l uded in the frequency domain data base. The head-
ings ind icated for the short—crested results refer to those from wh ich the major

port ion of the wave energy Is directed.

The t ime domain data base consists of t ime history results for the same
mot ions and angular  hu l l  defl ect ions as for the frequency domain data base wi th
the exceptions •f the Gun Mount and 48c Radar mot ion results and the angular
defi ect lon s at Station 1.5. The wave t ime history is also included in the time
domain data base The conditions i nvestigated include the same speeds and
headings as for the frequency domain results for the 2, 3.1 , and 5.2 meter si g-
nif i cant wave heights as Indicated ; however in this case only long-crested

results are included . As Indicated , the software is available to produce short-
crested time histor ies from the long—crested results and the additional headings
necessary for this are included in the data base. The t ime histories were pre-
dicted for each of the conditions indicated to represent a duration of one-half
hour of ship operation.

COMPUTAT I ONAL PROCEDURE

Transfer functions for ship m tion and load response were calculated using
the theory .f Salvesen, Tuck and Faltinsen , Reference 1*, as imp l emented in the
DTNSR$C six degree-of-freedom Ship Motion and Sea Loads Program (SMSL), Reference
2. The limits on surge, sway and yaw described In Reference 3, ordinarily applied
in later steps , were applied to the transfer functions so that the sea l oads would
reflect these limits. The effect is believed to be small because these limits
apply only at very - low enceunter frequencies , at which dynamic effects en loads
are qu i te small.

*Referencas lis ted en page 33.
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Transfer functions for the f lexures were calculated from the load transfer
funct ion using a simple static beam model of the ship hull. Uniform loads and
torsional moments per unit length were calculated from the SMSL output of
vertica l and horizontal shear forces and tors ional moment at each half station .

From s imple structura l theory (Reference 4), the deflect ions are found
from

— j C 1 (~)V 1~ 3 (C)dC

0

where
• torsional deflection

e2 — slope of vert ical displacement of neutra l axis

e 3 — slope of horizontal displacement of neutral axis

the moments are

— torsional moment

V5 — vertical bending moment

V6 horizontal bending moment

and the constants are

C1 1/(GC.1.)

-
~~~~~~ 

- 
C
2

— 1/(E . l
~~~~~~)

C3 — -I/CE . I )

O — shear modulus

£ • modulus of elastici t y

C1. • a structural constant — polar moment of inertIa for a bar

• msmsnt of inertia about y-axls of structure cross section

• msmsn~ of inertia about z—axis of structure cross section

Numerica l va lues for the last three quantities were provided by NAVSEC , and

are presented In Figure 3.
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The transfer functions were used by program ESPEC to calculate frequency

domain statistica l computations. The theory and equat i ons executed by ESPEC

are documented in References 3, 5, and 6.

Time histories of wave height , shi p ri g i d body mot ions , velocities , and
accelera t ion s, and flexures were computed from the transfer functions using
the theory and equations of References 3 and 7.

The time history data base, stored on disk packs as described in Appendix

A, can be easily accessed using the program THACES, for wh i ch a user ’s manual Is

provided In Appendix B.

RE SULTS

The CG-26 data base consists of a frequency domain data base , a time
demain data base, and the computer program necessary to access the time domain
data base. A representative sample of some of the frequency domain data base

is presented in Figures 4 through 13. In Figures 4 through 8, the long—crested
and short—crested root mean square (RMS) results are compared as a function of
heading angle for a ship speed of 25 knots and a significant wave height of 3.1
meters with a modal period of 8.0 seconds. Figure 9 compares the long-crested
and short-crested MS deflection angle results for the long-crested worst head-
ing results (based on Station 18.5) as a function of ship station for the same
speed and wave height as the prev ious figures. The long-crested RMS deflection

angle results for the 3.0 meter significant wave height are invest igated in terms
of modal wave period in Figure 10 for the stations indicated again for a ship
speed of 25 knots. The worst heading (long-crested) results are investigated
as a function of ship speed in Figures 11 through 13 for a significant wave
height of 3.1 meters and a moda l period of 8.0 seconds for both long-crested and
short-crested predictions.

The c.stly and time—consuming procedure of generating the extensive time
history data which makes up the t ime domain data base has been completed. This
data is available and easily accessible, as ind i cated herein , to meet the
sp.cifTc needs of the user. Same of the statistics derived from these t ime



p
histor ies have been compared to the statist ics derived through the frequency
doma in analysis with favorable results.

CONCLUSION S

- The most time- and cost—consuming aspects of the ship motion and flexure
predict i ons have been completed for the CG-2~. A frequency domain data base,

- including MG and MS/TOE response predict ion s, and a t ime domain data base
and time history access program have been developed. Documentation for using
the access program is Included.

3



TABLE 1 - SHIP PARTICULARS

Displacement , t~ 8458.9 tonnes (8594.6 long tons) 
-

Length between Perpendiculars , ~~ 159.7 meters (524.0 ft)

Beam, B 16.6 meters (54.4 ft)

Draf t, T 6.2 meters (20.2 ft)

Transverse Metacentric Height , ~ 1.5 meters (4.97 ft)

Longitudinal Center of Gravity , LCG 85.3 meters (279.8 ft)

Vert ical Center of Gravity, kG 6.0 meters (19.8 ft)

Shear Modulus , G 8.3 x 10k MN/rn2 (12 x 106 psi)

Modulus of Elasticity, E 20. 7 x l0~ MN/rn2 (30 x 106 ps I )

~~~~~

p —  
~~~~~~~~~~~~~~~~~~~~~ 

—
~

—— - — — —  — — ---.— 
-~

_ _ _ _ _ _ _ _ _



FIgure 1 - Sody Plan of CG-26
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APPENDIX A
DISK PACK CONTENTS

This appendix describes the location of data files stored on priva te disk
pack at the DTNSRDC 6~OO/670O computer site. These may be accessed by any user
with access to the DTNSRDC CDC 6~OO/670O system using procedures described in
Reference 9. All f i les are catalo ged usin g ID — CHWA. Detailed examples of
accessin , data files are given in Reference S.

The permanent file names (PFN ) for the response t ime histories have the
format CG26FL.EXUREPRODTHxxHyyyTMzz ,
where ,

xx — speed in knots. This must be one of 05, 10, 20, or 25.

yyy — heading in degrees. This must be one of -30, -15, 000,
015, 030, 045, 060, 090, 105 , 120, 135, 150 , 165, 180,
195, or 210.

zz — modal period in seconds. This must be one of O~, 08 or 09.
The corresponding significant wave heights are 6.5, 10.2 , and
$6.9 feet respectively.

Th, files for the six second modal period are stored on disk pack VSN —

DV4805 SN HJPKO3. The files for eight second modal periods are stored on
disk pack VSN DVIi79S, SN • HJPKOI . The files for th. nine second modal
period are stored on disk pack VSN DV4801, SN • HJPKO2.

Two versions of the access program TI4ACES are stored on private pack
HJPKO I I,, both update and relocatable binary forms. The PFN’s are

ACCESSxxUPDA i E

ACCESSxxLGO
where xx — 05 or 06. Version 06 Is the final version wIth plotting capability
removed to reduce the core required . V.rsien 05 retains the plotting cape-
billty of THACP, Reference 8, but thi s plotti ng capabilIty has not been t*sted
since the progra. was modified to handle flexures. 

. 

-
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Files containing various intermediate results are also stored on these
packs .
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APPENDIX B
ACCESS COMPUTER PROGRAM DOCUMENTATION

GENERAL I NTROOUCT ION

The “Time History Access Computer Program,” THACES, was developed to access
and manipulate the basic ties histories that ware generated and stored to be
accessed by DTNSRDC ’s CDC ~7O0 computer. This basic program therefore provides
all of the essential functions that will allow th. user to employ the stored
ship motion data for his own specialized application . Before listing the basIc
capabilities of ThACES , It should be noted tha t the development of further
programs tha t , for example , alter the basic seaway description to includ e swell ,
or to alter the math model of the shoring loads required to keep an object
resting on the ship from moving, or develop specific math models that add ress
the specialized requ i rements of a g i ven program are not excluded by the format
of the present vers ion of TMCES. Such latter specialized programs wou ld, of

course, still use the accessing or read capabili ties of THACP.

The program described in this appendix is Program THACP of Reference 8,
extended to handle ship flexures. See Reference 8 for detailed examp l es of
its use.

LIST I NG OF THACES CAPABILITIES

At present THACES prov ides the cap ability to:

(1) Peed a file of origin time histories (long-crested or short—crested)
from either a disk pack, main disk , or magnetic tape.

(2) Peed a file of point ties histor i es (long-crested or short—crested )
as defined on following pages.

(3) Generate and save a file of short-crested origin ties histories .

(4) Generate and save a file of long-crested or short-crested point
- time histories.

(5) Compute MS, max imum and mInimu , va lues for origin t ies histori es.
1-

25 

- -~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
.5.- — — -.--~ . 

— —



‘ 1
(6) Compute average, standard deviations, maximum and minimum va lues

for paint time histories.

(7) interpolate f lex ura l response.

(5) Print point time histories.

(9) Plot p.Int time histories (net tested).

IDENTI FI CAT I ON IF OR IGIN TIME HISTORY F ILE

An origin ties history file Is the basic ship motion data base. This file
contains for one ship at one par ticular heading and speed a set of 31 shIp
response or wave height time histories. Al l responses on a given file are for
the same speed , significan t wave height, and modal period.

All ship moti.ns, ve locities , and accelerations represent responses at the
origin described In Reference 2. This origin Is located in the calm water water-
plane , on the centerline at the longitud ina l location of the center of gravity of
the ship. All flexure responses are relative to Station 1/2.

The origin data file may contain either long—crested or short—crested
responses and wave height . The order of the ~ ta in the fil e is:

(1) Wave heigh t

(2) Surge

(3) Sway

(4) Nsave.‘- -- 
(5) Rol l

(‘) Pitch

(7)Yaw

(I) Surge velocity

(9) Sway velocity

• . . 
‘

• • •
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(13) Yaw velocity

(14) Surge acceleration

(15) Sway acceleration

(19) Yaw acceleration

(20) Torsional flexure at Station 5.5

(21) Vertical flexure at Station 5.5

(22) Horizontal flexure at Stat ion 5.5

(23) Torsional flexure at Stat ion $0.5

(24) VertIcal flexure at Station 10.5 
-

(25) HorIzontal flexure at Station lO.5~~~
(2k ) Tors ional fiexure at Station 15.5

(27) Vertical fiexure at Station 15.5

(28) HorIzontal flexure at Station 15.5

(29) TorsIonal flexure at StatIon 11.5

(31) Vertical flexure ‘at Stat ion 18.5

(31) Horizontal flexure at Station 18.5

The ebove flexures are relative to Station 05

IBENTIFICATION IF Pu NT TIME HISTIPY FILE

Ship responses at locations ether than the erlgln can be calculated using
TNACP and the origin ties hIstory file. For this purpose, the ship is assumed
to rotate about its origin as a rigid body. When responses at points other

27
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than the origin are required, these points must be located. Since the motion
pred iction origin is not a commonly used reference for shipboard locations of
points, a new point of reference is specified at the Intersection of the aft
perpendicular , the longitudinal centerline, and the baseline.

The point t ime his tories may be long-crested or short-crested and contain
from 1 to 50 responses at a specified significant wave height and modal period.
These responses can be:

(1) Any of the first 19 responses (wave height , ship mot ion, velocity or
acceleration) on th. origin time history file.

(2) The displacements , velocities or accelerations of the longitudinal ,
lateral , and vertical responses at specified points.

(3) Lateral and normal forces and loads in the ship coordinate system at
specified points.

(4) Tors ional , ver t ical , or horizontal flexure at a specified longi tudinal
position relative to any other specified longitudinal position. These
flexures are obtained using a spline interpolation routine.

THACP DATA CARD INPUT

GENERAL

The data card input for the THACP consists of 14 data card sets. Data card
sot 1 specifies the type of input t ime history file , whether origin or point. It

if also specifies whether a short-crested origin time history file will be generated.
: Data card sets 2-7 specify the information required to generate a point ties

history file. Data card sets S—lI are optiona l and are used to print the point
t ime histories. Data card sets 11—1 4, also optional, allow the user to plot the
point time histories on a Calcomp plotter. A mare detailed explanation of each
data card set is provided in the next section.

BCSCRIPTISN OF TNACP INPUT DATA CARD SETS

DATA CAPI SET I. One Card, Forest (IS) 
- - 

-

ISTAPT, integer, column 5, program run optien

2$
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I START — 0 (a) 11 long—crested origin time history files (TAPE2O ,...,
TAPE3O) are input. Each f i le represents a component
heading requi red in the generation of a short-crested
time history. Th. short-crested predominant heading,

~
pRED’ is always associated with TAPE25.

TAPE2O — UPRED -

TAPE21 
~PRED 

- 60

TAPE3O — 

~PREB +

(b) I short—crested origin t ime history file , TAPE40, is
generated with predominat heading , UPRED~ 

associated
with TAPE25.

(c) I short—crested point time history file , TAPE5O, Is
generated for selected responses (NRESP>O, Data Card
Set 2).

ISTART — i (a) i origin time history file, either long—crested or
short—cres ted, is input as TAPEI.O. Each time his tory
f lie contains a flag designating to the TNACP program
that the file is long—crested or short-crested. Note
that TAPE2O,...,TAPE3D are not Input.

(b) I point time history file , TAPE5O, Is generated If NRESP>O.
This file is either long-crested or short-crested depending
on whether TAPE4I is long or short-crested.

ISTAPT — 2 (a) 1 I.ng or short—crested point time history file , TAPE5O,
Is Input and not generated.

Data card sets 2-7 are skipped if I STAPT . 2.

4-

29

— - — - — - — s- -- - ----- — - - -- ~~~ - ~- - -~ —



I

DATA CARD SET 2, One Card , Format (15)

N*ESP, in teger , col umn s 4-5, number of selected responses (maximum of 50)

Remainin g data card sets are skipped if NRES P — 0.

DATA CARD SET 3, One Card, Format (8A10)

TIlL, alphanumeric, columns 1—80, tit le information for point t ime
history tape, TAPE5O

DATA CARD SET 4, One Card , Format (2F10.5)

(1) SIGWHT , floating point, columns 1-10, sI gnif ican t wave hei ght In feet

(2) PERMOD , floating point columns 11-20 , modal period in seconds

S1GWHT allows the user to change significant wave height, PERIIOD must match the
modal period of the input time history fi le.

DATA CARD SET 5, One Card, Format (iS)

NPO INT, integer, columns 4—5, number of points on the hull des ired
(maximum of 50)

Data card set 6 is skipped if NPOINT — 0.

DATA CARD SET 6, NPOINT Cards, Format (15, 3AlO , 4FlO.5)

(1) IP, integer, columns 4—5, point number without regard to order ,
can be any number from one to 50

(2) PNTITL, alphanumeric, columns 6—35, point title

(3) XAP, fleeting point, columns 36—45, X coordinate measured free aft
perpendicular

(4) YCL, floa t ing poin t, columns 46—55, V coord i nate measured from
centerline, positive to starboard

(5) 21$, fleeting point, columns 5~-’5, Z coord inate measured f rom
baseline at the point

(6) I$LWI., fleeting point, columns “-75, vert ica l distance from basel ine
to the waterline at the long itud inal location of the point.

fr
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DATA CARD SET 7 NRESP Cards , Format (15, 3A lO , 315, n o.5)
(1) IRESP , integer , columns 4-5, response number

(2) RSTITL, alphanumeric, columns 6-35, response title

(3) IMOTN, integer, columns 40, response desired

iMOTN — 0 - wave height at the origin

— 1 — surge or longitud inal

— 2 - sway or latera l

— 3 - heave or vertical

— 4 - roi l

— 5 - pitch

— i - y aw

if h YPE — 6 (Flexure)

1MOTN — 4 gives torsional

— 5 gives vertical

• — ~ gives horizontal

(4) h YPE, integer , column 45, response type

h YPE — 1 — displacement or angle

— 2 - ve l ocity

— 3 - acceleration

• 4 - ship system force (including gravity)

— 5 — ship system load

• - f lexure

(5) IPO INT , Integer, columns 46-51, point number

If IPOINT — I, responses at the origin will be used

NOTE: If angular responses (h YPE • 1., 2, or 3 and 910TH — 4 , 5, er ~
)

are requested at a point other than the origin (IPOINT — 0), the

program fails.
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If (TYPE — 6 (flexure), the flexure at IPOINT Is determined relativ, to
the point IPTR, specified below

For h YPE — 5, the fol lowing add i t iona l input is requ i red :

(6) XMU, floating point , columns 51—60 , coefficient of frict ion used in
load calculations.

For h YPE — 6, the following addItiona l is required :

(‘) IPTR , in teger , columns 51-55, specIfies reference point for flexure
calculation .

DATA CARD SET 8, One Card, Format (15)

NRPRNT , in teger , col umn 5, number of response ti~e- tii~to~4jes to be printed
(maximum of $0)

Data card sets 9 and 10 are skipped If NRPRNT — 0.

DATA CARD SET 9, One Card, Format (2F10.5)

(1) PRSTRT, floating point, columns 1—10 , printing start time in seconds

(2) PREND, floating point, columns 11-20, printing stop t ime In seconds

DATA CARD SET 10, NRPRNT Cards , Format (15, AS)

(1) IRPRNT, in teger , columns 1—5, response number of time history to be
printed

(2) TLPRNT, alphanumeric, columns 6—13, response title of t ime history to
be printed (8 characters)

NOTE ON PLOTTING: In versIon 06 of TNACP the plotting capability has been removed.
In version 05, the plotting routines have been retained, but have not been tested
since the modifications for flexure time histories ware made. If information for
plot input is desired for experimental purposes, see Reference 8 for data card
sets 11 through 14.

INPUT EXAMPLES

See Reference S for examples of input.
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- . DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS , A FORMAL SERIES , CONTAIN INFORMATION OF PERMANENT TECH.
NICAL VALUE. THEY CARRY A CONSECUTIV E NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS. A SEMIFORMAL SERIES , CONTAIN INFORMATION OF A PRELIM-
INARY , TEMPORARY OR PROPRIETARY NATURE OR OF LIMiTED INTEREST OR SIGNIFICANCE .
THEY CARRY A DEPARTMENTAL ALPHANUMERICA L IDENTIFICATION.

3. TECHNICA L MEMORANDA , AN INFORMAL SERIES • CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMAR ILY WORKING PAPERS INTENDED FOR IN-

- TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
— . 

NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
- MUST BE APPROVED BV THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE

BASIS.
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