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ABST RACT

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:

i

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

uncoupling 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.
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GENERAL GUIDELINES:

Each data card (except for appropriate system control

cards) must begin with the proper label. The label must

begin in Column i 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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Fig. 1. Order of Card Input for
Transverse Analysis
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Fig. 2. General Parameters for
a Transverse Section

FINITE ELEMENT DEFINITION OF THE TRANSVERSES SUBMITTED FOR ANALYSIS:

Depth of transverse at

Vertical height of transverse from bottom to
outhoard edge of deck

Horizontal distance of longitudinal bulkhead
from side shell

deck

bo.rn

-A

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 coluxnns, 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

7

w 20



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.

column number
1 2 5 6 7 8 9 10 11 12 13 H. 15 6 17 e 20 2 22 2 2 26 2 7

8

9 10 11 12 13

coli. number

Fig. 3. Finite Element Grid Definition for Transverse Frame
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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 XCOORDs in numerical order starting at the side shell.

0.0 RD

>c C Ö R D

x( Ooj

C.OÖRID

orj

10

j o o

9

x.co OP.JD
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YCOORD 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.

1 C. oöP.O

e.

N C. O

'(C OORiT,

C

:c.c O O P.jD.

r(

(
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0I 20
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VoiD,
1 .Ö D

start row end row
1 5, 10 15 20 25 30

END,

11

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 column end column
401 45 50

Yo D
V) I p.

't,



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)

3, 10 '5

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 nuniber holds the support more firmly, al-

though care should be taken not to use too high a value since numerical

problems may result.

12

Centerline
Supports

IGT

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.

Bottom
Supports

20 25

Weighting
Factor

3 10 15 20
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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

same 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.



ti t
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start row
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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

I
10 15

SoLVE1j
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.
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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.

tsj4
L

)4EL Lj

L L.1

S,I4 LL.1

5$ .E L. L

plate
length

0 25

18

301

shell
thickness

35

bulkhead
thickness

40 45 50
Î 5 10 15

SHELL.1 . .

HE'LL -

SHELL1

St4E,LL -

5j4E4L1

514E,LL

- -

JSHEL,L



DEFINITION OF LONGITUDINALS:
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STANDARD defines the moment of inertia and cross-sectional area of the

standard or typical loñgitudinal 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 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 5 20 25 30

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 arid 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 YLONG 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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DEFINITION OF LOADING CONDITIONS:

22

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:

Define all loading forces of a common direction sense, both

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

List all longitudinals 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.

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

loadings.

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

XtJNIFORM, uniformly distributed load acting in X-direction

YUNIFORM, UNIFORNLY 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 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 fac to r

5 lOI 5 201 25 30 35 45 501

i
t- I

*

column start row end row factor

0 15 201 25 30 35 40 45

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)IJNIFORM 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 transierses 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 bulkhe ad

cha r
t 5 tO I 5 20 25 30 35 40

S4gR
- - -

t - J

- t t -.-.-

5»4çL

54Ac.1
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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 node 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).

10 20

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 o 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 STRENC,TH ANALYSIS OF LONF,ITUDINALLY FRAMED SHIPS
BY COM/COOF CORPORATION

CONVERSION FACTOR IS APPLIED TO ALL DIMENSIONAL UNITS OF LENGTH
FACTOR 1.000
UNITS K G C M

LENGTH OF SHIP SECTION TO 9E ANALYZED
LENGTH 15402.000

SOUNDS MODULUS, POISSONS PATIO
MATERO .2050.04 .300

SPACING BETWEEN TRANSVERSES
SPACIN 513.400

STIFFNESS FACTORS OF ALL TPANSVtRSES IN ORDER FROM STERN

LIST TRANSVERSE BY POSITION FROM STPN THAT ARE TO SE ANALY700
ANALYZ 16.000

FINITE ELEMENT DEFINITION OF TOSNSVERSE

DEFINITION OF VOID AREAS OF TRANSVERSE

CLDEPT 2565.000 XCOORD 2344.000
FREFBR 2450.000 XCOOPO 243P.000
XLBHD 1310.000 YCOORD 0.000

XCOORO 0.000 YCOOPO 90.000
XCOOPD 80.000 YCOORO 180.000

ACOORD 182.000 YCOORO 264.000
XCOORD 276.000 YCOORD 348.000
XCOORD 370.000 YCOORD 432.000
XCOORD 464.000 YCOORD 516.000
XCOORD 558.000 YCOORD 684.000
XCOORD 652.000 YCOORD 768.000
XCOORO 746.000 YCOORD 852.000

XCOORD 840.000 YCOORO 936.000

XCOOPD 934.000 YCOoPI) 1020.000
XCOORD 1028.000 YCOORO 1188.000

OCCUPO 1122.000 YCOORD 1440.000

XCOORr) 1216.000 YCOORD 1524.000

OCCUPO 1310.000 YCOORO 1608.000
XCOOPD 1404.000 YCOORD 1692.000
XCOORO 1498.000 YCOORO 1R60.000

XCOORD 1592.000 Y000RD 1944.000

XCOOPD 1686.000 YCOÖRD 2112.000
OCOORD 1780.000 YCOORD 2196.000
XCOOPD 1R74.000 YCOORD 2280.000
XCOOPD 1968.000 YCOORD 2364.000

XCOORD 2062.000 YCOORO 2450.000
XCOORD 2156.000 YCOORD 2565.000
COORD 2250.000 END -0.000

START
ROW

END
ROW

START
COL

END
COL

VOID 7. 21. 16. 27.
VOID 22. 22. 17. 26.
VOID 6. 6. 17. 26.
VOID 5. 5. 18. 25.
VOID 6. 8. 5. 11.
VOID 5. S. 6. 10.
VOID 12. 14. 5. 11.
VOID 17. 20. 5. 11.
VOID 21. 21. 6. lO.
VOID 1. 1. 1. 1.

END -O. -O. -O. -O.

STIFFN 1.000 1.000 2.460 1.000 1.000 5.600

STIFEN 1.000 I 000 2.460 1.000 1.000 5.600

ST IFFN 1.000 1.000 2.460 1.000 1.000 2.460

STIFFN 1.000 1.000 5.600 1.000 1.000 2.460
STIFFN 1.000 1.000 2.460 1.000 1.000
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2
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4* C e .......e ce t e e * . e e e * * e e

5 * C * * *

4e e e

e * * .

4* * t
9e e e

10 * e e e

12e o t e * o e* eeee e e e e e e e e e * e

13 e e

14Cc e e e * e e a e e e e e e e e e t e e e
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BOUNDARY CONDITIONS
e**0400*000000**e*******ooe, ****e*********Ø***e** *eGG

RESTRICTED X-DEFLECTTON = I

RESTRICTED V-DEFLECTION = O

C.L. BOTTOM
SUPPORTS SUPPORTS

BC 1.000 0.000
WEIGHT 1.000

THERE ARE lo C.L. SUPPORTS

C.L. SUPPORTS ARE DEFINED FOR ROWS
1 2 3 4 5 6 22 23 24 25

SUPORT AT BOTTOM IS LOCATED ON COL IS (NODE14)

e o e e

* * e * e e t e

* e t * e * * e

* e e t * e * e

- __e e e e t t e e

C e e e * e e *

e e e e e e e * t e

16 t e e e e .

17 e e e e e * e

IB e e e e e e e

19 e e e . e e e

20 e e e

21 e e e e

22 e e e e

23 C

4 e e e e * *

* e e

26 e e e e * e e

27 e e e e e e e e t *
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ROW NUMBERING SYSTEM

C
O ROW
L 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

10111111111111111111111111
21222222222222222222222222
32333333333333333333333333
43444444444444444444444444
54555500055500055000055555
65666000066600066000006666
76777000077700077000007777
8788800008 -800088000008888
98 9 9 9 0 0 0 0 9 9 9 0 -O 99 0 0 0 0 0 9 9 9 9

10 9 10 10 10 0 0 0 0 10 10 10 00 0 10 10 0 0 0 0 0 10 10 10 10

1111 11 ii 11 6 0 0 0 11 ii 1100 0 11 11 0 0 0 0 6 11 Ii 11 11

1211 12 12 12 7 5 5512 12 12 5 5 5 12 12 S 5 5 5 7 12 12 12 1?

1312131313 8 6 6 6131313 6 6 61313 6 6 6 6 81313 1313

1413 14 14 14 9 7 7 7 14 14 14 7 - 7 7 14 14 7 7 7 7 9 14 14 14 14

1514 15 15 15 10 8 B 8 15 15 is a - 8 - 8 15 iS 8 8 8 8 1015 15 15 15

1615 16 16 16 11 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 16 16 16

1716 17 17 17 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 17 17

1817 18 18 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18 18 18

1918 19 19 19 0 0 0 00 0 0 0 0 0 0 19 19 09

2019 20 20 20 0 0 0 0 0 O O O - O O O O O O O 0 0 0 20 20 20

2120 21 21 21 0 0 0 0 ----i o o o o 21 21 21

2221 22 22 22 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 22 22 22

2322232323 0 00000000000000000232323
2423242424 0 00000 00 0.0 000 0 00 0 0242424

252425252500000000000000000 0252525
2625 26 26 26 13 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 26 26 26

2726 27 27 27 14 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 27 27 27

DEFINITION OF PLATE THTC(NESSES

START ENO START ENO PLATE
THICKNESS ROW ROW COL COL NO.

PLATE 1.200 22. 25. I. IS. I 1)

PLATE 1.200 23. 25. 15. 27. 1 2)

PLATE 1.400 Ii. 22. 1. 4. ( 3>

PLATE 1.400 ii. 22. 12. 15. 1 4)

PLATE 1.600 4. ii. i. 4. ( 5>

PLATE 1.600 4. Ii. 12. 15. ( 6)

PLATE 1.800 1. 4. 1. 8. C 7>

PLATE 1.400 1. 4. 8. 15. 1 8)

PLATE 2.350 1. 4. 15. 21. 9)

PLATE 1.600 1. 4. 21. 27. (10)

PLATE 2.100 4. 6. 4. 12. (11>

PLATE 1.400 8. 15. 4. 12. (121
PLATE 0.500 15. 16. 4. 12. (13)

PLATE ].400 16. 22. 4. 12. (14)

PLATE 1.400 21. 23. >5. >7. (15>

PLATE 1.200 22. 23. 26. 27. (16)

PLATE 2.100 4. 7. 15. 18. (17)

PLATE - 1.400 4. - 6. 25. 27. (18)

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

NO. OF AREAS OF COMMON THICKNESSES (50) =18
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DEFINITION OF PLATE T4TC(NESSES

C
O RDW
L 1 2 3 4 5 6 7 8 9 10 11 12 13 14 19 16 17 18 19 20 21 22 23 24 25

10777555555533333333333111
27 7 7 7 5 5 S 5 5 5 5 3 3 3 3 3 3 3 3 3 3 3 1 1 1

377775555555333333333331 Il
477711111151212121212121213
577711110001212120 o o 13

677711000 0121212 00013140000014111
7 7 7 7 11 0 0 0 0 12 12 12 0 0 0 13 14 0 0 0 0 0 14 1 1 1

888811000012121200013140000014111
9 8 8 8 11 0 0 0 0 12 12 12 0 0 0 13 14 0 0 0 0 0 14 1 I 1

10 8 8 8 11 0 0 0 0 12 12 12 0 0 0 13 14 0 0 0 0 0 14 1 I I

11888111100 0121212 000131400001414111
12 8 8 8 11 11 11 6 1? 12 12 12 12 1? 12 13 1 14 14 14 14 14 14 1 1 0

138 A 8 8 6 6 6 6 6 6 6 4 4 4 4 4 4 4 4 4 4 4 1 1 1

148 8 8 8 6 6 6 6 6 6 6 4 4 4 4 44 ¿. 4 4 4 4 1 1 1

1599917171717666644444444415151522
16 9 9 9 17 17 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 IS 15 2 2

17 9 9 9 17 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 2 2

18 9 9 9 17 0 0 0 0 0 O O O 0 0 0 0 0 0 0 0 0 0 2 2 2

19 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 2 2 2

20 9 9 9 9 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2

2110 10 10 10 0 0 00 0 000 0 0 00 0 0 0 0 0 0 2 2 2

2210101010 000000000 000000000222
2310101010000000000000000000222
241010101000000000000000000022?
2510 10 10 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2

2610101018180000000000000000 0162?
2710 1010181818 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01616 2 2

14 14 14 14 14 14 14

14 o o o 0 14 14
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OEFONTIOÖN OF BAR ELEUFNTS

START
AX ROW

CN))
ROW

START
COL

EN))

COL

BAR 1257.830 1. 1. 2. 27. ( 1)

BAR 1257.830 1. 2. 2. 1. C 2)
BAR 1257.830 2. 4. I. 1. C 3)
BAR 1232.160 4. 24. 1. 1. C 4)
BAR 1309.170 25. 25. 1. 27. C 5)
BAR 135.000 1. 25. 4. 4. ( 6)
BAR 135.000 1. 25. 12. 12. ( 7)
BAR 40.000 23. 23. 15. 27. ( 8)
BAR 40.000 22. 22. 1. 15. C 9)
BAR 718.760 22. 25. 8. 8. (10)
BAR 718.760 23. 25. 2). 21. (11)
BAR 795.770 1. 4. R. 8. (12)
BAR 795.770 1. 4. 21. 21. (13)
BAR 130.000 9. 9. 4. 12. (14)
BAR 130.000 10. 10. 4. 12. (15)
BAR 130.000 11. 11. 4. 12. (1f')
BAR 140.000 15. 15. 4. 12. (17)
BAR 140.000 16. 16. 4. 12. (18)
BAR 63.250 9. 11. 7. 7. (19)
RAR 63.250 9. 11. - 9. 9. (20)
BAR 63.250 15. 16. 7. 7. (21)
BAR 63.250 15. 16. 9. 9. 22
BAR 75.000 4. 4. 1. 15. (23)
BAR 744.430 1. 6. 27. 27. (24)
RAR 744.430 22. 25. 27. 27. (25)
BAR 24.000 20. 22. 4. 6. (26)
BAR 24.000 20. 22. 12. 10. (27)
BAR 24.000 2). 23. 15. 17. (28)
BAR 18.000 21. 22. 4. 5. (29)
BAR 18.000 21. 22. 12. 11. (30)
BAR 18.000 22. 23. 15. 16. (31)
BAR 18.000 22. 23. 27. 26. (32)
BAR 18.000 4. 5. 5. 4. (33)
BAR 15.000 4. 5. 11. 12. (34)
BAR 18.000 4. 5. 26. 27. (35)
BAR 75.000 4. 6. 6. 4. (36)
BAR 75.000 4. 6. 10. 12. (37)
BAR 75.000 4. 7. 18. 15. (38)
BAR 21.600 4. 6. 17. 15. (39)
BAR 50.000 4. 6. 25. 27. (40)
BAR 273.000 4. 4. 15. 27. (41)
BAR 75.000 1. 4. IA. 18. (42)
BAP 75.000 1. 4. 24. 24. (43)
BAR 70.000 23. 25. 18. 18. (44)
BAR 70.000 23. 25. 24. 24. (45)
BAR 75.000 7. 7. 1. 4. (46)
BAR 75.000 7. 7. 12. 15. (47)
BAR 75.000 13. 13. - 1. 4. (48)
BAR 75.000 13. 13. 12. 15. (49)
BAR 75.000 19. 19. 1. 4. (50)
BAR 75.000 19. 19. 12. 15. (51)
BAR 75.000 9. 9. 1. 3. (52)
BAR 75.000 9. 9. 13. 15. (53)
BAR 75.000 10. 10. 1. 3. (54)
BAR 75.000 10. (0. 13. 15. (SS)
RAP 75.000 II. 11. 1. 3. (56)
)AP 75.&&0 ii. 11. 13. (5. (,?)

BAR 75.000 15. 15. 1. 3. (58)
BAR 75.000 15. 15. 13. 15. (59)
BAR 21.600 1. 4. 5. 5. (60)
BAR 75.000 16. 16. 1. 3. (61)
BAR 75.000 16. 16. 13. 15. (62)
END -0.000 -0. -0. -0. -0. (63)

WO. BAR ELEMENTS (100) 62
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OUTPUT SPECIFICATIONS

NODE FORE ONLY =
FORCE ANO STRESS = 2
STRESS ONLY = 3

SOLVE 2.000

NODES SELECTED FOP OUTPUT
ROW COL

NODE 1. 6. - NODE 5. 13.
NODE 2. 6. NODE 5. 14.
NODE 3. 6. NODE 5. 15.
NODE 4. 6. NODE 7. 12.
NODE 1. 10. NODE 7. 13.
NODE 2. 10. NODE 7. 14.
NODE 3. 10. NODE 7. 15.
NODE 4. 10. NODE 16. 1.
NODE 1. 19. NODE 15. 2.
NODE 2. 19. NODE 15. 3.
NODE 3. 19. NODE 15. 4.
NODE 4. 19. NODE 15. 12.
NODE 1. 23. NODE 15. 13.
NODE 2. 23. NODE 15. 14.
NODE 3. - 23. NODE IS. 15.
NODE 4. 23. NODE 20. 1.
NODE 1. 25. NODE 20. 2.
NODE 2. 25. NODE 20. 3.
NODE 3. 25. - NODE 20. 4.
NODE 4. 25. NODE ¿0. 13.
NODE 5. 1. NODE 20. 14.
NODE 5. 2. NODE 20. 15.
NODE 5. 3. - NODE 22. 6.
NODE 5. 4. NODE 23. 6.
NODE 7. 1. NODE 24. 6.
NODE 7. 2. NODE 25. 6.
NODE 7. 3. NODE 23. IA.
NODE 7. 4. NODE 24. 18.
NODE 5. 12. NODE 25. 18.

END -0. -0.

ROW
PLATE

LENOTH
SHELL RHO
THICK THICK

SHELL 2.000 04.000 2.490 .050
SHELL 3.000 04.000 2.450 .050
SHELL 4.000 04.000 2.450 .900
SHELL 5.000 04.000 2.400 .000
SHELL 6.000 84.000 2.400 .900
SHELL 7.000 126.000 2.400 .950
SHELL 0.000 126.000 2.400 .800
SHELL 9.000 84.000 2.400 .000
SHELL 10.000 84.000 2.400 .650
SHELL 11.000 84.000 2.400 .650
SHELL 12.000 126.000 2.400 .650
SHELL 13.000 210.000 2.400 .550
SHELL 14.000 168.000 2.400 .400
SHELL IS.000 84.000 2.400 .400
SHELL 16.000 84.000 2.400 .3S0
SHELL 17.000 126.000 2.400 .3S0
SHELL 18.000 126.000 2.400 .300
SHELL 19.000 126.000 2.400 .250
SHELL 20.000 126.000 2.400 .250
SHELL 21.000 94.000 2.400 .250
SHELL 22.000 84.000 2.400 .425
SHELL 23.000 87.000 2.400 .600
SHELL 24.000 158.000 0.000 .600
END -0.000 -0.000 -0.000 .000
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*TNFRE ARE A TOTAL 00 95 LDNGIIUOINALS

DEFINITION OF LONGITUDINALS

I AO

GD ****D**QotQfl *000 O

STANDA 171926.000 393.000
POW STOT COI END COL

IX ly (COL) (STRT POW) (END WOW)

XLOWG .230000.04 .300000.06 1. 22. 26.

XLONG .230000.04 .350000.06 1. 16. 20.

OLONG .230000.04 .4)0000.06 1. 12. 14.

XLONG .230000.04 .450000.06 1. 9. ii.

XLONG .230000.04 .530000.06 1. 6. 7.

XLONG .230000.04 .9000E.0ô 1. 4. 5.

XLONG .230000.04 .610000.06 1. 2. 3.

XLONG .123000.06 .328000.08 1. 27. 27.

XLONG .364000.05 .952000.07 1. 21. 21.
OLONG .333000.05 .921000.07 1. 8. 8.

XLONG .10000E.02 .664620*05 25. 2. 7.

XLONG .100000.02 .664620.05 25. 9. 14.

XLONG .100001.02 .664620.05 25. 16. 20.
XLOÑG .100000.02 .6646?E.05 25. 22. 26.

XLONG .450000.04 .793000.07 25. 27. 27.

XLONG .260000.04 .328701.07 25. 21. 20.

XL.ONG .260000.04 .437000.07 25. 8. 8.
YLONG .235000.06 .300000.04 1. 2. 2.

YLOPsO .210000.06 .300000.04 1. 3. 4.

YLONG .19000E.06 .300000.04 1. 5. 5.

YLON{3 .155000.06 .300000.04 1. 6. 6.

YLONG .232000.06 .300000.04 1. 7. 8.

YLONG .155001.06 .300000.04 1. 9. 10.

YLONG .126500.06 .300000.04 I. 11. - 11.

YLONG .189000*06 .300001.04 1. 12. 12.

YLONG .379000.06 .300000.04 1. 13. 13.

YLONG .210000.06 .300000.04 1. 14. 14.

YLONG .900000*05 .300000.04 1. 15. 16.
YLONG .840000*05 .300000*04 1. 17. 18.
YLONG .600000.05 .300000.04 1. 19. 20.
YLONG .210000.05 .200000.04 1. 21. 23.
YLONG .32000005 .200000*04 15. 2. - 2.

YLONG .145000.06 .200000.04 15. 3 4

YLONG .15800106 .200000.04 15. 5. 6.

YLONG .237000*06 .200000.04 15. 7. 8.

YLONG .1SW00006 .200000.04 15. 9. 10.
YLONG .900000.05 .200000.04 15. ii. 11.
YLONG .13500006 .200000.04 15. 12. 12.

YLONG .19000006 .20000r.04 15. 13. 13.
YLONG .100000.06 .200000.04 15. 14. 14.
YLONG .50000005 .200001.04 15 15. 16.
YLONG .700000*05 .20000E.0 15. 7. 18.

YLONG .500000.05 .200001.04 15. 19. 20.
YLONG .21000F05 .200000.04 15. 21. - 23.
(LONG .1S0000.05 .100000.04 15. 24. 24.

END -0. -0. -0. -o. -0.
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2100011111111111111111100381
22 0 0 0 1 I I I I 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0382

23000 11111111 11 1111111100383
24 0 0 0 1 1 11 ¡1 I - 1 - 1 1 1 1 1 1 - I I i 1 0 0384

25 0 0 0' 0 1 1 1 1 - 1 1 1 1 1 1 1 1 I I 1 1 1 0 0385

26 0 0 0 0 0 1 1 I I I I I 1 I I I i I I I 0 0 0386

C
o

LOJG1TUO1N8L NUMREPTNG SYSTU

Row
L 1 2 3 4 5 6 7 8 9 10 ii 12 13 14 15 16 17 18 19 20 21 222324 25

1 27 54 8ll08l22l32j4OI48163l78l32Ol?092l723?24125S263271279289306 0 0

I 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0361

2 0 0 0 00 i) O O O O O O O O O O O O O O 0 0 036?

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0363

400001110001110011 I 1000 0364

S O 0 0 1 1 1 1 0 0 0 1 1 1 0 0 1 1 1 1 1 0 0 0365

6 0 0 0 1 1 1 1 0 00 1 1 1 0 0 1 1 1 1 1 0 0 0366

7 0 0 0 1 1 I 1 0 0 0 1 1 1 0 0 1 1 1 I 1 0 0 0367

80 0 0 1 1 1 1 0__0 01 1 1 0 0 1 1 1 1 1 0 0 0368

9 0 0 0 1 1 1 1 00 0 1 11 0 0 1 1 1 1 1 0 0 0369

10 0 0 0 0 1 1 1 0 0 0 1 I 1 0 0 1 1 1 1 0 0 0 0370

110000000 000000000000000 0371
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0372

'13 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0373

0 41 68 95117129139147162177192200?08?16231?46254?62270278288303320347 O

15 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0375

16 0 0 0 0 1 1 1 1 1 1 1 1 11 - 1 1 1 1 1 1 1 0 0376

17 --- 011 1 1 1 1 I 1 1 I 1 I i 1 1 1 1 1 0 0377

180 0 0 1 1 1 1 1 1 1 1101 1 01 1 1 1 1 0 0378

19 0 0 0 1 1 1 0 - I I - 1 1 1 1 1 i I 1 I 1 1 1 0 0379

20 0 0 0 1 1 1 1 1 1 I 1 1 1 0 I 1 1 1 1 1 1 0 0380
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L000INO CONDITION

YUNIFO 0.000 130.773 3060.400 -103.429 6160.800 135.773
YUN!F0 10781.400 -101.764

XLONG 1. 16. 26. 1.000
VUNIFO 0.000 -98.728 3080.400 135.773 6160.800 -98.703
OUNIFO 10781.400 -9.969

OLONG 1. 2. 14. 1.000
XUNIFO 0.000 -92.680 3080.400 129.990 6160.800 -92.680
0UNOFO 10781.400 -4.640

XLONG 1. 2. 2. 1.000

XUNTFO 0.000 -92.680 3080.400 129.990 6160.800 -92.680

ZUNIFO 10781.400 -4.640

YLONG 1. 2. 2. 1.000

XUNIFO 0.000 -04.210 3080.400 129.990 6160.800 -84.210
XUNIFO 10701.400 3.430

YLONG 1. 3. 3. 1.000
XUNIFO 0.000 -70.940 3081.600 121.330 6160.000 -70.940 -

XUNIFO 10781.400 10.850

YLONG 1. -- 4. 4. - 1.000

XUNOFO 0.000 -63.570 3081.400 121.330 6160.800 -63.570
XUNIFO 10781.400 16.730

YLONG 1. 5. 5. 1.000

OUNIFO 0.000 -56.570 3081.400 121.330 6160.800 -56.570
0UN1V0 10781.400 22.600

YLONG 1. 6. 6. 1.000

XUNIF0 0.000 -52.000 3081.400 118.283 6160.600 -52.000
XUN!FO 10781.400 28.470

YLONG 1. 7. 7. 1.000

XUNIF0 0.000 -52.000 3081.400 118.283 6160.800 -52.000
XUNIFO 10781.400 28.470

YLONG 1. 8. 8. 1.000

XUNTFO 0.000 -48.058 3081.330 100.433 6160.800 -48.050

0UNIFO 10781.400 33.750

YLONG 1. 9. 9. 1.000

XUNIFO 0.000 -48.050 3081.400 100.433 6160.000 -48.050

OUNIFO 10781.400 33.750

YLCI5 1. 10. 10. .070

XUNIFO 0.000 -48.050 3081.400 93.233 6160.800 -40.050

XUNIFO 10701.400 33.750

YLONG 1. li. 11. 1.000

0UNIFO 10781.400 33.750

XUN100 0.000 -48.050

YLONG 1. 12. 12. 0.000

XUNTFO 0.000 -96.090 3081.400 92.783 6160.800 -96.090

XUNTF0 10781.400 67.000

YLONG 1. 13. 13. 1.000

XUNIFO 0.000 -96.090 3081.400 92.783 6160.800 -96.090

XLJN1FO 10781.400 67.500

YLONG 1. 14. 14. 1.000

XUNIFO 0.000 -48.050 3081.400 35.583 6160.800 -48.050

0UNIFO 10781 .400 33.750

YLONG 1. 15. 15. 1.000

OUNIFO 0.000 -49.050 3081.400 28.373 6160.800 -48.050

OUNIFO 10781.400 29.990



L2 

- 000- 0O18L01 OJINflX 
0600C1 0001919 0601t 00080C o011 0001 O1NflX 

cool lt 11 Ii SNO1A 

0828- 009101.01 O1NflX 
09691 0081919 09691- 00918cc 056991 0001 OJINflX 

000.1 81 ONO1A 

088- 009181.01 OJINIÌX 
008ISI 0081919 0899S1- 00919cc 089181 0001 OJINÛX 

0009 1 .81 ONO1A 

0818- 00919L01 OJINÛX 
.)691L1 0081919 06911.1- 009180C 06911.1 0001 OJTNÛX 

0001 ONO1A 

08Z19- 00l9L01 OJINÛX 
06911.1 0081919 06911.1- 00 000c 06911.1 0001 OJÌNÛX 

0001 1 Si ONO1A 

0018- 00910L01 OJINÛX 
0C96L1 0001919 OE9ILI- 00919cc o96L1 0000 OJINÛX 

000.1 11 ONO1A 

OOZIO- 009181.01 OJINflX 
JLS981 0080919 OL8981- 009190 0LS991 0001 OIINÛX 

0001 1 11 ONO1A 

0819- 009181.01 OJINflX 
o ts cot 0080919 018C61- 009180E 01S(6t 000.0 OJINÛX 

0009 .E .80 9NO1A 

08118- 009'19L01 OJINÛX 
oos1 00809t9 0011- 009080E oE011 0001 OJINÛX 

0001 1 11 0N01A 

08118- 00918L01 OJINI)X 
000EZ 0081919 000E?- 009100E 000C 0001 OJINÛX 

0001 .1:2 1 ONO1A 

09LLE- 0081919 0001- 006180E 09LL1:- 0001 OJINOY 
0001 12 12 t 9NO1A 

000L2- 0080919 0001- 006180E 0001.?- 0001 OJIN(ìX 
0001 12 12 1 9NO1A 

0961E- 0080919 0001- 009190E 0661- 000.0 OJINÛX 
0001 12 ONO1A 

- - 020 009101.01 OJ1NflX 
001.19- 0091919 000.0- 009180E 001.19- 0001 OJINÛX 

0009 61 .61 1 ONO1A 

0961 006181.01 OJINÛX 
OSLIS- 0091919 E9L9 006190E 0SLIS- 0000 OJINÛX 

0001 91 81 9 ONO1A 

06611 006191.01 OJINÛX 
06096- 0081919 E96C1 009990E 06096- 0000 OJINI1O 

0009 L1 11 9 9NO1A 

06912 006191.01 OJINÛX 
0808- 0090909 EL112 00,980C 08019- 0001 OJINflX 

0001 11 li I 9N01A 
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YLONG -- 15. fl. 11. 1.000

XUNTFO 0.000 131.070 3080.400 -131.070 6)60.800 131 .070

XUN0FO 00781.400 -82.280

YLONG 15. 12. I?. 1.000

X(JNIFO 0.000 199.700 3080.400 -199.700 6160.800 199. 700

-- - XUNIFO 10781.400 -164.550 -

YLONG 15. 13. 13. 1.000

XUNTFO 0.000 199.700 3080.400 -199.700 6160.800 199.700

XUN0EO 10781.400 -164.550

YLONG 15. 14. 14. 1.000

xuNOFO 0.000 89.450 3080.400 -89.450 6160.800 89. 450

XUNIFO 10781.400 -82.280

YLONG 15. 15. 15. 1.000
XIJNIFO 0.000 82.500 3080.400 -82.500 6160.800 82.500
XUNIFo 10781.400 -82.500

YLONG 15. 16. 16. 1.000
XUNIFO 0.000 75.570 3080.400 -75.570 6160.800 75.570
xUNIro 10781.400 -75.570

YLONG 15. 17. 17. 1.000
XUNIFO 0.000 130.330 3080.400 -130.330 6160.800 130.330
XUNIFO 10/81.400 -103.330

YLONG 15. 18. 18. 1.000
XUNIFO 0.000 54.750 3080.400 -54.750 6160.800 54. 750
XUN1FO 10781.400 -54.750

YLONG 15. 19. 19. 1.000
XUNIFO 0.000 88.700 3080.400 -88.700 6160.800 88. 700
XUN!1O 10780.400 -88.700

YLONG 15. 20. 20. 1.000
XUWIFO 0.000 33.940 3080.400 -33.940 6160.800 33.940
XUNIFO 107B1.400 -33.940

YL O NG 15. 21. 21. i.00e
XUNIFO 10781.400 -37.000
X ti N ¡FO 0.000 37.000

YLONG 15. 22. 22. 1.000
XUNIFO 0.000 39.360 3080.400 -39.360 6160.800 39.360
XUNIFO 10781.400 -39.360

YL O NG 15. 23. 23. 1.000
VUN ¡FO 0.000 9.840 3080.400 -0.000 6160.800 9.840

hONG 25. 2. 2. 1.000
YUNTFO 0.000 9.750 3080.400 -0.000 6160.800 9.750

XLONG 25. 3. 3. 1.000 -

YUN0FO 0.000 8.970 3080.400 -0.000 6160.800 8.970

XL ONG 25. 4. 4. 1.000
TUNIFO 0.000 8.190 3080.400 -0.000 6160.800 8.190

XLONG 25. 5. 5. 1.000
END
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SHEAR LoADS ON TRANSVERSES
SHELL BHD

TRANSV. SHFAR SHEAR
SHEAR .I0000E.OI -.A5715E.OS .25537E.06
SHEAR .20000E.O1 .43520E*04 -. 14017F.O6
SHEAR .30000E.O1 .?0857E*06 -.5837O.O5
SHEAR .40000E.O1 .75OOE.O4 .14527E.06
SHEAR .50000E.O1 -.g3SOTE.OS .23O7RE.O
SHEAR .60000E.OI .16439F*06 .78511E.05
SHEAR .70000E.O1 .33053E.06 .18267E.oS
SHEAR .A0000E.OI .23506E06 .97S79E.O5
SHEAR .900005.01 .97596E.0S .240475,06
SHEAR .10000E.02 .23501E06 .97625E.0S
SHEAR .II000E.02 .330495.06 .183375.05
SHEAR .12000E.02 16409E.06 .785635.05
SHEAR .130005.02 -.934855.05 .23007E.06
SHEAR .140005.02 .731205.04 .14519E.06
SHEAR .150005.02 .21831E.06 -.701675.05
SHEAR .160005.02 .13206E.0S .13645E.06
SHEAR .170005.02 .03016E'06 .13495E.06
SHEAR .18000E.02 .?2457E'06 -.7036?E.05
SHEAR .190005.02 .11SIOE*04 .13279E.06
SHEAR .20000E.02 -.5S349E0 .261105.06
SHEAR .21000E.02 -.1?921E'OE -.14439E.06
SHEAR .220005.02 -.26237E.06 -.49057E.06
SHEAR .230005.02 -.315645.06 -.36653E.06
SHEAR .24000E'02 -.49983E'06 -.200425.06
SHEAR .250005.02 -.328075.06 -.367635.06
SHEAR .26000E'02 -.327845.06 -.366975.06
SHEAR .27000E.02 -.50378E06 -. 19915E.06
SHEAR .280005.02 -.30189E06 -.35945E.06
SHEAR .29000E.02 -.29217E0A -.40742E.06
ENO -0. -0. -0.

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:

4
Triangular Plate

-
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o
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 i 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

ll void nodes omitted from the count from the global x=O.

Table 3.
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MEMTYP indicates the type of element generated by the program:

i = 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 quadrilateral 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

element by using the following equations:

= a1 + y

a a. + y X
y yi y

where x and y are the relative distances of the interior point in the

element from the
.th

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:

+ a sin2ct + 2T sina cosaa axCOS2a .

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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