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FOREWORD

The PLANS system of programs for the nonlinear analysis of
structures was developed within the Grumman Research Department
with the cooperation, guidance, and partial support of the NASA

Langley Research Center.

The programs are an outgrowth of the work reported in a
series of NASA Contractor Reports: CR-803, CR-1649, CR&2351, and
CR-2568. The last-named document is the theoretical companion

volume to this manual.

The princiral developers of PLANS are Drs. A. Pifko, H. Armen Jr:,

H. Levine, and A. Levy. The successful development of a system as
broad in scope and complexity as PLANS requires the efforts of many
individuals. The principal developers gratefully acknowledge the

contributions of J. 8. Miller for his efforts associated with the

initial programming. Special thanks also go-to Ms. P. QOgilvie,
P. Zirk, and E. Yander for their diligence and dedication to the

programming effort.
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SECTION 1.

INTRODUCTION AND INPUT OVERVIEW



INTRODUCTION AND INPUT OVERVIEW

The PLANS system, rather than being one comprehensive computer

program, is a collection of finite element programs used for the

nonlinear analysis of structures.

This collection of programs

evolved and is based on the organizational philosophy in which

classes of analyses are treated individually based on the physical

problem class to be analyzed.

On the basis of this concept, each

of the independent finite element computer programs of PLANS, with

an associated element library, can be individually loaded and used

to solve the problem class of interest. A number of programs have

been developed for wmaterlal nonlinear behavior alone and for com-

bined geometric and material nonlinear behavior. Table 1 summarizes

the usage, capabilities, and element libraries of the current pro-

grams of the PLANS system.

BEND

HEX

REVBY

QUT~OF -PLANE MG

These include:

for the plastic analysis of
built-up structures where bending
and membrane effects are sig-

nificant

for problems requiring a three
dimensional elastic-plastic

analysis

for the plastic analysis -of

bodies of revolution

for the material and geometric
nonlinear analysis of built-up

structures

Supplementing these is a SATELLITE program for data debugging

and plotting of input geometries.
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In addition, a number of spin-off special purpose modules
have been developed: FAST for fracture analysis, AXSHEL for the
nonlinear analysis of shells of revolution, and BENST for the
buckling analysis of large built-up structures. A general purpose
nonlinear dynamic analysis module, DYCAST, is in final stages of

development. These modules are not included in this document.

The modules that analyze material nonlinearities alone employ
the "initial strain' concept within an incremental procedure to
account for the effect of plasticity and include the capability
for cyelic plastic analysis. The "initial strain' approach does
not require that the stiffness matrix be updated at each step in
the analysis but rather, the effect of plasticity enters into the
analysis as an effective load vector. The cyelic plastic behavior
is accounted for by implementing the Prager-Ziegler kinematic
bardening theory. Geometric nonlinearities are included in the
PLANS system programs by making use of an "updated" or convected
coordinate approach, which requires the reformation of the stiff~-
ness matrix due to changes in the geometry and stress field during

the incremental procedure.

The theoretical foundations upon which the PLANS system pro-
grams are based can be found in a companion volume, "PLANS — A Finite
Element Program for Nonlinear Analysis of Structures, Volume T —
Theoretical Manual," NASA Contractor Report NASA CR-2568.

This present volume describes the input data preparation for
the four principal modules of PLANS, BEND, HEX, REVBY, and OUT~OF-
PLANE MG as well as the SATELLITE program for input checking. 1In
keeping with the philosophy of the PLANS system, the description
of the input for .each of the modules is in a self-contained sec-
tion. Also presented is a section that shows the input data decks

for a representative number of sample problems.



The input for all the modules begins with a title card that
allows for any 80 character title (specified in columns 1-80).
This title serves as a page heading for subsequent computer out-
put. The input data following this card is divided into a number
of functional groups, each describing a specific type of input
information., These groups are briefly described below and sche-
matically shown in Fig, 1. Each input group must be read in the
specific order shown in the figure. 1TIn general, each group is
delineated with a specific section end card. This is the alpha-
numeric SEND, left justified om the input card, in columns 1 through

4 or a blank card., The input groups are as follows:

I Title Card
I1 Program Control Parameters and Options
111 Node Specification

This section defines an allowable set of node

point identification numbers

iv Element Connectivity
-Defines each element by specifying its type
(i.e,, beam, triangle, ..., etc.), identifica-

tion number and connecting node points

vV - VI Node Point Coordinates
Defines the location of each node point in a

global cartesian coordinate system

VIII Node Point Single and Multipoint Constraints
Defines bounaary conditions and nodal con-

straint equations

IX Element Material and Section Properties
Section properties include element thickness,

area and moment of inertia where applicable.

1-4
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Material properties include such quantities
as Young's wmodulus, Poisson's ratio, and
guantities defining the plastic response such

as yield stress and hardening parameters.

X Applied Load
Defines spatial distribution of applied load

The last card in the deck is an alpbanumeric STOP or END left
justified on an input card in columns 1 through 4, STOf indicates
that the job is complete and END indicates another problem deck
follous.

Some general rules have been used in designing the input.

These rules are listed below:

© Some of the data sections make use of a "keyword"
of up to four characters, left justified in their
appropriate field to specify an item of data. For
example, cards specifying elewent connectivity for
membrane triangles begin with TRIM, and material
properties by MATl., All sections that make use of
keywords end with a section end keyword SEND

® Sections that specify data without keywords end with

a blank card section delimeter

® The data deck ends with one of two keywords. If END
is used, the program reads a new problem data deck.
If STOP is used, as will probably be the case for

most problems, the job ends

o Two formats for input are used, E15.7 for floating
point input (fields of 15) and 15 for integer or
fixed point input (fields of 5). The fixed point



(integer) data must be right justified. The
floating point data can be written in several

forms. For example, 10.0 can be input as:

10.0 any place in the field, or
1.0E+401, 1,0E4+1, 1.0El, where the
field is right justified

There are a number of places in the program where
applicable node points or elements must be speci-
fied with a set of data, 1In these cases the nodes
or members are specified by entering the appro-
priate number on the input cards in fields of five.
However, for this purpose the user can alsg utilize
a shorthand form of the input, That is, sﬁécifying
m__and -n consecutively is the equivalent of the

specification of nodes or elements m, ml, mb2,

sso, N and specifying m, «p, and -n consecu-
tively is the equivalent of the specification of
nodes (elements) m, mip, m2p, ..., mtkp where
mtkp is the highest integer of the form less than
or equal to n, For example, the specification of
nodes 1 through 100 is written as 1-100 and
nodes 1, 3, 5, ..., 99 as 1, -2, =99, This card
input appears in fields of 5 (I5 format) with 16
items per card. Any number of continuation cards

may be used., A blank I5 field ends the specification.

1-7
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INSTRUCTIONS FOR USE OF BEND

BEND is a finite element program to treat the elastic, elastic-
plastic or elastic~cyclic plastic response of arbitrary built-up
thin walled structures where bending and membrane effects are
equally important. The finite element library consists of the

following elements:

¢ Three-node uniform strain triangle

® Six-node linearly varying strain triangle

® Four- and five-node hybrid triangles to be used
as transition elements between three- and six-node
elements (see Fig. 1a)

¢ Two-node uniform strain stringer

¢ Three~node linearly varying strain stringer

¢ Beam with various cross sections subjected to
bending about two planes as well as torsion

* Higher order triangular plate element with

bending and membrane capability

The program is capable of treating the elastic and elastic-
ideally plastic, linear strain hardening, and nonlinear strain
hardening behavior of orthotropic materials. Further, the kine-
matic hardening theory of plasticity is used (Refs. 1-3) so that
provision for cyclic loading conditions involving reversed plastic

deformation is included.

The input to the program is categorized in the following sec-

tions:

I. Problem Title FORMAT (204A%4)
Any 80-character title describing the problem.
IT. NPNTC, NPRNT, IRESRT, NUTAP, INPRT FORMAT (5I5)
0 < NPNIC < 63:

2-1



NPNTC is the sum of the following integers corresponding to

the option desired.

If NPNTC

= (0 No intermediate printout

= 1 Print the load wvector

= 2 Print element stiffness matrix

= 16 Print each eiement stiffness matrix entry

to be stacked with its stacking index

]

32 Print the total stiffness matrix

For example, if it is desired to print the load vector and

the total stiffness matrix, NPNTC = 1 + 32 = 33,

NPRNT:

4

NUTAP :

perform elastic analysis only

perform plastic analysis, printing output every

NPRNT increments of load
(See Section XVIII.)

Elastic (and/or) plastic run. Do not generate
a restart tape

Elastic (and/or) plastic (cyclic) run. Build a
new restart tape ‘

Plastic run with elastic values from previously
created restart tape

Plastic restart run starting at some specified
load level

Cyclic restart run

Applicable only if restarting from a restart tape

0,
L,

No new tape written
Cumplete mew tape created and additional
restart dara wriften

22



INPRT: )
0, Write restart tape only at P = PMAX (i.e., at

maximum load)

N, Write restart tape every N increments of load

III. Node Specification (1AI5)

This section defines an allowable set of external node point
numbers. The maximum node number that can be used is 9999, The
program uses this information in two ways. First to set up a table
of allowable node points that is used to check all subsequent node
point input. Secondly, the program converts each external node num-
ber to an internal number consecutively in the order that the node
appears on the input card. Consequently the order of the input of
external node numbers is completely arbitrary and need not be in-
creasing monotonically. 1In practice the node numbers should be num-
bered so as to minimize the bandwidth. Once the input is read the
program operates with the internal numbers which are now numbered
from 1 through the number of ﬁodes in the model., 1In this manner
the node ordering and therefore the bandwidth of the stiffness
matrix can be easily changed and nodes can be inserted or deleted

by ¢hanging the external node specification,

The input is specified by entering the appropriate number on
the input cards in fields of five, However, for this purpose the
user can also utilize a shorthand form of the input. That is, spe-
cifying m and -n consecutively is the equivalent of the sgpeci-
fication of nodes m,m+ 1, m+ 2, ..., n and spe~ifying m, -p,
and -n consecutively is the equivalent of the specifiction of
nodes wm, m 4+ p, m + 2p, ..., m + kp where m + kp ds the highest
integer of the form less than or equal to n. For example, the spe-
cification of nodes 1 through 100 is writtenmn as 1 - 100 and
1, 3, 5, «.., 99 as 1-2-99. This card input appears in fields of
5 (I5 Format) with 16 items per card. Any number of continuation

cards may be used. A zero or blank I5 field ends the specification.

2-3



IV. Member Connectivity (Node Numbers of Each Member)
FORMAT (A4, 6X, 9I5)

The first alphanumeric field defines the element type:

TRIM - Triangular membrane element (Ref. 3)
BEAM - Beam element

STRG - Stringer element (Ref. 4)

TRIP - Triangular plate bending element (with

membrane éffects) {Ref. 5)

The first integer field designates the member numbexr. The

next integer fields designate the connecting nodes as follows:

TRIM - The nodes for the triangular family of elements
are specified around the perimeter beginning with a major (vertex)
node, and followed by a minor (midside) node and then alternatively
major and wminor as shown in Fig. 1. The absence of a minor node must

be indicated by a zero or blank field in the proper position.

BEAM - Three node specifications are necessary for the

beam element.

Nodes i and j (Fig. 2) which designate the element end
points and a third node k, defining the normal to the beam axis
about which the section properties are specified. This additional
node may be a node of the structural idealization or it may be a
"fictitious node" specified just for the purpose of defining the

beam section properties. This is shown in Fig. 2.

STRG - Three node specifications are necessary for the
stringer element, Nodes 1 and j, connecting the end points and if
degired an additional node designating a midpoint node. This is shown
in Fig. 3. A zero or blank for the midpoint node specifies a two-node

stringer. The midside node is the third node specified.



Uniform Strain
Elements_

Hybrid Element

Linear Strain
Elements

Fig. la Triangular Family of Finite Elements Used

Fipg. 1b Flements Topology
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Fig. 2 Beam Element

J

Fip, 3 Otringer Element

Fig. 4 Triangular Plate Element - Bending and Membrans
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TRIP -~ Three nodes are used to specify the plate

element i, j, k as shown in Fig. 4.

If a planar structure is being analyzed using triangular plate
and membrane elements, stress and strain output can be calculated-
with respect to the global coordinate system rather than the element

local system by specifying one of the following cards:
GLXY =~ Structure iﬁ.the x-y plane
GLXZ =~ Structure in the x-z plane
GLYZ - Structure in the v~z plane

SEND - ©Ends the section.

v. X~Coordinates of Nodes FORMAT (£15.7. 13I5)

The =x-coordinates of the nodes appearing in the 1I5 fields
are set to the value in the EL5.7 £field. Any number of continua-
tion cards may be used; ‘their first fifteen columns are ignored. A
zero or blank 1I5 field terminates the card scan for a given
x=coordinate. A zero or blank first I5 field (columns 16-20) on
a noncontinuation card ends the section. Both shorthand repre-

sentations of Section III are allowed.

Vi. Y-Coordinates of the Nodes. Same as Section V.

ViT. Z-Coordinates of thé Nodes. Same as Section V.




VIII. Boundary Conditions FORMAT (1211, 3%, 1315, /., 15X, 1315)

The first twelve fields give the boundary conditions specifica-
tions in the order: wu, v, w, 0_, 0 _, € | € , €, € , ¥, ¥ _, K__;
x’ Ty’ o2’ X Oy xy' x* Yy Txy
where wu, v, w are global displacements in the =x, y, z direc-
tions, respectively; ex Qy’ 62 are global rotations with re-

spect to the x, y, z axes; ex, ey, ny are membrane components

of the local membrane strain tensor; Ko Ky, KXY are components
of tire local curvature tensor. The last six fields for the local
membrane strains and curvatures (higher order degrees of freedom)
are only used if a plate element is attached to the node. Both ten-
sors are calculated in the local coordinate system (see Fig. 4) of
the plate element. This local coordinate system is defined by the
first plate element comnecting that node that appears in the' input

stream. For example,

TRIP 3 6 3 2
Node 3 is not listed pre-
TRIP 4 3 6 7\ viously in the element
input
TRIP 5 7 4 3

The tensor quantities at node 3 are all defined in the local coor~
dinate system of element 3. See Appendix IV for examples of plate

boundary conditions.

The rotational degrees of freedom GX, ey’ 62 are applicable
only for beam and plate elements. If nonzero values are given to
rotational or higher order degrees of freedom at a node and beam
and/or plate elements are not attached to the node then a singular

stiffness matrix will result.



Zero denotes a fixed degree of freedom
One denotes a free degree of freedom

Two will result in the application of a unit gen-
eralized displacement, or a corresponding card
may be included in Section IX (dependent degrees
of freedom) designating the magnitude of the

applied generalized displacement,

The 1315 fields give the applicable nodes for fhe boundary
condition specifications, with both shorthand notations of Sec-
tion IIT permitted. Any number of continuation cards may be used
for a given specification. However, only the 13I5 £fields are

used on a continuation card. A zero or blank I5 field: terminates

the card scan for a given boundary condition specification. Note:

If the last field of a card (columns 76-80) is the last specifica-

tion, an additional blank card (continuation card) mﬁst follow. A

zero or blank first I5 field (columns 16-20) on a noncontinuation
card ends the section. If a node's boundary conditions are not speci-
fied in this section, all the degrees of freedom are assumed to be free,
To change this default condition, the first card of this section should
be set to the desired default (i.e., in the absence of beams and plates,
111000000000) with all nodes used in the problem specified. In the ab-
sence of plate elements the default is automatically 111111000000.

IX. Dependent Degrees of Freedom FORMAT (215, 2(5X, 2I5, E15.7))

This section designates the input for both single and multipoint
constraints as well as applied displacements of the form:

1) B, = alajl + azajz -+ ---anﬁjn

where 6i is a dependent degree of freedom,

ﬁjl s &jn are independent degrees of freedom,
and a., @, *** 0 are coefficients.
1 2 n

2=9



2) Rotation of displacements at a node

"] o

i alai + a26j + a3ﬁk

o
b

o
Hi

O, ﬁlai + Bzﬁj + B35k
P T V1Pp VB T gl

where the a, B, v's are the direction cosines of

the rotation, ﬁi, B, ﬁk are the displacements with

J ~
respect to the original global directions and Bi’
N LY
bj, 6k are the components of displacements at the

node with respect to the new coordinate axes. An

example of this capability is given in Appendix I.

3 Applied generalized displacement

where the coefficient « is the applied generalized

displacement. .
The first two-fields designate a node number and a degree of
freedom (i.e., 1-12). The dependency is defined in the following
three fields. The two integer fields designate the node number
and degree of freedom number and the coefficient by the floating
point field. TIf there is another dependency for the node, it is
designated in a similar fashion in the next three fields. Any
number of continuation cards can be used with the first two fields
blank., The section is ended by a blank or zero in the third in-
teger field (blank card). Examples of the use of multipoint con-

straints are in Appendix I.
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X. Material and. Section Properties

The format for this input is dependent upon the member type.

- Each type of input begins with a werd of up to four characters.

ﬁATl Material properties for plane s%ress, ﬁecessary
with membrane triangles (TRIM) and bending
triangles (TRIP). For use with initially iso-
tropic materials which exhibit perfectly plastic
or strain hardening behavicr and initially

orthotropic materials that exhibit perfectly

plastic behavior.

MAT2  Material properties for plane stress, necessary
with membrane triangles (TRIﬁ) and bending tri-
angles (TRIP) with initially isotropic or ortho-
tropié behavior that require orthotropic kinematic

hardening theory
MﬁM Material properties for a beam element

MSTG  Material and section properties for a

stringer

THIK Member thickness for triangular membrane (TRIM)
and plate (TRIP) elements

MBET Angle between local axes and principal direc~
tions of orthotropy for TRIM and TRIP elements
(see Figs. 1b and 4)

NIRS  Layer and layer output information for TRIP

elements

SREC  Beam section properties for a solid rectangular

section’

2-11



SCIR

ZSEC

ISEC

HCIR

HREC

LSEC

TSEC

CSEC
SEND

Beam section properties

section

Beam section properties

Beam section properties

Beam section properties

section

Beam section properties

section

Beam section properties
Beam section properties

Beam section properties

Fnds the section .

(3"

Pt

for

for

for

for

for

for
for

for

a solid circular

a Z-section

an I-section

a hollow circular

a hollow rectangular

an L-section
a T-section

a Channel section



MATl - Plane Stress

lows:

The first four

CARD 1:

CARD 2:

CARD 3:

MATL
EONE
ETWO
BETA
GONTO

VONTO

TALF-1

TALF-2.

SIGOX
SIGOY
31GOZ
SIGXY

i

i

I

1

]

1

i

Material Properties - 'FORMAT (A4, 1X, S5E15.7, /,

2E15.7, [/, 4E15.7, /,
5E15.7, /, (16I5))

cards specify material properties, as fol-

Young's modulus in principal property axis (1)
Young's modulus in principal property axis (2)
Ne longer used. Set equal to zero.

Shear modulus in (1)-(2) principal property

plane
Poisson's ratio, v12
fo] v
1 12
Note: ¢, = == = =—— g
I El E2 .2
1Y g
- 21 2
€, = == 0, + ==
2 _ E1 1 E2
N
12 G12

Coefficient of thermal expansion in

1-axis direction, o

Coefficient of thermal expansion in
o

?=axis direction,

2

Vield stress in principal l-direction
Yield stress in principal 2-direction
YVield stress in principal 3-direction

Shear yield stress in principal 1-2 plane

2-13



CARD 4: RMOSN = If RMOSS # 0; RMOSN = n, the shape
parameter used in Ramberg-0sgood repre-

sentation of stress-strain behavior

TIf RMOSS = 0; RMOSN = o the slope of
the linear strain-hardening stress-strain
representation, i.e., o = ET/E where

ET is the tangent modulus

RMO3SS = 1If RMOSS # 0; RMOSS = Ramberg-Osgood
parameter o, 7 (see Ref. 7)

Note 1: If RMOSN = 0 and RMOSS = O,
the material for the element(s)

is assumed to be elastic-ideally

plastic
RMOSE = Ramberg-Osgood parameter E (Young's modulus)
YLDST = Yield stress.in tension
YLDSC = Yield stress in compression

Input for the yield-stress in tension and compression has been main-
tained in order to accommodate materials that exhibit initial aniso-
tropile plastic behavior. In this case an initial translation of the

vield surface is made consistent with the kinematic hardening theay.

Note: Only initially isotropic materials can be treated when con-
sidering linear or nonlinear strain hardening using this

property card.

Succeeding cards give applicable members; both shorthands of Sec-

tion III are permitted. Any number of continuation cards may be used

for a given specification. A zero or blank 15 field ends each member

listing.

BN

llsakson, G., Armen, H. Jr., and Pifko, A., "Discrete-Element Methods
for the Plastic Analysis of Structures,' NASA Contractor's Report

NASA CR-803, October 1967.




MAT? - Plane Stress Material Properties - FORMAT (a4, 1X, 5E15.7, /,
2E15.7, /[, 4E15.7, /,
5El5.7, /, E15.7, /,
(1615))

The first five cards specify material properties, as fol-

lows:

CARD 1: MAT?2

EONE = Young's modulus in principal property axis (1)
ETWO = Young's modulus in principal property axis (2)
BETA = No longer used. Set equal tc zero.
GONTO = Shear modulus in (1)-(2) principal property
plane
VONTO = Poisson's ratio, Y12
g v
1 12
Note: =« == - g 0
1 B, E, 2
v G
21 2
r = = = g b e
2 El 1 E2
- B N
12 G12 12

CARD 2: TALF-1 Coefficient of thermal expansion in l-axis

direction, al
TALF-2 = Coefficlent of thermal expansion in 2Z-axis
direction, a,

CARD 3: SIGOX = Yield stress in principal 1l-direction
SIGOY = Yield stress in principal 2-~direction
SIGOZ = Yield stress in principal 3-direction

SIGXY = Shear yield stress in principal 1-2 plane

2~15



CARD 4: RMONX = Lf RMOSX # O; RMONX = n, the shape
paramete¥ used in the Ramberg-Osgood

réprésentation of the = & com?

g
1
poneiit of the st¥ess-sttain behavior.
If BRMOSK = 0; RMONX = Ei tha slope of
the linea¥ st¥ain=hifdening stréss-strain
represénation in thé lL=diréction, i:e.,
By

ay = §1;= whefe Epy Es the tangent

modulus of the 61 = ¢, curve.

RMOSX If RMOSX # 0; RMOSX = Ranberg-0Osgood

parameter Og .7 in principal 1-direction
RMONY Same as RMONX in prirdcipal 2-direction
RMOSY Samé as RMOSX in prificipal 2-direction
RMONXY Same as RMONX for shear component in

1-2 plane; Tip T Vi stress=~strain

curve

CARD 5: RMOSXY Same as RMOSX for shear componrent in
1-2 plane; f19 " Vi stress-strain

curve

Note: HNo compenent of the stress-Strain
curvVes may be ideally plastie,
i.e., RMONX or RMONY or
RMONXY = 0 is not allowed, 1If
either is zero all must be zero
and a MATL card should be used.
The Ramberg-~0sgood representation of

the sttess+strain curve is given by
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3 n-1

°0.7
n-1
R

Succeeding cards give applicable members; both shorthands of
Section III are permitted. Any number of continuation cards may

be used for a given specification. A zero or blank TI5 field

ends each member listing.
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MBM - Beam Material Properties - FORMAT (A4, 1X, 5E15.7, /, E15.7, /,

(1615))
CARD 1: MBM
E = Young's modulus
ANU = Poisson's ratio

RMOSS = If not equal to zero, RMOSS equals

Ramberg~-0sgood parameter, 9.7

RMOSN = If RMOSS # O; RMOSN = n, the shape parame-~
ter used in Rawberg-Osgood representation of
stress-strain behavior. TIf RMOSS = 0;
RMOSN = 5, the slope of the linear strain-
hardening stress-strain representation, i.e.,

a = ET/E where E is the tangent modulus

T
YLDST

I

¥Yield stress

il

CARD 2: TALF = Coefficient of thermal expansion
Succeeding cards give applicable members; both shorthands of Sec-
tion 111 are permitted. Any number of continuation cards may be

used for a given specification. A _zero or blank TI5 field ends

each member listing,
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MSTG - Stringer Properties - FORMAT (A4, 1X, 5E15.7, / E15.7 /, (1615))

CARD 1: MSTG

E = Young's modulus
A = Cross-sectional area
RMOSN = If RMOSS # 0:; RMOSN = n, the shape

parameter used in Ramberg-Osgood repre-

sentation of stress~strain behavior.

If BRMOSS = (; RMOSHN = a} the slope of
the linear strain-hardening stress-strain
representation, i.e., @ = ET/E where E,

is the tangent modulus

RMOSS = If RMOSS # 0; RMOSS = Ramberg-0sgood

parameter 00.7

Note 1: If BRMOSN =.0 and RMOSS = O,
the material for the element(s)
is assumed to be elastic-ideally

1

plastic

YLDST Yield stress

It

CARD 2: TALF Coefficient of thermal expansion

Succeeding cards give applicable members; both shorthands of Sec-
tion III are permitted. Any number of continuation cards may be

used for a given specification., A zero or blank I35 field ends

each member listing.
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THIK - Element Thicknesses -~ FORMAT (A4, 1X, E15.7, /, (1615))
(Necessary with memwbrane elements

TRIM) and plate elements (TRIP))

CARD 1: THIK
THICK = Flement thickness

Succeeding cards give applicable members; both shorthands of Sec-
tion III are permitted. Any number of cqntinuation cards may be

used for a given specification. A zerp or blank 15 field ends

gach member listing.

MBET - Orientation of Axes of Material Anisotropy - FORMAT (A4, 1X,
ELS5.7, /, (1615))

CARD 1: MBET
BETF = Angle P in degrees between local x-axis
and principal 1l-axis for material ortho-
tropy. See Figs. 1b and 4. Only appli-
_cable for TRIM and TRIP elements

Note: This card is an optional card. The
default is BETF = 0.0 for all members.
It should be used with initially ortho-
tropic materials or those exhibiting
orthotropic strain-hardening character-

istics.

Succeeding cards give applicable members; both shorthands of Sec-
tion LII are permitted. Any number of continuation cards may be
used for a given specification. A zero or blank I5 field ends

each member listing.
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NLRS - Layer and Print Option fér TRIP Elements ~ FORMAT (&4, 1X, /,
215)

CARD 1: NLIRS

CARD 2: NLRS Number of layers thfough the thickness at
which stresses are calculated for TRIP
elements. NLRS must he an even number

< 20

NPLT = Print out option:
= ; Print stresses, strains,-etc. only at
top and bottom surfaces
= 1; Print stresses, strains, etc. at each

layer through the thickness as well.

Note: This is an optional card. The
defaults are NLRS = 10 and
NPLT = 0. If one is changed
both should be specified. This
card controls option for all

TRIP elements.
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Beam Section Properties - FORMAT (A4, 1X, 5E15.7, /, 3El15.7, /,
formats for Cards 3 and 4 (see
below), /, (16I5))

The cards specifying beam section properties all start with

the following information:

CARD 1: SRECY
SCIR
ISEC
ZSEC | Defined at the beginning of the section.

HCIR ﬁ The different cross sections are shown

HREC | in Tables 1 and 2.
LSEC
TSEC
CSEC J
A = cross-sectional area
Iyy = moment of inertia about y axis {see Fig. 5)
Izz = moment of inertia about =z axis (see Fig. 5)
Iyz = product of inertia
J = torsional rigidity
If the quantities, A, I 1 I are input as zero or

gy’ T2z’ Tyz
blank then these quantities are calculated automatically.

Fig. 5 Definition of Coordinate Axes in
Cross Section of Beam Element
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CARD 2: YO ' = Eccentricity of attachment point in the Y,

direction

20 = Eccentricity of attachment point in the Z
direction

B = angle defining the transformation of the

Iy, Iz, Iyz to another reference axis

(see Fig. 5)

Additional cards are required according to which section is speci-

fied. The notation for each section is shown in Table 1.

SREC - FORMAT (2E15.7)

CARD 3: A = Width
B = PDepth

SCIR - FORMAT (E15.7)
CARD 3: ‘R = Radius

ZSEC, ISEC, and CSEC - FORMAT (3E15.7, /, 3E15.7)

CARD 3: Al = Dimension of upper flange (parallel to y-axis)
A2 = Dimension of web (parallel to z-axis)
A3 = Dimension of Lower flange (parallel to y-axis)
CARD 4: T1 = Thickness of upper flange
T2 = Thickness of web
T3 = Thickness of lower flange

HCIR - FORMAT (2E15.7)

CARD 3: R Outer radius

T

Il

Thickness
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HREC, LSEC, and TSEC - FORMAT (4E15.7)

CARD 3: Al = Width (parallel to y-axis)
A2 = Depth (parallel tovz-axis)
Tl = Thickness of upper and/or lower flanges
T2 ‘= Thickness of vertical webs

Succeeding cards give applicable members; both shorthands of Sec~
tion IIL are permitted. Any number of continuation cards may be
used for a given specification. A zero or blank 1I5 field ends

each member listing.

SEND Ends the section.
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TABLE 1 SECTION INPUT AND GEOMEIRY

Section Keyword Input
Solid SREC Area, moments of inmertia, I _, I , I, bz
: ) yy  zz' yz
Rectangle J eccentricities, Yor Zg7 transformation -? . .
—— B L ] - L] :—_
angle F. Section width and height, a, b. j_: e B
fetpr =]
Solid SCIR Area, moments of inertia, I_ , I , I ,
Yy 2zz- yz
Circular J eccentricities, Yor Zor transformation
angle 2. Section radius, r.
Hollow HCIR Area, moment of inertia, I_, I , I ,
. . yy’' Tzz’' Ty=a
Circular J eccentricities, Yor Zg transformation
angle p. Outer radius, r, thickness, t.

Section




92-2

TABLE 1 SECTION INPUT .AND GEOMETRY (CONT)

Section Keyword Input
. . ZA
Hollow HREC Area, moment of inertia, I, I__, I, T T
‘ yy' “zz’ “yz I 3K
Rectangular J eccentricities, v , z , transformation * "7y
- o © Ay e v
Section {angle 3. Width,alf‘depthq az,thickness of IR :
| f T« -..
upper and lower flanges, t., thickness of
PP ges, Yy ] -
vertical webs, t2
L-Section LSEC Area, moment of inertia, I , I , I _,
; vy’ “zz’ Tyz
J eccentricities, Yor Zg7 transformation
angle 5. Dimension of flange and web ay,3,
thickness flange, and web, £y, toe
T-Section TSEC Same as for L~Section




le-¢

TABLE 1 SECTION INPUT AND GEOMETRY (CONT)

a; = ag; ty = t,

Section Keyword Input
Z-Section ZSEC Area, moments of inertia, I, I__, I__,
yy zz' vz
J eccentricities, Yor Fg? transformation
anglelg. Dimension of upper and lower
flange, 8y, ags Dimension of web, a,,
thickness of upper and lower flange, ty1s tg,
thickness of web, t2
NOTE: a; = ag; tl = t3
I-Section ISEC Same as Z-section " T—Z—-D-I
) A
. 1
ap # 235 £y F tg
i
¥
Channel CSEC Same as Z-Section Tj
Section Aq]

= |
o T
1
o Sy
.
02T3
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TABLE

NUMBER AND LOCATION OF STRESS POINTS

Section Keyword | Number Location of Location of
Stress Stress Points Stress Points
- Points
Solid SREC 16 +y +z bz
Rectangle 0.430568a  0.430568b 'T' 5 13]9 1
0.430568a  0.169991b N A RS
0.169991a  0.430568b JL_ R
11 OI16999la 0.169991b AR
ht——a —
Shear Center at Centroid
Solid SCIR 18 r + &°
Circular 2 0.887a 12.1L
4 0.887a 60.98
6 0.887a 137.05
8 0.1127a 12.1
10 0.1127a 60.98
12 0.1127a 137.05
14  0.500a 12.1
16 0.500a 60.98
18 0.500a 137.05

Shear Center at Centroid
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TABLE 2 NUMBER AND LOCATION OF STRESS POINTS (CONT)

Section Keyword | Number Location of Location of
Stress Stress Points Stress Points
Points
Hollow HCIR 8 T 5°
Circular 1 a 352.8
Section 2 a 7.2
3 a 323.4
4 a 36.6
5 a 274.6
6 a 85.4
7 a 213.0 Shear Center at Centroid
3 a 147.0
Hollow HREC 12 tvy I =z
Rectangular " = 4%
1 0.77459a 0.5a | Al ‘
Section 1 _2 1
3 0 0.5a, 2 3 !
i . _ 10 \ )
7 0.5&1l 0.77459a Agdrr]| T o i
- T, ¥
9 O.Sal 0 12 8
6 5 4
8 = & ” t:2 Shear Center at Centroid
a. =a, - t
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TABLE 2 NUMBER AND LOCATION OF STRESS POINTS (CONT)

Section Keyword [Number Location of Location of
Stress Stress Points Stress Points
Points
L-Section LSEC 6 y z
\ oy z
1 0.88730a2 0.0 T
2 0.1127la, 0.0 R
| —_ T1
‘ 3 O.SOOOOa2 0.0 ! .
4 0.0 0.88730a
bt | 5 r,
5 0.0 0.11271a, rlz 3 7]—r
— -1—-—-"\2---—-;—
6 0.0 O.SOOOOal
_ t2 - tl Axes at Shear Center
‘ i M S A S BV
T-Section TSEC 6 y z Tz
1 0.77459al 0.0 T jﬂ
2 *0.77459a1 0.0 T,
3 0.0 0.0 A, 5
' — tl 5
4 0.0 0.88730a, + == T
2 2 1 2 3 '1 ____;_
t
- .....l - A »
5 0.0 0.1127;a2 5 1
. _ tl
h 6 0.0 0.50000a, + % Axes at Shear Center
I
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TABLE 2 NUMBER

AND LOCATION OF STRESS POINTS (CONT)

e

Z.-

Section {Keyword | Number Location of Location of
Stress Stress Points Stress Points
i Points
Section ZSEC 9 Yy 2
1 -0.88730a = z
L 2 H"‘"A1—,'¢'1
2 -0.11271a, ‘52 IERER
3 -0.5000 a el
-0. a a 1
L 2 QL—-——-—-»Y Az
4 0.88730a, a, 1o l
5 0.11271a 3, __F»:ﬁ
) PRI
6 0.5000a a ‘
1 2
7 0.0 0.77&59aé Shear Center at Centroid
8 0.0 0.77459a2’
9 0.0 0.0
a, = (a2 - tl)/z , by = tg
ay = (ay = &), a; = a,
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TABLE 2 NUMBER AND LOCATION OF STRESS POINTS (CONT)

Section | Keyword | Number Location of Location of
Stress Stress Points Stress Points
Point
Channel CSEC 9 y z W2 A
. _ e Ay
Section 1 0.88730a, +e_ 0.5a | |
1 s 2 2 i 1]
— TT
2 0.1127T&;+e, 0.5a, ,
3 Q.SOOOal + e O.Sa2
4 0.88730a1+ eS -O.Sa2
5 0.1127lal+ e, -0.5a2
6 0.5000a, +e_ =0.5a e Ay —
1 8 2
7 e, 0.77459a Axes at Shear Center
8 e -0.7745%a
s 2
9 e 0.0
5
e, - distance from shear center to
web center line
. 1/2(al - t2) - s
8 t2(a2 - tl)\ 2 2 "1
1+ 1/6 (o = €.
1\ey 2’
NOTE: tl = t3 3 a; = ag
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TABLE 2 WNUMBER AND LOCATION OF STRESS POINTS (CONT)
Section Keyword |Number Location of Location of
Stress Stress Points Stress Points
Points
I-Section ISEC 9 ¥ Z
1 0.774569&l bl fz
2 =0.77459a b e Ay ©
‘ 1 1 1 2 3 1
5 T
i 3 0.0 bl I 1 7T2 z
f f2 g |
, b 0.77459aq4 b, d
Y
5 0.77459a b Ta |8
3 2 v & 8 3
|« A -
6 0.0 bZ 3
7 0.0 0.8873'151 +
- Axes at Shear Center
0.1127‘1b2
8 0.0 0.11271%1 +
0.8873b2
9 0.0 , O.Sb1 + O.Sb2
t a
— 3\ -3
aZ(t )(a ) 3
1 1 t &
b, = b,=b (—-—1-)’4\
1 3 2 P27 P1\t,/N\a,/
t a . 3 3
1+ ()
RS
| a, =a,~ 0.5(t; +t5) 5 by=b,- 0.5¢, ; b, =b,~ 0.5t,




X1. Applied Loads

Many different types of loading are currently admissible —
concentrated loads at nodes, distributed loads on an edge of a
triangular member, distributed surface loads, distributed line
loads on beams, and thermal loads. Each loading situation is

designated by one of the following four-character key words:

CONC (Concentrated force or moment at a node)

TRIA (Distributed edge load, TRIM elements)

SURF (Distributed surface loads, TRIP element)

EDGl (Distributed edge load, side 1, TRIP element)

EDG2 (Distributed edge load, side 2, TRIP element)

EDG3 (Distributed edge load, side 3, TRIP element)

BMLO (Distributed line load, beam element)

TMPU (Temperatures at upper surface for TRIP
element or temperatures for TRIM element).

TMPM (Temperatures at middle surface for TRIP
element)

TMPL. (Temperatures at lower surface for TRIP

__;iement)
SEND (Section end)

Note: The keywords for the section on applied loads
are used as section headings. The keyword
appearing on an input card designates that the
input to follow is associated with a particular
type of applied loading. A blank card (as de-
scribed in succeeding sections) delimits the
input and indicateé that the next card contains
a different keywora. For example, CONC indi-
cates input that follows is for concentrated
loads and TRIA; distributed loads on an edge of

a membrane triangle. Thus the input is as follows:
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CONC

data

for

concentrated

blank card

TRIA

data
for

loads

distributed

‘blank card

SEND

loads

It should be noted that the keywords can appear in

any order and may be specified more than one time

in the applied load section.

TRIA ~ Distributed edge load (TRIM elements) - FORMAT (A4, /, 4I5,

3E15.7, /, 15X,
3E15.7)

Each card gives the load components applied at a member side

(in units of force) as follows:

CARD 1: TRIA

CARD 2: First 15 field:

Second I5 field:

2-35

(m)

Number of minor node on the side,

Number of node

sero, or blank if there is no

minor node



Third I5 field:
Fourth I5 field:
First EL15.7 field:
Second E15.7 field:
Third E15.7

CARD 3+ First E15.7 field:

Second E15.7 field:
Third E15.7 field:

Number of other end point mode (n)
‘NODR - Reference node number
% load component at node m
y load component at node m

z load component at node m

load component at node
load component at node

z load component at node

Note: Tf NODR =0 then x, v,
z are global directiomns.
If NODR # 0 then the
x-~direction 1is parallel
to the element edge speci-
fied by m - n; the
y-direction is perpendicu~
lar to x 1in the plane
defined by the three points,
m, n, NODR; the =z~axis 1is
perpendicular to the x-y

plane.

The program allows for a linearly varying distributed load from node

to. node, As many load components as desired may be specified. A blank

card (l.e., zero or blank first IS5 field) ends the specification of

distributed edge loads for TRIM -elements.
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CONC - Concentrated loads - FORMAT - (A4, /., I5, 3E15.7, /, 5X,
3E15.7)

Each card gives the load components in global directions at a

specified node.

CARD 1: CONC

CARD 2: 15 field: . Node number
First E15.7 field: Force component FK
Second E15.7 field: Force component FY
Third E15.7 field: Force component Fé
CARD 3: First E15.7 field Moment component Mx

Second E15.7 field Moment component My
Third E15.7 field Moment component Mz'

A blank card (i.e., zero or blank first I5 field) ends the spe-

cification of concentrated loads.

SURF =~ Dbistributed Surface Loads (TRIP element) ~ FORMAT (&4, 1X,
3E15.7. /, 3E15.7, /,
3E15.7, /, (16I5))

CARD 1: SURF

PXI Value of distributed surface load in force/
unit area in local element x-direction at
node i of element (see Fig. &).

PYI :Value pf distributed surface load in force/
unit surface area in local y-direction at
node i of element

PZI  Value of distributed surface load in force/
unit surface area in local z-direction at

node i of element
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CARD 2: PXJ Same as PXI but at node j

PYJ Same as PYL but at node j
PZJ Same as PZI but at node j
CARD 3; PXK Same as PXI but at node k
PYK Same as PYI but at node k
PZK Same as PZI but at node k

Note: A linear variation of the surface loads

in the plane of the element is assumed.

Succeeding cards give applicable members; both shorthands of Sec-
tion III are permitted. Any number of continuation cards may be
used for a given specification. A zero or blank 15 field ends

each member listing.

BMLO - Distributed Line Load, Beam Element - FORMAT (A4, /, 4E15.7, /,
‘ ’ (1615))

Card 1: BMLO
CARD 2: PYI Force/unit length in local y-direction (see
__Fig. 5) at node 1 v
PYJ Force/unit length in local y-direction at
node j
PZI  Force/unit length in local =z~-direction at
node 1
PZJ  Force/unit length in local z-direction at

node j

Note: A linear variation of the distributed

leoad between nodes is assumed.

Succeeding cards give applicable members; both shorthands of Sec-
tion III are permitted. Any number of continuation cards may be
used for a given specification. A zero or blank I5 field ends

each member listing. A blank card ends this section.
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EDGL -~ Distributed Edge Load, Side 1, TRIP Element - FORMAT (A4, 1X,
3E15.7, /, 3E15.7,

/s (L615))

This card inputs the distributed edge or line loads along side 1
of a TRIP element. Side 1 is the side connecting nodes 1 and j

(see Fig. 4).

CARD 1: EDG1
PXI Local x-component of force/unit length at

th

i node

PYL lLocal y=-component of force/unit length at

th node

i
PZI  Local z-component of force/unit length at

ith node

CARD 2: PXJ Same as PXI but at node j
PYJ Same as‘PYI but at node j
PZJ Same as PZI but at node j

Note: A linear variation of the edge loads

is assumed between nodes i and j.

Succeeding cards give applicable members; both shorthands of Sec-
tion III are permitted. Any number of continuation cards may be

used for a given specification. A zero or blank I5 field ends

each member listing.

EDGZ - Distributed Edge Load, Side 2, TRIP Element ~ FORMAT (A4, 1X,
3E15.7, /, 3El15.7
/s (1615)) .

This section inputs the distributed edge or line loads along
side 2 of a TRIP element. Side 2 is the side connecting nodes j
and k (see Fig. 4). All input is the same as in the EDGL sec-
tion with EDG2 replacing EDGL as the alphameric clue word and

ftst1 M=t

j" replacing "i" and "k" replacing "j" in the description.
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EDG3 - Distributed Edge Load, Side 3, TRIP Element - FORMAT .(A4, 1X,
' 3E15.7, /, 3E15.7,
/s (¥615))

This .section Inputs the -distributed edge or line loads along
side 3 of a TRIP element. :Side 3 is ithe side connecting nodes k
and i (see Fig. 4). All :input is ftrhe wsame as in ‘the EDGL sec-
tion with EDG3 replacing EDGl as the alphameric .clue word and "k"

1 411 RIEC

replacing "i{" and "i" -replacing "k" in the description.
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TMPU « Nodal Temperatures At Upper Surface for TRIP Element cr
Nodal Temperatures for TRIM Element - FORMAT (A4, /, E15.7,
1315, /, (15X, 1315))

This section is used to input temperatures at nodes of TRIM
elements and at the upper surface (i.e., =z =+ h/2, where h is
the plate thickness) of TRIP plate elements. For TRIP elements a
parabolic temperature distribution through the thickness is assumed.
To input temperatures at the lower surface and middle surface use

the TMPL and TMPM cards, respectively.
CARD 1: TMPU

CARD 2: EL5.7 field Temperature at node (TRIM)
or temperature at upper surface
of node (TRIP)
I5 Integer fields Applicable nodes

The temperatures of the nodes appearing in the 15 fields are
set to the value in the E15.7 field. Any number of continuation
cards may be used; their first fifteen columms are ignored. A zero
or blank I5 field_terminates the card scan for a given temperature.

A zero or blank first I5 field (columms 16-20) on a noncontinua-

tion card ends the TMPU input.' Both shorthand representations of

Section III are allowed.

Note: For the TRIM element the

' nodal temperatures are
averaged to cobtain one
element temperature, For
the TRIP element a linear
in-plane variation of the
temperatures from node to

node is assumed.
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TMPM ~ Nodal Temperatures at Middle Surface for TRIP Element -
FORMAT (A4, /, E15.7, 1315, /,
(15X, 131I5))

This section is used to input temperatures at nodes at the
middle surface (z = 0) of TRIP plate elements. For TRIP elements
a parabolic temperature distribution through the thickness is as-
sumed. To input temperatures at the upper and lower surface use

the TMPU and TMPL cards, respectively.

The input formats and information for the card are identical

to the TMPU card with TMPM replacing TMPU.

1

TMPL -~ Nodal Temperatures at Lower Surface for TRIP Element -
FORMAT (&4, /, EL5.7, 1315, /,
(15X, 131I5))

This section is used to input temperatures at nodes at the
lower surface (z = - h/2, h 1is the plate thickness) of TRIP
elements. For TRIP elements a parabolic temperature distribution
through the thickness is assumed. To input temperatures at the

upper and middle surface use the TMPU and TMPM cards, respectively.

The input formats and information for this card are identical

to the TMPU card with TMPL replacing TMPU.

A card with SEND in the first four columns ends the section

for applied loading.

XIT. Members to be Printed - FORMAT (1615)

Specifies the members whose strains and stresses are to be
printed., Both shorthands of Section III are allowed. A blank card

or card with only zero entries ends the section,



XITI. Nodes to Be Printed - FORMAT (1615)

Nodes whose displacements are to be printed as per Sec~

tion XII.

X1V. Parameters for Plastic Analysis - FORMAT (2E15.7)

PMAX = Maximum load to be applied for this half
cycle
PPCT = Load increment as a decimal multiple of

yield load.

XV, Parameters for Succeeding Load Cycles - FORMAT (IS5, 2E15.7)

NPRNT = If equal to zero, no additional load cycle
and end of problem. If greater than zero,
print output every NPRNT incrementé.

PMAX

PPCT

it

Maximum load for this load cycle

]

Load increment as petrcentage of yield load.

Note: PPCT should be equal to one-half the
original value since the plastic
range is twice the elastic range for

initial loading.

XVI. Change Plastic Material Properties for New load Cycle

The input for this section begins with a four-character word
as follows:

MAT1 New material properties for plane stress
membrane triangles (TRIM) or plate (TRIP)
elements (see Section X for applicability) -

MAT? New material properties for orthotropic
strain-hardening materials (see Section X for
applicability

MBM New material properties for beam elements

MSTG New material properties for a stringer

element
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MAT1 - FORMAT (A4, 1X, I5, /, 4E15.7, /, 5E15.7)

CARD 1: WMATL
IMEM One member number from the group that is

to be changed

CARD 2: STGOX )
SIGOY
SIGOZ
SIGXY

> Defined in Section X

CARD 3: RMOSN ~
RMOSS
RMOSE > Defined in Section X
YLDST
YLDSC /

One set of three cards is required for each MAT1L group to be

changed. A MAT1 group may be changed to a MATZ group after a
half load cycle.
MAT2 - FORMAT (A4, 1X, 15, /, 4E15.7, /, 5E15.7, /, E15.7)

CARD 1: MAT2
IMEM One member number from the group that 1s to

be changed

CARD 2: SIGOX
SIGOY
SIGOZ
SIGXY

Defined in Section X

CARD 3: RMONX
RMOSX
RMONY ) Defined in Section X
RMOSY
RMONXY-
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CARD 4: RMOSXY Defined in Section X

One set of four cards is required for each MAT2 group to be
changed. A MAT2 group may be changed to a MATI group after a
half load cycle.

MBM or MSTG - FORMAT (a4, 1X, 15, /, 3E15.7)

CARD 1: MBM
or
MSTG

IMEM One member number from the group that is

to be changed)

CARD 2: RMOSN (Ramberg~0Osgood parameters defined in Section X)
RMOSS |
YLDST

The section is ended with a section end card, SEND.

Note: If there is no change in material
properties, a SEND card must appear
in the appropriate place in the

input stream.

XVII. Problem End ~ FORMAT (A4)

Each problem's input must be ended with a card reading "ENDB"
where "b'" denotes a blank, in columns 1-4. The last proplem- in
a run should end with a card reading "STOP' in column 1-4 instead
of "ENDb."
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XVIII. Restarting a Problem
The initial restart tape is created on Unit 2k. Subsequent re-
start jobs mount';he restart tape as Unit 21 and if desired (NUTAP > 0)
copies and: continues the restart tape on Unit 22.
CARD: 1: Problem Title - FORMAT (20A4)
As in. Section T
CARD 2: NPNTC, NPRNT, IRESRT, NUTAP, INPRT - TFORMAT (515)
As in Section LEI. Here NPNEC is ignored.
I IRESRT £5 équal to 2 '

Restart from an elastic eriticall load using a

previously created restart tape
CARD. 3 PMAX, PPCT ~ FORMAT (2EL5.7)

PMAX = Maximum load to be applied for thig half eycle

PPCT Load increment as percentage of yield load

Input is then continued from Section XV
If IRESRT is equal to 3

Continuation from some previously plasiic load.  the
job can be restarted from a previous maximum Load or

from any intermediate load level.

CARD» 3: PMAX, NRSRT - EORMAT (E15.0, I5)

If starting from a previous maximum Toad NRSRT can
be ignoredu If starting from some intermediate
load level, NRSRTis a unique number obtained as
output from the job that generated the restart tape,

This output is of the Fformg



kT

PLASTIC ANALYSIS VALUES FOR RESTART TAPE HAVE BREEN

WRITTEN AT P = 1.5000000E+03 FOR PRINT INTERVAL 30
* ok % %

In this case NRSRT is equal to 30 and the load is

nct necessarily the last maximum value,

Note: TFor cases when the job ends abnormally (for example when
time or lines are exceeded)} the job can be restarted with
a value for NRSRT obtained from the output. 1In this case
the last value of NRSRT should not be used. This will
insure that a complete set of data will be accessed from

the restart tape.

If IRESRT is equal to &

Restart from a previous maximum load level
followed by a reversal of a previous load
distribution (CYCLE). A reversal of a
previous load distribution can be placed
on the structure from any previously gener-

ated and saved state of stress.

CARD 3: PMAX, NRSRT -~ FORMAT (E15.0, I5)

If starting from a previous maximum load NRSRT can
be ignored. If sﬁarting from some intermediate load
level, NRSRT is a unique number obtained as output
from the job th:t generated the restart tape. Thic
output has the form shown in the preceding dis~

cussion for IRESRT equal to three. The value of

PMAN is ipnored.

Succeeding vards follow as in Sections XV through XVII.
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XIX. Alternate Input Method

All or part of the input may be read from a tape. This tape is
mounted as Unit 23 with the appropriate job control cards. The tape
is accessed by specifying the keyword, TAPE (FORMAT A4), in the proper
place in the card input stream. Input will then be read from the tape
until a SEND (A4) is encountered on the tape. This returns the input

reader to the card input stream,

Note: All SEND formats used to end
sections must be in card form
as the SEND encountered on the
tape only sends the reader back
to the card input stream. Also
blank cards which end sections
are best not put on the tape but
rather on cards as this allows
the user to add card input to
tape input, i.e., if a blank
ends a section and is encountered
on the tape format then the sec-
tion ends and no new data may be
added, but if the blank does not
occur on tape the section is
still open and can be closed with
a blank card in the card input

stream,

Example:

Input for member connectivity, Section IV, and coordinates have

been generated on a tape in the prescribed manner.
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Input cards are as follows:

TITLE

0

1 - 100

TAPE

TRIM

SEND

TAPE

TAPE

5.0

(reads data from a tape)

(additional elements if desired)

(reads X-coordinates from tape)
(Blank card to end section for X-coordinates)
(feads Y-coordinates from ﬁape)
(Blank card to end section for Y-coordinates)

(card input for Z-coordinates)

(Blank card ends section for Z-coordinates)

1f no additional tape input, remaining card input as usual.
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APPENDIX I — MULTIPOINT CONSTRAINTS

EXAMPLE 1

Node 1 and 2 are fixed.

There is an applied displacement at node 3 in the negative vy direc-

tion.

Boundary Conditions

011000000000
000000000000
(021000000000
Blank card

Dependencies

Node Dof

Note:

The distance between nodes 3 and 4 remains constant.

1-4 default conditicn
L 24
3
Node - Dof
3 2 -.050 (specified displacemant)
3 2 1.0 restraint condition that
3 3 1.0 3~4 remain rigid

In the boundary condition cards for node 4, degrees of freedom 2

and 3 must be specified 0 because they are effectively eliminated from

the solution (they are dependeﬁt degrees of freedom).
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EXAMPLE 2  Rotation of Displacements at a Boundary

Y

b

Y

380°

Z25

For this problem we set the displacement u equal to zero and
v free. This corresponds to the normal displacement along X
equal to zero and the tangential displacement (in y direction)

free. The global coordinates of the problem are: x, y. Thus:

u= uwces ¢~ vsing@

<
Il

1 sin 9 + v cos ©
The multipoint constraint cards are:

25 1 25 1 .86602540E00 25 2 -.50E00
25 2 25 1 . 50800 25 2 .8660254E00

Note: On the boundary condition cards, since u = 0.0 node 25
degree of freedom 1 is specified to be 0 but node 25 degree of
freedom 2 is specified 1 or free since it remains an independent
degree of freedom (although rotated). 1If the normal displacement
u were not fixed (and the transformation performed merely to apply
a normal load), it would have a 1 boundary condition specified.



APPENDIX IT — SOLUTION PACKAGE

PODSYM - Solution of Symmetric Positive Definite Banded
Matrix Equations

IPODSYM]

@@ @E“_ QFOR
I QCHOL ] REVERS

[oBsoL_ f=—{ apac
‘| REVERS
Problem
Solve AX = Y, where
A=

is a banded positive definite symmétric matrix; X 1s the desired
solution vector; and Y is the known right side (load vector).
PODSYM is the user interface and supervisory routine. It uses the
Cholesky algorithm which factors the total stiffness matrix into
it (where 1. 1is a lower triangular matrix) and then solves a

pair of triangular sets of equations.



The factorization is carried out by subroutine QFACT which
supervised the storage and data set allocation and subroutine
QCHOL which generates the lower triangular L -matrix. QCHOL
implements the Cholesky algorithm ‘to factor the positive definite
symmetric A matrix as the product of a lower triangular matrix

with its transpose:

A=t
A straightforward argument establishes the possibility of decom-
posing any positive definite matrix in this fashion. Once L has
been obtained, it is not difficult to solve the system of linear
equations AX = Y by calculating Z as the solution of the lower
triangular system LZ =Y, and then X as the solution of the
upper triangular system LTX = Z. The forward solution (LZ = Y)
is accomplished by subroutines QFSQL and QFOR and the back
solution (LTX = Z) by subroutimes QBSOL and QBAC. Before the
call to QBSOL, subroutine REVERS 1is called, which reverses the
rows of I so that the last row becomes the first row, etc. This
is accomplished in order to sequentially access T during the

back solution.

The above algorithm is noteworthy for its assured stability
and general efficiency. It is possible to carry out an error
analysis of the procedure as it is represented on a digital compu-
ter; such analysis shows that the computed L matrix satisfies

an equation of the form

A+E =1Lt
with bounds on the elements of E which show that E 1is small
compared to A. The effect of rounding errors made in the subse-

quent solution of LZ =Y and LTS = Z may then be taken into



account by (implicitly) introducing an additional perturbation F
into A, and it is then concluded that the computed solution XO

exactly satisfies the equation
(A=E+ F)XO =Y

Since E + F can be shown to be small, one would like to infer
that Xb is almost an exact solution of the original equations, and
unless A 1is too nearly singular, such a conclusion is indeed
warranted. But if A 1is very Ill-conditioned, mo such result can
be'guaranteed, and XO may be far from the mathematically correct
solution; in this event single-precision computation will not suf-
fice for the calculation of an accurate solution, and since the
solution will be very sensitive to small errors in A, it is un-
likely that even a high-precision computation will yield satisfac-
tory results unless A and Y are known (and supplied) to more
than single-precision accuracy. The PODSYM subroutines make a
fairly realistic attempt to detect and report pathological condi-

tions of this sort.

The large positive definite matrices that occur in practical
work very often contain a large number of zero entries and the
program seeks to benefit from the presence of these elements by

modifying the standard Cholesky formulae.

k-1 2

2, = - ) 22

kk =] Axe T4 g
5=1

and
[ k-1

Elk - A]_k ) >, ij7kj 4 f}lkk for 1>k

j=1



to read instead

kk

and

ik

il

Ak~
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APPENDIX III ~ CHANGING THE NUMBER OF NODES
AND MEMBERS IN BEND

The number of nodes and members allowed for a BEND problem
is variable. The following changes must be made in the MAIN pro-
gram for a successful up-dimensioning or down-dimensioning of nodes

and/or members.

¢ Reset MEXMEM equal to the maximum number

of members desired

® Reset MINOD to the maximum number of

nodes desired

® Redimension C the main working area so
that it is greater than the greater of
10.5 % MXNOD + 6.5 « MXMEM or 24 % MXNOD
+ 1975

© Set NCORE equal to the dimension of the

C array

®* For maximum efficiency set MHCON equal
to a prime number approximately 1/3 more
than MXMEM

® For maximum efficiency set NHCON equal to
a prime number approximatel& 1/3 more than
MXNOD. A table of prime numbers appeérs in
Ref. 6, page 870.

e TFor CDC versions, dimension IRAC (random

access array) to MXMEM+1.

The following limitations on the number of property specifica-

tions exist in BEND and can only be changed through redimensioning

within the program:
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Property or Section
Number of MAT1 and MAT? property
types
Number of WMBM property types

Number of beam section property
types

Number of types of edge loads
for EDGl, EDG2, EDG3 arrays

Number of types of surface
loads applied (SURF)

Number of multipoint
constraint conditions

Number of beam element

Current Limitation

20

20
100

100

100

500

100

distributed load specification types

Number of boundary condition

type specifications
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SYMMETRY
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APPENDIX IV ——— EXAMPLES OF PLATE BQUNDARY CONDITIONS

B gt

Y

AGAINST MOVEMENT IN THE X-Y PLANE.
LATERAL

L1

o SIMPLY SUPPORTED  FDGFS NOT BFST

-y

/ |

4

N

FIATNE D

b

SECTION A-A
SECTION B-B
A
A
— e § e X, USYMMETRY
BOUNDARY CONDITION: 1 - FREE; 0 = FIXED
NCDE U \ w r)x {Jv riz 2, ev ]'xy Ky x Kyy Kxy
i 0 0 1 0 0 0 1 1 0 1 1 0
2 1 G 1 0 1 0 1 1 0 1 1 0
3 1 0 0 0 1 0 1 1 0 0 [ 0
4 o 1 1 1 0 0 1 1 0 1 1 0
& 1 1 ] 0 1 oth! 1 1 ot 0 0 1
[ 1 1 0 0 1 1 1 1 i 0 0" 1
7 0 1 0 1 o 0 1 i 0 0 0 a
8 1 1 0 1 0 of!l 1 1 o' 0 0 1
8 1 1 0 1 0 1 1 1 1 0 0 1
9 1 1 0 0 0 ot!! 1 1 ol o 1
g 1 1 0 0 0 . 1 1 i 0 0 1
e S —
AlLL ZERD ALL ZERO IF
IF NO IN-PLANE LOAD NO IN-PLANE LOAD
NOTES-

0 FOR ZERQ OR UNIFORM DIRECT IN-PLANE LOADS
1 FOR NON-UNIFORM IN-PLANE LOADS

0 FOR ZERO IN-PLANE SHEAR LOAD

T FOR. IN-PLANE SHEAR

NODE 5 COMPLETELY FREE

{1}

{2
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L Y,V

B
E I ]
1] - ————
2 : o CLAMPED — EDGES RESTRAINED
& AGAINST MOVEMENT IN THE X-Y
PLANE
LATERAL
1 l l_ _l j{ﬁ
s g .
SECTION A-A
SECTION B8 _
L A
¢ > X, U SYMMETRY
BOUNDARY CONDITION: 1 - FREE;0 = FIXED
NODE u v w Gx Ov Oz ex e‘f 'va Koex vy KXV
1 0 0 1 0 0 0 1 1 0 1 1 0
2 1 0 1 o 1 0 1 1 0 1 1 0
3 0 0 0 0 0 0 1 0 o 1 o o
4 o 1 1 1 o 0 1 1 0 1 i | e
6 0 ] 0 0 Q 0 1 o 1 1 o 0
7 0 0 0 0 o v £ 0 1 o "o 1 o
8 0 o 0 0 0 0 0 1 1 L)
] 0 0 0 0 0 0 [ o o | o | o7 "o

NODE 5 COMPLETELY FREE
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— ) —p
<
<

SYMMETRY

LATERAL

L1 ~
L ‘h IN-PLANE

—

-3
o]
@O

-

— § ————————3 X USYMMETRY

BOUNDARY CONDITION: 1 - FREE; 0 = FIXED

NODE U v w 0x Gy Uz e, ey Ty Ko EW Ky

1 0 o 1 0 0 0 1 1 0 1 1 o'
2 1 o i | oo 1 0 1 1 0 1 1 0
3 1 0 0 0 B 0 1 1 0 1 0 0
2 0 1 1 1 0 0 1 1 o 1 1 0
8 1 1 0 0 a olt 1 1 ol@ 1 0 )
6 1 1 0 0 0 1 1 1 i 1 0 0
7 0 1 0 o | o 0 1 1 0 0 1 0
8 1 1 0 ¢ ] ot 1 1 '@ ] 1 0
g 1 1 0 o 0 1 1 1 1 0 i 1
9 1 1 0 o 0 ol 1 1 o2 o 0 0
9 1 1 0 0 0 1 1 1 1 o

Megare, pta— . mcaer

AlLL ZERO |F ALL ZERO IF

NO INPLANE LOAD NO INFLANE LOAD

NOTES

0 FOR ZERO OR UNIFORM DIRECT IN-PLANE LOADS
1 FOR NON-UNIFORM IN-PLANE LOADS '

0 FOR ZERO IN-PLANE SHEAR LOAD

1 FOR IN-PLANE SHEAR

NGDE 5 COMPLETELY FREE

m

IO I |

(2

2~61



¢
> T
o
F—
tr
§1 Y,V
2 R — ® SIMPLY - SUPPORTED: EDGES RESTRAINED
72
7 LATERAL
8 e 1 1
8
4 i SECTION A-A
5 ————
SECTION 8-8
A A
A A
— » G % uSYMMETRY
1 2 3
BOUNDARY CONDITION: 1 - FREE; 0 = FIXED
NCDE u v w 9 ”‘I v, e, e, Yoy Ry L L.
1 0 0 1 0 0 0 1 1 0 1 1 o
0 0 1 0 1 o 1 1 0 1
o 0 ) o 1 0 1 ;i 0 0 ]
3 o | o 0 0 1 0 1 ol? 0 0 0 0
4 0 1 1 1 0 0 1 1 0 1 1 0
6 1 LRI 0 1 0 1 e o] o | o 1
6 1 o? | o 0 1 ‘o 1 o2 PLCI B 1
7 0 0 1 0 0 M 0 o o
7 0 0 1 0 P o 0
8 M o 0 1 Rtk 1 ol 1
o2 | 0 ; 0 o @ | N o ;
0 0 0 0 40 m 0 0 1
9 0 0 0 0 0 0 o2 | o2 | o 0 o 1
NOTES-

{1) WHEN DISPLACEMENTS ARE NOT RESTRAINED IN THE DIRECTION OF THE EDGE
(2) WHEN DISPLACEMENTS ARE FULLY RESTRAINED
NODE 5 COMPLETELY FREE
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SECTION 3

INSTRUCTIONS FOR USE OF HEX

A Program for the Elastic-Plastic Analysis
of Three Dimensional Solids



INSTRUCTIONS FOR THE USE OF HEX

HEX is a finite element program to treat the elastic, elastic-
plastic or elastic-cyclic plastic response of arbitrary three dimen-
sional solid structures., The program uses a family of ilsoparametric
hexahedra elements (Refs. 1 and 2) consisting of eight-node hexahedra
gnd hexahedra with up to 12 additidnal midside nodes as shown in

Fig. 1. Sample problems from the present program can be found in Ref, 3,

The program is capable of treating the elastic and the elastic-
ideally plastic respouse of orthotropic materials. In additiom,
consideration is given to isotropic materials exhibiting elastic-
ideally plastic, linear strain hardening, or nonlinear strain
hardening behavior. Further, the kinematic hardening theory of
plasticity is used (Refs. 4-6) so that provision for cycliec loading

conditions involving reversed plastic deformation is included.

The input to the program is categorized in the following

sections:

I. Problem Title FORMAT (20A4)

Any 80-character title describing the problem.

I1. NPNTC, NPRNT, IRESRT, NUTAP, INPRT FORMAT (515)

0 < NPNTC < 63:

NPNTC is the sum of the following integers corresponding to

the option desired.

il

If NPNTC 0 No intermediate printout

1 Print the load vector

2 Print element stiffness matrix
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X
Local Coordinates Cartesian Coordinzgtes

Fig. 1 Isoparametric Hexahedra

NPNTC

1

16 Print each element stiffness matrix entry

to be stacked with its stacking index

i

32 Print the total stiffness matrix

For example, if it is desired toc print the load vector and

the total stiffness matrix, NPNTC = 1-+ 32 = 33,

NPRNT:
If < 0, perform elastic analysis only.

If > 0, perform plastic analysis, printing output every
NPRNT increments of load.
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TRESRT: (See Section XVIII)
0, Elastic (and/or) plastic run. Do not generate

a restart tape

1, Elastic (and/or) plastic (cyclic) run. Build a

new restart tape

2, Plastic run with elastic values from previously

created restart tape

3, Plastic restart run starting at some specified
load level

4, Cyclic restart run

NUTAP:

Applicable only if restarting from a restart tape
0, No new tape written

1, Complete new tape created and additional restart

data written

0, Write restart tape only at P = PMAX (i.e., at maximum

load)
N, Write restart tape every N increments of load

IIYX. Node Specification (LAIS)

This section defines an allecwable set of external node point
numbers. The maximum node number that can be used is 9999, The
program uses this information in two ways. First to set up a table
of allowable node points that is used to check all subgequent node
point: input. Secondly, the program converts each external node num-
ber to an internal number consecutively in the order that the node
appears on the input card. Consequently the order of the input of
external node numbers is completely arbitrary and need not be in-
creasing mecnotonically. In practice the node numbers should be num-

bered so as to minimize the bandwidth., Once the input is read the



program operates with the internal numbers which are now numbered
from l' through the number of nodes in the model, In this mammer
the node ordering and therefore the bandwidth of the stiffness

matrix can be easily changed and ncdes can be inserted or deleted

by changing the external node specification,

The input is specified by entering the appropriate number on
the input cards in fields of five. However, for this purpose the
user can also utilize & shorthand form of the input, That is, spe-
cifying m and -n consecutively is the equivalent of the speci-
fication of nodes m, m 4+ 1, m+ 2, ..., n and specifying wm, -p,
and -n consecutively is the equivalent of the specifiction of ‘
nodes m, m+ p, m + 2p, ..., m + kp where m + kp is the highest
inteser of the form less than or equal to n. For example,.the spe-
eification of nodes 1 through 100 is written as 1 - 100 and
1, 3, 5, «.., 99 as 1-2-99, This card input appears in fields of
5 {(I5 Format) with 15/ items per card. Any number of continuation

cards wmay be used., A zero or blank I5 field ends the specification.

V. Member Connectivity (Node Numbers of Each Member )
FORMAT (A4, 6X, 9I5) -

The first alphanumeric field defines the element type as fol-
lows

HEX8 -~ eight node hexaqedra element

HX20 - hexahedra element with up to twelve additional

midside nodeas

MSGN « mesh generator for eight-node hexahedra

SEND

ends the section

The first integer field designates the member number. The next

integer field designates the connecting nodes as follows:

HEX8 - The eight corner nodes are specified in tFe

order shown on Fig. 2.
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Fig. 3 Order of Midside Nodes
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HX20

Note:

MSGN

- The eight corner nodes are specified first

in the order shown in Fig. 2. The additional
midside nodes are specified on a secnnd card
(FORMAT (1215)) according to the order shown
in Fig. 3. An element can be constructed
with any combination of midside nodes. If a

1 * .
midside node is not specified, a zero is

placed in its corresponding position on the
card, If a mideside node is specified for
an element, a midside node should also be
specified for every element coincident with

that side.

The hexahedra elements with midside nodes
can have curved boundaries. The shape of
any side is described by a quadratic poly-
nomial through the three node points. If
a side containing a midside node is
straight, the coordinates of the midside
node can be read in as zero, In this

case the nodal coprdinates are calculated

within the program.

The nodal connectivity is automatically
generated for eight-node hexahedra accord-
ing to the convention in Fig. 2. The
first card for this input option requires
the four-character identifier MSGN. A
second card is. required with FORMAT (515)
which specifies the number of element
subdivisions in three coordinate direc-

tions. The integérs in the five fields are
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the subdivisions in the xl, x2, x3 direc-
tions, and the first node number and element
number in the mesh. The coordinate system
nust be right handed. The mesh generator
assumes that the nodes are numbered consecu-

rively along the x direction specified

1
in the first I5 field then incremented on

the face until that face is com-

X < Xg
pletely specified. ' The mesh is then incre-
mented in the %, direction and then con-
secutively numbered on the X "~ Xy plane.
The element numbers are numbered consecutively
starting at the specified starting value in

the positive x, direction, The mesh gener-

ating capability still requires that the nodes
be defined in Section IV and that the nodal co-

ordinates be explicitly defined in Section VI.
An example of the convention for a 4 x 3 x 2
mesh in Cartesian coordinates with the starting

——node and element equal to one is shown in Fig. 4.

V. X-Coordinates of Nodes FORMAT (£15.7, 1315)

The global =x-coordinates of the nodes appearing in the IS
fields are set to the value in the E15.7 field. Any number of
continuation cards may be used; their first fifteen columns are
ignored. A zero or blank I5 field terminates the card scan for
a given x-coordinate., A zero or blank first 15 field (columns
16-20) on a noncontinuation card -ends the sention. Both shorthand

representations of Section III are allowed.

VI, Y-Coordinateé of the Nodes, Same as Se~tion V.

VII. Z-Coordinates of the Nodes. Same as Section V.
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Fig. 4 Node and Member Ordering Convention
for Automatic Mesh Generation

VIII. Boundary Conditions FORMAT (I3, 2I1, 5X, 141I5)

The first three fields give the boundary conditions specifica-

tions in the order: u, v, w; where u, v, w are global displace-

ments in the global x, y, z directions, respectively.

Zero denotes a fixed degree of freedom
One denotes a free degree of freedom

Two will result in the application of a unit general-
ized displacement, or a corresponding card may be
included in Section IX (dependent degrees of free-
dom) designating the magnitude of the applied gen-

eralized displgcement.

The 14I5 fields give the applicable nodes for the boundary
condition specifications, with both shorthand notations of Sec-
tion TIT permitted. Any number of continuation cards may be used
for a given specification. However, only the 1415 fields are

used on a continuation card. A zero or blank I5 field terminates
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the card scan for a given boundary ~ondition specification. WNote: if

the last field of a card (columns 7A-80) is the last specification,
an additional blank card (continuation card) must follow. A zero or
blank first IS5 field (columns 11-135) on a noncontinuation card ends
the section. TIf a node's boundary conditions are not specified in
this section, all the degrees of freedom are assumed to be free. To
change this default condition, the first card of this section should
be set to the desired default with all nodes used in the problem

specified. ©Note: Maximum nuwber of nodes is nrrrently 2500.

IX. Dependent Degrees of Freedom FORMAT (2I5, 2(5X, 215, E15.7))

This section designates the input for both single and multipoint

constraints as well as applied displacement of the form:

) = ?‘ ‘.
1) Fi ocl 1 + a2‘62 + anﬁn

where Ei is a dependent degree of freedom,
61 vee Fn are independent degrees of freedom,

and «© Ops *°* an are coefficients.

]_J
2) Rotation of displacements at a node

5 o&l‘('ai + azt‘*j + a36k

I}

B

cn
|

= By T By, By
v N
ﬁk.‘ ¥ Py + vzbj + Y35k

where the o, B, ¥!'s -are the direction cosines of

the rotation, :i’ &j’ ﬁk are the displacemgnti with
respect to the original global directions and 51,
;j’ gk are the components of 5isplacements at the
node with respect to the new coordinate axes. An

example of this capability is given in Appendix 1.
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3) Applied generalized displacement

where the coefficient 2 is the applied generalized

displacement.

The first two I5 fields designate a node number and a degree of
freedom (i.e., 1~3). The dependency is defined in the following
three fields. The two integer fields designate the node number
and degree of freedom number and the coefficient by the floating
point field. If there is another dependency for the node, it is
-designated in a similar fashion in the next three fields. Any
number of continuation cards can be used with the first two fields
blank. The section is ended by a blank or zero in the third in-
teger field (blank card). Examples of the use of multipoint con-

straints are in Appendix I.

X. Material Properties

The input for material properties consists of cards as fol-

‘lows:

CARD 1: TFORMAT (44, 1X, 5E15.7)

MAT1 = four-character identifier

EONE = Young's modulus in principal property axis (1)

ETWO = Young's modulus in principal property axis (2)

ETEE = Young's modulus in principal property axis (3)
_ VONTO = Poisson's ratio, Vig

VIOTE = Poisson's ratio, Voq

CARD 2: FORMAT (4E15.7)
-2

VIETQ = Poisson's ratio, Vao
GONTO = Shear modulus, G12
GTOTE =|Shear modulus, G23
GONTE = Shear modulus, G13
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CARD 3: FORMAT (3E15.7)

BETAl = Angles between 1, 2, 3 material axes
BETAZ = and local element X, y, z axes (defined
BETA3 = in the note at the end of the section).

CARD 4; FORMAT (3E15.7)

TALF-1 Coefficient of thermal expansion in
the principal 1 direction

TALF-2 Coefficient of thermal expansion in
the principal 2 direction

TALF-3 Coefficient of thermal expansion in

the principal 3 direction

CARD 5: FORMAT (5E15.7)

Yield stress in principal 1 direction

SIGOX =
SIGOY = Yield stress in principal 2 direction
SIGOZ = Yield stress in principal 3 direction
SIGOXY = Shear yield stress in principal

1-2 plane
SIGOYZ = Shear yield stress in principal

2-3 plane

CARD 6: FORMAT (5E15.7)

SIGOZX = Shear yield stress in principal
3-1 direction
RMOSN = If RMOSS # 0; RMOSN = n, the shape

parameter used in Ramberg-0Osgood repre-

sentation of stress-strain behavior.

If RMOSS = 0; RMOSN = o the slope of
the linear strain-hardening stress-strain
representation, i.e., a = ET/E where ET

is the tangent modulus,
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RMOSS

If RMOSS # 0; RMOSS = Ramberg-Osgood

parameter 00.7

Note (1): If RMOSN = 0 and RMOSS = 0
the material for the element(s) is assumed
to be elastic-ideally plastic.

YIDST = Yield stress (for isotropic materials)

Note (2): Only initially isotropic mate-
rials can be treated when considering

linear or nonlinear strain-hardening.

RMOSE = Ramberg-Osgood parameter E (Young's modulus)
Succeeding cards give applicable members; both shorthands of Sec-
tion III are permitted. Any number of continuation cards may be

used for a given specification. A zero or blank I5 field ends

cach member listing.

——  Note: The transformation between the
1, 2, 3 material axes and the local ele~
ment X, y, z axes are defined by path
dependent angular rotations Bl, 62, 63.
.First a rotation about the 1 axis, Bl,
then a rotation about the 2 axis in
the transformed system and then a rotation,
ﬁ3 about the 3 axis in the transformed

system
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ACUM - Table describing yield stress versus accumulated plastic
strain relationship
FORMAT (A4/A4, 1X, 15, /, A4, IX, 2E15.7, /, (1615))

CARD 1:

ACUM -~ four character identifier
CARD 2:
ACUM - four character identifier
NUMP ~ mnumber of pairs of points used to repre-
sent the yield stress versus accumulated
plastic strain
CARD 3:
ACUM - four character identifier
VARS1IG - vyield stress

SUMEPS accumulated plastic strain

Card 3 is repeated "NUMP" times where NUMP is the number of pairs

in the table. A maximum of 20 pairs is allowed.

Succeeding cards give applicable members; both shorthands of
Section IIT are permitted. Any number of continuation cards may
be used for a given specification. A zero or blank I5 field ends

each member listing.
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GAUSS or LOBATTQO - Designation of stress points within an element

CARD 1:  FORMAT (A4, 1X, 3I15)

GAUSS = five letter character identifier
or

. LOBAT = five letter character identifier

NX = number of stress points in local x
direction

NY = number of stress points in local y
direction

NZ = number of stress points in local z
direction

CARD 2: Applicable members; both shorthands of
Section 1III are permitted. Any number of con-
tinuation cards may be used for a given spe-
cification. A zero or blank I5 field ends

each member listing.

SEND in columns 1-4 ends the section.

Note: Up to 8 Gauss or 10 Lobatto points are per-
mitted in any one direction and a total of
50 points are permitted in any one element.
For local coordinate definitions see Figure 2.
For a definition of these integration points

see Ref. 7.
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XI. Applied Loads

Three different types of loading are currently admissible —
concentrated loads at nodes, distributed loads on a surface of a
hexaghedron member, and thermal loads. Each loading situation is

designated by one of the following four-~-character key words:

CONC  (Concentrated load)
SURF (Surface distributed load)
TEMP (Temﬁeratures for thermal loading)

Distributed load -

CARD 1:  FORMAT (A4)
Key word  SURF

CARD 2: FORMAT (I5, 5X, 8I5)
First 15 field: numbetr of nodes on the loaded
surface. There is a minimum of
four nodes per surface and a
maximum of eight in order to

accommodate midside nodes.

Second through’

fifth 15 fields: These four fields contain the
four corner node numbers in
counterclockwise or clockwise

order.
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Sixth through

ninth I5 fields: These four fields contain the
midside node numbers (if any).
1f a particular midside node
is omitted, a zZero or blank is
placed in the appropriate field

on the input card.
The input order for a given surface is shown below for counter=-

clockwise order.

e in
'y , > Ty
51 /
LT m e e
A )
v

¥j 1

The magnitude of_the surface tractions at each node specified above

follow: ‘There is one card for each node specified.

SUCCEEDING CARDS: FORMAT (I5, 3EL5.7)
NUM = Node number specified on CARD 2 (IS5 field)

TX = Surface traction in global =x-direction
TY = Surface traction in global y-~direction
TZ = Surface traction in.global z~direction

A blank card ends the input for surface loads,

Note: The keyword SURF appears only once at the beginning
of the specificati on of surface loads. Additional

input for surface loads begin with card 2,
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Concentrated load -

CARD 1: FORMAT (A4)
Key word CONC

CARD 2: FORMAT (IS5, 3E15.7)

NUM = Node number at point of agpplication of
load (I5 field)

FX = Load component in the global x-direction
(first E15.7 field)

FY = Load component in the global y~direction
(second E15,7 field)
FZ = Load component in the global z-direction

(third E15.7 field)

As many load components as desired may be specified. A zero or
blank first 1I5 field ends the specification of concentrated

lcads.

Note: The keyword CONC appears only once at the beginning of the
specification of concentrated loads. Additional input for

concentrated loads begin with card 2.

Thermal load -

Each card after the first designates the temperature increment
from some reference temperature followed by its applicable nodes.
The input format is-identical to that described for the input of

nodal coordinates in Section V.

CARD 1: FORMAT (A4, 1X, E15.7)
Key word  TEMP
TREF = Reference temperature in E15.7 field

The succeeding cards are as in Section V for nodal coordinates.
That is, the nodal temperature in the first E15.7 field followed
by the applicable nodes. A blank card ends the specification of

nodal temperatures.
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Note: The nodal temperature specified at the corner nodes of an
individual hexahedra are interpolated to obtain the temperature

used in calculating stresses and strains at the stress points,
SEND in columns 1-4 ends the section for applied loading.

XII. Members to be Printed - FORMAT (16I5)

Specify the members whose strains and stresses are to be printed.
Both shorthands of Section III are allowed. A maximum of 2500 mem-
bers may be specified. Members in excess of 2500 and undefined mem-
ber numbers are ignored. A blank card or card with only zero entries

ends the section.

XIII. Nodes to be Printed ~ FORMAT (16I5)

Up to 2500 nodes whose displacements are to be printed for the

analysis, as per Section XII. A blank card ends the section,

XIV. Parameters for Plastic Analysis ~ FORMAT (2E15.7)

Maximum load to be applied for this half cycle

it

PMAX
PPCT = Load increment as percentage of yield load

XV. Parameters—for Succeeding Load Cycles - FORMAT (A5, I5, 2E15.7)

CARD 1: FORMAT (A5)

RKeyword defining the load type as follows:

i

CYCLE Same load distribution as last half cyecle

NEW New load distribution to be specified

3

1f any other word (or a blank card) is used the analysis is complete.

CARD 2: FORMAT (I5, 2E15.7)

NPRNT = If equal to zero, no additional load cycle and end
of problem, If greater than zero, print output

every NPRNT increments,

PMAX = New maximum load for this load cycle
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PPCT = Load increment as percentage of yield load,

Note: When CYCLE is specified, the original load distribution is
maintained. 1In this case PPCT should be set equal to one-
half the origimal value since the elastic range for subse~

quent cycles is twice the elastic range for initial loading.

XVa. If NEW is used in Section XV a new load must be specified.
This is accomplished with input identical to Section XI =
Applied Loads. If CYCLE is specified in Section XV this

section is omitted.

XVI. Change Plastic Material Properties When Cycle is Specified
CARD 1: FORMAT (A4, 1X, I5)

MAT1
IMEM

i

Key word
One member number from the group that is

to be changed.
CARD 2: FORMAT (5E15.7

SIGOX
SIGOY Defined in Section X
8160z )
SIGOXY

SIGOYZ

CARD 3: FORMAT (5E15.7)

SIGOZX ~

RMOSN

RMOSS > Defined in Section X
YIDST

RMOSE

The section is ended with a section end card, SEND,
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Note: 1If there is no change in material properties, a SEND- card
must appear in the appropriate place in the input stream. Suc-
ceeding load reversals (CYCLE) or new loads (NEW) are'specified
with additional input beginning with Section XV. A blank card
(or any alphnumeric other than CYCLE or NEW) branches to Sec-
tion XVII to end the job.

XVII. Problem End_ -~ FORMAT (A4)

Each problem!'s input must be ended with a card reading "ENDb"
where "b" denotes a blank, in columns 1-4. The last problem in
a run should end with a card reading "STOP" in column 1-4 instead

of "ENDb."

XVIII. Restarting a Problem

The initial restart tape is created on Unit 21. Subsequent
restart jobs mount the restart tape as Unit 21 and if desired

(NUTAP > 0) copies and continues the restart tape on Unit 22.

CARD 1: Problem Title -~ FORMAT (20A4)
As in Section I
CARD 2: NPNTC, NPRNT, IRESRT, NUTAP, INPRT - FORMAT (5I5)
As in Section TII. Here NPNTC is ignored.
Tf TRESRT is equal to 2

Restart from an elastic critical load using a

previously created restart tape

CARD 3: PMAX, PPCT =~ FORMAT (2E15.7)

I

PMAX Maximum load to be applied for this half cycle

PPCT Load increment as percentage of yield load

Input is then continued from Section XV
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If IRESRT is equal to 3

Continuation from some previously plastic lcad. The
job can be restarted from a previous maximum load or

from any intermediate load level.

CARD 3: PMAX, NRSRT -~ FORMAT (E15.0, I5)

If starting from a previous maximum load NRSRT can
be ignored. If starting from some intermediate
load level, NRSRT is a unique number obtained as
output from the job that gemerated the restart tape.

This output is of the form,
K % %k o
PLASTIC ANALYSIS VALUES FOR RESTART TAPE HAVE BEEN

WRITTEN AT P = 1.5000000E+03 FOR PRINT INTERVAL 30
% ok k%

*

In this case NRSRT is equal to 30 and the load is

not necessarily the last maximum value,

Note: For cases when the job ends abnormally (for example when
time or lines are exceeded) the job can be restarted with
a value for NRSRT obtained from the output., 1In this case
the last value of NRSRT should not be used. This will
insure that a complete set of data will be accessed from

the restart tape.

If IRESRT is equal to 4

Restart from a previous maximum load level followed
by application of a new load (NEW) or reversal of a
previous load distribution (CYCLE). A new load or’

a reversal of a previous load distribution can be
placed on the structure from any previously generated

and saved state of stress.
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CARD 3: PMAX, NRSRT - FORMAT (EL5.0, I5)

If starting from a previous maximum load NRSRT can
be ignored. If starting from some intermediate load
level, NRSTR is a unique number obtained as output
from the job-that generated the restart tape. This
output has the form shown in the preceding dis-
cuscgion for IRESRT equal to three. The value of
PMAX is ignored.

Succeeding cards follow as in Sections XV through XVII.

XIX. Alternate Input Method

All or part of the input may be read from a tape. 7This tape is
mounted as Unit 23 with the appropriate job control cards, The tape
is accessed by specifying the keyword, TAPE (FORMAT A4), in the proper .
place in the card input stream. Input will then be read from the tape
until a SEND (A4) is encountered on the tape. This returns the input

reader to the card input stream.

Example.:

Input for member connectivity, Section IV, and coordinates have

been generated on a tape in the prescribed manner.

Input cards are as follows:

TITLE
0 5
1 - 100
TAPE (reads data from a tape)
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HEX8

. (additional elements if desired)
SEND
TAPE (reads X-~coordinates from tape)

(Blank card to end section for X~coordinates)

TAPE (reads Y-coordinates from tape)
(Blank card to end section for Y-coordinates)

5.0 (card input for Z-coordinates

(Blank card ends section for Z~coordinates)

If no additional tape input, remaining card input as usual.

Note: All SEND formats used to end sections must be in
card form as the SEND encountered on the tape only sends the
reader back to the card input stream. Also blank cards whirb end
sections are best not put on the tape but rather on cards as this
allows the user to add card input to tape input, i.e., if a blank
ends a section and is encountered on the tape format then the sen-~
tion ends and no new data may be added, but if the blank does not
occur on tape the section is still open and can be nlosed with a

blank card in the card input stream.
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APPENDIX T — MULTTPOINT CONSTRAINTS

EXAMPLE 1

Node 1 and 2 are fixed.
There is an applied displacement at node 3 in the negative y direc-

tion. The distance between nodes 3 and 4 remains constant.

Boundary Conditions

011000 1~4 default condition

001000 172 4
021000 — 3
Blank card
Dependencies
Node Dot Node Dot
3 2 3 2 -.050 (specified displacement)
&4 2 3 2 1.0 restraint condition theat
4 3 3 3 1.0 3-4 remain rigid

Note: 1In the boundary condition cards for node 4, degrees of freedom 7
and 3 must be specified 0 because they are effectively eliminated

from the solution (they are dependent degrees of freedom).
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EXAMPLE 2 Rotation of Displacements at a Boundary

— 4
v A

e

Q

¢:30

25 =

For this problem we set the displacement U equal to zero and
v free. This corresponds to the normal displacement along X
equal to zero and the tangential displacement (in y direction)

free. The global coordinates of the problem are x, y. Thus:

—— —

au=ucos ¢ -v sin ¢
v=1usin 9+ V cos @
The multipoint constraint cards are:

25 1 25 1 . 86602540E00 25 2 -.50R00
25 2 25 1 . 50E00 25 2 .8660254E00

Note: On the boundary condition cards, since u = 0.0 node 25
degree '0f freedom 1 is specified to be 0 but node 25 degree of
freedom 2 is specified 1 or free since it remains an independent
degree of freedom (although rotated). If the normal displacement
U were not fixed (and the transformation performed merely to apply

a normal load), it would have a 1 boundary condition specified.
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APPENDIX TIT — SOLUTION PACKAGE

PODSYM - Solution of Symmetric Positive Definite Banded
Matrix Equatiomns

|poDSn!
1

" —-——--1;-

{ QFACT] } QFSOL je———s{ QFOR |

1
-l

[ QCHOL| ' REVERS]

1Q B%OL by —={QBAC |

:
i
t
4

{REVERS |

Problem

Solve AX =Y, where

is a banded positive definite symmetriec matrix; X is the desired
solution vector; and Y 1is the known right side (load vector).
PODSYM is the user interface and supervisory routine. It uses the
Cholesky algorithm which factors the total stiffness matrix into

LLT (where L 1is a lower triangular matrix) and then solves a

pair of triangular sets of equations.



The factorization is carried out by subroutine QFACT which
supervised the storage and data set allocation and subroutine
QCHOL which generates the lower triangular L matrix. QCHOL im-
plements the Cholesky algorithm to factor the positive definite sym-

metric A matrix as the product of a lower triangular matrix with

its transpose:

A =1Ll

A straightforward argument establishes the possibility of decompos-
ing any positive definite matrix in this fashion. Once L has been
obtained, it is not difficult to solve the system of linear equa-~
tions AX = Y by calculating 2Z as the solution of the lower tri-
angular system LZ = Y, and then X as the solution of the upper
triangular system LTX = Z. The forward solution (LZ = Y¥) is
accomplished by subroutines QFSOL and QFOR and the back solu-
tion (LTX = Z) by subroutines QBSOL and QBAC. Before the call
to QBSOL, subroutine REVERS 1is called, which reverses the rows
of L so that the last row becomes the first row, etc. This is
accomplished in order to sequentially access L? during the back

solution.

The above algorithm is noteworthy for its assured stability
and general efficiency. It is possible to carry out an error
analysis of the procedure as it is represented on a digital compu-
ter; such analysis shows that the computed L matrix satisfies an

equation of the form

A+E=1LT

with bounds on the elements of E which show that E is small
compared to A. The effect of rounding errors made in the subse~

quent solution of LZ =Y and x =z may then be taken into
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account by (implicitly) introducing an additional perturbation F
into A, and it is then concluded that the computed solution Xo

exactly satisfies the equation
(A= E + F)X0 =Y

Since E + F can be shown to be small, one would like to infer
that Xo is almost an exact solution of the original equations,
and unless A 1is too nearly singular, such a conclusion is indeed
warranted. But if A 1s very ill-conditioned, no such result can
be guaranteed, and Xo may be far from the mathematically correct
solution; in this event single~precision computation will not suf~
fice for the calculation of an accurate solution, and since the
solution will be very sensitive to small errors in A, it is un-
likely that even a high-precision computation will yield satisfac~
tory results unless A and Y are known (and supplied) .to more
than single-precision accuracy. The PODSYM subroutines make a
fairly realistic attempt to detect and report pathological condi-

tions of this sort.

The large positive definite matrices that occur in practical
work very often contain a large number of zero entries and the
program seeks to benefit from the presence of these elements by

modifying the standard Cholesky formulae

2 M

k-1
g = | A - ), ‘”’ij
L j=1 ]
and
k-1
P T | M T L ijekjf by for 1>k
5=1
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SECTION 4

INSTRUCTIONS FOR
THE USE OF REVBY

A Program for the Elastic~Plastic
Analysis of Bodies of Revolution



INSTRUCTIONS FOR THE USE OF REVEBY

REVBY is a finite element program to treat the elastic,

elastic~plastic, or elastic-cyclic plastic response of ortho-

tropic axisymmetric solids of revolution under axisymmetric

loadings.

Currently, three different types of elements are

available for the analysis of thick and thin bodies of revolution:

1.

Revolved Triangular Element

The revolved triangular element used is similar to the
element presented in Ref. 1, restricted to axisymmetric
loading, i.e., independent of the circumferential direc-
tion, but including orthotropic material proper;ies (see

Fig. 1).
Thin Shell Element

The thin shell element used was developed at Grumman and
the theoretical derivations are presented in Refs. Z and
3. Cubic Hermitian polynomials represent the three
displacement components. Again, only axisymmetric load-
ing is allowed but orthotropic material properties are

included (see Fig. 2).
Thin Ring Stiffener Element

The thin ring stiffener element is similar to the one
presented in Ref. 4 with the exception that the ring may
be attached with arbitrary eccentricities. No warping
of the cross section is allowed and the shear center and
centroid must coincide. Five different cross-sectional

geometries are available.
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The plasticity theory used is presented in Refs. 5, 6,

and 7. The input to the program is categorized in the fol-

lowing sections.

1. Problem Title {20A4)

Any 80-character title describing the problem.

II. NENTC and NPRNT (215)

NPNTC: 1is for selective printing. NPNTC is the sum of the

following integers corresponding to the options desired.

If NPNTC = 0, mno intermediate output
= 1, print total load vector

= 8, print nonzero element stiffness matrix
entries with their stacking indices

16, print the total stiffness matrix

NPRNT: 1f E 0, perform elastic analysis only

If > 0, perform elastic and plastic analysis,
printing the results of the plastic
— analysis every NPRNT load increments

T11I. Nodes by Partition (1615)

This section defines an allowable set of external node point
numbers. The maximum node number that can be used is 9999. The
program uses this information in two ways. First to set up a tabhle
of allowable node points that is used to check all subsequent node
point input. Secondly, the program converts each external node num-
ber to an internal number consecutively in the order that tHe node
appears on the input card. Consequently the order of the input of
external node numbers is completely arbitrary and need not he in-
creasing monotonically. 1In practice the node numbers should be num-

bered so as to minimize the bandwidth. Once the input is read the



program operates with the internal numbers which are now numbered
from 1 through the number of nodes in the model. In this manner
the node ordering and therefore the bandwidth of the stiffness
matrix can be easily changed and nodes can be inserted or deleted

by changing the external node specification.

The input is specified by entering the appropriate.number on
the input cards in fields of five. However, for this purpose the
user can also utilize a shorthand form of the input. That is, spe-
cifying m and -n consecutively is the equivalent of the speci-
fication of nodes m; m+ 1, m+2, ..., n and sperifying m, -p,
and -n consecutively is the equivalent of the specifiction of
nodes m, m+ p, m + 2p, ..., m + kp where m <+ kp 1is the highest
integer of the form less than or equal to n. For example, the spe-
cification of nodes 1 through 100 is writtenm as 1 - 100 and
1, 3, 5, ..., 99 as 1-2-99. This card input appears in fields of

5 (I5 Format) with 16 items per card. Any number of continuation

cards may be used. A _zero or blank I5 field ends the specification.

IV. Node Numbers for Members (A4, 6X,4I5)

The first field defines the element type:
TRIR - triangular element designation (Ref. 1)
SHEL - shell element designation (Refs. 2, 3)
RING -~ ring element designation (Ref. 4)

The first integer field designates a member number and the three

following fields give node numbers for the member.

For triangular members, three nodes are specified. The i, j, k
nodes are given in counterclockwise order. TFor shell members, two
nodes are specified, i and j, in the positive s direction.

For ring members, only one node is specified. SEND in the first

field ends the section.

Note: Maximum number of elements (members) allowed is 600 currently.
44



V. Global Coordinates {(£15.7,131I5)

The coordinates are read in a specified order, r first, then
z, and last the PHI coordinates, PHI is the angle in radians between
the =z-axis and the normal to the shell surface, measured positive
clockwise (Fig. 2) from the =z-axis, The floating point number desig-
nates a coordinate value, Following are the applicable node numbers

as in Section IIT.

Only the integer fields are used on continuation cards. A zero
or blank node field other than the first field on a noncoutinuation
card ends the card scan, On a continuation card, the floating field

is left blank., A zero or blank first node field on a noncontinuation

card ends each section for 1, z, and PHI, If there are no shell

elements, PHI 1is set to zero by default and need not be specified.

VI. Boundary Conditions (6I1,4X,1415)

The first six fields give a boundary condition specification,
in the order:

1) u., U, U,, 1if the node is attached to a triangular

member. The last three fields for such a node must

be zero.

2) U, W, X, €5 Y, Yo if the node is attached to a
shell element. See Fig. 2 for convention. u is the
meridional displacement of the shell middle surface,
w 1is the normal displacement, ¥ is the rotation of

a normal to the middle surface, €q is the meridional
membrane strain, v is the circumferential displacement,

and Yso is the shear strain. At a pole, the condition

u, =0, x=0, v=0, 'ysow(), must be prescribed.



3) wu, w, X 1if the node is attached to a ring member.

The last three fields must be zero.
Zero - denotes a fixed degree of freedom
One =~ denotes a free degree of freedom

Two =~ denotes an applied displacement and a corresponding
card must be included in Section VII, designating

the magnitude of the applied displacement.

The integer fields are the applicable node numbers as in
Section III. On continuation cards, only the integer fields are
used. 1If a node's boundary conditions are not specified in this
section, all six degrees of freedom are assumed free. To change
the default, the first card should be set to the desired default
(i.e., for triangles 111000) with 211 nodes used in the problem

then specified.

Rlank card ends section.

Note: Maximum number of nodes currently allowed is 900.

VIT. Dependent Degrees of Freedom (215,2(5X,215,E15.7})

The first two fields designate a node numbex and its degree
of freedom. The dependency is defined in the following three
fields. The two integer fields are node number and degree of
freedom. The coefficient is contained in the following field.
1f there is another dependency for the node, it would be desig-

nated in the last three fields.

1f there is yet another dependency, it would appear on & con-
tinuation card with the first two integer fields blank. Both

single and multipoint constraints of the form b, = alajl +

. mav be considered as well as applied dis-
azﬁjz + . + dnﬁjn v

placements of the form 61 =y, €.8.s

Blank card ends section.
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1.  TLinking Up a Shell and a Triangle for a Cylinder

From shell theoxry restrictions

T27 o Tag %0
Ua, T T M6 T B2 g
u228 - u26

uZ29 = - Uy + h/2 Xo6

— %, Uz



The input cards, for this case, would appear as (let h'=0.1 inches)

27 1 26 2 1.0 E0O
28 1 26 2 1.0 EOO
29 1 26 2 1.0 ECO
27 2 26 1 ~-1.0 E0O0 26 3 - 0.05 EOC
28 2 26 1 -1.0 EOO
29 2 26 1 -1, 0 00 26 3 4+ 0.05 E0O

Note: In the boundary condition cards for nodes 27, 28, and 29, de-
grees of freedom 1 and 2 must be fixed (specified = 0)
because they are effectively eliminated from the solution

(they are dependent degrees of freedom).

2. Rotation of Displacements at Boundary

\\;ly_ Mz u,

For this problem, we set the displacement normal to the boundary

equal to zero. We have:

u., = u + u  sin
, COS @ z P

1

u, = - sin 4+ u_ cos
2 ur P z i



Let us assume that the node in question is node 25 and ¢ = 30 de-

grees. The multipoint constraint cards are:

25 1 25 1 0.86602540 E00 25 2  0.50 EQO

25 2 25 1 - 0.50 E0O 25 2 0.86602540 EOQO

Note: On the boundary condition cards, since u, = 0, node 25
degree of freedom 1 1is specified to be 0 bhut node 25
degree of freedom 2 is specified 1 (or freg since it
remains an independent degree of freedom (although rotated).
If the normal displacement u; were got fixed (and the
transformation performed merely to apply a normal load) it

would have a 1 boundary condition specified.

3. Appliéd Displacement

Suppose for a shell we wish to apply a unit lateral (w) dis-

placement at node 25. We have the multipoint constraint card as

25 2 25 2 1.0 EQO

Note: A 2-boundary condition for node 25 degree of freedom 2
is specified on the boundary condition card. The end of
this section is designated by a blank or zero in the third

integer field (e.g., blank card)}.



VIII. Material Properties

The format of this input is dependent upon the member type:
A. Triangle Elements {4(5E15.7),3E15 7,/,(1615))

El Young's modulus in 1 direction
(if B = 0, 6~direction)

E2 Young's modulus in 2 direction
Card (if p = 0, z~direction)
1 E3 Young's modulus in 3 direction
(if B = 0, r-direction)
viz Poisson's ratio in 1-3 directions
V23 Poisson's ratio in 2-3 directions
V31l Poisson's ratio in 3«1 directions
Gl2 Shear modulus in 1-2 plane
G23 Shear modulus in 2-3 plane
Card
2 G13 Shear modulus in 3~1 plane °
B Orientation of material properties axis with

respect to 6O-z coordinates (in degrees).
This is a rotation about the r-axis and
P is positive clockwise.
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SIGOX Tensile (or compressive) yield stress
in #-direction

SIGOY Tensile (or compressive) yield stress
in z~direction

SIGOZ Tensile (or compressive) yield stress
in r-direction
Card
3 SIGXY Shear yield stress in r~8 plane
RMOSN Ramberg~QOsgood shape parameter (n),
€ = ¢g/E +(30/7E)(0/00 7)n-1. If set = 0.0
material for the group of members is assumed to
elastic ideally plastic. If RMOSS = 0.0 and
RMOSN # 0, RMOSN is ratio of slope of stress-
strain curve for linear strain hardening to
Young's modulus (o = Ep/E where ET is the
tangent modulus).
RMOSS Ramberg-0sgood parameter og, 7. I1f zero and
RMOSN not zero have linear strain hardening.
YLDST Yield stress in tension (or compression)
Cazd RMOSE Ramberg-0sgood parameter E (Young's modulus)
SIGYZ 478hear yield stress in 6€-z plane
SIGZX Shear yield stress in p— plane
TALPH (1)
Card y 3 thermal coefficients of expansion in
5 TALPH (2)) 1 79 3 directioms (6, z, r if 6 = 0°)
TALPH (3)
Note: Orthotropic material properties should not be used for

f
strain bardening problems in the current version of REVBY.
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Succeeding cards give applicable members as in Section III.
A zero or blank E1 ends the section. If there are no triangular

members, no card is required.

-B.  Shell Elements ((4E15.7,/,5815.7,/,3E15.7,/,2E15.7)/),(16I5))

1) Material Properties

El Young's modulus in meridional direction
Card E2 Young's modulus in circumferential direction
-1
G33 Shear modulus in plane of shell median surface
V12 Poisson's ratio in plane of shell median surface
SIGOX Tensile or compressive yield stress in
meridional direction
SIGOY Tensile or compressive yield stress in
circumferential direction
Card . N . :
9 SIGOZ Tensile or compressive yield stress in
direction normal to shell surface
SIGXY Shear yield stress in plane of shell median surface
RMOSN (See Card 3 for triangular members)
RMOSS
Card YLDST (See Card 4 for triangular members)
3 RMOSE
Card TALPH (1) Two thermal coefficients of expansion in meridional
4 TALPH (2) { and circumferential directd on, respectively

4-12



Succeeding cards give applicable members as in Section IIT.

A zero or blank E1 ends the section. If there are no shell‘ele-

ments, no blank card is required.

2)

3)

C. Ring

Card

3E15.

B
A
X

Thickness for Shell Elements (follows the material

properties. ALl nodes must have a thickness specified.)

(E15.7,/(1615))

First field designates thickness value. Applicable nodes
follow as in Section IIL. Section ends with zero or
blank in first field. '

NG and NLRS (2I5). For shell elements, one card. NG
designates the number of Gauss points used in integra-
tion scheme for shell element, and the second field,
NIRS, designates number of layers through the thickness
at which plastic strains, stresses, etc., are calculated.
NG < 8, NLRS must be even, and < 30.

Elements (5£15.7,/,2E15.7,/,A4.6X,3E15.7,/,3E15.7,/,
7,/,E15.7, (L615))

Young's modulus

Cross sectional area of ring

Moment of inertia of ring about centroidal
x '~axis (see diagram below)

IXY Product of inertia of ring about centroidal

Iy

axis

Moment of inertia of ring about centroidal
vy ~axis
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Z0 Distance from shell middle surface to ring
centroid (normal to shell middle surface).
Card Plus in negative z~direction.

ECCEN(Y) Distance along meridian from ring centroid to
point of attachment to shell middle surface.
Plus in negative sg-direction.

SREC Solid rectangular cross section
SCIR Solid circular cross section
Card .
3 ZSEC Z-section
ISEC I-section
HCIR Hollow circular cross section

Remaining three fields designate section dimensions as shown in the

diagrams below.

1
_— Zh {4, ﬁr ¢,
l__.t..z_ 28 S
S T
SCIR ZSEC. TSEC HCIR
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SRE
Card 2a
2b

Card

Note:

Card

Card

Card

Succe

INPUT

C SCIR ZSEC 1SEC HCIR
a a 2a a
2h 2h t
b b
ty £y
ty ty
tq tq

For ZSEC, a =bH, t, =t

1 for ISEC, 2a = 2b, t. = t

If section name is ZSEC or ISEC, this card is required
for three additional dimensions, otherwise this card
is omitted.

SIGOX Yield stress in tension or compression
RMOSN } Same as shell and/or triangle
RMOSS

TALPH (1) Thermal coefficient of expansibn

eeding cards give applicable membérs as im Section Iil.

A zero or blank E ends the section. If there are no ring elements,

no card is required.
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IX. Load Vector Components

This format is also dependent on member type.

A. Triangular Members (I5,3E15.7,/,I10,3E15.7)

The integer field givesnode number (i~j pairs); the floating-

point fields give components at the respective nodes as follows:

1.0 corresponds to an applied unit pressure

p =

£ (force/unit area) in the radial direction
at node 1

P, = 1.0 corresponds to an applied unit pressure

(force/unit area) in the z-direction
at node 1

Pg = 1.0 corresponds to an applied unit pressure
(force/unit area) in the 6-direction
at node i

The load between any two adjacent nodes is assumed to vary
linearly. Therefore, the load vector is specified by two cards,
the first 'specifying the load at node i and the second, the load
at mode j. A zerg;or blank first integer field ends the section,

If there are no uniform_%qa@g, a blank card is required. 1If there

A7 ADANT emh R At

are no triangular elements, no card is required.

B. Shell Members (3E15.7,/,(1l6I5))

The three fields designate the meridional component, P>
normal component, P, and the circumferential component, Pys
of applied stresses at nodes. Applied stresses are assumed to vary
liﬂearly from node to node. The applicable nodes follow as in

Section III. A blank card ends the_section. 1If there are no uni-

form loads, a blank card is required, If there are no shell ele-

ments, no card is required.
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C. Concentrated Loads (4E15.7,/,(2615))

For triangle component, specify Fr’ Fz, and F8 in ¥, z, &

directions, and for the shell component specify NS, QS, M and

S,
NSU in u, w, X, and v directions, respectively, in 1b/in.

These are forces per unit length of circumference, except at r = 0,
where Fr =Ty = 0 and NS = MS = Ns8 = 0 and FZ or QS repre-
sent an actual force (1lbs).

Applicable nodes follow as in Section TIII. A blamk or zero

card ends the concentrated loads specification section.

X. Nodal Temperatures {(A4,E15.7./(A4,3EL15.7,/,(1615))

If the first field is SEND, there are no temperatures and this
section ends. 1If the first field is blank, there are thermal loads
and the floating number field designates the reference temperature

value (Tref)’ which is only for the user's information.

The next cards contain AT = T - Tref at each node (up to
three per node depending on the element to which it is attached)
in the floating point fields. For a triangular element, one tem-
perature is specified per node. For a shell element, three tempera-
tures are specified, one at the top surface (+ h/2), Tl’ one at
the median surface (z = 0), TZ’ and one at the bottom surface
(- 'h/2), T3. The program assumes a parabolic distribution of tem-~
perature through the thickness (if T, =CT1 + T3)/2, this reduces
to a linear wvariation). For a ring element, three temperatures are
specified. A parabolic distribution is assumed through the ring

nr

depth. Tl is the temperature at x = +a or +h. T2 is the tem~

N

perature at the centroid, and T3 is the temperature at x = -a or -~h

{see diagram in Section VIII).

Applicable nodes follow as in Section III.

4~17



XI. Members Whose Result. are to he Printed for Elastic Soluticn
(1635) fs in Section (11

Blank cards end section.

XIY. Nodes Whose Results are to be Printed for E]éstic Solution
{1615) As in Section JII

Blank cards end secction.

XJI. Same as Section XI for Plasticity, if applicable.
Blank cards end section.

XIV. Same as Section XII for Plasticity, if applicable.

Blank cards end section.

XV. PMAX and PPCT (2E15.7)

PMAX -~ Maximum load to be abplied for this half cycle

PPCT =~  Load increment as a percentage of yield load

XVL NPRNT, PMAX, PPCT (I5,2E15.7)

For succeeding load cycles, one card giving ncw NPRNT, PMAX,
and PPCT. Zero NPRNT signifies no new load cycle and end of prob-
lem. For succeeding half-cycles, PPCT equal to one-half the original
value should be-used since the elastic range is twice the elastic

range for initial loading.

XVIL. Change in Material Properties (A4)

To change properties of any group of members, read indicator

for new material properties (A4).

A. if RING is input, it indicates a change in the RING elemcnt
material properties. A card with a member number belonging
to the group whese properties are to be changed and the new

quantities arc read in (I15,4E15.7).
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Member Number Member of group to be changed

SIGOX
RMOSN New Valuesg
RMOSS
TALPH
B. NEWM signifies new material properties for either triangle

or shell elements. The new values are read in (I5,5E15.7,/,

5E15.7,/,3E15.7)

Member Number Membe¥ of group to be changed
SIGOX

SIGOX

SIGOZ New Values

SIGXY

RMOSN

Card

RMOSS

YEDST

RMOSE New Values
SIGYZ

SIGZX

Card

TALPH (1)
TALPH {2) New Values
TALPH (3)

Card

C. SEND as input indicates no new material properties or end of

this section.
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XVIII. Each Problem's Input Must Be Ended with a Card Reading

"ENDb" Where "b" Denotes a Blank, in Columns 1-4. The
Last Problem in a Run Should End with a Card Reading
WSTOP" in Column 1-4 Instead of "ENDb."
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SECTION 5

INSTRUCTIONS FOR USE OF
OUT -OF ~-PLANE GM

A Program for the Nonlinear
Analysis of Built-Up Structures



INSTRUCTIONS FOR USE OF OUT-OF-PLANE GM'

OUT-OF-PLANE GM is a finite elewment program for the nonlinear
analysis of arbitrary built-up thin walled structures. This pro-
gram considers the sheet material to be in states of membrane

stress. The finite element library consists of the following

elements:
s Three-node uniform stress triangle
e Six-node linearly varying stress triangle
° Four- and five-node hybrid triangles to be

used as transition elements between three-

and six-node elements (see Fig. 1la)

e Two-node uniform stress stringer
© Three-node linearly varying stress stringer
@ Beam with various cross sections subiected to

bending about two planes as well as torsion

The program is capable of treating the elastic and the elastic-
ideally plastic response of orthotropic materials. In addition, ~on-
sideration is given to isotropic materials exhibitineg elastic-ideal.wv
plastic, linear strain hardening, or nonlinear strain har&eninq be~

havior. Further, the kinematic hardening theory of plasticity i. usecd.

The effects of geometric nonlinear bebavior is treated by ~ca-
sidering a convected coordinate system that accounts for chanses in

geometry and by the introduction of an initial stress stiffness matrix.

The solution strategy implemented by the program is outlined in a com-
panion volume, "PLANS - A Finite Element Program for Nonlinear Anal.-
sis of Structures, Volume I - Theoretical Manual," NASA Contractor:
Report NASA CR-2568, p. 31.

The input to the program is categorized in the following sectivuns.
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I Problem Title FORMAT (20A4)

Any 80-character title describing the problem.

II. Load and Print Control Parameter 6I5,./4F15.
CARD 1:

NPNTC is the sum of the following integers corresponding to the

option desired.

I
]

If NPNTC No intermediate printout

= 1 Print the load wvector
= 2 Print element stiffness matrix

= 16 Print each element stiffness matrix entry to be

stacked with its stacking index
= 32 Print the total stiffness matrix

For example, if it is desired to print the load vector and the

total stiffness matfix, NPNTC = 1 4 32 = 33.

NPRNT 2 O Print output every NPRNT increments of load.
If NPRNT equals zero the output is printed

every load step.

NFORM > O Reform elastic stiffness matrix to account for
changing geometry every NFORM increments of load.
The effect of the geometric (initial stress)
stiffness matrix is still introduced as an "ef-

fective load" in this. case.

. IREST: IREST = Do not genmerate a restart tape
IREST = 1 Build a restart tape
JREST = Runt continuing from g created

restart tape



NUTAP:

INPRT:

NRSRT :

CARD 2:

PMAY :

DELP:

PTAN:

Applicable only if restarting from a restart
tape. When IREST = 2 and NUTAP = 0 no additiomal
restart data is written. If NUTAP . O restart

tape is -continued.

INPRT = 0 Write restart tape only at P = PMAX
(i.e., at maximum load)

INPRT N Restart data written every INPRT

H

time steps

Applicable only if restarting from a restart tape.
NRSRT is a unique number that is printed in the
job that generated the restart tape for gach load
that data is written on the restart tape. This
numbgr defines the starting load for the continua-

tion job (see Section XVII).

Maximum load factor. The load factor multiplies
the vector of applied load. 1If the applied load-
ing is normalized to unity then PMAX represents
the magnitude of the largest component of th. =p
plied load. TIf the maximum desired load is inp.at
then PMAX is equal to one and each load step repre

sents a percentage of the total load.

Number of load increments. The load increment

AP 1is specified by PMAX/DELP.

Load at which full tangent modulus method 1is used,
i.e., the stiffness matrix explicitly includes the
initial stress stiffness matrix. If the "tangent
modulus" method is to be used for the entire =14, -
sis, PTAN = 0.0. 1In this case the stiffness m-i1ix

is reformed in every load step. If the "effective
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load" method is to be used for thé entire analy-
sis, PTAN = PMAX. 1In this case the stiffness
matrix includes only the elastic stiffness matrix
and is reformed every NFORM load steps. When

0 < PTAN < PMAX then the program uses the "ef-
fective load" method up to PTAN and then imple-
ments the "tangent modulus" until the maximum

load is reached.

EQMULT : Factor multiplying the equilibrium correction
term. EQMULT = 0.0 indicates no equilibrium
correction and EQMULT = 1.0 indicates full

equilibrium correction.

IITI. Node Specification (1615)

This section defines an allowable set of external node point
numbers. The maximum node number that can be used is 9999, The
program uses this information in two ways. First to set up a table
of allowable node points that is used to check all subsequent node
point input. Secondly, the program converts each external node num-
ber to an internal number consecutively in the order that the node
appears on the input card. Consequently the order of the input of
external node numbers is completely arbitrary and need not be in-
creasing monotonically. In practice the node numbers should be num-
bered so as to minimize the bandwidth. Once the input is read the
program operates with the internal numbers which are now numbered
from 1 through the number of nodes in the model. In this manner
the node ordering and therefore the bandwidth of the stiffness
matrix can be easily changed and nodes can be inserted or deleted

by changing the external node specification,

The input is specified by enitering the appropriate number on

the input cards in fields of five. However, for this purpose the



user can also utilize a shorthand form of the input. That is, spe-
cifying m and -n consecutively is the equivalent of the speci-
fication of nodes m, m+ 1, m+ 2, ..., n and specifying m, -p,
and -~n consecutively is the equivalent of the specifiction of
nodes m, m+ p, m+ 2p, ..., m+ kp where m+ kp is the highest
integer of the form less than or equal to n. For example, the spe-
cification of nodes 1 through 100 is writtenm as 1 - 100 and

1, 3, 5, ..., 99 as 1-2-99. This card input appears in fields of
5 (15 Format) with 16 items per card. Any number of continuation

cards may be used, A zero or blank I5 field ends the specification.

IV, Member Connectivity (Node Number of Each Member)
FORMAT (A4, 6X, 9I5)

The first alphanumeric field defines the element type:

TRIM - Triangular membrane element (Ref. 3)
BEAM -' Beam element
STRG - Stringer element

The first integer field designates the member number. The next

integer fields designate the connecting nodes as follows:

TRIM -  The nodes for the triangular family of elements
are gpecified around the perimeter beginning with a major (vertex)
node. Then a minor {(midside) node and then alternatively maior and
minor as shown in Fig. 1. The absence of a minor node must be in-

dicated by a zero or blank field in the proper position.

BEAM - Three node specifications are necessary- {or the

beam element,
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Elements
WW 2;;;2 Hybrid Element
Linear Strain

Elements

Fig. la Triezngular Family of Finite Elements Used

Fig. 1b Elements Topology



Nodes i and i (Fig. 2) which designate the element end
points and a third node k, defining the normal to the beam axis
about which the section properties are specified. This additional
node may be a node of the structural idealization or it may be a
"fictitious node" specified iust for the purpose of defining the

beam sectlon properties. This is shown in Fig, 2,

STRG - Three node specifications are necessary for the
stringer element. Nodes i and J, connecting the end points,
and if desired an additional node desicnating a midpoint node.

This is shown in Fig. 3. A zero or blank for the midpoint node

specifies a two-node strinser. The midside node is the third node

specified.

SEND Ends the section

V. X-Coordinates of Nodes FORMAT (E15.7, 131I5)

The =x-coordinates of the nodes appearing in the 1I5 fields
are set to the value in the E15.7 field., Any number of continua-
tion cards may be used; their first fifteen columns are ignored. A
zero or blank 1I5—field terminates the card scan for a given =x-
coordinate, A zero or blank first I5 field (columns 16-20) on a
noncontinuation card ends the section. Both shorthand representa-

tions of Section IXIT are allowed.

VI, Y~Ccoordinates of the Nodes, Same as Section V.

VII, 7-Coordinates of the Nodes. Same as Section V.

VIITI. Boundary Conditions FORMAT (6I1, 9X, 1315)

The first six fields give the boundary conditions specifica-

tions in the order: wu, v, w, A, 0, 8 ; where u, v, w are
x>y’ o=z
global displacements in the x, y, z directions, respectively,

and ex, Py, Qz are rotations with respect to the =x, y, z axes.
The last three fields for Gx, A Gz are only used when using a

y
beam element.



- Fig. 2 Beam Element

J
Fig. 3 Stringer Element
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Zero denotes a fixed degree of freedom
One denotes a free derree of freedom

Two  will result in the application of a unit general-
ized displacement, or a corresponding card may bhe
included in Section IX (dependent degrees of free-
dom) designating the magnitude of the applied nen-

eralized displacement.

The 13I5 fields give the applicable nodes for the boundary
condition specifications, with both shorthand notations of Sec-
tion III permitted. Any number of continuatuion cards may be used
for a given specification. However, only the 13I5 fields are
used on a continuation card, A zero or blank I5 field terminates
the card scan for a given boundary condition specification. Note:
If the last field of a card (columns 74~80) is the last specifica-
tién, an additional blank card (continuation card) must follow. A
zero or blank first 1I5 £field (columné 16~20) on a noncontinuation
card ends the section. If a node's boundary ~onditions are not
specified in this section, all the degrees of freedom are assumed
to be free. To change this default ~ondition, the first card of
this section should be set to the desired default (i.e., in the
absence of beams, 111000) with all nodes used in the problem spe-

cified. ©Note: Maximum number of nodes is currently 0900.

IX. Dependent Deprees of Freedom FORMAT (215, 2(5X, 2I5, E15.7))

This section designates the input for both single and multipoint

constraints as well as applied displacement of the form:

1) 6i = alﬁjl + q2612 +toee. @ B
where 61 is a dependent degree of freedom,
6j1 cus ain are independent deprees of freedom

and ®ps Ogs so.y O are coefficients



2) Rotation of displacements at a node

By = @48; t 8. + 230,
65 = ByBy + ByBy + B0y
~ ~ n,

= P .+
B = 183 * VaPy t v3Py
where the a, B, v's are the direction cosines of the
rotation, bB., 5., B are the displacements with re-

1 1 k ~ A o
spect to the original global directions, and B 6j, By
are the components of displacements at the node with
respect to the new coordinate axes. An example of this

capability is given in Appendix I.
3) Applied generalized displacement

51 =%
where the coefficient ay is the applied generalized

displacement,

The first two fields designate a node number and a degree of
freedom (i.e., 1-6), The dependency is defined in the following
three fields. The two integer fields designate the node number
and degree of freedom number and the coefficient by the floating
point field. 1If there is another dependency for the node, it is
degsignated in a similar fashion in the next three fields, Any
number of continuation cards can be used with the first two fields
blank, The section is ended by a blank or zero in the third in-

teger field (blank card). Examples of the use of multipoint con-

straints are in Appendix T.

X. Material and Section Properties

The format for this input is dependent upon the member type,

Each type of input begins with a word of up to four characters,



MATL Material properties for plane stress, necessary

with membrane triangles (TRIM)
MBM Mate rial properfies for a beam element
MSTG  Material and section properties for a stringer

THIK  Member thirckness for triangular membrane (TRIM)

elements

MBET Angle between local axes and principal directions

of orthotropy for TRIM elements

SREC Beam section properties for a solid rectangular

section

SCTR Beam section properties for a solid circular

section
Z8EC Beam section properties for a Z-section
ISEC Beam section properties for an I-section

HCIR Beam section properties for a hollow circular

section

HREC Beam section properties for a hollow rectancular

section
LSEC Beam section properties for am L-section
TSEC Peam section properties for a T-section
CSEC Beam section prgperties for a chamnnel sention
SEND Ends the section

MATL - Plane Stress Material Propefties - FORMAT (A4, 1X, 5E15.7, /.
2815.7, /, 4E15.7, /,
5£15.7, [/, (16AI5))

The first four cards specify material properties, as follows:
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CARD 1:

CARD 2:

CARD 3.

CARD 4:

MATL

EONE
ETWO
BETA
GONTO

VONTO

Young's modulus in principal property axis (1)
Young's modulus in principal property axis (2)
No longer used, Set equal to zero,

Shear modulus iﬁ (1)-(2) principal property
plane

Poisson's ratio, Vio

a v
1 12
Note: €, = =— - == 0©
1 E1 E2 2z
€, = = XZL o, + 32
2 E1 1 E2
e o 12
12 G12

TALF~1 = Coefficient of thermal expansion in

l-axis direction, oy

TALF-2_= Coefficient of thermal expansion in

SIGOX
SIGOY
SIGOZ
SIGXY

RMOSN

Il

1t

)

2-axis direction, a,

Yield stress in principal 1-direction
Yield stress in principal 2-~direction
Yield stress in principal 3~direction

Shear yield stress in principal 1-2 plane

If RMOSS # 0; RMOSN = n, the shape parameter
used in Ramberg-0Osgood representation of

stress—-strain behavior

If RMOSS = 0; RMOSN = a the slope of the

linear strain bardening stress-strain repre-
sentation, i.e., a = ET/E where ET is

the tangent modulus
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RMOSS = If RMOSS # 0; RMOSS = Ramberg-0Osgood

parameter g,

Note 1: If RMOSN = 0 and RMOSS = O,
the material for the element(s)

is assumed to be elastic-ideally

plastic
RMOSE = Ramherg-0Osgood parameter E (Young's modulus)
YLDST = Yield stress in tension
YLDSC = Yield stress in compression

Input for the yield stress in tension and compression has been main-
tained in order to accommodate materials that exhibit initial aniso-
tropic plastic behavior. 1In this case an initial translation of the

yield surface is made consistent with the kinematic hardening theory.

Note: Only initially isotropic materials can be treated when con-
sidering linear or nonlinear strain hardening using this

property card.

S8:cceeding cards. give applicable members; both shorthands of Sec~
tion ITI are permitted. Any number of continuation cards may be

used for a given specification. A zero or blank JI5 field ends

geach member listing.

MBET - Orientation of Axes of Material Anisotropy - FORMAT (A4, 1X,
E15.7, [/, (1615))

‘CARD 1: MBET

BETF = Angle [+ in degrees between local x-axis and
principal 1-axis for material orthotropy. See

Fig. 4. Only applicable for TRIM elements.

IIsakson, G., Armen, H. Jr., and Pifko, A., "Discrete-Element Methods
for the Plastic Analysis of Structures,” NASA Contractor's Report NASA
CR-803, October 1967. :
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Note: This card is an optional card. The de-
fault is BETF = 0.0 for all members.
It should be used with initially ortho-

tropic materials.

Fig. 4 Orientation of Element Local and Material Axes

Succeeding cards give applicable members; both shorthands of Sec-
tion III are permitted. Any number of continuation cards may be

used for a given specification. A zerxo ar blank TI5 field ends

each member listing,

MSTG - Stringer Properties - FORMAT (A4, 1X, S5E15.7, /E15.7/, (1AI5))

CARD 1: MSTG

E = Young's modulus

A = Cross sectipnal area

RMOSN = If RMOSS # 0; RMOSN = n, the shape parameter
used in Ramberg-Osgood representation of

stress-strain behavior.
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If RMOSS = 0; RMOSN = a, the slope of the
linear strain hardening stress-strain repre-
sentation, i.e., a = ET/E where E, 1is the

tangent modulus

RMOSS = If RMOSS # 0; RMOSS = Ramberg-0Osgood

parameter o, - ’

Note 1: Tf RMOSN = 0 and RMOSS = 0, the
material for the element(s) is
assumed to be elastic-ideally plastic

YIDST = Yield stress

CARD 2: TALF Coefficient of thermal expansion

Succeeding ~ards give applicable members; both shorthands of Sec-
tion II1 are permitted. Any number of continuation cards may be

used for a given specification. A zero or blank 1I5 field ends

each member listing.

THIK - Element Thicknesses - FORMAT (A4, 1X, EL5.7)
Necessary with membrane elements

TRIM

CARD 1.: THIK
THICK = Element thickiiess

Succeeding cards give applicable wmembers; both shorthands of Sec-
tion IIT are permitted. Any number of continuation cards may be

used for a given specification. A gero or blank I5 field ends

each member listing.

MEM - Beam Material Properties - FORMAT (A4, 1X, SE15.7, /, E15.7, /,
(1A15))

CARD 1: MBM

E = Young's modulus
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ANU = Poisson's ratio
RMOSS = If not equal to zero, RMOSS equals

Ramberg-0Osgood parameter, 9.7

" RMOSN = If RMOSS # 0; RMOSN = n, the shape parameter
used in Ramberg-Osgood representation of stress-
strain behavior.

If RMOSS = 0; RMOSN = a, the slope of the
linear strain hardening stress-strain repre-
sentation, i.e., a = ET/E where ET is the
tangent modulus

YTDST = Yield stress

[

CARD 2: TALF Coefficient of thermal expansion

Succeeding cards give applicable members; both shorthands of Sec-
tion IIT are permitted. Any number of r~ontinuation cards may be

used for a given specification. A zero or blank I5 field ends

each member listing.

Beam Section Properties - FORMAT (A4, 1X, 5Ei5.7, /, 3E15.7, /,

formats for Cards 3 and 4 (see
below), /, (1615))

The cards specifying beam section properties all start with

the following information:

CARD 1: SRECH
SCIR
ISEC
ZSEC | Defined at the beginning of the section.
HCIR > The different cross sections are shown
HREC | in Tables 1 and 2.
LSEC
TSEC,
CSéC/
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Lyy
Izz

Lyz

CARD 2: YO

Z0

W)

cross~sectional area

moment of inertia about y axis (see Fig. 5)

moment of inertia about =z axis (see Fig. 5)
product of inertia

torsional rigidity

Eccentricity of attachmwent point in the Yo
direction

Eccentricity of attachment point in the z,
direction

angle defining the transformation of the
Iy, Iz, Iyz to another reference axis

(see Fig. 5)

Additional cards are required according to which section is speci-

fied. The notation for sach section is shown in Table 1.

Fig,, 5 Definition of Coordinate Axes in

{ross Section of Beam Element
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SREC - FORMAT (2E15
CARD 3: A
B

.7)

1k

it

SCIR - FORMAT (E15.7)

CARD 3: R

Width
Depth

Radius

ZSEC, ISEC, and CSEC - FORMAT (3E15.7, /, 3E15.7)

CARD 3: Al

Az

A3

CARD 4: TI1

T2

T3
HCIR - FORMAT (2EL5
i ]

CARD 3: R
T s

*

i}

1t

!

It

Dimension of upper flange
Dimension of web

Dimension of lower flange

Thickness of upper flange
Thickness of web
Thickness of lower flange

7

Quter radius .

Thickness

HREC, LSEC, and TSEC - FORMAT (4E15.7)

CARD 3: Al
AZ

Tl
T2

1

il

i

Succeeding cards give

width (parallel to y-axis)
Depth (parallel to z=-axis)
Thickness of upper and/or lower flanges

Thickness of vertical webs

applicable members; both shorthands of Sec-

tion III are permitted. Any number of continuation cards may be

used for a given specification. A zero or blank I5 field ends

each member listing.

SEND Ends the section.
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TABLE 1 SECTION INPUT AND GEOMETRY

Section Keyword Input
Solid SREC Area, moments of inertia, I, I , I , L X
vy A Yz
Rectangle J eccentricities, Yoo 2o transformation T ..
— B L] [ = 4,:
angle g. Section width and height, a, b. i DI B
frt—A 2o
Solid SCIR Area, moments of inertia, I__ , I , I |
- vy ZZ Ve
Circular J eccentricities, Yor 2o’ transformation
angle B. Section radius, r.
Hollow HCIR Area, moment of inertia, I _, I , I ,
¥y ZzZ ¥z
Circular J eccentricities, Yo Zs transformation
Section angle E Quter radius, r, thickness, t.
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TABLE 1 SECTION INPUT AND GEOMETRY (CONT)

Section Keyword Input
Hollow HREC Area, moment of inertia, I. , I , I , 24 Ty
yy' Tzz’ Tyz (I
Rectangular J eccentricities, Yo 2o9 transformation ' 1T,
— A . P
Section angle 8. Width,al,depth,az,thickness of Ji'
\
T d r fl , t., thickne of
upper an lowF anges 1 ickness -
vertical webs, t2
L-Section LSEC Area, moment of inertia, I _, I , I ,
vy zz’' Tyz
J eccentricities, Yor Zg° transformation
angle E. Dimension of flange and web a;,a,
thickness flange, and web, Els tye
T-Section TSEC Same as for L-Section
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TABLE 1 SECTION INPUT AND GEOMETRY (CONT)

Section Keyword Input
—
Z-Section ZSEC Area, moments of inertia, I ___, I , I ,
yy ZZ yz
J eccentricities, Yo' Zqo transformation
angle p. Dimension of upper and lower
flange, ays aBJ Dimension of web, a9, A2
thickness of upper and lower flange, Eys Eqs
thickness of web, t2
NOTE : a; = aq; tl = t3
I-Section ISEC Same as Z~section » z
. o
aq # ag; t) # tq
qchannel CSEC Same as Z-Section Li
Section Ay
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TABLE

3]

NUMBER AND LOCATION OF STRESS POINTS

Section Keyword | Number Location of Location of
Stress Stress Points Stress Points
- Points
Solid SREC 16 ty +z Az
Rectangle 0.430568a  0.430568b T s ule
0.430568a  0.169991b 1 A DAL
9 0.169991a  0.430568b l R
6 14 10 2
11 0.169991a 0.1699¢1b o Ao
Shear Center at Centroid
Solid SCIR 18 r + 6°
Circular 2 0.887a 12.1
4 0.887a 60.98
& 0.887a 137.05
8 0.1127a 12.1 _
10 0.1127a 60.98 v
12 0.1127a 137.05
14 0.500a 12.1
16 0.500a 60.98
18 0.500a 137.05

Shear Center at Centroid
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TABLE 2

NUMBER AND LOCATION OF STRESS POINTS (CONT)

Section Keyword | Number iocation of Location of
Stress Stress Points Stress Points
Points
Hollow HCIR 8 r e
Circular 1 a 352.8
Section 2 a 7.2
3 a 323.4
4 a 36.6
5 a 274.6
6 a 85.4
7 a 213.0 Shear Center at Centroid
8 a 147.0
Hollow HREC 12 Ty + z
Rectangular — .- 42
1 0.77459a 0. 5a | ,|
Section L __2 *1]
3 0 0.5a, 2 !
_ _ 10 k 7
7 Oo Sal O- 77‘4'598-2 AZ 11 T] . 9_‘___?_
_— 2
9 0.5a 0 l 12 Bk
l .
] 5 4
S A N t2 Shear Center at Centroid
ay = 2y ~ by
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TABLE 2

NUMBER AND LOCATION OF STRESS POINTS (CONT)

Section Keyword §Number Location of Location of
. Stress Stress Points Stress Points
. Points
L~Section LSEC 6 y z
" z
1 0.8873Oa2 0.0 T
2 0.1127la, 0.0 4
T
3 O.SOOOOa2 0.0
_- A °
4 0.0 0.88730a L
1 5 T,
5 0.0 0.11271a 2 .3 1]
_l ety o} "
6 0.0 O.SOOOOal
_ t2 _ tl Axes at Shear Center
S N A
T~Section TSEC 6 y z z
1 0.774593l 0.0 1
]
2 -0.7745931 0.0 T,
3 0.0 0.0 6
— tl 5
4 0.0 0.88730a, + == "
2 2 r 2 3 ‘|....._QY,..
- t
5 0.0 0.11271a, +-—2l e
6 0.0 O.SOOOOa2 +-7; Axes at Shear Center
ay = a, - tl
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TABLE 2 NUMBER AND LOCATION-OF STRESS POINTS (CONT)

b

Z.-.

Section Keyw&rd Number ] Location of Location of
Stress Stress Points Stress Points
Points i
Section ZS8EC 9 y z
1 -0.88730a a 2
1 “2 Ay +‘
2 -—io.11271;,1:L a, T3 2
) — Tz-»?
3 ~0.5000al' a2 T
i ' - 9 —>rY Az
4 0.88730a; 2, | l
5. O.llZ?la1 EZ L5 & a4
- le—np—]
6 0.5000a, - a
1 2
7 0.0 0.77459aé Shear Center at Centroid|
8 0.0 O.77459a£
9 0.0 0.0
a2 = (8.2 - tl)/Z s tl = t3
a, = (a; =~ t) ., ap = ag
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TABLE 2 NUMBER AND LOCATION OF STRESS POINTS (CONT)

Section | Keyword | Number Location of Location of
Stress Stress Points Stress Points
Points
Channel CSEC 9 y Z 2 A,
Section 1 0.88730a,+e_ 0.5a |
1 ) 2 2 3 1
— T,
2 0.1127I§l+ e O.5a2 | .
- - 2
3 0.5000al + e, 0.5a2 .I ’$ -
— E
4 0.887303.+e -0.5a S |
1 s 2 8 T,
5 0.112713,+e_ =-0.5a 5 6 4|
1 S 2
6 0.5000a, +e_ =-0.5a -*—-—%——«—J
1 5 2
7 eS . 0.7745922 Axes at Shear Center
8 e ~0.77459a
5 2
9 e 0.0
s
e = distance from shear center to
s web center line
. .L./2(al - tZ) Ta_ Ca -t
s t,(a, - t )\’ 2” %2 "1
2 72 1
1+ 1/6 P
1331 2}
NOTE: tl = t3 s ay = ag
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TABLE 2 NUMBER AND LOCATION OF STRESS POINTS (CONT)

Section Keyword |Number Location of Location of
Stress Stress Points Stress Points
Points

I-Section ISEC 9 v z
L 0.77456931 b1 e
2 -0.77459a, b A —
‘ 1 . ] 2 3 1|
3 0.0 b S P _f
1 | T, 8,
7 2 9
4 0.7745933 b2 i l
Y
5 0.77459%a b s |s
3 2 Y[ 3 6 |
6 0.0 b, ey yp——
7 0.0 0.8873'13l +
— Axes at Shear Center
0.1127lb2
8 0.0 0.11271‘151 +
O.8873b2
9 0.0 O.Sb1 + 0.5b2
3
32(*)\51) e a3
= AW AN
: b2_'bl\t3)\a3/

a,~ 0.5(ty +t) ;-El-:b

- 0.5t, ; b, =b,

15 P9 - 0.5¢t




XI. Applied loads

Two different types of loading are currently admissible

concentrated loads at nodes, and distributed line loads on beams.

Each loading situation is designated by one of the following

four-character key words:

CONC (Concentrated force or moment at a node)
BMLO (Distributed line load, beam element)
SEND (Section end)
Note: The keywords for the section on applied loads are used

as section headings. The keyword appearing on an "input
card designates that the input to follow is associated
with a particular type of applied loading. A blank card
(as described in succeeding sections) delimits the input
and indicates that the next card contains a different key-
word. For example, CONC indicates input that follows is

for concentrated loads and TRIA; distributed loads on an

edge of a membrane triangle. Thus the input is as follows:

CONC

data

for
concentrated
loads

blank card
BMLO
SEND

It should be noted that the keywords can appear in any order

and may be specified more than one time in the applied load
section,
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CONC - Concentrated loads - FORMAT (A4, /, I5, 3E15,7, /, SX, 3E15.7)

Each card gives the load components in global directions at a

specified node,

CARD 1: CONC

CARD 2: 15 field: Noda number
First E15.7 field: Force .component F
Second E15.7 field: Force component FY
Third E15.7 field: Force component Fz
CARD 3: First E15.7 field Moment component Mk
Second E15.7 field Moment component M
Third E15.7 field Moment component MZI

‘i .
A blank card (i.e., zero or blank first I5 field) ends the speci-

fication of concentrated loads.

BMI.O - Distributed Line Load, Beam Element - FORMAT (AL, /, 4E15.7)

CARD 1: BMLO

CARD 2: PYI Force/unit length in local y-direction (see

‘Fig. 5) at node i

PYJ Force/unit lencth in Tocal y-direction at
node i

PZI Force/unit length in local =z-direction at
node i

PZJ Force/unit length in local z-dire~tion at
node j

Note: A linear variation of the distributed

load between nodes is assumed.
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Succeeding cards give applicable members; both shorthands of Section III
are permitted. Any number of continuation cards may be used for a given

specification. A zero or blank I5 £field ends each member listing.

A card with SEND in the first four columns ends the section for

applied loading.
XII. Members to be Printed —— FORMAT (1615)

Specify the members whose strains and stresses are to be printed.

Both shorthands of Section III are allowed. A maximum of 600 members
may be specified. Members in excess of 600 and undefined member

numbers are ignored. A blank card or card with only zero entries

ends the section.

XIII. Nodes to Be Printed — FORMAT (16153)

Up to 900 nodes whose displacements are to be printed for the

analysis, as per Section XII.

X1V. Earameters for Succeeding Load Cycles — FORMAT (3I5, /.,

3E15.7)

CARD 1: NPRNT

Il

If equal to zero, no additional load cycle, end

of problem. If greater than zero, primnt output

every NPRNT increments of load

NFORM = Reform elastic stiffness matrix every NFORM
increments of load

NNEWI = If equal to zero, no new load distribution is

to be input. If greater than zero, a new load

distribution will be read in

CARD 2: PMAX = New maximum load factor
DELP = Number of load increments for new load cycle
PTAN = Load at which full tangent modulus is used
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XV. New Applied Loads

New load distribution is read in if NNEWL # 0. VFormal is

identical to Section XI.

XVI. Problem End --FORMAT (A&4)

Each problem's input must be ended with a card reading "ENDb"
where "b" denotes a blank, in columns 1-4. The last problem in

a run should end with a card reading "STOP" in column 1l-4 instead

of "ENDb."
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XVIT. Regtarting a %roblem

The initial restart tape is created on Unit 21. Subsequent

testart jobs mount the restart tape as Unit 21 and if desired

(NUTAP - 0)

CARD 1:

CARD 2:

A

P S

CARD 3:

copies and continues the restart tape on Unit 22.

Problem Title - FORMAT (2A%4)
As in Secﬁion I
NPNTC, NPRNT, IFORM, IREST, NUTAP, TINPRT, NRSRT

As in Section ITI. Here NPNTC is ignored and
IREST = 2

NRSRT is a unique number obtained as output from the
job that generated the restart tape. This output is
of the form:

RESTART TAPE HAS BEEN WRITTEN FOR P = 7.100000E+04
NRSRT = 8 .

In this case NRSRT is equal to 8 and the job will be
restarted at a load factor of 71.0. A restart job
can be started at any intermediate load level for

which the restart tape has been written.
PMAX, DELP, PTAN, EQMULT

As in Section II

Succeeding cards follow as in Sections XII through XVI.
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PPENDIX T —— MULTIPOINT CONSTRAINTS

EXAMPLE 1

| 2

/

L

Node 1 and 2 are fixed.
There is an applied displacement at node 3 in the negative y-direerion,

The distance between nodes 3 and 4 remain ~onstant.

Boundary Conditions

011000 1-4 default condition

000000 124
021000 3
Blank card
Dependencies
Node Dof Node Dof
3 2 3 2 0.050 (specified displaceme: ')
4 2 3 2 1.0 restraint condition that
4 3 3 3 1.0 3-4 remain rigid
NQTE : In the boundary condition ~ards for node 4, denrees of

freedom 2 and 3 must be specified 0 because they are
effectively eliminated from khe solution (they are de-

pendent desrees of freedom).
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EXAMPIE 2

Rotation of Displacements at a' Boundary

Y

‘zU

@ - 30°

25

For this problem we set the displacement u equal to zero and

v free,

This corvesponds to the normal displacement along X

‘equal to zero and the tangential displacement (in ; direction)

free. The global coordinates of thepproblem are x, y. Thus:

U= ucos ¢ ~-vsingeg

sin ¢ + v cos P

e

vV o=

The multipoint constraint cards are:

25 1
25 2
Note:

25 1 0.86402540E00 25 2 -0.50E00
25 1 0.50E00 25 2 0.8460254E00

On the boundary condition cards, since u = 0.0 node 25
degree of freedom 1 is specified to be 0 but node 25
degree of freedom 2 is specified 1 or free since it re-
mains an independent degree of freedom {although rotated).
If the normal displacement u were not fixed (and the
transformation performed merely to apply a normal load),

it would have a 1 boundary condition specified.
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SECTION 6

INSTRUCTIONS FOR USE
OF SATELLITE

A Preprocessing Program
for PLANS



INSTRUCTIONS FOR USE OF SATELLITE

SATELLITE is the preprocessing program associated with the
PLANS system programs that checks and plots the undeformed finite
element model. Additionally, it calculates the ordering of the
external node numbers that leads to the minimum semibandwidth.

SATELLITE is currently not operational for the HEX program.

The input for SATELLITE is as follows:

CARD 1: FORMAT (20A%4)

Keywords left justified in fields of four. One of the fol-

lowing is required and indicates the program whose data follows.

PLNE - PLANE program, In-Plane Membrane Program

Used for Fracture Analysis

"BEND - BEND program, Elastic-Plastic Analysis of

Built-Up Structures

REVB - REVBY program, Elastic~Plastic Analysis of

—— Bodies of Revolution

OPGM ~ OUT-OF-PLANE GM, Nonlinear Analysis of
Built-Up Structures

DYCA - DYCAST program, Nonlinear Dynamic Analysis
of Built-Up Structures

Additional optional keywords can be specified in fields ol four.
Any number of spaces can be skipped on the input card that are

multiples of four.

BAND ~ Specifies that the optimum semibandwidth is
to be calculated. 1In this case the optimum

order of the external node numbers for
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Section III data will be printed and'punched.
These punched data are used with the input
deck. If this keyword is not specified the
bandwidth will not be optimized.

SCAN ~ Process and check input data but do not

produce any plots
PRIN - Print transformed coordinates to be plotted

The input data deck follows Card 1. Input through the nodal co-
ordinates is necessary. The remainder of the deck may be input
although the cards are read and not processed until a STOP or END
card is reached. Input for the SATELLITE program continues as

follows,

CARD 2: FORMAT (515)

This card determines the number and type of plots, Up to five
different labeled pictures can be obtained. These are specified
with the fixed point numbers right justified in any of the fields

of five as follows:

1 - labeled unconnected nodes

2 - labeled nodes, unlabeled members
3 - labeled nodes and members

4 - unlabeled nodes, labeled members
5 - unlabeled nodes and members

CARD 3: TFORMAT (4E15.7)

ALPHA - rotation of structure about the global x-axis

BETA - rotation of structure about the global y-axis
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GAMMA - rotation of structure about the global z-axis

IENGTH - maximum width of picture in the paper trans-
verse direction. LENGTH is a function of the

plotter being used.

If ALPHA, BETA, GAMMA are zero then the picture is projected on the
x-y plane with the y direction in the transverse paper direc-
tion. The angles lead to a path dependent- transformation by ro-
tating the body first about the global x then y and =z axés,
respectively, The resulting viewing plane is still the original
global x-y plane. The viewing plane can be changed with the

following card.

CARD 4:  FORMAT (6Al)

This card specifies the viewing plane to be used by specifying
the six alphanumeric characters XYZ+++. The first two characters
specifying the viewing blane with the first indicating the length
direction and the second the width of the paper. The last three

characters can be the characters + or - and indicate that the

normal to the plane is in the positive or negative coordinate

direction. For example:

YZ X4+t indicates the viewing plane as the global VYZ
plane with the Z axis in the paper width

direction and Y along the paper length

CARD 5:  FORMAT (4(A4,1X))
Element types to be omitted. ¥For BEND, OPGM, DYCAST:
BEAM - will omit all beam elements

TRIM - will omit all triangle membrane elements
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STGR ‘-~ will omit all stringer elements

TRIP - will omit all triangular plate elements
For REVRBY:

TRIR - will omit all triangle elements

SHEL - will omit all shell elements

RING -~ will omit all r¥ng elements

If there are no element types to be omitted a blank card must be

specified.

CARD 6: TFORMAT (16I5)

Nodes to be included in the plot. All the shorthand notations
are allowed, i.e., 1 through 100 is input as 1 - 100 and
1, 3, «¢v, 99 as 1-2-99, A blank card or card with only zero

entries ends the section,

If only a part of the structure is to be plotted, this section
should include only the nodes that lie in the section. Only these
nodes are considered when scaling the plot so that the subsection

will be scaled up to the maximum allowable size.

CARD 7: FORMAT (16I5)

Elements to be included in the plot. Input is the same as
for Card 6. All nodes associated with the elements to be plotted

must be specified with Card 6.

Note: If all the elements and nodes are to be plotted it is
sufficient to specify one negative number in the first
I5 field whose magnitude is greater than the largest

external element/node number in the finite element grid.
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CARD 8:  TORMAT (A4)

1f this card is blank and

1 END was read at the end of the data deck a new

data deck is read starting from Card 1

2 STOP was read at the end of the data deck, the

. job is complete

1L this card is REPT the input will be repeated from Card 2

and the same structure with different plotting parameters will
be plotted.

6-5



SECTION 7

EXAMPLE INPUT



EXAMPLE _INPUT

The following pages contain the input data decks for a number
of sample problems. The principal intent in providing sample in-
yut is to aid the user in better understanding the discussion in
the main body of the users' manual. Also provided with each prob-
lem is a brief discussion and representative data so that bench-
mark results are available for comparison. A detailed picture of
the sample problem idealizations showing node and elemeﬁt labeling
has not been provided. It is suggested that the input plotting
program SATELLITE be used to generate computer plots of the input

data, if desired.

Many sample problems that demonstrate the capability of the
methods used in the PLANS program can be found in Refs. 1-3.
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Example Problem No. 1
Program: BEND

Problem Title: Classical Truss - Axial Force Element

Comments: This problem uses the stringer element S$TGR in a -
simple 4 element truss. Symmetry conditions were used so that

only half the truss was modeled.

The accompanying figure shows the applied load versus the
force in the vertical element (element 3). These results were
generated using a load step of AP =‘848.5 1bs or 3774.3 N
(which is 0.01 of the initial yield load). Agreement with

results from an exact analysis was quite good.
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Bend Sample Problem # 1 Classical Truss STRG Axial Force Elements
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BLANK CARD

BLANK CARD
BLANK CARD

BLANK CARD
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BLANK CARD

PROGRAM LISTING OF INPUT DATA CARDS

L ]
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BEND SAMPLE PROBLEM #1@ CLASSTICAL TRUSS STRG AXIAL FORCE ELEMENTS

G 50
1 ~4
STRG i 1 2
STRG 2 2 a4
STRG 3 z 3
STRG a i 4
SEND
Qe O 1
«5 2 .1
1¢0Q 4
Q0.0 ) | 4 3
«5 2
0.0 i G
0000600 1 3
110000 4
100000 4
MSTG 1«0 ELO7 1.0 EE0O0 10.0 E&00 120 EL 05 6.0 ELOC4
-3
MSTG 1.0 E&EO7 0.5 FL Q0 10.0 FE&00 10 EEQS € 0 EE04
4
SEND
CONC
4 0.5 E& 00 0.0 EE00 G0 E&CO
SEND
1 -4
-4
250000.0 o O1
sTOpP
omn-an.-nleow-ono..Zooo-nn..-3-n.o--..oao-nwbn.o-‘a.noca..-n&cloaoonu-?anaoooogue
12345678901 23456783901234067890123456784901234567890123456789012345678201234567890



Example Problem No. 2
Program: BEND

Problem Title: NASA Frame with an End Load =~ BEAM ELEMENTS

Comments:: This problem demonstrates the use of beam elements
in an open space framework. Fifty seven beam elements of various
cross section (L-section, T-section, rectangular section) con-
necting 40 nodes are used in the model. Multipoint constraints
were used to enforce symmetry conditions between the left gnd
right hand side of the structure. Ideally plastic behavior was

assumed with a yield stress of 50130 psi or 345.6 MPa.

The figure shows displacement in the vertical and axial di-
rections at the first bulkhead at the centerline (node 108) and
at the midpoint between the first two bulkheads in the upper
stringer (node 1001). The results indicate a plastic collapse
at a load of P = 15000 1bs or 66.7 KN.
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Bend Sample Problem # 2 NASA Frame with End Load -



FRCOGRAM LISTING UF INPJT DAT A CARDS
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ll'. L 0.. L 7
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BEND CSAMPLE PROBLEM =2 MASA FRAME WITH AN END LOAD -~ SJ3EAM E.EMENTS
1 20
1C1 1CQCl 1¢2 105 2¢1 2000 108 3001 1023 105 202 6000 205 303 4000 2002
208 3C03 10C53 206 304 6002 311 403 4022 2004 316 3005 312 408 6004 8000
411 400 40C4 414 BO02 422 8004 405

BeAM 1 101 102 108
BEAM 3 106 102 108
BEAM 4 103 106 102
HBEAM > 201 202 208
BEAM T 206 202 204
BEAM 8 208 2¢6 |202
BEAM 10 303 304 316
BCEAM 14 312 3G4 316
BEAM 16 316 312 304
BEAM 18 400 408 405
BEAM 22 422 408 405
BEAM 24 414 422 406
BEAM 2% 414 406 422
bLEAM 27 406 400 422
BEAM .29 102 20C0 100
BEAM 20 2000 202 106
BEAM 31 202 2002 106
BEAM 32 2002 .304 105
BEAM 33 304 2004 106
BEAM 34 2004 408 1056
BEAM 35 4000 106 10z
BEAM 36 206 4000 102
BEAM 37 4002 206 102
BEAM 38 312 4002 102
BEAM 39 4Cc04 312 102
BEAM 40 422 4004 102
BEAM 41 6000 108 311
BEAM 42 2038 6000 311
BEAM 43 6002 208 311
BEAM 449 316 6002 311
BEAM 45 6004 316 311
BEAM 46 414 6004 311
BEAM 47 8000 316 31!
BEAM 48 8002 8000 311
BEAM 49 B004 8002 311
BEAM 5C 406 8004 311!
BEAM 53 105 101 108
BEAM 54 105 108 101
BEAM 57 203 201 206
I.‘Il...ll'ﬂ.l..l..z.l.l..ll.u)’"..'l".“.ll‘-....3......l.lb.l""...?...lll...e
123456789012 345678901234507390123450748301 4567890 1234567890123456783901234567890
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1.C - 1.0 20 625 0625
29 =40 75 -86
SEND
CONC
101 al3
102 ~al3
10¢ oi”
106 -, 13
106 -2 48
SEND
29 =50
-39000
SCCO0.0 +01
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Example Problem WNo. 3
Program: BEND

Problem Title: 8 Element Square Plate

Comments: This problem represents a simple statically detex-
minate case that uses all combinations of the triangular membrane
element, TRIM. These range from 3-node constant strain triangles,
the 6-node linear strain triangle, and the two interface cases
with 4 and 5 nodes. A distributed edge load (using the TRIA

feature) is applied on one edge.

The figure shows load versus longitudinal strain for a linear

strain hardening material.
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Example Problem No. 4
Program: BEND

Problem Title: Collapse of a Uniformly Loaded Circular Plate

Comments: This problem demonstrates the use of the plate ele~
ment TRIP. One quadrant of a uniformly loaded, simply supported
circulér plate was modeled consisting of 50 elements, 36 nodes,
and 151 degrees of freedom. The multipoint constraint feature
was used to transform the edge rotations to their normzl'and tan-
gential components in order to apply the simple support boundary
conditions (Qt = 0). To be noted also is that the order of the
element input was set so that the local directions of the curva-
tures at each node (defined by the first element containing that
node) line up with the plate boundaries and lines of symmetry.
This was done to enforce boundary/symmetry conditions for the

higher order degrees of freedom (see Appendix IV, Sectiom 2).

A complete discussion of the plastic analysis of this plate
as well as a number of other plate configurations is given in
Ref, 2. The figure shown here is for the load versus central de=~

flection up to the collapse load.
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0¢-L

FRCGRAM LISTING OF INPUT DATA CARDS

....‘...G_I"U.I..-CEU.I.B.-I.3.‘.'.0._’54...-..0.05“'...000
12345678901234567890123456789012345678901234567890123456789
TRI P 42 22 31 21
TRIF 43 21 22 32
TRIP 44 a3 32 22
TRIP 45 27 23 33
IRIP 46 34 33 23
TRIF 47 23 24 34
TRIRP 50 25 36 35
TRIP 48 35 34 24
TRIP 49 24 25 35
SEND

0.0 1 2 5 10 17 26
1441422 3 & 11 18 27
2.0 4

2.82844 7 12 19 28

3. 741862 3

4.0 9

44242E6 13 20 29

S.25146 14

5,83C52 15

€e D 16

5.65688 21 30

Ga 78232 22

T«A48328 23

Ta874 24 N

800 25

720711 31

B.24€21 32

9, I5E38 33

9. BG1E6 34

G.89%549 36

1C. 0 36

BLANK CARD

0.0 1 4 9 16 £5 36
2.0 2

lo414a422 3 15 24 25
4.0 =)

374162 6

2. 82E44 T 14 23 34

6o 0 10

5., 83(%2 11

S5.29146 12

424266 13 22 23

8,0 17

7«E74 18

bl'DDO...l‘l..'.".eﬁ..IQ&.G.3'50..'

123436789N12345A789012345A78901234567

De
e



12-L

FRIJGRAM L IST ING OF

INPUT DATA CARDS

.I.lI....l'.o.....'?....'.'.I3.-...l...t+...-".I'S.‘."...’6.........7.......--3
12345678901234S678901234567890123456780012245€78901234567E%012345678090123456789¢0
7.483E28 19
€Ce7BE32 20
5. 65688 21 32
10.0 26
G. 8356465 27
9.59166 23
Q9. 0DE3 8 29
B.24€21 2
7+C711 31
BLANK CARD
Ce 1 -36
BLANK CARD
cotrl11cCceLtl 1 -36
CO1CaCCGC1IC 1
ccr1ccececiio 2 S 10 17
ccro1cCcecCctite 4 9 16 25
C3C01COCONC0T 27 -3S
CeCCLCCCOCOO 26 36
BLANK CARD )
26 4 25 S -1.0
26 g 26 8 0.2
27 4 ;7 5 ~.08094504
27 5 27 S + 14142199
25 4 28 5 ~a95916ESS
28 5 28 =] .2828439?
29 4 29 5 +Q0EE3T799
29 5 29 =) W 42426596
390 4 39 5 -8246;101
30 S ElY S «565€683ECY
31 4 31 5 -«70711CC2
31 = 31 S «70711C0Z
32 4 32 5 —+ 56568804
32 ) 3z S «R2462 101
33 4 37 =t ~ e84 24205GE
33 5 33 S +903837G90
34 4 34 5 —-.2828B4397
34 5 14 5 «IST1IHESS
35 & 35 =] —«14142199
35 2 35 5 «IBYD4LGD 4
36 4 36 5 0.0 .
36 5 36 5 1.0
BLANK CARD
YATIL 1.7 E+07 1.C F4+0D7 O0.C 4433Z2P58E4+06 24
Coe D W0
..0.....ll..ﬂ.ﬂ..‘.a.-"QI...3.....I.I.4..-.'...BE.........6'....0...7.0.‘.'“..8
1234536078931 2345K789012345A7B001 23454678901 °34567RAGC1234567E930123456783012345678%0



[AAJA

BLANK CARD
BLANK CARD

BLANK CARD

PRUOGRFAM LIST IMG CF INPUT DATA CARDS

'.'...'._.1.'.'.....2.I...‘...3-........all'......5-...'I..'6‘......"7.'.......8
1234567890123453657830123456789012345678901234567890123456789012345678901234567890

IECCLCLD 36000.2° 2€E2J3C.0 2C784 4.6

Cuo 0.0 1.0 E+07 3&000-0 36000.0

1 ~-50
THI K 1.9

i -50

NLRS

10 t
EFND ‘
SURF 0.0 .0 -1.0

€. C - 0.9 ~-1e2

C.') 0 Oh ‘Tl!go

1 =50
SEND

1 2, -

1 =36

€E30C. 0 «21
cTAQP
ceceanes el seeas .l.claooac.ncaljouoao-au.‘c!-.oocc .-.E...l‘..IIC’..II...II?“".-'.’B
1234567890 123456TAR30123456780N012345073GC123456789C1234356722012345678901234567890


http:5i78012.34

Example Prﬂblem No. 5
Program: BEND

Problem Title: Thermoplastic Analysis of a Circular Disk

Comments: This problem demonstrates the thermal stress capa-
bility in conjunction with the triangular membrane element. To do
this, an elastic plastic analysis of an ammular disk subjected to
a steady state axisymmetric radial temperature distribution was
performed. Since the response is axisymmetric, only a slice of
the disk was modeled with the multipoint constraint featuée being
used to enforce tangential and normal boundary conditioms on one
edge. Forty constant strain triangular elements connecting 32
nodes were used in the idealization. The steady state temperature

distribution is applied at nodes accoxrding to the relation

T = Ta - (Tb - Ta) In(x/a)/in(b/a)

where Ta and Tb are the inner and outer radius temperature,

respectively.

Results shown in the figure are for dimensionless circumfer-
ential stress versus the radial coordinate. Comparison between

these results and Ref. 4 are good.
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POK

FINITE ELEMENT MODEL OF A SECTOR OF THE DISK

10107 psi ) -5.08x10'0p, - INNER RADIUS AT =16°F =8 88 °C {ELASTIC)
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JISTRIBUTION OF CIRCUMFERENTIAL STRESS

Bend Sample Problem #5 Thermoplastic Analysis of Cireular Disk
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PROGRAM LISTING OF INPUT DAYA CARDS

LAC B N N 02

l...ﬂﬁ‘lao o
2345678901 2345678901234567890123456789

coescsscIoomesnosele seaseSonecescoosbesncocnsecclTacownacecs
O

LN -
123456789012345678901234567R901 234567890

SEND SAMPLE PROBLEM #5 THERMOPLASTIC ANALYSIS OF CIRCULAR DISK
¢ 5 i

)1 -3 T -9 3 15 19 -21 25 ~27 3y =33 3vr -39 43 4%
49 ~51 55 =57 61 63
TRIM ot 01 0 03 0 c2
TRIM 02 03 O 09 o o2
TRIM Q3 09 O c7 ¢ a2
TRIM 04 o7 O 01 (o) o2
TRIM 0% o7 0 a9 0 o8
TRIM 06 G9 G 15 O 08
TRIM o7 i5 o 13 0 08
TRIM 08 13 0 o7 0 08
TRIM o9 13 ¢ 15 4] 14
TRIM 10 15 o 213 O 14
TRIM i1t 21 )] 19 0 14
TRIM 12 19 O i3 g 14
TRIM 13 19 o 21 ) 20
TRIM 14 21 Q 27 0] 20
TRIM 1% 27 O 25 0 20
TRIM ié 25 O 1o 0 20C
TRIM 17 25 0 27 0 26
TRIM ia 27 0 33 0 26
TRIM 19 33 O 31 0 26
TRIM 20 31 0 25 4] 26
TRIM 21 31 0 33 0 32
THIM 22 33 o 39 Q 32
TRIM 23 39 0 37 G 3z
TRIM 24 3ar o 31 o 32
TRIM 25 37 O 39 4] 38
TRIM 226 39 o 45 0 38
TRIM 27 45 0 43 ) 38
TRIM 28 43 0 37 0 38
TRIM 29 43 Y 45 ) 4.4
TRIM 30 45 O o | ) 44
TRIM 31 51 0 49 <O 44
TRIM 32 49 0 43 1) 4.4
TREIM 33 49 4] 51 Q 2G
THEM 34 51 4] &7 0 80
TRIM 35 57 0 55 0 50
TRIM 36 55 G 49 G S5C
TRIM 37 55 0 87 0 66
TRIM 38 o7 3] 63 o 56
TRIM 39 63 Q 61 ] £6
TRIM 40 61 0 55 G 56

cecfonsanoceans

covece
123456789012 23456789C

.030000.00 -0"000 LN IHOIS

- a Pocsveren
34°F BA0123456780901239567T890123456789

ancucsevoloccancsoca
12345678901 23456789



9C-L

BLANK CARD

-
1

...o.u..]......‘..2.0.....0.3...

PROGRAM LISTING OF INPUT DATA CARDS

..4'I..°-.‘.'5...-l....6....C..‘.?.D.......P

e &8
234567890123456783901234 5678901 2345678901234567890123456789012345678901 234567890

SEND

-
)}

1.0
el
2
13
et
15
leb
1.7
1.8
1.9
20

o puak

« 99452189

1.0939741
1.,1934262
1.2928784
139233006
14917828
15912350
16814254
1. 7901394
1l.3895916
19890437
105
1,15
125
1.35
T 45
155
1+05
175
1 .85
1.95

0.0
« 0523359
« 0575695
« 0628031
+ 0680367
« 0732703
+ 0785039
« 0837375
-« 0889711
« 0942047

-

coeeenla
2345678901

E 00 3
E 0¢ G
E 00 is
E 00 21
£ 00 27
E 00 33
E 00 39
E 00 45
E 6C 51
E 0O 57
E 00 63
€ 00 1
£ 00 4
E 00O 13
E GO0 19
E 00 25
E 00 3t
E 00 37
E 00 43
E 0C 49
E Q0 55
£ G0 el
£ 00 2
E 00 8
£ 00 14
£ 00 20
E 00 26
E 00 3z
E GG 38
E OO 44
E 0O 50
£ 00 56
E 00 3
E 00 2
E GG 8
£ 00 14
£ 00 20
E 00 26
E OO 32
E GO 38
E QO 44
E Q0 50
...DO..—.Z
234567890



LT~L

BLANK CARD
BLANK CARD

BLANK CARD

BLANK CARD

MAT?2

« 0994383
«1046712
+ 1045284
«1149813
» 1254341
« 1358870
« 14633908
2 1567920
e 1672455
« 1770983
« 18818512
+1986040
« 2090569

Q0.0

e b WOLNN o
ORI NERRVENE S g R OT BT NENESENE R

55

& o
o
Taet D 0 N e 1) e e R ek ) B ) s D e [\ e N e

- g
e
e
b
[ ]
oK)
~ e
Xo
L
G

L

- D

mMmmmmmmmmmmmm

110006600000
130000000000

]

e

00
00
0o
00
00
GO
06
Q0
00
o0
00
00
eo

m

F-
e
Co
-j®
e

43

o3 )
on
o ]

Ns

PROGRAM LISTING OF INPUT DATA CAKDS

59
65

a
10
16
22
28
34
40
46
52
58
64

-63

-3
“3
-6

Tt pad bnd pod food ek ek 3ot kub dmd bl ) bvk b b a3 el Bt pod fb ek

Ho
de

4 -9
-45 49
-6l 3

« 9945218
« 1055284
« 9945218
« 1045284
e 9945218
1045284
«DA52Y8
» 1045284
9945218
1045284
9945218
« 1045284
29045218
e 1045284
« 9945218
«1045284
9945238
s 1045284
« 9945218

‘e 2045284

Te

Ce
¢

«9945218 -

« 1045284
o E 07

e
o] ]
S
g
o @

We
Ire
(he
Ce
~e

13
=51
-6

-15

19

55 57

-63

[NROURVE VRl e
-t

SR SWW
eRT R ITENENENE A XS BT RI.TANARAENE D

-21
61

MRNPORNNBMDNNODNNNNDNDNDN

25 =27

o3

-+ 1045284
+ 9945218
-+ 1045284
+9945218

—+ 1045284

e 9945216
—e 1045284
«+ 9945218

-+ 1045284

« 9945218

~» 1045284

29945218

-+ 1045284

2945210

-+ 1045284

«9945218

-0 31045284

« 9945218

- 1045284

« 9045218
-+ 1045284
2045218

3846153 E 06

.000..0‘.1&.065...02000..00003‘.03..Oleq...ﬂo .lﬂ.slﬁ.’.ﬂ.ﬂ&Gﬂ -00.6.0‘7’.600.00.8

12345678901 2345678001234 56789012345678901234567890123456789012345678901234567890

31 37

«30000E 00

cePomoevovoald

8201234567890



8C~L

BLANK CARD

BLANK CARD

BLANK CARD
BLANK CARD

100 E—Ob 10
2e(} E 03 2.0
He 0 £ CC 4ato
1 —4 0
THIK o1
1 -4 0
SEND
TMPU
1.0 1
- 8624904 7
» 73569655 13
«6214883 i9
«5145732 25
« 4150375 313
3219281 37
« 23440652 43
« 1520030 49
« 07400054 55
«0 61
2961067 2
« P8 36614 &
«6HTRO71U 14
«HOT7 04 59 20
46394710 26
36773478 32
« 27753398 38
« 19204508 44,
11247473 s0
e CALOH2H8TY 56
SEND
1 —40
1 —63
200.0 « 05
STOR
.........!.-‘-.C'.Oz ..
12345678901 234506789012234

PROGFAM LISTING

-
5

&
03 P
le0 t:

-...3..-.... ..40..

67890123456785901 23

£ 03

o7

OF INFUT DATA CARDS

20

1.15470028 03
FE 03

2«0

......1.'.-.....z..-......3....‘....“'.." .o.osooooooaooﬁooo--.-oo?-uoo-..-

-
456780234 50T8901234567890 1234 678901 234567T89012345678901234367R89012345678¢%

8
Q



Example Problem No. 6
Program: BEND

Problem Title: Elastic Plastic Analysis of an SAE Keyhole Specimen

Comments: The accompanying figures show an SAE keyhole speci-
men, the finite element idealization of half of the plate, and
results for the strain at the notch versus load. The idealization
uses 92 constant strain elements connecting 64 nodes that leads

to 120 degrees of freedom.
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Bend Sampie Problem # 6 Load versus Noteh Strain ;or SAE Keyhole Specimen
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(A4

PROGRAM LISTING OF INPUT DATA CARDS

I-.,..l'.. .......2.........3..'..ﬂ...4"..¢.'..'5'.......'b.........7‘ 0..8

ssee LY N Y
12345b78901234bb?8°0123450789012345678“0123456789012345&78@012345678Q0]234567890

BEND SAMPLE PROBLEM # 6 SAE KEYHOLE SPFCIMFN

1 4} i 1 50
1 —64

GLXY -

TRIM 1 1 2 10
TRIM 2 2 3 10
TRIM 3 3 12 10
TRIM 4 10 12 11
TRIM 5 11 12 1o
TRIM & 20 19 12
TRIM 7 13 20 12
TRIM 8 21 20 13
TRIM 9 22 21 13
TRIM to 3 13 12
TRIM 11 3 4 13
TRIM 12 4 5 13
TRIM 13 5 14 13
TRIM 14 14 22 13
TRIM 15 15 22 14
TRIM 16 6 15 14
TRIM 17 5 6 14
TRIM 18- 2% 6 5
TRIM 19 25 27 6
TRIM 24 26 27 25
TRIM 21 27 28 6
TRIM 22 28 r &
TRIM 23 6 16 15
TRIM F24 6 7 16
TRIM 25 7 17 16
TRIM 26 16 17 23
TRIM 27 17 18 23
TRIM 28 18 24 23
TRIM 29 a8 18 17
TRIM 30 8 [+ 18
TRIM 21 8 30 9
TRIM 3z 8 29 30
TRIM 33 28 29 7
TRIM 35 7 29 8
TRIM 35 i 4 8 17
TRIM 36 25 5 64
TRIM 37 64 5 4
TRIM 38 63 64 4
TRIM . 39 62 63 4
TRIM 40 62 4 3

‘........]........GZQ ..0....'3..‘......4.50.. ¢.-05¢ ..I...C.slﬂ....o..?. LN

-e esed
123456789012345678901234567890123485678901234567T09012345678901234567690312348678%0



€e-L

960&D‘eoll.Iﬂ‘ﬂﬁa.a?o..to'.noao.....0"40000000‘0

Da
12345678901 234506789012345078901 2345078901 2345678901

TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRI™
TRIM
TRIM
TRIM
TRIM
TiRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM

CTRIM

TRIM
TRIM
TRIM
TRIM
TRimM

41
42
a3
44
%<}
&6
47
48
49
50
51
52
53
54
5
56
57
58
59
65
(y§
62
63
64
(3
(33 £
67
68
6¢
70
71
T2
73
74
Fg=
7o

61
2
2
59
60
60
57
57
58
L=% 31
59
55
56
56
5%
48
4
50
£0
51
52
52
53
48
48
41
49
42
43
43
a4
45
LS
56
&7
47
59
44
4 Q

3z

PROGRAM LISTING

62
61
59
60
62
=7
63
58
64
25
58
56
ST
49
48
49
50
58
51
52
25
53
26
40
41
42
42
43
L2 |
44
49
vz
46
53
53
54
26
31
32
33
53
3a
34
35

e

00003|¢a

HT7Taudl 23

£ e

0OF

INPUT DATA CARDS

.Q..o.oof).no

234507820123

(. ]
45

6

PO 4
T8RO

a a

:

Covoece
23456789

8
o



e =L

PROGRAM LISTING OF INPUT DATA CARDS

.........1.........2-.....-"3..‘.'...."‘I........5....0‘...b..-....0.70'.0....ﬂ8
12345678901 2345678901 2345678901234 56 75901 23456789012345678901234567 8901234567890
TRIM 85 35 a4 43

TRIM B6 35 36 44

TRIM 87 36 37 a4

TRIM 88 37 45 44

TRIM B9 37 38 45

TRIM 90 38 46 45

TRIM 91 38 39 46

TRIM G2 39 a7 46

SEND

0.0000E 00
1.25008 00
1.2500F 00
2.2000E €O
3.0500E 00
3.45001 00
3.9500F 00
4.4500E 00
5.00C0E 0O
0.0000E 00
0.0000E 00
1.25G0E 00
2.2000E 00
3.6500E 00
3,4500E 00
3.9500E 00
4,4500E 00
5.0000E 00
0.0000E 00
1.2500E 00
2.2000E 00
3.0500E 00 22

N
OPANICLUNOYONOL P LN -

TN D b vk ot o bt ot ot s
—

4445308 00 23
5.0000E 0O 24
3.0500E QO 25
3.0530E 00 26
3:4500E 00 27
395001 00 28
4+4500F 00 29
5.0000E 00 30
2¢5125E NG 31

Z«5217E 00 32
2+5483F 00
2aHQ00E 00
2e0421E 00

Wl
e

0.0......] O....Oz.09000..03.00.-0..0 - L ..56.93'...'6'.. LN

-;. 4uma . . ecelTeo
12345678901 2348678901 234567H9N1234567890123456789G1234567B001234567H90

ssnseach
1234567890


http:1238-1?3-5--*2......93..49.50..,8.�..42.....6o

ge~/L

BLANK CARD

*Hh e s OoEDd

12340674Hw

2+ FOOO0FE
ReTOHTIE
28102
2«8373E
2.4500E
2e4TSOE
2e5250E
Z2«H000F
2+ 7000E
2.8000E
287501
2eI3000F
2« 3B500E
2e40Q00E
2:5500FE
2e7000R
P B85008
2.9500F
20 9THOE
20000
220001
2+3000E
2« TO0OE
1.6000E
2. 00N0E
1.6000K
22 19500F
204000
2. TRHO0F

N, 00001
0. 0000F
10060
112950
125001
1.25G0F
1.2500F
1.2500F
1.2500E
100008
20000
2.0000F
2. 0000E
. 7500F

laﬂnaﬂo
012345

ad
30

PROGRAM LISTING OF INPUT DATA CARDS

ﬂ.ﬁﬁzﬂ0‘6.00.030'.5.00054395GO’D.OS.D0.0"’O(‘.-°°°°°°°7.‘.-..0..H

678901234 56789012345678901234567890123456789012°345678901234567890

36
3r
38
39
40
41
42z
43
a4
45
46
47
a8
49
50
51
2
53
b4
=31
56
57
58
5¢
60
&1
62
63
64

EUNEOOINCU LW~

bk e} Sk pmd ek

ubowb.eanl.oonnuovu?no.won.

ce3ascomcn
123456 THI0 L 2345%6THE90123456T8901234567

.“'}DOOCQ‘“QUSQO

820123456783012

o
3

e

% &

°
7

»
8

T
30

.DO#O.UOUB

1234567890



9¢ -/

.‘..-n.-..l-...-..--Z
12345678 901234567890

1. 75008 00 15
175008 00 16
1. 75008 00 L iy
17500 0O 18
30000 00 19
3« 0000F 00O 20
3.0000E 00 21
3« Q00CE 00 22
30000 00 23
3«0000E 00 24
0. 6250E 00 25
0.1250% Q0 26
0s 1250E QO 27
0e1258E 00 28
Ve 1250E Q0 29
0« 1250E 00 30
DeO000E 00 31
Ce 05796 00 32
0-.1102FE QO 33
0e1517E 00 354
Cs17831 00 35
L« 1875E oL 36
0. 1783E 00 37
G.1517E 00O 38
012506 00 39
0.0000E 00 40
0e 10008 0O 41
0« 1750E 00 42
Ue2254E OO 43
0.2500E 00 44
De22506E 00 45
0. 1750F QO 46
0.1250F 00 47
0. 0000E OO0 48
0. 1500 00 49
0«3000E 00 0
Q. 3500E 00 51
43000 DO 52
Qa4 1750GE 00 53
0.1250F% GO 54
0.0000€E 00 55
22000E 00 56
04060 GO 57
0.5500E 0O 58

D...w.ol.o.o.o.n.Et

J4H67890 L 2345678901

PROGRAM LISTING

8] o

e B WS ..‘.3..‘......4'-.....'.5.

123456789012345678689012345678901

INPUTY DATA CARDS

"..6..'9....07.-....‘..R

L IR N |
2345678901 234567484901234567890



LE-L

BLANK CARD
BLANK CARD

BLANK CARD
BLANK CARD

BLANK CARD

BLANK CARD
BLANK CARD
BLANK CARD

PROGRAM LISTING UF INPUT DATA CARDS

L - .D.Qz.’.,.o.ll30. ....5‘0‘0.Q.°°6Bﬂﬂ’....ﬂ?oﬁ..’c.o.e'

ecocsssele ve cecsesadesooce
12345678901 23456T80012345A78901234567890123456789012345 678901234567 H901 234567890

L]
]

&

D.0000L 00 59
0.2000E 00 60
Q.4000FK 00 61
Q. 700 00 62
0.8500E 00 63
0« 9000E 00 64

J«DOAQE HO 1 —o4
110000000000

1
00Q0 00000000 1
100000000000 2

—64
31 &0 48 &5 89

MAT 1 29.50000E 06 29.500F 06 G.0000E QO 1+134620E 07 0.3000E oC
C.00600E 00 0-.C000E OO
35.000E N3 35,000 03 35.000E 03 200207 0E 04
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Example Problem No. 7
Program: REVBY

Problem Title: Plastic Analysis of a Ring Stiffened Spherical Shell

Comments: This problem demonstrates the use of the shell and
ring element. The structure consists of a uniformly loaded spheri-
cal shell with a stiffened circular hole at the shell apex. The
problem is idealized using 26 axisymmetric shell elements and one

ring element comnecting 27 nodes.

The figure shows the normal displacement versus applied
pressure at the ring shell interface and also results for an un-

stiffened shell. Sudden collapse occurs for the stiffened shell

at qa4/Et4 = 15000.

Additional results for this problem are in Ref. 3.
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LOAD-DEFLECTION CURVES FOR RING-STIFFENED
SPHERICAL SHELL UNDER EXTERNAL PRESSURE

B =20IN.

t= 0175 IN. = 0.44mm
E = 1.0x107 psi ~ 6.90x10'pa
v=1/3

o, = 30,000 psi = 2.07x10%pa

26 ELEMENTS
105 D.O.F.

SQUARE RING STIFFENER

E=1.0x10’ psi= 6.90x10'0pa

A =.030825 1.2 = 1.84x10"%m?
=1, =781 58x10~4 |N.4 = 3.253 10”

O- UNSTIFFENED HOLE
A- STIFFENED HOLE

{al NORMAL DISPLACEMENT AT THE HOLE BOUNDARY

REVBY Sample Problem # 1 Ring Stiffened Spherical Sheli
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Example Problem No. 8
Program: REVBY

Problem Title: Thick Tube Under Internal Pressure

Comments: This problem demonstrates the use of the axisym-~
metric revolved triangular element, TRIR. Five bays of four

triangles each (20) are used to idealize thick tube under in-

ternal pressure.

A series of results are shown in the figure and compared with
a solution in Ref. 5. Additiomal discussion of this problem is in
Ref. 3.
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PRESSURE p VERSUS RAD!IAL
DISPLACEMENT u [b} AND RADIUS
OF ELASTIC-PLASTIC BOUNDARY, p
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2k 5 \_¢\
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DISTRIBUTION OF CIRCUMFERENTIAL STRESS
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-4 N\ Pis
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DISTRIBUTION OF RADIAL

STRESS
b
a
T,
G A
a/b=1/2
s b -
L—i a->|
| SECT A
28 d.o.f, IDEALIZATION
REF, [5}

o O ¢ © Q FINITE-ELEMENT SOLUTION
k = YIELD STRESS iN SHEAR

REVBY Sample Problem # 2 Thick Cyiinder Under Internal Pressure
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Example Problem No. 9
Program: REVBY

Problem Title: Thermoplastic Analysis of a Circular Disk

Comments: This problem is the same as sample problem 5 using
the BEND program. Here 10 shell elements are used connecting
11 nodes leading to 22 degrees of freedom. Comparison made with

the results of Ref. 4 indicate excellent agreement.
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FINITE ELEMENT IDEALIZATION USING SHELL ELEMENTS

8 -~
E = 1.0107ps =683x%10"0 pa
e = 10107 =18x 108 ¢
: ; O INNER RADIUS AT = 16 °F = g 88 °C (ELASTIC)
6 - ogy = A4000psi =276 X 10" Pa A INNER RADIUS AT =200°F =111.1°¢
n = 5
¢ = 2000 psi =138 X 10’ Pa

" ANNULAR DISK

DISTRIBUTION OF CIRCUMFERENTIAL STRESS

REVBY Sample Problem # 3 Thermoplastic Analysis of a Circular Disk Shell Elements
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Example Problem No. 10
Program: REVBY

Problem Title: Thermoplastic Analysis of a Circular Disk

Comments : Same as sample problem 5 (BEND) and 8 (REVBY). Use
here is made of 40 revolved triangular element connceting 32 nodes
leading to 53 degrees of freedom. Results shown in the figure are
for average stresses at the intersection of the diagonals of each

bay. - Again comparison with the results from Ref. 4 are good.
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FINITE ELEMENT IDEALIZATION USING REVOLVE TRIANGULAR ELEMENTS

E = 10107 ps =689 x 1010 pa
B = 1010°8°F1=18x105°c! o
o : . O INNER RADIUS AT = 16 °F =8.88 °C
907 = 4000 psi=2.96 x 107 Pa {ELASTIC} o
n = 5§ A INNER RADIUS AT =200, °F=111.1°C
&
6, = 2000psi=1.38x 108 Pa
] g
at ' ]
. | | ELASTICPLASTIC
ELASHCPLASHCI | BOUNDARY
, BOUNDARY | :
. i |
Lo
[ ,
o = i i
1.4 . 2.0
-2
ANNULAR DISK
-4l
-6+
-8k [
-1.0b

DISTRIBUTION OF CIRCUMFERENTIAL STRESS

REVBY Sample Problem # 4 Thermoplastic Analysis of a Circular Disk
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Example Problem No. 11
Program: HEX

Problem Title: Bar Subjected to an End Displacement

Comments : This is a simple statically determinate problem to
demonstrate the use of the HEX element. The automatic mesh genera-
tion feature is used (MSGN) to specify a 1 x 6 x 4 mesh of

24 elements, An applied edge displacement is imposed on one end.

The figure shows the axial stress versus applied end displace-

ment.
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Example Problem No. 12
Program: HEX

Problem Title: Thermoplastic Analysis of a Circular Disk

Comments: This problem is the same as problems 5 (BEND),

8, and 9 (REVBY). Here the idealization of a slice of the disk

is used with 10 hexahedra elements with midside nodes in the
radial direction. Thirty Lobatto stress points are used in each
difection, 10 in the radial, 3 in the circumference, and 1 in

the thickness direction.
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Example Problem No. 13

Program: HEX

3

Problem Title: Collapse of a Simply Supported Uniformly Loaded Beam

Comments: Ten 20 node hexahedra elements are used to model
half of a simply supported beam. A 1 x 1 x 8 array of Lobatto
points are used (8 through the thickness) to determine stresses
within each element: Lobatto points were chosen in order to have
stress points at the surface. Eight points were taken through the
thickness in order to accurately define an elastic plastic boundary

through the thickness.

The figure shows the central deflection versus locad for an
ideally plastic material. Results are in good agreement with
Ref. 5.
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HEX Sample Problem # 3 Collapse of 3 Uniformly Loaded Beam
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Example Problem No. 14
Program: OPLANE-GM

Problem Title: Uniformly Loaded Restrained Beam

Comments: Ten beam elements are used to model half a simply

supported restrained beam. A full tangent modulus method is used
(PTAN = 0.0).

The figure shows the central deflection and internal axial

force wversus the total load.
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