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ABSTRACT

This report, the third in a sequence of four Ship
Structure Committee Reports on a method for performing
structural analysis of a tanker hull, contains the
User's Manual for the transverse strength analysis
portion of the program.
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INTRODUCTION:

This uger's manual is applicable to the transverse analysis program
only. What follows defines all necessary input parameters and the formats
in which they are to be entered into the computer. No attempt has been made to

instruct the user in the optimum modeling technigues for a given analysis study.

PROGRAM DESCRIPTION:

The transverse strength analysis for longitudinally framed ships com-—
bines the technigues of finite elements with a newly developed method of
uricoupling the three dimensional structure so as to reduce computational
time and to permit a finer mesh analysis without the uswal resulting

degradation in numerical precision,

Transverse members are modeled with appropriate quadrilateral plate
(linearly varying stress) elements and bar (axially elastic) stiffeners.
Near the edges of the transverse openings, triangular plate (constant
stress) elements may also be generated. All longitudinal members spanning
transverses are represented by by-planar beam elements which carry all
external loads directly onto the transverses. Shear loads upon the trans-
verse members as developed by the side shell and webbing of the longitudinal
bulkhead are treated as additicnal loading functions upon the ship's

structure.

Most finite elements are generated automatically by the program.
Various other convenience features such as printer simulated plots of the

transverse finite element definition have been implemented.

Output from the analysis include both plate and bar stresses within

the transverse member's structure.

While the present analysis capability is limited to loading conditions
which are symmetric about the hull centerline, the unsymmetric cases may be

analyzed by manual superposition of the antisymmetric component solutions.



GENERAL GUIDELINES:

1.

Each data card (except for appropriate system control

cards) must begin with the proper label. The label must
begin in Column 1 exactly as given in the data sheets

that follow. A label must not exceed 10 characters in
length.

No blank cards are permitted between data cards.

All numerical information must be entered per the appropriate
format. All field lengths for numerical data are 10 columns.
All numerical data must be given with a decimal point.

No data is presumed to be integer.

The program initiates a large number of data checks, pri-
marily with regard to the order of the input cards. Any
error detected by the program will cause a premature
program termination at the conclusion of the given data
input subject to where the error was found.

It is recommended that the user allow the program to make

at least one complete pass through the entire data card

deck before a complete stress solution is attempted. The
user may make such a preliminary pass by omitting the EIGENS
card which normally follows the last data card defining the
loading condition upon the structure. See sample execution

times.
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J ' Conversion factor to be multiplied by the program to

| 3

FACTOR . !

all units of length of all data items that have a len-
gth dimension. This includes Young's modulus and dis-
tributed lcads.
force length

IL!N I TS F Alphanumeric labels for the output force units {cc 11-20)

! L " ! — - L and the output length units after conversion (cc 21-30)
Length of ship’s section under analysis

[tENGTH . L

E U

MATE®RVAYL, . (b Material properties:E({cc 11-20), and Poisson's

{cc 21-30)
‘ ing for t mbers ( a 1)

Spacing for transverse members {assumed equa

spacamG | paene ¢

NOTE: a given ship's section can have no more than
50 transverse members (not including the ends}



STIFFNESS is a measure of each transverse member's relative stiffness when modeled as a shear beam. Normally,
the web frame is assigned a nominal stiffness of 1.0. The more substantial members such as the oil-tight bulk-
head, then, would be given an appropriately higher wvalue. Enter these relative stiffness ratios in position
order of transverses starting with the aft-most member in the ship section being included in the analysis. Use
only encugh STIFFNESS cards to complete the stiffness definition of all transverses invelved {(maximum = 50}.

G 15 20 25 20

! 3 45 50 55 0] 65 70

STIFFNESS L1 . |
STIFFENESS ! e ]
STV FEANESS ! 1
ST I FENESS, T S 1

TILFENESDSS, | ., .1 RPN

TI FENESS N R

ST 1L FFNESS, | R L i

STIFFNESS | . . ol

STVFFRNESS ¢ . . o0 e

No EMD card is needed in this section. The computer will be looking for a total of (LENGTH/SPACING) + 1
ratios to be entered. Do not enter blank ratios within the list- (from card columns 11 through 70 per card) unless

the list is exhausted on the last STIFFNESS card.

The ANALYZE card permits the user to select up to 5 different transverse members within the ship's section for
detailed analysis of the stresses. Enter those transverses by their relative position from the aft end of the

section.

ANAVY2E . ¢, e
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Fig. 2. General Parameters for
a Transverse Section

FINITE ELEMENT DEFINITION OF THE TRANSVERSES SUBMITTED FOR ANALYSIS:

The user will create a rectangular grid system for the automatic
generation of the plate and bar finite elements comprising the given
transverse member. This pattern must be developed from horizontal/
vertical rows and columns, which normally fit quite well the pattern arrange-
ment for tanker longitudinals within the midbody section. A finer element
mesh is possible by including extra rows and columns. Not all longitudinals
need ceincide with the row/column intersections (called nodes), but those
that do not should reflect this condition by adjusting their moments of

inertia. It is also possible to lump longitudinals at a given nede, although



some loss in accuracy should be expected particularly near the area of such

modeling approximation.

The following figure jillustrates a sample web frame that has been

defined within the row/column network.

All nodes are assumed to be the Jjoining points for all plate and bar

elements. All longitudinals are assumed to pass through appropriate nodes.
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XCOORD cards define the X-coordinates of the bhottom longitudinals as mea-

sured horizontally from the side shell.
needed (maximum 40) .

finite element grid for the transverses.

all XCOORD's in numerical order starting at the side shell.

Use only as many of these cards as
Each of these coordinates will mark a column in the

The program will automatically assemble

L 5, 10 15 20 ) 5, 10 15 20
XCOLCRD ! XC DO RID 1
XCoORD ! XCcoorD 1
XCOoOORD ! X oo KD | 1
X220 RD ! RCOORID. — 1 —_—
LoorRD 1 X.C.0O0RID. R
XCOORD, N S RLCOORID. . N B
XL O00RID, I . ALQORID, 1 Cl
R GLO.ORID. N AL OORD, . poed s
AEOQORID, P - ARCOORID. . M S
LL.OORID. vl RO .QORID. . 1
%L O0ORMD, ! X COOR D, 1 "
XL 00RMD. . XC.0.0RD. . !
RCOORD ] 2COORID, ]
NCOORD, b X.COORID 1
RGO ORI I , %.C.0.0.RID I
IACOORND, ! .00 RID 1
Xe 0.0 RID, ! %L.00RD )
AL OO0 RID. . ACOORID, ! N
AL O ORID 1 AC O . OND, . L
hAC.OQRID. ! XL QORI !
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YCQORD cards define the Y-coordinates of the shell longitudinals as mea-
sured vertically from the bottom (or base line). Use only as many of these
cards as needed (maximum = 25). Each of these coordinates will mark a row in
the finite element grid for the transverses. The program will automatically

arrange all YCOORDs in numerical order starting from the bottom.

An END card is required after all coordinates have been entered.

),__ . 5_,__ 10 15 20 ! N 5_,“ 10 15 20
YCOORD ! YCOORD . | |
Y. Q.0RD —atenbreni ] A YCOORID A !
ILoarp 1 M LQORID e 1
NCOORD. . . NCQORD_ | .4
NeoowR®., . |, . . MCOORD., . . | o v vt
NCOORD . . M R

YCOORD . — b .

NGCQORM®. . v v { ot EMD
XCOORD. . . | o,

COORD, . . o)
YCOORD, . .. NP S

NCOORD. . . . ., .

N.COORD. . . ., ! , VR P
“ COORD J

NCookD, . . . 1. 1

\(.C..OIQ.'\D. N — 1
NMLDOR D, A I
NCOORMD. . . . 1. . . .1

(CO0RMD. . . . . .. . 1

NCQORID. o o {1
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The VOID cards permit selectlive areas of the grid nodes within the trans-
verse rectangular grid pattern to be declared void of plate elements. Normally,
a quadrilateral plate element will be generated within the boundaries cof each
4-node rectangle. If one of the nodes (located by its row/column coordinates)
has been declared void, a suitable triangular plate element will be generated

instead.

grid rectangle.

so declared.

)

If any two nodes are voided, no plate element will be generated for that

start5 row
1

20

end row
25

Any number of VOID cards are permitted.

30

start column
3L 40

An END card must follow,

end column
45

Voided areas, however, will not affect bar elements spaning nodes

50

Vo 1D

1

volp

vO.LD

.10

VOO0,

V.0 D.

vVaap

v.O. 1D

V.Q.\ D

VO D

MO D

VO LD

O D

VoD

(MW »)

N.OWLD

V=N WA »)

NG YD

NSO D,

vV.OLD

YOoIbD

END,
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Boundary Conditions:

The BC card (for Boundary Conditions) defines what direction deflections
are presumed restricted along the hull center line and at the support
assumed located at the bottom longitudinal beneath the longitudinal bulk-

head. As input to this card, a special code is used:

1.0 means restricted x-deflections (normally at C.L.)

0.0 means restricted y-deflections (normally at bottom)

Centerline Bottom
Supports Supports
|| 5 10 15 20 25 30

The WEIGHT card prescribes the weighting factor applied to the boundary
supports, which are not treated as indeterminants. Normally a weighting
factor of 1.0 is used; a larger number holds the support more firmly, al-
though care should be taken not to use too high a value since numerical

problems may result.

Weighting
Factor
1 5 10 K] 20

WEIGHT |

PIATE cards define various plate thickness areas within the grid pattern.

Plate so defined covering VOID areas, however, will automatically be ignored.

Different plate thicknesses should not be defined for the same area of the

transverse section since only the first thickness will be used.

The order given for the start and end rows and ceolumns is quite arbitrary.
These coordinates merely provide the edge boundaries for the given plate thick-

ness.

Use as many PLATE cards as needed (maximm = 50).

An END card is required to follow .



] , N thic::;ness " startzsrow %0 end r3c5>w 0 startdscolumn 50‘
PLATE ! B ! ! s l!
PLATE 1 1 ! ! i
PLATE) i 1 ! 1
PL . AMTE 1 1 | | i
PLAIE: | ! ] ; . o ]
PLATE, ! ] ! |
PL RATE I ! ! 1 —_
PLHTE . . l ! ! N S . . ! s
P BT I ! 1| L . )
PLBTE . ! — ! 1 !
MAATES ! — . ! — I
LP.L.PJ.Ej I I f L -
PLATE L. ] ! I 1 1 :
PL AT E I el . :E 1 !
PLAT R . | ! . ll: 1 1 !
PLBRITE L I ! f ! Ilf . I
Pl BT B 1 ! 1 | 1
e BT B ! ! — ! I
[PLATE ! ! 1 1
mlm_t._.__l___ . ! ! . L I
EPLAT'& . 1. I ! } , ! !

(29—
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BAR cards define various bar element cross-sectional areas for all stiffeners,
face plates, and flanges normal to the transverse plane. Included in this list
of elements should be portions of deck, bottom, side shell, and longitudinal

bulkhead plate material which contribute to stiffening adjacent transverse plating.

Different bar areas should not be defined for the same node spans since only

the first area entered in the input stream will be used.

A given bar may span any number of nodes as long as the nodes are all in the

gsame row, or all in the same column, or on a 1:1 diagonal within the grid network.

Since bars are uni-directional, care must be taken in specifying the start
and end rows and columns. The start row must coincide with the same node as the
start column; the same applies for the end node.

Use as many BAR cards as needed (maximum = 100).

An END card is required to follow the last BAR card.
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The SOLVE card allows the user to select the type of solution output

desired. Enter one of the following options available:

1.0 for node forces only
2.0 for node forces and element stresses
3.0 for element stresses only

1 5 10 15 0

1

SCLVE | e

NODE cards define those nodes that have been selected for output. A
maximum of 100 may be so selected. If element forces are to be generated for
output, all elements Jjoining the given NODE will automatically have stresses

provided in the output.

ro
! 5 10 W15 20 colygn 30

ODE 1 e
ODE 1 1 1

NODE o A R o

'

(R v - S e . i

OD®e, 1 e e ) e

MNOoR® . e e

J‘MO.DEI,.LA.,;.u.l.. P B

ml.... I SR RS NI

NOD B e G

\VORE. o b e e

NODE, 1 bt . N . N |

NODE, s b s

K~% + I\ - I R | IRV SR |

Oone._ L. A etand P B

NODE L o b e N |
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NeDE o e e !
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SHELTL, defines the shell plate length and thickness for longitudinals

along both the side shell and along the longitudinal bulkhead.

This data

is used to distribute the shear loads generated by the longitudinal

strength analysis onto the transverse members.

An END card is required following the last SHELL card.

1 5

.

Yow
15 20

plate
length
25

30

shell

thickness
35

40

bulkhead

thickness
45

SHE LL,

SHE L ¢,

SHEL L,

SHELL,

‘
SHEL L,

SHEL L,

JSJ*E.ALI

J;H,E Ly

SHELL,
SHELL,

SHELL,

SHE LL,

SHELL,

SHEL L,

HELL

SHELL,

SHELL ]

SHELL,

——pe———— - b

HELL,

SHELL,

SHELL,
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DEFINITION OF LONGITUDINALS :

STANDARD defines the moment of inertia and cross-sectional area of the
standard or typical longitudinal within the ship structure. Only for this
particular longitudinal will influence ccefficients be computed. With
usually very little loss of solution accuracy, the corresponding influence
coefficients for the remaining longitudinals are obtained by a simple stiffness
proportioning. This procedure greatly reduces overall computational time

during the analysis uncoupling.

moment of inertia area
) 5, 10 15 20 25 30
TJANDARD AR R B

The following data sheets define all longitudinal members to be modeled.
Use as many appropriate cards as needed. Note that two types of cards may be
used: XLONG and YLONG. If a number of longitudinals are identical along
a given row and occur in seqguence, use XLONG. If a number of longitudinals
are identical along a given column and occur in sequence, use YLONG. Either
XLONG or YLONG may be used for longitudinals which follow no such segquence

but must be defined independently.

There is no required order to the use of XLONG and YLONG cards. However,

an END card must follow the last of this set.



1 3
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45

end column
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30 35
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DEFINITION OF LOADING CONDITIONS:

All loads acting upon the ship section are assumed to be acting upon only
the longitudinals. Along the length of a longitudinal, loads may be almost
any combination of concentrated and uniformly distributed forces which act at
any arbitrary location on the member. All forces are defined as either X or
Y components relative to the global coordinate system prescribed for the
transverses.

The general order of loading input is as follows:

1. Define all loading forces of a common direction sense, both

concentrated and/or uniform, as applied to a given leongitudinal.

2. List all Iongitudinals so loaded. If there are longitudinals
which have similar loads that differ only by a proportional
factor, these too may be entered in the list.

3. Repeat steps 1. and 2. above for each set of longitudinal
loadings.

4. END card.

The following are the available load cards:

XFORCE, concentrated force acting in the X-direction
YFORCE, concentrated force acting in the Y-direction
XUNIFORM, uniformly distributed load acting in X-direction

YUNIFORM, UNTIFORMLY distributed load acting in Y-direction

Note that under step 1 above, X and Y force components cannot be mixed, but
must be entered separately.

The listing of longitudinals under a given set of loading forces is done
via XLONG and YLONG cards. Note that these cards are somewhat different
from those of the same label used to define the longitudinals. However, their
use here for loadings is much the same idea as where strings of longitudinals in
a horizontal (XLONG) or vertical (YLONG) sequence may be listed in one state-
ment. These cards also provide for proportional factors which will be applied
to the load magnitudes directly. Note that if this factor is left blank, or

zero, the program will assume a factor of 1.0.

An END card is reguired after the last XLONG or YLONG which concludes the

last loading set.



The following prescribes the formats for each of the loading cards. The lcads are given in sub-sets
of location (or starting location) from the aft-end of the longitudinal and the corresponding signed mag-
nitude. A1l loads listed in this manner per card should be entered in location order; the program will
ignore all blank or zero location entries past the first one entered on a given card. Note that the
uniform loads are listed by their start location; their end location is assumed to be either the forward

end of the longitudinal or the start location for the next uni form load.

z P ~ Z P P
- 10 14 20 25 L w[} 4152 40] 452 50 35253 60 65 3 70
XFORCE . . R I 1 o I
YForcE 1 | g L L 1 e 1
jpl [Pz_ P; §>4 Lo iruomesy
;.FTLEND V l l’ \\ B
va:@\ | l RTRANSNERSES /] <
OL_______—e>_qz
Fig. 4. Concentrated Forces on Longitudinals
start-Z, 21 start-2Z, 2 start=iy e
V5, 10 15 20 25 2] 35 40 45 50 55 4 65 70
XUNIFORM 1 [ , ! i | 1
YUNAFORM 5 L l L ; 1 |
o o Q4
| 2 []
_ OO O I e e U
) .
: | ’." Teonsvanses S | ™

Fig. 5. Uniformly Distributed Loads on Longitudinals
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The following prescribes the formats for each of the XLONG and YLONG

cards that define

loading subset.

what longitudinals specifically pertain to the given

*
row start column end column factor
) 5 10 15 20 25 30 35 40 45 50
XLONG . el S .
*
column start row end row : factor
) 5 0 15 20] 25 ao] 35 40 A5 50

Yi. §ua

PR |

U g

A given longitudinal (or sets of identically or similarly loaded longi-

tudinals) may have any number of X and Y loads applied. However, for any

given load set, all forces must be of the same component direction; the compli-

mentary set of loads will have to follow with these longitudinals re-stated with

the appropriate XLONG and YLONG cards. Also, within a given component load set,

the user is limited to 50 concentrated forces and 20 uniform loads, which are

entered with the appropriate number of X(Y)FORCE and X(Y)UNIFORM cards. If

still more loads exist, they must be entered as a separate load set with the

longitudinals re-stated.

* The proportional factor permits the given loading subset condition to be

adjusted by a constant proportion for the given set of longitudinals. If the




25

q.4.~ \ .4~||”.w ;. I .a..<14ljl I A e e
,V — —— VE——y——y T
(T Jlm T T ML T
Y T ..Wﬁ T S T T v T Y A S S S A - T T — T T
, T e T T W T " "
] bog . —
A : T T | I T 1

| I . BN O O AN
™ A ]- ..~1<J.v.~ i v T T

| 3 | ] B R

T ﬁ ) ) T T T ;
-..4— 4_ ..—14‘ .- ~ v T— L Al — T

| |
T —.-41 —1 _—. —‘ L2 4— v LA S J ~ —

ﬁ f
..1-—14111 v -—1\ _~. v —< —1- T el _ AN v
..-4__. Y T T - v T v —7 — T yo—y— —Tr—T
T YT r T v v T T r T N._.... Yr—p———y

! LI i
4...—.... ....~J Chma s v T T T LA S S | S T
...J_d..«,......alw Y Y T T T — - Ty —
e e ) . . S P — ——
AUREAL AL A SRR B A S s T Y Y v | IR T T T T T
<<..— e A v - | T I o T -
———y — e _ . . . _ — M_ SR E—
“ 1 LI T T T
!
T N [ M T T 7 I
v T M T T —— T . .
| . b
0L 59 ”oo ss m,*ow Sy or s¢ 0o¢ 73 0z ¢ st ot
_

THEV']
aya

"PiBD puy u® 99 ISnum Spaed 8utrpeor jo 18s STY3l 103 paeo
HITA SPIBO BITD JYOJINAX PUB WMOAINANX ‘TDUOLX ‘40¥04X JO

1SeT 9yg
Suorleurquod sjeradoadde ayi 3a9suUT 1Snw I9S

TMOT3q SpaBd ONOIX PUB HNOTX Surpu



26

SHEAR cards define shear loads upon the transverses as computed from
the longitudinal strength calculations. These loads are actually the shear
drops across each transverse as computed along both the zide shell and the

longitudinal bulkhead.

An END card is required following the last SHFAR card.

transverse number side shell bulkhead

from astern ghear shear
"5, 10 15 20 25 30 35 0]
SHEAR, . . e N T ]
SHEAMR, . ! N B !
EHCA'L, | | 1
Heo®y e el
SfLET\&I L . . ) L L
SHEAR . . |y
SHEAR, e P R
SHEAR, | | e e
SHYOR, o e L e
PREON et e e |
SHECAR ., o Lo s
SHEAR, e N T .
SHYAR, . . IV R P g
SHEAR, N L e L |_J
SHEAR [ e 1 . | AJ
PHEMG RS B I ! ,_.J
ISHE & & A B e L ! |
et | . — 1 MU
Y yre-
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EIGENS is the last card for the complete loading condition definition,
after all load sets have been entered with their appropriate X(Y)LONG CARDS.
The EIGEN card permits the user to employ some judgment in selecting the
number of EIGEN modes which should be necessary to provide adequate solutions.
Theoretically, there are an equal number of EIGEN modes as there are
transverse members in the ship section. However, it is often not necessary
to employ all of these modes within the solution process, particularly if
the loading condition is not too irregular along the length of the section.
For example, if the overall loading pattern is uniform over the entire
section, only the first mode should be necessary. If the load pattern changes
direction only once along the length of the section, probably just two modes
will suffice. However, if the loading pattern is considerably irregular in

that it changes directional sign fregquently along the length of the section,

it may be best to use all modes (= number of transverses).
| 5, 10 15 20
E lﬁ?EWUﬁi . | O

NOTE : All input should be checked first by the transverse analysis program
before a complete solution is attempted. Omitting the EIGENS card will
cause the program to terminate prior to the execution of the larger part

of the stress solution processing. See sample execution times.

SAMPLE PROBLEM

The following pages offer a sample of the input phase of the
program. Portions of the output have been omitted for the purpose
of clarifying the input data. The webbed frame of this sample

problem is illustrated in Figure 3.
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TRANSVERSE STRENGTH ANALYSIS OF LONGITUDINALLY FRAMED SHIPS
B8Y COM/CODE CORPORATION

D Y Ty Y L LT R R T T T P T P e Ty T e 21
CONVERSION FACTOR IS APPLIED TO ALL DYMENSIONAL UNITS OF LENGTH

FACTOR 1.000

UNITS K G [}

LENGTH OF SHIP SECTION TO BE ANALYZFD
LENGTH 15402.000

YOUNGS MODULUSe POISSONS RATIO
MATERT «20SE«04 300

SPACING BETWEEN TRANSVERSES
SPACIN S13.400

STIFFNESS FACTORS OF ALL TRANSVERSES IN ORDER FROM STERN

STIFFN 1.000 1.000 2.460 1.000 1.000 5.600
STIFFN 1.000 1.000 2,460 1.000 1.000 S.600
STIFFN 1.000 1.000 2,460 1.000 1.000 2.460
STIFFN 1.000 1,000 S.600 1.000 1.000 2.460
STIFFN 1.000 1.000 2.460 1.000 1.000

LIST TRANSVERSE BY POSITION FROM STERN THAT ARE YO BE ANALYZED
ANALYZ 16,000

FIMITE ELEMENT DEFINITION OF TRANSVERSE

UGS ABBNERERBODRBRDLRILDRRLEETORNGRER RS RBUBORVEDERREED

CLDEPT 2565.000 XCOORD 2344,000
FREEBR 2450,000 XCOORD 2438,.,000
XLBHD 1310.000 YCOORD 0.000
XCOORD 0.000 YCOORD 90.000
XCOORD 89,000 YCOORD 180,000
XCOORD 182.000 YCOORD 264,000
XCOORD 276,000 YCOORD 348,000
XCOQRD 370,000 YCOORD 432,000
XCOORD 464,000 YCOORD 516.000
XCOORD 558.000 YCOORD 684,000
XCOORD 652,000 YCOORD 768,000
XCOORD 746,000 YCOORD 852,000
XCOORD 840,000 YCOORD 936,000
XCOORD 934,000 YCOORD 1020.000
XCOORD 1028.000 YCOORD 1188.000
XCOORD 1122.000 YCOORD 1440,000
XCOORD 1216.000 YCOORD 1524.000
XCOORD 1310.000 YCOORD 1608.000
XCOORD 1404.000 YCOORD 1692.000
XCOORD 1498,000 YCOORD 1860.000
XCOORD 1592.000 YCOOROD 1944.000
XCOORD 1686.000 YCOORD 2112.000
XCOORD 1780.000 - YCOORD 2196.000
XCOORD 1874,000 YCOORD 2280.000
XCOORD 1968.000 YCOORO 2364.,000
XCOORD 20624000 YCOORD 2450,000
XCOORD 2156,000 YCOORD 2565.000
.XCOORD 2250,000 END -0,000

DEFINITION OF VOID AREAS OF TRANSVERSE
L Y R L T Y YT e T ey

START END START END

ROW ROW coL coL

voID Te 21. 16, 27.
voio 22. 22. 17. 26,
volD 6. 6. 17. 26,
voliD Se S. 18, 25
voID 6. 8. S. 11.
voID Se Se 6. 10.
VoIDn 12. 14, Se 1l.
voID 17. 20, S. 1.
voIn 21. 21, 6. 10,
volp 1. 1. 1. le

END -0. ~0, -0, -0.
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1
12
13
14
15

16

17
18

19
20
21
22

23

24
25
26
27

* - @+ & # “ - o* o -
* -« “ * * - ® *
. = # @ @ L L3
L * * * * - * 2
- « « * - L -* *
« o ) L I % # L3
* * * o - » L #* * * L

BOUNDARY CONDITIONS

X222 RS X222l ey -y ey sl

RESTRICTED X-DEFLECTION =
RESTRICTED Y-DEFLECTION

i
o -

Cete BOTTOM
SUPPORTS SUPPORTS
B8C 1.000 0,000
WEIGHT 1.000

THERE ARE 10 C.l. SUPPCRTS

SUPPGRTS ARE DEFINED FOR ROWS

C.L.
2 3 4 S5 6 22 23 24 25

SUPPORT AT BOTTOM IS tOCATED ON COL 15 (NODE1l4)
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ROW NUMBERING SYSTEM
L L e LT T R N T R Y Y T e e Sy

ROW
1 2 3 4 5 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 25

ron

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
32 333 3 3 3 3 3 3 3 3 33 313333 3 33 33 3
43 4 & & & A& & 4 & & 4 4 4 4 & & b 4 4 & & 4 4 4 4
S4 % 5 5 5 0 0 0 55 5 0 0 05500 06 055655 &
65 6 6 6 0 0 0 0 6 6 6 0 0 0 6 6 0 0 0 0 0 6 6 6 6
76 7 7 7 6 0 0 0 7 7T 7 0 0 0 7T 7T 00 000 7 7T 7T 7

109101010 0 0 0 0101010 0 0 01010 © 0o 0 © 010 10 10 10
1119111111 6 0 0 011 1111 0 © 0111} @ 0 0 0 611 11 11 11
) s 7121212 12

o
W

1211 121212 7 5 S5 512 12 12 1212 5
6

o

5
1312131313 B 6 6 6131313 6 13 13

&
1413 14 14 14 9 7 7 T 14 14 14 7 7 7T 14 14 7 T 9 14 14 14 14

o - U"IU'I

5

6 6 813131313

7
1516 15 15 15 10 8 8 8151515 8 B 81515 B 8 810 15 15 15 15
16151616 1611 9 0 0 0 0 0 6 0 0 0 0 0 0 0 0 016 16 16 16
1716 1717 1712 ¢ © 6 0 0 0 0 0 0 06 0 0 0 '
1817 18 16 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 © © 0 18 18 18
1918 191919 0 ¢ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 019 19 19
2019 20 2020 0 0 0 0 0 ©0 0 0 0 0 O O O 0 O O 0 0 20 20 20
2120212121 0 © 0 O O 0 O O 0 0 0 0 O O 0 O 0 021 21 2]
PPl 222222 0 0 0 0 0 0 0 0 © 0 O O O O 0 & 0 0222222
2322 232323 0 0 0 0 6 0 0 0O 0 0 6 0 O 0 © 0 0 0232323
2423 26 2424 0 0 0 0 0 0 0 0 0.0 0 0 0 0 0 0 O 0 24 24 24
2524 252525 0 0 0 O 0 © 0O O ©0 6 O 0 0 O 0 0 0 0252525
2625 26 26 2613 0 0 0 0 0 0 0 0 0 0 0 0 © 0 G 0 0 2626 26

@726 27 27 27 1410 0 0 0 0_0 0 O 0O 0 0 0 0 O O 017 27 27 27

DEFINITION OF PLATE THICKNESSES

GHECADTTORORBHATIIORORRHGI LT G o SREEPHAENF TGS R RO UG
START END START END PLATE
THICKNESS ROW . ROV coL oL NO.
PLATE 1.200 22 25. 1. 15. «n
FLATE . 1.200 23. 25. 15, AT 2
PLATE 1.400 11, 22. 1. 4. {3
PLATE 1.400 11, 224 12. 15. (&)
FLATE 1.600 ba 11. la L { 5
PLATE 1.600 b4 .11, 12, 15. { 6
PLATE 1.800 1. b 1. 8. «n
PLATE 1.400 1. by 8. 15. { 8)
PLATE 2.350 1. by 15, 2. 9
PLATE 1.600 1. . G . 21, 27. (10}
PLATE 2.100 Gy 6. fy 12, {11y
PLATE 1.400 - 15. ba 12. 12)
PLATE 1.500 15, 16, by 12. (11
PLATE . 1,400 16. 22, ba 12. (14)
PLATE 1.400 21, 23, 15. 17. (15
PLATE 1.200 2da 23. . 26. 27. (16)
PLATE 2.100 b4y 7. 15, 18, (17}
PLATE 1.400 be - B 25. 27. (18}

END -0.000 -0 -0, ~0. =0. (19}

I NO. OF AREAS QF COMMON THICKNESSES (50) =18 .
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DEFINITION OF PLATE THICKNESSES
B A e L L 2 2 R LT LT g R o e S e

ROW

2 3
7 7
77
7 7
T 7
77
77
77
8 8
a8 8
8 8
8 8
g 8
g 8
&8 8
9 9
5 9
s 9
9 9
9 9
9 9
10 16
10 10
10 10
10 10
10 10
10 10
10 10

4 5 6
7 5 5
7 5 5
75 5

1M

11 11 o

110 0

11 o0 0

11 0 0

1 0 o
1m0 0
1M1 oo

1111 11
8 6 6
8 6 6

17 17 17
17 17 17

17 17

17 0 o0
9 0 o
9 0 o

10 0 o
10 0 0

10 0 0

10 0 o

18 0 0

18 18
18 1% 18

d.

7 8 ¢
5 5 5
5 5 5
s 5 5
512 12
0 012
0 012
0 012
0 01z
o 012
0 012
0 o1z
612 12
6 6 6
6 & &
17 6 6
0 0 o
0 0 o
8 0 0
o o

0 0 o
o0 0
0 0 0
0o 0 o
0 0 0
o o o
0 0 o
0 0 0

10

12
12
12
12
12
12
12
12
12

11 12 13 14
5 3 3 3
5 3 3 3
5 3 3 3

12 12 12 12

12 0 0 0

12 0 0 0

12 0 0 0

12 0 0 0

12 0 0 0

12 0 0 0

12 0 0 0

1212 12 12
6 4 4 &
6 4 4 4
6 4 4 4
0 0 o
¢ 0 0 o
o 0 0 o
© 0 0 0
b o 0 o
0 0 0 0
0 o 0 o
0 0 0 o
o 0 00
0 0 0 0
0 oo o
0 0 o0 o

13
13
13
13
13
13
13

13

16 17 18 19 20 21 22 23 2&% 25

3

3

3

33 3 3 1 11 1

3 3 3 23

3 3 3 3 3 3

14
14
14
14
14
14
14
14

14

14

0

14

14 14 14
o o 0
0 a 0
0 0 o
o 0 0
6 0 0
o0
o 0 0

14 14 14
4 4 4
4 4 &
4 4 4
0 0 o
0 0 0
o o o
o 0 0
0 0 o
6 0 0
0 0 0
o 0 o0
6 0 o0
6 0 0
0 0 0
0 0 0

=

W
[
P
—

3

L
=
ot
P

14 14 1 1 1

14 14 1 1 1

014 1 1 1

14 14 1 1 3
1414 1 1 13

151515 2 2

01515 2 =
0 015 2 2
S0 2 2 2
0 0 2 2 2
00 2 2 2
o0 2 2 2
0 0 2 2 2
o 0 2 2 2
o0 2 2
6 0 2z 2 2
0 016 2 2
016 16 2 2
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DEFINITION OF RAR ELEMENTS
EE T A e T L RN R L R P R TR L P PR T

START END START END

- AX ROW ROW coL coL
BAR 1257.630 1. 1. = 27. 1)
BAR 1257.830 1. 2. 2 1. «2)
BAR 1257,830 2 4a 1. l. « 3
BAR 1232,160 ba 264 1. 1. { 4)
BAR 1309.170 25, 25. 1. 27. [G=3]
BAR 135.000 1. 25 4a 4 { 6)
BAR 135,000 1. 25, 12. 12. «n
BAR . 404000 23 - 15. 274 {8
BAR 40.000 224 22. 1. 15. )
. BAR 718.760 224 25. 8. 8. (10}
BAR 718.760 23, 25, 2l 21, (11)
. BAR 795.770 1. b 8a - (12}
BAR T95.770 1o ba 2le 21, (13
BAR 130.000 Fe 9. b4y 12. (14)
BAR 130,000 10. 10. 4y 12. (15}
BAR . 130,000 11. 11, . G 12. (16}
BAR 140.000 15. 15. b4y 12. (7
- BAR 140.000 16. - 16. - b4, 12, (18)
BAR 63.250 Qe 11. T T {19}
BAR 63.250 9. 11. . 9. D 20)
BAR 63,250 15, 16, 7o To (21)
8AR 63.250 15, . 16, EN kN (22)
BAR 75.000 4a b4a 1. 15, (23)
BAR 744,430 1. 6. 27, 27. (24)
BAR 744,430 22, 25, 27. 27. (25)
. BAR 24.000 20,4 .. 22.. . 4 . 6 {26)
BAR 244000 20. 22. 12. 10. (27
BAR 24.000 2la 23. 15, 17. (za)
BAR 18,000 21. 22, 4. S (29)
BAR 18.000 2l . Z22a 12. 11, (30)
BAR 18,000 22 23. 15. 16, (31}
BAR 18.000 22 23, 27. 26. 32}
BAR 18,000 ba Se S 4a (33
BAR 18.000 ba Se . . 11. 12, (34
BAR 18.000 Ga Se 26e 27. (35)
BAR 75.000 4a 6. 6. by (36)
BAR 75.000 4a 6. 10, 12. (27
BAR 75.000 4a Ta . 18. 15. (38)
BAR 21.600 b4a - 17. 15. {(39)
- BAR 50.000 bu . Ga 25, 27. (40)
BAR 273,000 ba b4a 15. 27. {41)
BAR 754000 1. b4 . 18, 18, (42)
BAP 75.000 1. 4 24, 24, (43}
BAR 70,000 23. 25, 18. 184 (44)
BAR 70.000 23, 25. 2. 240 {45)
. BAR - .. 75,000 7 T PR %a (46)
BAR 75.000 7. T 12. 15. 47
BAR 79.000 13. 13. - 1. Gy {48)
BAR 75.000 13, 13. 12. 15, {493
BAR 75.000 1. .. . 19. - l. Ha (50
BAR 75.000 19. 19, 12. 15, {51)
BaR 754000 9 . 9. la 3. (52}
BAR 75000 9. 9. 13. 15. (531
BAR 75.000 10. 10. 1. 3. (5&4)
BAR 75.000 10. 10, 13, 15, t55)
HaR 75.000 11. 1i. 1. 3a {56)
HAR T5.0600 i1a 1is 13. 15. 1971
BAR 75.000 15. 15. 1. 3. (58)
BAR 75.000 15. 15. 13. 15, (59)
BAR 21.600 1. by S Se (60}
BAR 75.000 6. 16. 1. 3. {613
BAR 75.000 16, 16. 13, 15. {62)

ENC =0.000 =0 «0. -0. =0. (63

NO. BAR ELEMENTS (1000 &2
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QUTPUT SPECIFICATIONS

-2 X bR R ARl R Ry L L

HHUARCTROREERIIDODHOLORRY

NODF FORE ONLY = 1 _
FORCE AND STRFSS = 2
STRESS ONLY =3 _
SOLVE 2.000
NODES SELECTED FOR OUTPUT
ROW coL
NODE 1. fa NODE 5. 13.
NODE 2. 6a NODE 5. 14.
NOOE 3. R NODE S 15,
NQDE 4 R NODE Ta 12.
NODE 1. 10. NQDE Te 13,
NOOE 2. 10. NODE 7. 144
NODE 3. 104 NODE 7. 15.
NODE 4, 10. NODE 15, 1.
NODE 1. 19, . NODE 15. 2.
NQDE 2. 19, NODE 15, . 3.
NODE 3, 19. NODE 15. by
NODE 4, 15, NODE 15, 12.
NODE 1. . 23. . NODE 15. 13,
NOOE 2. 23. NODE 15. 14. _.
NODE . 3. 23. .. NODE 15. 15.
NODE 4, 23. NODE 20. 1.
NODE | . 25. NODE 20. 2.
NODE 2. 25. NODE 20. 3.
NODE 3. . _ 25. _ _ NODE 20. 4,
NOOE 4a 25. NODE 20, 13.
NODE 5. . 1. NODE 20. 14,
NODE S. 2. NODE 20. 15.
NQDE . 5. 3. .._ NODE 22. &
NODE S. 4, NODE 23. 6.
NODE . 7. 1. __ NODE 24, 6.
NODE T. 2. NODE 25, 6.
NODE . Ta . 3 ——— NODE 23. 18.
NODE 7. 4, NODE 24, 18.
NODE . S 12. ... . NODE 25. 18,
END -0. 0,
PLATE SHELL BHD
ROW LENGTH THICK THICK
SHELL 2.000 844000 24450 1.450
SHELL 3,000 844000 2,450 1,850
SHELL 4,000 B&, 000 24450 1.900
SHELL 5.000 R4,000 2.400 1.900
SHELL 6.000 84,000 2.400 1.900
SHELL 7,000 126,000 2.400 1.850
SHELL 8.000 126,000 2.400 1.800
SHELL 9,000 84,000 2.400 1.R00
SHELL 10.000 84,000 2,400 1.650
SHELL 11,000 84,000 2.400 1,650
SHELL 12,000 1264000 2.400 1.650
SHELL 13.000 210,000 2.400 1,550
SHELL 14.000 168,000 24400 1.400
SHELL 15,000 84,000 2.400 1.400
SHELL 16.000 84,000 24400 1.350
SHELL 17.000 126,000 24400 1.350
. SHELL L .18.000 126,000 2.400 14300
SHELL 19.000 126.000 24400 1.250
SHELL 20,000 126,000 2.400 1.250
SHELL 21.000 24,000 24400 1.250
SHELL . 22.000 84,000 2.400 1.425
SHELL 23,000 87,000 24400 1.600
LSHELL 24,000 158,000 0.000 1.600
END «~(.,0060 -0,000 =0,000 -0,000
} 18 o1 %1 1 1 111 111 1 1 1111 11 0 0378
f 19 ¢ 1 1 1 1 11 1 1 11111 111 0 0379
20 ¢ 1 1 ¥y t 1 111 31 1 ¢t 111111 0 6380
} 21 ¢ 111111111111 1 1111 0 0391
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DEFINITION OF LONGITUDINALS
P e T T T Y T R T T e L R R R P R R s L S Lt 2

1 AX

STANDA 171926,000 393,000
ROW STRT COL END COL

1x 1Y tcoL) (STRT ROW) (END ROW)
XLONG .23000E+04 «30000E+06 1. 22. 26,
XLONG .23000E+04 +35000£406 1. 16, 20.
XLONG +23000F+04 41000F<«06 1. 12, 14,
XLONG «23000E+04 +45000FE+06 1. 9. 11,
XLONG «23000E+04 +53000F+06 1. 6. T
XLONG 23000E+04 «59000E+06 1. 4o S.
XLONG +23000E+04 61000E+06 1. 2. 3.
XLONG .12300E+06 +32B00E «08 1. 27. 27.
XLONG +36400E+0S +95200£+07 1. 21. 21,
XLONG «33300E+05 .92100E+07 1. 8. 8,
XLONG +10000E+02 +66462E405 25, 2. 7.
XLONG +10000E+02 WL66462E405 25, 9. 14,
XLONG +10000F«02 +66462E405 25, 164 20,
XLONG «10000E402 J66462E405 25, 22. 26.
XLONG «45000E+04 .79300FE+07 25, 27. 27,
XLONG «26000E+04 +32870F+07 25, 21. 21,
XLONG «26000E+04 L43700E¢07 25, 8. 8.
YLONG +23500E+06 .30000F+04 e 2. 2.
YLONG «21000E+06 +30000E+04 1. 3. 4,
YLONG «19000E+06 «30000E+04 1. S. S.
YLONG +15500E+06 .30000E+04 1. 6. 6.
YLONG +23200E406 .30000E+04 1. 7. 8,
YLONG 215500406 +30000E+06 1. 9. 10,
YLONG +12650E+06 +30000E+04 1. 1. 11.
YLONG .18900E+06 +30000E+04 1. 12. 12.
YLONG +37900E+06 «30000E+04 1. 13. 13,
YLONG .21000F+06 +30000F+04 1. 144 14,
YLONG +90000E+05 «30000E+04 1. .15, 16.
YLONG +B4OOOE+05 +30000E+06 1, 17. 18.
YLONG +60000E+0S «30000E¢04 1. 19. 20.
YLONG +21000E+05 +20000F +04 1. 21. 23.
YLONG +32000E+05 J20000E+04 15, 2. 2.
YLONG «14500E+06 «20000E¢04 15, 3. 4,
YLONG +15800E+06 +20000E+04 15, 5. 6. K
YLONG +23700E406 20000F¢04 1S, 7. 8.
YLONG +15800€+06 .20000F«04 15, 9. 10.
YLONG «90000E +05 .20000F+04 15, 11. 11.
YLONG .13500E+06 20000604 1S, 12, 12.
YLONG +19000E+06 +20000F+04 15, 13. 13.
YLONG «10000€+06 .20000E+04 15, 14, 14.
YLONG «S0000E+05 «20000€+046 15, 15. 16.
YLONG +70000E+05 «20000E+04 15, 17. 18. .
YLONG «50000E+05 «20000F +04 15, 19, 20,
YLONG «21000F+05 +20000€+04 15. . 21 23.
YLONG .15000E+05 .10000€¢04 15, 24. 24,
END -0. -0. -0, -0. -0.

##THFRE ARE A TOTVAL OF 95 LONGITUDINALS
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LOADING CONDITION

R T R A TR e e L e R R AL s LR SR A S Al bl bl i

YUNTFO 0.000 135.773 3080.400 -103.428 6160,800 135,773
YUNTFO 10781.400 ~101.764

XLONG 1. 16. 26. 1.000

YUNIFO 0,000 -98.728 3080,400 135,773 6160.800 =-98.703
YUNIFO 10781,400  -9.969

XLONG 1. 2. T 14, 1.000

XUNIFO 0,000 ~92.,680 3080,400 129.990 6160.800 =-92.680
XUNIFO 10781.400 4,640

XLONG 1. 2. 2. 1.000

XUNTFO 0,000 -92.680 308B0,400 129.990 6160,800 -92.680
XUNIFOQ 10781.400  —=4.640

YLONG 1. 2. 2. 1.000

XUNIFO 0,000 -84,210 23080,400 129,990 6160.800 -84,210
XUNIFO 10781.400 3.430 .

YLONG 1. 3. 3. 1,000

XUNTFO 0.000 =-70.940 3081.400 121.330 6160.800 =70,940
XUNIFQ 10781400 10,850

YLONG . T4y T4, 1.000

XUNIFO 0.000 -63.570 3081.400 121.330 6160.800 ~63.570
XUNIFO 10781,400 16.730

YLONG i. Se . 1.000

XUNIFO 0.000 -56.570 3081.400 121.330 6160.800 =56.570
XUNTFO 10781.400  22.600

YLONG 1. 6o 6. 1,000

XUNEFQ 0.000 =52.000 3081,400 118.283 6160.800 =52.000
XUNIFO 10781.400  28.470

YLONG 1. 7. 7. 1.000

XUNTFO 0.000 =52,000 3081.400 118,283 6160.800 =52,000
XUNTFO 10781.400 28,470 .

YLONG 1. 8. B. 1.000

XUNIFO 0.000 =-4B.058 3081.330  100.433 6160.800 =48,050
XUNIFO 10781.400  33.750

YLONG 1. 9. . 1.000

XUNIFO 0.000 -48,050 30B1.400 100,433 6160.800 =4A,050
XUNIFO 10781.400  33.750

YLONG 1. 10. 10. 1.000

XUNIFO 0.000 -48,050 3081,400 93,233 6160.800 ~48.050
XUNTFO 10781,400  33.750

YLONG 1. 1. 1. 1.000

XUNTFO 10781.400  33.750

XUNIFO 0.000 48,050

YLONG 1. 12. 12, 1.000

XUNIFO 0.000 -96.090 3081,.,400 92.783 6160.800 -96,090
XUNIFO 10781,400  67.500

YLONG 1. 13, 13. 1.000

XUNTFO 0.000 -96.000 3081.400  92.783 6160.800 ~96.090
XUNIFD 10781.400 67,500

YLONG 1. 14, 14. 1.000

XUNIFO 0.000 -4B.050 3081.400 35,583 6160,800  -48,050

XUNIFO 10781,.,400 33,750

YLONG 1. 15. 15. 1.000

o o mrm



YLONG
XUNTFO
XUNIFO

- YLONG
XUNIFQ
XUNIFQ

YLONG
XUNIFO
XUNIFO

YLONG
XUNIFO
. XUNIFQ

YLONG
XUNIFQ

YLONG
XUNIFO

YLONG
XUNIFQ

YLONG
XUNTFQ
XUNIFO

YLONG
XUNTFO
XUNIFO

TLONG
XUNTFQ
XUNIFO

YLONG
XUNTFO
XUNIFO

YLONG
XUNIFO
XUNIFOQ

YILONG
XUNTFO
XUNIFOQ

YLONG
XUNIFO
AUNIFO

YLONG

].
0,000
10781,.400

1.
0.000
10781.400

1.
0.000
10781,400

1.
0.000
10781.400

0.000
10781.400

15.
0.000
10781.400

15.
G4.000
10781.400

15.
0.000
10781.400

15,
0.000
10781.400

15.
0.000
10781.400

5.
0.000
107814400

15.
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6. 16.

~48,050 3081.400
22,490
17. 17.
~96.090 3081,400
14,990 .
8. 1.
=54,750 3081.400
7.480
19, 19. .
-88.700 3081.400
L020 . ..
20. 0.
~33.940 3081.400
21, 21,
—27.000 13081.400
22, 22,
-37.760 3081.400
23, 23.
223.000 3080.400
-8B.150
2. 2.
215.030 3080.400
-88.150
3. oA,
193,510 3080.400
-82.280
. 4.
186.570 308044060
-82.280
5. 5.
179.630 3080.400
-82.280
6. 6o
172.690  3080.400
-82,280 ..
7. T 1.
172,690 3080.400
-82.280
8.

1.00
21.17

. 1001
13.96!

" 1.00
6476

—~--1a4001
=0,00

1.00
=0.00¢

1.001
. =0.00

14001
=000

1.00¢
-223.00¢

1.004
-215.03

1,00
=193,51

1.00
~186.57

1.00
=179.63

1.00
-172.6%9

1.00
~172.69



YLONG
XUNIFO
XUNIFQ

YLONG
XUNIFO

- XUNIFQ

YLONG
XUNTIFO
XUNIFO
YLONG
XUNIFQ
XUNIFO

YLONG
XUNIFQ
XUNIFOQ

YLONG
XUNTFQ
XUNIFOQ

YLONG
XUNIFOQ
XUNTFQ

YLONG
XUNTFO
XUNIFO

YLONG
XUNIFO
XUNTFO

YLONG
XUNIFG
XUNIFO

“YLONG

XUNIFQ
XUNIFQ

- YLONG

XUNTFO
XUNIFO

YLONG
YUNIFO

XLONG
YUNIFO

XLONG
YUNIFO

X_ONG
YUNIFQ

XLONG
END

15.
0.000

" 10781,400

18.
0.000
10781.400

0.000

15,
0,000
10781.400

15.
0.000
10781,400

15,
0.000
10781,.400

15,
0,000
10/81.400

1s.
0.000
10781.400

15.
0,000
10781.400

15.
0,000
10781,400

15.
10781.400
0.000

15.
0.000
10781,400

15,
0.000

Tes.
2,000

Tas.
0.000

25.
0.000

25,

“1s.

10781.400

1.
131,070
-82.220

12,
199,700
=164.550

13,
199.700
~164.550

14,
B9.450
-82.280

" 1s.
82,500
-82.500

16.
75.570
~75.570

17.
130.330
-103.330

18.
54.750
=54.750

19.
88.700
-88,700

20.
33.940
-33.940

T

=37.000
7,000

22
39,360

-39.360

23.
C9.840

o,
9,750
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11.
3080.400

1.000
~131.070

12.
3080.400

_ij;-
3080.400

14,
3080,400

15.
3080,400

16,
3080,400

17.
3080.400

18.
3080,400

19.
3080.400

20.
3080.400

o

22.
3080.400

23.
3080.,400

2.
3080.400

1.
3080.400

e
3080.400

5,

1.000
-199.700

1.000
~-199,700

1.000
-fG.450

1,000
-A2.500

1.000
~T5,.570

1.000
-130,330

1,000
~54.,750

1.000
-88.700

1.000

=33.940

T1.000

1.000

~39.360

1.000
=0.000

T1.000
-0.000
"1.000
-0.000

" 1.000
-0.000

" 1.000

£160,800

6160,800

6160.800

6160.300

6160.800

6160,.800

61640.800

6£160.800

6160.800

6160.800

6160,.800

6160.1800
6160,800
6160.800

6160.800

131.070
199,700
199.700

89.450

B2.500
75.570
130.330
54,750
B88.700

33.940

39,360

9.840
9.750
8.970

8,190
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SHEAR LOADS ON TRANSVERSES
SHELL BHD
TRANSV, SHEAR SHEAR
SHEAR «10000E+01 -.85715E+05 «2553TE+06
SHEAR «20000E«01 «43020E+04 =,14017E+06
SHEAR «30000E+01 «20BSTE+OR =.SB3T70E+05

SHEAR +40000E+01 = 73500E+04 «1452TE+06
SHEAR #«50000E+01 =,93507E+0S +2307RE+06
SHEAR +60000E+01 «16439E406 ~TBS11E+0S
SHEAR «TN000E+D] «33053E+06 +1B267E+05
SHEAR «80000E+01 «23506E+406 29TSTES0S
SHEAR +S0000E+01 S97EE6E+0S +24047E406

SHEAR =10000E+02 +23501E+06 “97625E+05
SHEAR =11000€+02 +33049E+06 -1R33TE+0S
SHEAR «12000E+02 «16409E+06 - 7TB563E+05
SHEAR 4130006402 =,934A5E+05 «23007E+06

SHEAR «14000E+02 «T3120E+04 +14519E+06
SHEAR «150G0F+02 «21831E+06 =-.70167E+05
SHEAR +16000E+02 13206E+05 «13645E+06

SHEAR «17000E+02 «13016E+06 » 13495E+06
SHEAR «1B000E+02 J2245TE+06 —.T1362E+05
SHEAR «19000E+02 +11510E+04 +13279E+06
SHEAR «20000E+D2  —,55349E4+05 «26)110E+06
SHEAR «21000E+02 ~,12921E+06 =-,144239E+06
SHEAR «22000E+02 =, R2623TE+06 ~,49057E+06
SHEAR «Z23000E+02 -.31564F+06 =-.36653E+06
SHEAR «24000F+02 =,49983E+06 -.20042E+06
SHEAR «25000E+02 =.32807E+06 ~—.36763E+06
SHEAR +26000E+02 =.32784E+06 -.36697E+06
SHEAR «27000E+02 =,50378E+06 =.19915E£+06
SHEAR “28000E+02 ~,31189E+06 ~=.35945E+06
SHEAR 29000E+02 =,29217E+06 =—,49742E+06
END =D -0. . =-0.

Program Execution Times

Execution time varies according to the structural and loading

definitions.

The table below provides sample computer times for the CDhC6600 and

the UNIVAC 1108 (EXEC II) computers.



Table 1. CDC 6600 Program Execution Times

No No. No No. No.
) Frame ) Equivalent Eigenvalues CP System
Transverses Elements Iongitudinals Elements Used Seconds Secon
Complete Analysis 29 618 95 20,772 1 129,656 275.
" " 8 699 95 22,327 1 129,052 1038.
" " 29 699 95 = 23,121 1 129,029 1043.
" " 3 66 242 1 14,409 720
*
Stripped Package 3 36 " 141 1 3.403 20.
* %
CDC/EASE ~Quarter Model- " 92 N.A. 10.977 41.
B
Data Check 28 699 94 22,298 -0- 16.008 25/

* This stripped package does not have input routines amenable for convenient use of the transverse analys
capabilities.

#% Since the problem analyzed was symmetrical fore-n-aft as well as about the hull centerline, the CDC/EAS
Analysis could be simplified to a quarter-hull model., The tanker transverse program, on the other hand
analyzed the whole half-section. Nevertheless, note the significant difference in computer times betwe
the two analyses. The additional computer time required for executicn of the complete tanker progra
(as opposed to the stripped version) is mainly due to the extensive input processing which greatly
facilitates the problem definition.

*%% 1f the FIGENS card is omitted, the program will function in data checking only. This procedure is
recommended before a complete stress analysis is attempted.

Table 2. UNIVAC 1108 (Exec II) Program Execution Times

No No. No No. No.
! Frame - Equivalent Eigenvalues CP Systern
Transverses Elements Longitudinals Elements Used Seconds Seconc

Complete Analysis 29 444 77 15,186 1 363 N/A
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QUTPUT DESCRIPTION:

The plate and bar element stresses are given along the locally defined
element axes as established by the program's automatic element generation.

Figure 6 below illustrates the local axes for each type of element:

-4 “. "'3 Q +‘b
9e
+ X -+ X v J _'_"7"
'T.’ B U e -
Triangular’' Plate Quadrilateral Plate Bar

Fig. 6. Local Coordinate System for Finite Elements

The positive local x-direction extends from node i to j for all elements.

The positive y-direction is always 90° counter-clockwise.

The following table as generated by the program provides the row, node
coordinates for each element node i,j,k, and 1 as appropriate. Note that the
node number given corresponds to the column number except that where void nodes
exist on the given row, the node number is a re—-sequenced column number with

all void nodes omitted from the count from the global x=0.

Table 3.

|

I3
b
o

i

(MEMBER DATA_

. . Ve T e TP PLATE THICKRESS
ouTPVT R & =2 8 2 5 2 0% P
VARABLES S B e g - = b o ARen \S‘
=TT T 1 1TV J-T g 1 9 1 9 P1
F F E F F F F F N N N N M N N N
MM eTE Ty K LT T J J K K LL
N T N F
— s g
P
T I ¢ 2 0 6 0 0 1 1 2 1 2 2 0 0 1.80000
2 § 0 2 0 0 06 0 1 1 2 1 0 0 0 0 1257.83000
T3P0 2 076760 06 11 1 o2 2 2 2 3 1.%0000
4 5 0 2 0 0 0 0 1 1 1 2 0 0 0 0 1257.83000
TETTETTh o2 00 0 601 P2 1 3 2 3 2 4 1.80000
6 5 0 2 0O 0 0 0 1 2 1 3 0 0 0 0 1257.83000
AT 600 1 3 1 4 2 4 2 5 1.80000
8 5 0 2 0 0 0 0 1 3 2 4 0 0 0 0 135.00000
T TP A0 o0 o0 ) 301 4 0 0 0 0N 1257.83000
10 2 0 2 0 1 0 1 1 &4 1 S5 2 5 2 & 1.80000
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MEMTYP indicates the type of element generated by the program:
1l = triangular plate; 2 = quadrilateral plate; and 5 = bar element.
The member numbers are relative to the given row only.

Table 4 lists the stress solutions for the sample web frame elements
defined in Table 3. The x-stress, for the bar element, is always
directed along the axis of the bar (from node i to node j).

The guadrilateral plate stresses are always given in the same
directional (x-y) sense as the global coordinate axes of the web frame,
which is basically an orthogonal, rectangular grid network. Stresses,
however, may be interpolated to locations within the gquadrilateral

element by using the following equations:

[s)

1l
q
.,
=
<

X xi
g =g . * + X
y %yit ¥
where x and y are the relative distances of the interior point in the

.th
element from the i node (lower left hand corner of the element).

Stresses within the triangular plate element, however, are
somewhat more difficult to transpose tc the coordinate system of the
web frame. The stress, assumed constant for this type of element,

may be computed from the following equation:
2 in2 i
= o+ g sinfo + 271, S1na COSa
a OX cos y Xy
where =¢ is the angle between the x-axis of the triangular element

{see Figure 6) and the x-axis of the web frame (horizontal and directed

left-to-right).
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Table 4,
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