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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 user'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 techniques for a given analysis study.

PROGRAM DESCRIPTION:

The transverse strength analysis for longitudinally framed ships com—
bines the techniques 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 usual 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 additional 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 l{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 icards.

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 ichecks, 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 wconclusion of the given data
input subject to where thei error was found.

It is recommendéd that the user allow the program t8 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.




Fig. 1.

Order of Card Input for
Transverse Analysis
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‘1 5,4 10 15 20
LDERTH . Depth ©of transverse at t
. Vertical height of transverse from bottom to
[FREEBRD ! outboard edge of. deck
YLBHD : Horizontal distance of longitudinal bulkhead

from side shell

3 i
]
2 - = )
L | ]
L] E‘ !
v ,L bottom ! | B

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 coincide 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 node, although



3

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

modeling approximation.

The following figure illustrates a sample web frame that has been

defined within the row/column network.

All nodes are assumed to be the joining 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 bottom longitudinals as mea- |

sured horizontally from the side shell. Use only as many of these cards as

needed (maximum = 40). Each of these coordinates will mark a column in the

finite element grid for the transverses. The program will automatically assemble

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

ks 51 10 5 20 ) 5, 10 15 20
XCOORD . | 1 } COORD . | ol
XcoowrD 1 COORD ]
XCOORD ! X oo RD 1
XCOoOORD M XCOORID, . . L,y
XCOORD 1 RCOORD . . . 1
xecoorD, | 1 A XLC.O.0RID. -
XCOORD, . .| - KCOORID | .
ARCQORID, . . ., 1 =, XCOO0RID, . ., LN
L2LO0O0RID, ., . | P I ACOORID. . . . NI
XCOARID. . . 1 KL OORD. . ] n I
X.COO0RD, . . . ! XCOORD. . . 1
MCOORID., . . . | XCOORD. | 1 e
RCQORID. 1 rCOORID, . . ol R
NCOORD: N X.CooRID L
IXEOORID. . 1 0.0 RID | ) -
MECOONID, . ol %.€.0.0.RID | I

XL O0O0RD . L XL 00D, . i
|

IXCOORD. . . | ACOORID 1
ALOoomp. b, L LOORND, . . g
RACOORID, . . . | ., IXcoaRID l e i i




YCOORD cards define the Y-coordinates of the shell longitudinals as mea-

sured vertically from the bottom (or base line).
cards as needed (maximum = 25).

the finite element grid for the transverses.

Use only as many of these
Each of these coordinates will mark a row in

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.

1 5

10

20

YC OORD

YL .00R10

NCOARID

N.COORID

NCOORD,

NCOORID.

XCOORD

LOORID. .

LOORD

NCOORID.

COORID.

CONORD.

LOoorD.

NLQOR D

NCOORD

COORMD.

NCOQRID, .

t 5 0

YCOoORD | .

YCOORID

NCOORID

Y.COORID A
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The VOID cards permit selective 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 of 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. If any two nodes are voided, no plate element will be generated for that
grid rectangle. Voided areas, however, will not affect bar elements spaning nodes
so declared. Any number of VOID cards are permitted. An END card must follow.

start row [ end yow start column end column
15 20 25 3s 40 45

30, 50




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
3 s 10 15 20

WeleHT |

PLATE 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 columns is quite arbitrary.

These coordinates merely provide the edge boundaries for the given plate thick-

ness.

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

An END card is required to follow.
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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 1list
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

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

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 t%;
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 cargd.
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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

! 5 10| 15 20

3 .

sotve, 1,

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 joining the given NODE will automatically. have stresses

provided in the output.

1 5, 10 P 0]  colygn 30

L




row node

lI 5, _ YOl 15 20 25 SOr

NODE, 1 . . . e, . . , fom .
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SHELL 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.

) 5

1

plate
length
25

shell
thickness

bulkhead

thickness
45

SHE LL;

o

SHE L L,

SHELL,

SHE L L,

Al

ISHEL L

ISHEL L,

w
5
L

SHE LL,

:
:?

P

SHEL L |

e e
'S

L

SHE LL,
SHELL

HELL,

20
PRI |
i

SHE CL,

SHELL,

SHELL,

§tJE'LL1

S HELL,
SH EL L,

SHELL,

3 1

1

. 1

1

- ! ]

nn 1

!

] = M
BRELL, . .. (. ... 1] |

SRR L L o e
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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 coefficients be computed. With
usually very little loss of solution accuracy, the corresponding influence
coefficients for the reﬁaining 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 En

TANDARD pan X L

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 sequence, use XLONG. If a number of longitudinals
are identical along a given column and occur in sequence, use YLONG. Either
XLONG or YIONG may be used for longitudinals which follow no such sequence
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.
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LONG: .,

XL.OIN.GI e

XL o w6

XLowe , . .

YLowG: . . . . |, ..

XLoNG . .
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K 5, 10 35 { \ao] 45 50 55 ool
XLONG) 1 { 1
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55

end row
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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 longitudinal.

2. List all Xongitudinals 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, UNIFORMLY 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 AOne
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 required after the last XLONG or YLONG which concludes the

last loading set.
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The following prescribes the formats for each of the XLONG and YLONG
cards that define what longitudinals specifically pertain to the given

loading subset.

%
row start column end column factor

' 3 10 15 20 25 30 35 40 45

., start row end row factor

! 5 20 25 30 35 40 45

YLONG

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
factor is left blank (or given a zero value), the program will assume a factor

of unity and apply the entire load subset to these longitudinals.
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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 side shell and the

lohgitudinal bulkhead.

An END card is required following the last SHEAR card.

transverse number side shell bulkhead
[ 3 o] from astern Shi?r X sggar o) :
lHEAKl . I T LN e M-
: AR, ] il 1 =
HEAN | | )
Eﬂeﬂﬂl 1 . A = N ! :
SHEar, |, .. .. T i B
‘Eyiffiﬁq T N e, -, SNPGRS NI IS
PHEARL, l - RN F e
) it e I P S Al i SR NN [ T = T
HECY RN NI SRR D AT R D e s
if)*lffiﬂq N et ) s | iy ol
kSt!CﬂHfluﬂ (e . ! g D 1. q
SHEAR, | L L 4L e ) . 1 ] al -
ISHYAR, . . . 1 ok g .
jéj!CWiﬂq N | i ) | A 1 I .1 "
REARY | | . I . b 1
PEAS. 8 S L e, ! JR—" .
ISHE A & | P AL Sl
Sheary 4 T A 1 LN
O, | e . LT S . =oAL
ShEAR . .. s B =t - ! r
bhch&t.A‘.A,..x o, Rk o

END
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EIGENS is the last card for the complete loading condition definition,
after all load sets have been emtered with their appropriate X (Y)LONG CARDS.
The EIGEN card permits the usefféﬁtemploy 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 frequently along the length of the section,

it may be best to use all modes (= number of transverses).

i
[+ 5z 0} 15 20

Ereevs |,

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.




TRANSVERSE STRENGTH ANALYSIS OF LONGITUDINALLY FRAMED SHIPS
BY COM/CODE CORPORATION

FACTOR
UNITS

KG

(51| S, .

LENGTH OF SHIP SECTION TO BE ANALYZED
15402.000

LENGTH

YOUNGS MODULUSs POISSONS RATIO

MATERL

«205E+04

+300

SPACING BETWEEN TRANSVERSES
S$13.400

SPACIN

STIFFN
STIFFN
STIFFN
STIFFN
STIFFN

STIFFNESS FACTORS OF aLL TR

1,000
1.000
l1.000
1.00

0
em 14000

1.000
1.000
1.000
1.000
-1.000. _ .

2460
2.460
2.460

S«600
2.460

1.000
1.000
1.000
1.000

. 14000

ANSVERSES IN ORDER FROM

L

STERN

1.000
1.000
1.000
1.000
1.000

CONVERSION FACTOR IS APPLIED TO ALL DIMENSTONAL UNITS OF LENGTH
1

5.600
S.600
2.460
24460

LIST TRANSVERSE B8Y POSITION FROM STERM TMAT ARE TO BE ANALYZED

ANALYZ

16.000

FIMITE ELEMENT DEFINITION OF TRANSVERSE
P N L T T P T 2 Y TR TR S ST 2 2 L el g d
XCOORD
XCOORD
. YCOORD
YCOORD
. YCOORD
YCOORD

CLDEPT
FREEBR
XLBHD

XCOORD
XCOORD
XCOORD

.- XCOORD

XCOORD
. XCOORD
XCOORD
XCOORD
XCOORD
XCOORD
XCOORD
XCOORD
XCOORD
XCOORD
XCOORD
XCOORD
XCOORD
XCOORD
XCOORD

- .XCOORD

XCOORD
XCOORD
XCOORD
XCOORD
_XCOORD

2565.000
2450.000
1310.000
0.000
89,000
182.000
276.000
370,000
464.000
558,000
652.000
T46.000
840.000
934,000
1028,000
1122.000
1216.,000
1310.000
1404,000
1498.000
1592.000
1686,000
1780.000
1874,000
1968.000
2062.000
2156,000
2250.000

. YCOORD
YCOORD
YCOORD
YCOORD

. YCOORD
YCOORD
_YCOORD
YCOORD

- YCOORD
YCOORD
YCOORD
YCOORD

. _YCOORD

YCOORD

YCOORD

YCOORD
YCOORD
YCOORD
-~ YCOORD
YCOORD
YCOORD

END

2344.000

2438.000
0.000
90.000
180.000
264,000
348.000
432,000
516.000
684.000
768.000
852,000
936.000
1020,000

1188.000

1440,000

1524.000 .

1608.000
1692.000
1860.000
1944.000
2112.000
2196.000

2280.000°

2364.000
2450.000
2565.000

-0.,000,

DEFINITION OF VOID AREAS OF TRANSVFERSE

CryYeYYYzey222X 232 LIS 22T LA L L L LS AL AL a2t s gt

voIn
vOoID
voID
voibD
voID
voID
voip
vOoID
voIn
vVOoID
END

START
ROW
Te
22
6.
s.
6.
Se
lz.
17.
2le

1.

-0

END
ROW
21.

. 22

6.
Se
8.
Se
14,
20,
21,
1,
-0,

START

coL

16.
17.
17.

. 1l8.

S.
6.
S.
5.
6.
|

=0

END
coL
27.
26.
26,
2S.
11.
10.
11,
11.
10.

l.
-0,

h
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BOUNDARY CONDITIONS

IR BB OORE R BOESRND SRR LBRN VBT LB R BB LGRS BRORBTEDRGTETY

RESTRICTED X~DEFLECTION = 1
.- - RESTRICTED Y=DEFLECTION = 0O

C.Le . BOTTOM =i =
SUPPORTS SUPPORTS
BC 1.000 0.000 . !
WEIGHT 1.000 3

THERE ARE 10 C.L. SUPPORTS m’

C.L. SUPPGRYS ARE DEFINED FOR ROWS
.l 2 3 4 5 622232425 =y

SUPPORT AT BOTTOM IS LOCATED ON COL 15 (NODEl4)

1 I 5] WS s ————
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ROW NUMBERING SYSTEM
T T R R R e e T e Y T e T e A S S S e LSS R X YT YT L2 YL 2 TS

c - - B
(o] ROW
L 1 2 3 4 5 6 7 8 .91011 1213 16 1S 16 17 18 19 20 21 22 23 24 25
) U T T T ST R S e s i ]
21 2 2 2 2 2 2 2 2 2 2 2 2 22 2 2 2 2 2 2 2 2 2 2
32 3 3 3 3 33 3333333 33333333333
43 4 6 6 & & & b b & 4 & & & & 6 6 & & & 4 4 & 4 &
5S4 55 5 5 0006565500055 0000565565 5
65 6 6 6 0 0D 0 0 6 6 6 0 0 0 6 6 0 0 0 0D 0 6 6 6 6
76 7 7 7 0 0 0 0 7 7 7 0 0 7 7 0 6 06 0 0 7 7 7 7
87 8 8 B 0 0 0 0 8 8 8 0 6 0 8 8 0 00008 8 8 8
"98 9 9.9 0 0 0 09 9 9 0 00 9 9 0 00 00 9 9 9 9
309101010 0 0 0 ©0 101010 0 0 01010 0 0 0 0 0 10 10 10 10
1119 11 11 11 6 0 0 6111111 0 0 01111 0 0 0 6 611 12 11 11
1211121212 7 5 S S121212 5 5 51212 5 5 S 5 712 12 12 12
1312 131313 8 6 6 6131313 6 6 61313 6 6 6 6 81313 13 13
1813 14 1614 9 7 7 7141414 7 7 71616 T 7 7 7 914 16 14 14
IS14 15151510 8 B 8151515 8 & 81515 8 8 8 8 10 15 15 15 15
161516 16 16 11 9 0 0 © 0 0 0 © 0 0 0 0 0 0 0 016 16 16 16
1716 17 171712 0 o6 o0 o 06 0 6 06 0 06 0 0 0 o 0 0 01717 17
1817 18 18 18 0 0 o 0 0 0 0 © 0 06 0 0 0 0 0 0 0 018 18 18
1918 191919 0 6 6 0 0 0 6 © 0 06 0 6 0 0 0 0 0 0191919
2019202020 0 06 0 0 © 0 0 0 0 0 6 0 06 0 6 0 0 0 20 20 20
2120202121 0 0 0 0 0 0 0 6 0 6 0 06 0 0 0 0 0 02121 21
2220 22 2222 0 0 0 0 0 0 0 0 6 0 0 0 0.0 0 0 0 02222 22
2922 232323 0 0 0 0 6 0 0 ©6 0 0 0 0 0 0 0 0 0 0232323
2423 24 2424 0 0 0 0 0 0 8 0 0.0 0 0 0 0 0 0 0 02626 26
2524 252525 0 0 0 0 0 0 0 0 © 0 0 0 0 0 0 0 0 0252525
2626 26 26 26 13 0 0 0 © 0 6 0 0 0 0 0 0 0 0 0 0 0 2626 26
2726 2727271410 0 © © 0 0 0 0 0 0 0 0 o O 0 0172727 27
DEFINITION OF PLATE THICKNESSES i ol W
START END START END PLATE
. . THICKNESS  ROW . ROW coL coL NO.
PLATE 1.200 22. 2s. 1. 15. ¢ 1)
PLATE- . 1.200 23, 25. G- 27, (2
PLATE 1.400 11, 22. 1. 4, ()
PLATE .. 1.400  11. 22. 12. 15. (&
PLATE 1.600 b o 11. 1. Ga {5
PLATE 1.600 4. . 11. 12. 1S5 e
PLATE 1.800 1. “ 1. a8, (N
PLATE 12400 . 1. . A. 8. i Iils;
PLATE 2.350 1. 55 15. 2. (9
PLATE 1.600 1a . b, 2l. 27. {10)
PLATE 2.100 6. 6. 4o 12, Qb
PLATE 1.400 &8, 15. 4. 12. (12
PLATE 1.500 15, 16. 'S 12. {13
PLATE . 1.400 16, 22. oS 12, (14)
PLATE 1.400 21, 23. 15. 17. (5
PLATE .. .. 1.200 22. 23. . . 26. _21. (16
PLATE 2.100 4. 7. 15. 18. (7
.PLATE O 25. . 21,  (18).

END -0.000 =0. -0. -0. ~0. (19)

_w— - NO. OF AREAS OF COMMON THICKNESSES (S0) =18 .
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DEFINITION OF PLATE THICKNESSES

ROW
2 3

N~ NN N o~ N
R R R " I )

> ® ®.

® o o ©® o

oaio o 0 ® ®

° b

10 10
10 10
10 10
10 10
10 10
10 10
10 10

O W VvV ® ©® ® o™

4 5.6 7 8 91011 12 13
7 55556555 3 3
7 S5 558§ 5 5 3 3
7 55 6 55 5 5 3 3
111111 512 12 12 12 12 12
1111 0 0 0121212 0 ©
11 0 0 0 0121212 0 0
11 0 0 0 0121212 0 ©
11 0 0 0 0121212 0 0
11 0 0 6 0121212 0 ©
1L 0 0 0 0121212 0 0
1111 0 0 0121212 0 ©
11111 612 12 12 12 12 12
8 6 6 6 6 6 6 6 4 4
B 6 6 6 6 6 6 6 & &
17171717 6 6 6 6 4 &
171717 0 0 0 0 0 0

1717 0 0 0o 0 0 0 0 o0
17 0 0 0 0 0 0 0 0 0
9 0 00 000 0 0 0
9 06 0 0 0 0 0 0 00
10 0 0 6 0 0 06 0 0 0
10 0 0 0 0 0 06 06 0 0
10 -—OA—O V(”—O —0-“0. —0.-—0 “0'
10 0 0 6 0 0 0 0 0 o
18 0 0 0 6 0 0 0 0 O
1818 6 0 0 0 0 0 0 0
181818 0 0 6 0 0 0 0

UGG REGBEIGATOTRAOTBRCONBOCBUDECDRTIRIFAARDEBDOOS

14 15 16 17 18 19 20 21 22 23 24 25

a3 =3l a3 3 3 3l 3 ks G g

333333333111

3] SIS B3 303030 igEEeal 1 1

12 13 14 14 14 14 14 14 14 1 1 1}

013 14
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01314 0

013 14
013 14
013 14
013 14
013 14
12 13 14

4 6 4

4 4 &

Z “. ." .

o &'

oi

0

-3

o o o

0

0

-3

. ©®, 0o ©

0
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6 014 1 1 1
o o% LT
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0141 1 1 1

14164 14 146 16 1} 1
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&

o o

& o © o

o o
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S _ OEFINITION OF BAR ELEMENTS W
SaBoRENLEY FRRSHANOSRPOBSRES tonnpene L1222
START END START END
- AX ROW ROW coL coL !
BAR 1257.830 1. | 3 2. 27. tn
- BAR 1257.830 1. - 2 2. 1. (2
BAR 1257.830 2. 4o 1. 1. (3
BAR 1232.160 4e 264. = lis 1. &)
BAR 1309.170 25. 25. 1. 27, (S
BAR 135.000 1. 2S. be b4e « 6)
BAR 135.000 1. 25, 12. 12. «7
. BAR 40,000 23. 23. 1S. 27. { 8
BAR 40.000 22. 22, 1. 1S, 9
. BAR 718,760 22. 25. 8. 8. (10}
BAR 718.760 23. 25, 2l. 21, an
. BAR 795.770 l. 4o, 8. 8. (12)
BAR 795.770 l. bo 2. 21. (13)
BAR 130.000 9. - - 9 ~ 4. 12. (14)
BAR 130,000 10. 10. b 12. (15)
. BAR .. 130.000 11. 11. = 12. 16)
BAR 140,000 15. 1S. b, 12. (17n
. BAR 140.000 16. 16. — b 12. (18)
BAR 63,250 9. 11. Te Te (19)
. BAR . 63.250 9 11. P R- 9 (20)
BAR 63.250 15, 16. Te 7. 21)
. BAR 63.250 15. - 6. = w2 9. 22y
BAR 75.000 4o bo la 15. 23)
BAR T44.430 I. 6a .. 27. 27. (24)
BAR T44.430 22, 2s, 27. 27. (25)
. BAR . 24,000 20. 22 .. _ 4o 6. (26)
BAR 24,000 20. 22. 12. 10. ©@n
BAR 24,000 2l. 23. 15. 17. (28)
BAR 18.000 2l. 22, 4. S. 29)
BAR - 18.000 21, 22. 12. 11. (30)
BAR 18.000 22. 23. 15, 16. 3
. BAR 18.000 22. .23, 5 27s. 26, (32)
- BAR 18.000 4. S. Se b4o (33)
BAR ... 18.000 4. . Se 4 11. 12. (34)
. BAR 18,000 bo Se 26. 27. (35)
. BAR . 75.000 b _ - 6. 6.. 4o (36)
BAR 75.000 b4o 6. 10. 12, an
BAR . T5.000 be o g —— [ ] 1S. (38)
BAR 21.600 be 6. 17. 1S, (39)
. BAR 50,000 b4e — 6. - 25. 27. 40)
BAR 273.000 4. o, 1S, 27. (41)
. BAR 75.000 1. 4o _. 18, 18. (42)
BAR 75.000 1. 4o 24, 24, {43}
- BAR 70.000 23. 25. - -- 18, 18. (44)
BAR 70.000 23, 25. 2he 24. (45)
-BAR ~ . 75.000 Te To v ot le LY (46)
BAR 75.000 T. Te 12. 15. 7)
BAR 75.000 13. 13. - 1. 4o (48)
BAR 75.000 13. 13. 12, 15. (49)
BAR 75.000 19. 19. o= 1. 4, (50}
BAR 75.000 19. 19. 12. 1S. (S
BAR 75.000 9. 9. o 1. 3. {S2)
BAR 75.000 9. 9. 13. 15. {53)
B4AR 75,000 10. 10. 1. 3. {(54)
BAR 75.000 10. 10. 13, 15. {55)
RAR 75.000 1. . 1. 3. (56)
BAR 75.0060 lie 11. 13. 15. (>7)
BAR 75.000 15. 15. 1. 3. (58)
BAR 75.000 15. 15. 13, 15. (59)
BAR 21.600 1. b 5. S. (60)
BAR 75.000 16, 16. 1. 3. t61)
BAR 75.000 164 16. 13. 15, 62)
END =0.000 =0. -0. -0. -0. (63)
_NO. BAR ELEMENTS (100) 62 X
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N
F
S

SOLVE

NODE
NODE
NODE
NODE
NODE
NOPE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE
NODE

SHELL
SHELL
SHELL
SHELL
SHELL
SHELL
~SHELL
SHELL
SHELL
SHELL
SHELL
SHELL
SHELL
SHELL
SHELL
SHELL
- SHELL
SHELL
SHELL
SHELL

. - SHELL

SHELL

- .SHELL

ODE FORE ONLY =1
ORCE AND STRESS = 2
TRESS ONLY =3 -
2,000
NODES SELECTED FOR OUTPUT
ROW coL
1. 6o .. NODE
2. 6 NODE
3. 6o NODE
4o - . NODE
1. . 10, NODE
2. 10. NODE
3. 10, NODE
4o 10. NODE
. S 19,. .. NODE
2. 19. NODE
o 3. o 19, .... NODE
as 19, . NODE
le - 23. . NODE
2. 23, NODE
3. . . 23. ... NODE
4o 23, NODE
. le ... 25......_ NODE
2. 25. NODE
- 3. .- 2S5« ___ NODE
4o 25. NODE
Se 1.. NODE
S. 2. NODE
S. 3. .-— NODE
Se b4, NODE
R 7. le . .. NODE
7. 2. NODE
T - 3.. .. .__ NODE
T. b4, NODE
R Se 12. ... .. NODE
END
PLATE SHELL
ROW LENGTH THICK
2.000 R4,000 2.450
3.000 R4.000 20450
~ 4,000 84.000 2450
5.000 R4,000 24400
6000 84.000 2.400
7.000 126.000 2.400
8.000 126,000 24400
9.000 84.000 2.400
10.000 84,000 - 24400
11.000 84.000 2.400
12.000 126,000 2.400
13,000 210,000 2.400
14.000 168.000 2.400
15.000 84,000 24400
16,000 84,000 2.400
17.000 126.000 2.400
-18.000 126,000 20400
19.000 126.000 2,400
20.000 126,000 2.400
21.000 84.000 2.400
- 22000 84,000 2400
23.000 87.000 2.400
24,000 158.000 - 0,000
=0.000 -0.000 -0.,000

END

BHD
THICK
1.RS0
1,850
1.900
1.900
1.900
1.850
1.800
1.R00
1.650
1.650
1.650
1.550
1.400
1.400
1.350
1.350
1.300
1.250
1.250
1.250
14425
1.600
1.600
-0.000

DRBRDLE
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DEFINITION OF LONGITUDINALS . -

1 AX
STANDA 171926,000  393.000 o | - . =
ROW STRY cOL END COL

. Ix Y . (cot) (STRT ROW) (END ROW)
XLONG +23000E+04 +30000E«06 1. 22. 26.
XLONG +23000E+04 «35000E+06 1. 16+ . 20, R
XLONG «23000E «04 +41000F +06 1. 12, 14,
XLONG +23000E+04 <4S000E+06 1. 9. Ao 2
XLONG «23000E 04 +53000E+06 1. 6. 7.
XLONG «23000E+04 «59000€406 1. o, Se
XLONG «23000€+06 «61000E+06 1. 2. 3.
XLONG +12300€+06 +32800€+08 1. 27, 27.
XLONG +36400E +05 +95200F+07 1. 21. 21,
XLONG «33300E+05 +92100E¢07 1. . 8. 8.
XLONG. «10000E+02 «66462E+05  2Se 2. Te
XLONG +10000E402 «66462E405 25, .. 9 14, .
XLONG .10000E+02 «66462E+05 25, 16, 20.
XLONG «10000E+02 +66462E405 - 25, 22. . 26. |
XLONG +4S000E~04 .79300£+07 25, 27. 27.
XLONG «26000E+04 <32870E+07  25. -4 21 Bl
XLONG «26000E+04 +43T00E+07  2S. 8. 8.
YLONG .23500E+06 +30000E 04 le. .. . 2. ... 2. .. .-
YLONG .21000E+06 «30000E+04 1. 3, 4
YLONG «19000E¢06 «30000E+04 | - 5. ... S.
YLONG +15500£¢06 +30000E «04 1. 6. 6.
YLONG +23200€+06 +30000E+04 1. CTh . e
YLONG +15500E+06 +30000E+04 1. 9. 10,
YLONG «12650E+06 «30000E +04 de - 1. 11. .. -
YLONG +18900E+06 +30000E+04 1. 12. 12.
YLONG «37900E«06 . +30000E+04 1e - . 13, 13, . . -
YLONG +21000F+06 +30000E+04 1. 16, 14,
YLONG «90000E *05 «30000E+04 le .. — 1S, C 166 . s
YLONG +B4O00E«0S +30000E+04 1. 17. 18.
YLONG «60000E¢ 05 +30000E«04 le- - . ..19 LZorR N
YLONG +21000E+05 -20000E *04 1. 2l. 23.
YLONG +32000E+05 .20000E+04 1S, o 2e . L E04 o e
YLONG +14500E+06 «20000E+04 15, 3. &,
YLONG «15800E+06 «20000E+04 15, — Se = ey
YLONG «23700E+06 «20000E¢06 15, 7. 8.
YLONG +15800E+06 +20000E04 15, ... 9, o 10e . . .
YLONG +90000E+05 «20000€+04 1S. 11. 11.
YLONG +13500E+06 «20000F+04 1S ... .12, . 12
YLONG +19000E+06 «20000E+04 15, 13. 13.
YLONG +10000E¢06 +20000F+046 1S5, . . .14. 14,
YLONG +50000€ + 05 «20000€+04 15, 15. 164
YLONG .70000€ 05 «20000E04 15, .. _ _17. .. 18 -
YLONG +S0000E 405 «20000F«04 15, 19. 20.
.YLONG «21000F«0S +20000€404 1S5, . 21, .. . 23, .- -
YLONG +15000€ «05 «10000E+04 15, 26, 24,
€ND ~0. =0. L =0e ... ..=0e . =0, . -

e#THERE ARE A TOTAL OF 95 LONGITUDINALS
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LONGITUDINAL NUMRERING SYSTEM
L T TRy e e Y Y Y FY R Y P AT IR TP IR YT Y Y 2

c = - . -
0 ROW
Lt 1 2 3 4 S 6.7.8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 25

" 71 27 's4 81108122132140148163178193201209217232247255263271279289306 0 0

10 0000 000 00O OGO OO0 D000 0 0 0 0 036l
"2 0 0 0 0 006 0 00 00 0 0 O OO0 OO0 O 0 0 0 0362
3 0 0 0 0 0 0 0 06 0 000 000 000 0 0 0 0363
"4 0 0 0 0 1 1160011160611 1100 0 036
5 0 0 1 11100 01 1 1001 11 1 1 0 0 0365
"6 00 06 I 11 1 000 11 100111100 0366
7 0001 1 1 1 ¢600 1 11 0061 1 1 1 1 0 0 0367
8060 011 110001 11 0 1 1 11 1 0 o o038
"9 00 0 1 1 1 1 000 1 1 1001 1 111 0 0 0369
00 0 0 0 1 1 1 0 06 0 1 1 1 0 01 11 1 00 0 0370
11 6 0 0 0 0 06 0 0 0 0 0 0 00 0 @ 0 0 0 0 0 0 037V
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 6 0 0 0 0 0 0372
12 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0.0 0 0 0 0 0 O 0373

0 41 68 95117129139147162177192200208216231246254262270278288303320347 0 |
1S 0 0 0 0 6 11 1 1 T 111111 1111t 0 o o035

1
e 0 0 0 0 11 11T 111 1711 1T T 1 11 o oe3re
1770 a0 11 1 ' 0377
18 0 0 : 0378

19 0 o o

0
[

1 1.1 1 0 0379
0 0380
0

)
) 1
zollo o oMWY a1 0 4 hom mia R R
"0 0 11 1 ! ] S 1y 0381
°

1

. 22 0 0 Ty 1y 1 1 1 1 1 1 F 1 1 0 0382
230 0 0 1 1 1 1 1 11 1 111 ¥ 1 1111 1 o o3

, 24 0 0 0 1 ¥ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 o 0384
25 0 0 6 0 1 1 31 1 1 1 X 1 1 1 1 1 1 F 1 1 1 6 038

26 0 0 0 0 0 1 1 31 1 1 1 1 1 1 1 1 1 1 1 1 0 0 038
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. LOADING CONOTTION

YUNTFO
YUNTFO

XLONG
YUNIFOQ
YUNIFO

XLONG
XUNIFO
XUNIFO

XLONG
XUNTFO
XUNIFO

YLONG
XUNIFO
XUNIFO

YLONG
XUNIFO
XUNTFO

YLONG
. XUNTFO
XUNIFO

YLONG
XUNIFO
XUNTFO

YLONG
XUNTFO
XUNIFO

YLONG
XUNIFO
. XUNIFO

YLONG
XUNIFO

XUNIFO

YLONG
XUNIFO
XUNIFO

YLONG
XUNIFO
XUNIFO

YLONG
XUNIFO
XUNIFO

YLONG
XUNTFO
XUNIFO

YLONG
XUNIFO
XUNIFO

YLONG
XUNIFO
XUNIFO

YLONG
XUNIFO
XUNIFO

0,000
10781.400

1.
0.000
10781.400

1.
0.000
10781.400

1.
0.000
10781.400

1.
0000
16781.400

1.
9.000

.10781.400

-_.l..
0.000
10781.400

1.
0.000
10781.400

1.
0.000
10781400

1.
0.000
10781.400

i
0.000
10781.400

1.
0.000
10781.400

1.
0,000
10781.400

1.
10781.400
0.000

1.
0.000
10781.400

1.
0.000
10781.400

1.
0,000
10781400

1.
0.000
10781.400

135,773 30804400
-101.764

16, 26.
-98.728 3080.400
-9.969
2
-52.680 3080400
—4.660
2. 2.
-92.680 3080.400
~4,640
Do =
~84.210 3080,400
30430
a5 3.
-70.940 3081.400
10.850
Tmos | EOd

-63.570 3081.400
16.730

s. 5.
-56.570 3081.400
22.600 .
G 6.
-52,000 30814400
28.470
7. d
-52.000 3081,400
28.470 -
8. a. .
-48.058 3081.330
33.750
9. 9.
-48.050 3081.400
33.750
10. 10.
-48.050 3081.400
33,750
1. 1.
33.750
-48.050
12, 12.
~56.000 3081.400
67.500
13, 13.
-96.090 3081.400
67.500
16, 1.
~48,050 3081.400
33.750
is. s.

-48.050 3081.400
29.990 -

=103,428 6160.800

1.000
135.773  6160.800
1.000
129.990 6160800
1.000
129.990 6160.800
T 1,000 .
129.990 6160.800
1,000
121.330 6160.800
" 1.000 |
121.330 6160.800
. 1.000
121.330 6160.800
" 1.000 o
118.283 6160.800
1.000
118.283 160,800
1.000
100,433  6160.800
1.000
100.433 6160.800
1.000
93,233 6160.800
1.000
1,000
92,783 6160,800
1.000
92.783 6160.800
1,000
35,583 6160.800
1,000
6160.800

28.373

135.773

" -98.703

=92.680

-92.680

=84.,210

PYTTYTY YT AT R 222 2L 2 1)

~70.940 -

~63.570
f?é.570
-52.00;.
-52.900
—48.,050

-48,050

~48,050

=96.090
~96.090
~48,050

-48,050



YLONG
XUNIFO
XUNIFO

. YLONG
XUNIFO
XUNIFO

YLONG
XUNIFO
XUNIFO

YLONG
XUNIFO

- XUNTFO

YLONG
XUNIFO

“YLONG
XUNIFO

YLONG
XUNIFO

YLONG
XUNTFO
XUNIFO

YLONG
XUNEFO
XUNIFO

YLONG
XUNIFO
XUNIFO

YLONG
XUNTFO
XUNIFO

YLONG
XUNIFO
XUNIFO

YLONG
XUNTFO
-XUNIFO

YLONG
XUNTFO
XUNIFO

.YLONG
XUNIFO
XUNIFO

YLONG
XUNIFO
XUNIFO

.YLONG
XUNIFO
.XUNTFO

\

ne
0.000
10781.400
1. .
0,000
10781.400
1.
0.000

l10781.400

. . .
0,000

-- 10781.400

By

1.
0,000

Ty
8.000

.
- - 0.000

1.
0.000
10781.400

15.
0.000
10781.400

TN

0.000
107681.400

15.
0.000
10781.400

15.
0.000
10781.400

1S.
0.000
10781.400

0.000
10781.400

15.
0.000
10781.400

15.
0.000
10781.400

.15,
0.000
10781.400

22,

37

6. e,

~=33.940 3081.400

21. 21,
-27.000 3081.400

22.
-37.760 3081.400
23. 23.
223.000 3080.400
-88.150

2. 2.
215.030 3080400
-8B.150

R, | o
193.510 3080.400
~82.280

4 . &,
186,570 3080.400
-82.280 .
‘s, 5.
179.630 3080.400
-82.280,

6o 6.
172,690 3080.400
-82.280 . -

7o Tinmmh

172.690 3080.400
~82.280

.. 8. .- B.
151.880 3080.40
-82.280 . A

Do IR0 |
144,940  3080.400
-82.280

10. 10.
138,090 3080.400
~B2.280 o o o

1.000
21.173

. 1.000
13.963

1.000
6.763

—--1.000
=0.000

~48.050 3081.400
22.490
17. . .17.
-96.090 3081.400
14.990 y
T T 4. 7T e,
-54.750 3081.400
7.480
19« .. _ 19..__
-88.700 3081.400
L _.020.
T 200 T20.

1.000
-0.000

" 1.000
.- =0.000

"1.000
-0,000

" 1.000
-223.000

i.000
-215.030

1.000

~193.510

— 1.000
-186.570

1.000
-179.630

1,000
~172.6%0

1.000
-172.690

-~ 1.000
=-151.880

1.000
~144.940

. 14000
~138.090

6160,800

6160.800

6160.800

-48.050.

=96.090

=54.750 .

6160.800

6160,800

6160.800

6160.800

6160.800
6160.800
6;6;.;00
6160.800
6160.800
§}607800u
6160.800
6150.8?0

6160.800

6160.800

-88.700

=33,940 .

=27.000

=37.760

223.000
215.030
193.510
186.57¢C
179.630

172.690

172.69¢
151.880

1442940

138.090




YLONG
XUNIFO
XUNIFO

YLONG
XUNIFO
~. - XUNIFO

XUNIFO

YLONG
XUNIFO
XUNIFO

YLONG
XUNIFO
XUNIFO

YLONG
XUNIFO
XUNIFO

YL ONG
XUNIFO
XUNIFO

YLONG
XUNIFO
XUNIFO

YLONG
XUNIFO
XUNIFO

YLONG
XUNIFO
XUNIFO

'XUNIFO

- YLONG
XUNIFO
XUNIFO

YLONG
- YUNIFO

XLONG
YUNIFO

XLONG
YUNIFO

‘XLONG
_YUNIFO

XLONG

END

o

0.000
10781.400

15.
0,000
.10781.400

15,
0.000
10781 .400

15.
0,000
10781.400

15.
0,000
10781.400

15.
0.000
10781.400

15,
9.000
10/81.400

15,
0.000
10781.400

15.
0.000
10781.400

15,
0.000
10781.400

15.
10781.400
0000

15,
0.000
10781.400

15,
T 0.000

25.
.- 0000

25.
0.000

2s.
0.000

" 2s.

——r

n.
131,070
-82.280
12.

199,700
-164.550

13,
1199.700
2164.550

14,
.89,450
~82.280

“1s.
82.500
-82.500

16, .
75.570

38

TNk
3080.400

12.

" 3080.400

13. -
3080.400

1.000
~131.070 6160.800

1.000
=199.700 6160.800

" 1.000
-199.700 6160.800

14,
3080.400

1S.
3080.400

16.
3080.400

~75.570

17.
130.330

=103.330

18.
544750
=54,750

19,
88.700
-88.700

20.
33.940
=33.940

=37.000
37.000

. B2e
39.360
=39.360

23,
.- 9,840

- 9.750

3‘
8.970

o,
8.190

S.

T,
3080.400 .

18.
3080.400

19.
3080.400

20.
3080.400

‘21,

22.

3080.400 =39.360 6160.800 , 39.360

L
3080.400

2.
3080.400

3.
3080.400

5,
3080.400

1.000
=R9,450 6160.800

1.000
=R2.500 6160.800

1.000
=75.570 6160.800

1.000
=130.330 6160.800

1.000
=54,750 6160.800

1.000
-88.700 6160.800

1.000

=33.940 6160.800

NT;DOC— N

1.000

1.000
. .-0.000 6160.800

1.000 2
-0.000 6160.800

1.000
-0.000 6160.800

" l.000
-0.000 6160.800

131.070

199,700

199.700

89.450

82.500

7S.570

130.330

S4.750

88.700

33.940

-9.840

9,750 -
B8.970

8.190
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SHEAR LOADS ON TRANSVERSES
SHELL BHD
TRANSV. SHEAR SHEAR

SHEAR «10000E+01 =, ASTISE«0S «25537E406
SHEAR «20000E+01 «43S20E+04 =,14017E+06
SHEAR «30000E4+01 +2085TE+06 ~=.58370E+0S
SHEAR +40000E+01 «73500E+04 «14527€+06
SHEAR «S0000E+01 =~,9350TE+0S +23078E«06
SHEAR «60000E+01 «16439E+06 +78511E+0S
SHEAR «70000E+0] +33053E+06 «18267E+05
SHEAR «B0000E+0] «23506E+06 «97579E «0S
SHEAR «90000E+01 «97556E+0S «24067E+06
SHEAR «10000E+02 -23501E406 «9762SE+05
SHEAR «11000E+02 «33049E+06 +18337E+05
SHEAR +12000E¢02 «16409E¢06 +TBS563E+05
SHEAR «13000E+02 ~=,934A5€+05 +23007E+06
SHEAR +14000E+02 +73120E¢04 «14S19E406
SHEAR +15000E+02 «21831E*06 =~.70167E+0S
SHEAR «16000E+02 «13206E4+0S +»13645SE+06
SHEAR «17000E+02 +13016E+06 « 13495E+06
SHEAR «18000E+02 22245TE*06 <~.71362E+05
SHEAR «19000E+02 «11510E+04 «13279E+06
SHEAR «20000E+02 <.55349E+05 «26110E+06
SHEAR +21000E+02 =,12921E¢06 =,14439€+06
SHEAR +22000E402 =,2623T7E*06 =,49057E+06
SHEAR «23000€+02 -.31564E+06 =-.366S3E+06
SHEAR «24000E¢02 =,49983E+06 =,20042E+06
SHEAR «25000€+02 ~=,32807E06 ~.36T763E¢06
SHEAR «26000E+02 ~o.32784E406 ~-,3669TE+06
SHEAR «27000E+02 ~,50378E+06 =,1991SE+06
SHEAR +28000£+02 =.31189E°06 =.35945E+06
SHEAR «29000E+02 <=,29217E*06 =.49742E+06
END =0 =0 . b - I <lg 1

Program Execution Times

Execution time varies according to the structural and loading

definitions.
The table below provides sample computer times for the CDC6600 and

the UNIVAC 1108 (EXEC II) computers.
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OUTPUT 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:

g *® 2 by
%
|
+% " + v J _+x%
P 2 Bla R ) =
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.
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MEMTYP indicates the type of element generated by the program:
1 = 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 gquadrilateral 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 quadrilateral 1
element by using the following equations:

fe) = .+ .
x % T Yx Y

]

(o] o, + * X
y %yiT Yy
where x and y are the relative distances of the interior point in the

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

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

may be computed from the following equation:
2 sl j
= cos?a + o sin“a + 21, Si1ho COSa
T 9% y xy
where o¢ 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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