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USER'S GUIDE FOR ANALYSIS OF FINITE ELASTOPLASTIC DEFORMATION:
THE FIPDEF AND FIPAX PROGRAMS FOR THE CDC 6600
by Jon R. Osias*

Lewis Research Center

SUMMARY

The FIPDEF and FIPAX programs provide analysis capability for problems of two-
dimensional finite deformation of elastoplastic bodies. Applications are restricted to
problems amenable to analysis in two spatial dimensions. Both programs, FIPDEF for
problems of plane strain and plane stress, and FIPAX for axisymmetric cases, allow
treatment of monotonic and cyclic loading of isotropic materials which exhibit no
Bauschinger effect. Elastic unloading, as, for example, in tensile necking, is automat-
ically treated. No restriction is placed upon deformation magnitude other than the avail-
ability of material property data. Stress - plastic strain data points are used directly,
providing a piece-wise linear relation, thereby eliminating any need for curve fitting of
experimental property data. The input data points must reflect a strictly positive rate
of hardening.

The problem of finite elastoplastic deformation has been posed as a quasi-linear
initial- and boundary-value problem (refs. 1 and 2). The subject programs perform
requisite integrations of the governing equations over space and time. The analyses
presume the existence of a stress-free reference configuration and require that it be
modeled by an array of triangular finite elements. The initial geometry may include
sharp notches. Complete problem definition requires specification of material property
information, elastic constants and stress-strain data, and an in¢remental boundary con-
dition history involving boundary loads and/or displacements. ‘

The user's guide is intended fo support problem solving utilization of the programs.
Matters of theoretical formulation and numerical procedure are documented in refer-
ences 1 to 3 and are not detailed here, Specification of problem input and output as well
as sample problem input and output are provided. Summary information on program
structure and auxiliary storage requirements is presented, The user is presumed to be
familiar with the operational aspects of finite-element analysis as well as FORTRAN IV
programming for the CDC 6600, '

*Assistant Professor of Mechanical Engineering, Carnegie-Mellon University,
Pittsburgh, Pennsylvania; National Research Council - NASA Resident Research Fellow
in 1973.



INTRODUCTION

The FIPDEF (finite planar plastic deformation) and FIPAX (finite plastic axisym-
metric deformation) computer programs perform incremental finite-element analysis of
problems of elastoplastic deformation which admit modeling in two spatial dimensions.
The deformation may be viewed as either infinitesimal or finite; that is, according to
user specification, the analysis considers the undeformed and deformed configurations
of a body to be either indistinguishable or distinct.

Should the deformation be considered finite, the numerical analysis is based on ob-
jective, complete forms of the incremental equilibrium and elastoplastic constitutive
equations. Consequently the analysis is valid irrespective of deformation magnitude.
This feature provides the principal distinction between the capabilities of the subject
finite-element programs and other available formulations employing, for example, sim-

'ple ""updating'' of nodel coordinates or ''large'’ displacement - ''small'' strain kinemat-
ics appropriate to limited classes of plate and shell problems. . The present analyses are
considered appropriate for two-dimensional treatment of the finite deformation of bodies
of arbitrary shape including those containing sharp notches.

The theoretical formulation and numerical procedures employed are detailed in ref-
erences 1 to 3 and will not be reiterated here. It is appropriate, however, to review
several aspects of the general finite-deformation formulation which have a direct bear-
ing on definition and solution of particular problems.

The problem of finite elastoplastic deformation is posed in the form of an initial-
and boundary-value problem whose spatial domain is at all times the current configura-
tion of a deforming solid. The adoption of this Eulerian viewpoint produces a quasi-
linear problem whose solution requires a sequence of spatial integrations of the instan-
taneously linear governing equations. Consecutive spatial integrations, accomplished
by finite-element solution, are coupled by the integration of the dependent variables over
a small increment of time. Thus, to the user, the numerical analysis appears as an in-
cremental process producing the entire history of deformation, boundary loading, and
internal stress and strain fields.. In the limit of infinitesimal deformation, the formula-
tion and numerical implementation reduce to a conventional incremental finite-element
analysis of infinitesimal elastoplastic deformation. ' '

The piecewise linear nature of the numerical analysis allows the solution of finite-
deformation problems at no greater computational expense than is required for analysis
of infinitesimal elastoplastic deformation. Furthermore, this feature allows efficient
automatic treatment of elastic unloading and cyclic plasticity.

Problem definition requires specification of a finite-element map corresponding to
the undeformed, stress-free state; material properties, elastic constants and equivalent
stress - plastic-strain data; and an incremental boundary condition history involving
boundary components of displacement, load, or admissible combinations thereof.

2



As deformation proceeds the finite-element map deforms providing a material ref-
erence frame for tracking stress and strain field components within the Eulerian frame-
work of the analysis. Consequently incremental boundary condition specifications must
reflect conditions applied to the deformed state at each increment.

Principal features of both programs include:

(a) User specification of either infinitesimal or finite deformation analysis

(b) Choice of either isotropic elastic or work-hardening elastoplastic material be-

havior

(c) Data point specification of the equivalent stress - plastic strain relation

(d) Automatic treatment of elastic unloading and cyclic plasticity

(e) Program control of incremental loading history in accordance with user specifi-

" cation of maximum allowable incremental stress magnitude

(f) Problem interruption and restart capability.

Additional options for both programs are defined in thé input data tables of the sections
dealing with the individual programs.

This user guide is divided into four sections dealing with details of program usage,
including problem definition, specifics of utilization for each of the programs, and sam-
ple problem input and output. The program sections include information on input data,
output data, program structure, and array dimensioning.

Before proceeding the user must be cautioned in several respects. These programs
have been extensively verified and evaluated only for a limited class of displacement
bounded problems of barticular interest to the developer (see, e.g., refs. 1 and 2).

The user is encouraged to undertake his own verification for those types of problem he
intends to consider. It is assumed that the user is.familiar with the operational aspects
of finite-element analysis (ref. 4), FORTRAN IV programming, and the CDC SCOPE
operating environment. |

SYMBOLS
dzf effective plastic strain rate,1 = [(2/3)d%d%:|1/ 2
dj deformation rate, = (1/2) <8vi/axj + avj/axi) '

Young's modulus (linear elastic)

FN ith component of load vector at node N

f. ith component of lineal boundary loading density

1Repeated index implies summation over i,j =1,2,3.



th

J i i™" component of J integral

J2 . second invariant of deviatoric stress, = (1/2) Sijsij
K bulk modulus (linear elas'tic)

l ) deformed tensile test specimen gage length

l o - - initial tensile test specimen gage length

Ry radial coordinate of node N

r,z cylindrical spatial coordinates

Sij deviatoric-Cauchy stress -

v, velocity field

xi(izl, 2,3) general spatial coordinates

X,y Cartesian spatial coordinates
P octahedral plastic strain, = (1 /\/E)egf )
ep effective plastic strain, = / dP. dt
ef - ’ ef
o) _ uniaxial stress in simple tension
Ot effective stress, = (3?2)1/2
7, octahedral stress, (\/5/ 3) Tog

PROGRAM USAGE
Problem Definition

This discussion is limited to those facets of problem definition unique to the present
analysis of finite deformation. Additional program-dependent specifics of input and out-
put are given in later sections.

Independent variables of the analysis include two spatial coordinates and ''time. "
Spatial coordinates are defined in a single fixed reference frame throughout the solution
of a given problem. Since application is limited to problems of quasi-static deformation
of rate-insensitive elastoplastic materials, the entire analysis is independent of time
scale. Thus ''time'' represents any parameter convenient as an ordering reference for
the deformation process.



Geometry. - The geometry of a deforming body is always given by the instantaneous
configuration of the finite-element map. The initial, stress-free configuration is speci-
fied by definition of an array of triangular elements, each defined by the positions of
three vertex nodes. Nodal coordinates are defined in the fixed Cartesian (FIPDEF) or
cylindrical (FIPAX) coordinate system of the analysis. Nodes are assigned numerical
identification in the order of specification of their coordinates. Elements are numbered
in the order of specification of triplets of node numbers, each triplet defining a single
element. Within each triplet nodes must be specified in counterclockwise order around
the element. As deformation proceeds, the element map is deformed by updating of the
nodal coordinates. -

Material properties. - Elastic and elastoplastic material properties must be sup- -
plied. Elastic properties required are the Young's modulus and Poisson's ratio of linear
elasticity. It is assumed that stress levels considered are sufficiently low (cij/ E <<1)
that the elastic portion of the deformation is adequately represented by linear elasticity.
Incompressible elastic material behavior in plane strain or of axisymmetric bodies may
be approximated by specification of a bulk modulus considerably greater than the Young's
modulus (K/E > 1000) for the material. In plane stress such behavior is treated exactly
by prescribing a Poisson's ratio of 0.5.

Plastic deformation is governed by a discrete input relation between an equivalent
stress and an equivalent plastic strain. The relation is supplied in the form of data

point pairs. Equivalent stress-strain data may be supplied in terms of either effective
<0ef’ egf> or octahedral (To, yg) quantities. Thus, if property data are available from
uniaxial tensile testing, the stress-strain relation input data are found as

p _ p_ /
€ef"\/§yo"1nl_'
)

Oef

g
E

The present formulation and numerical implementation are restricted to the considera-

tion of work-hardening materials. The slope of the stress-plastic strain curve must be

strictly positive. .
Boundary conditions. - The principal unknowns of the analysis are nodal disblace-

ment and force vectors. Coordinate components of nodal vector quantities, position,
displacement, and force are identified by index numbers derived from the node numbers.
Atnode N the Xy component of a vector quantity is indexed as number (2N - 1) and thg
X9 component as (2N) in a matrix vector containing components at all nodes. In planar
analysis (FIPDEF), X=X and X9 = V; while in axisymmetric analysis, X)=r and

Xy = Z.



Boundary conditions are set by prescribing a sequence of incremental values for ap-
propriate nodal forces and/or displacements. The default condition at all nodes is null
valued force components. This condition is automatically removed at any node by speci-
fication of nonzero incremental force components or of incremental displacement compo-
nents. All incremental nodal boundary values are applied to the instantaneous configura-
tion of a deforming body. Nodal force components represent loads not tractions. Thus
in a plane stress analysis where thinning is considered nodal force components are loads
on present thickness not load per unit thickness; the initial thickness is assumed to be
unity but subsequently may vary. In axisymmetric analysis nodal force components are
of the form |

F¥ = 27Ryf; (i=1,2)
where RN is the present radial coordinate of node N and fi is a ring loading density.
For further discussion of nodal force boundary conditions see references 1 and 2.

Incremental values of nodal force and displacement components may be specified
individually for each increment (nonuniform conditions) or by providing a single value at
each increment which is to be applied to a number of components (uniform conditions).
Uniform and nonuniform boundary condition specification modes for displacements or for
forces may not both be used in a single problem.

The total number of integration steps comprising a complete analysis is determined
by two factors. The number of increments is user determined by the manner of boundary
condition specification as discussed previously, Each increment may be divided into a
number of smaller integration steps, or substeps, by invoking an '"'autoload'' option that
restricts element stress variation within any substep. The autoload option requires user
specification of maximum values for yield stress overshoot (applied to both initial yield
and secondary yielding in cyclic loading) and octahedral stress variation over ény inte-
gration step. The programs will divide user prescribed increments into a number of
substeps to insure compliance with these stress-variation tolerances. The user may
thereby obtain controlled accuracy but loses precise control over the amount of com-
_puting required.

Restart Capability

Problems involving uniform displacement boundary conditions may be restarted at
preselected integration steps of the analysis. After each such integration step a restart
data block containing sufficient data for restart of the analysis is written into a user
declared file. The user must specify the interval between integration steps from which
restart data blocks are filed. Program response to the restart data interval specification



will involve counting of increments or of substeps as the autoload option is suppressed
or activated. Restart data blocks filed for a particular problem are identified by number
in their order of generation. A restarted problem may employ an additional number of
uniform incremental boundary displacements and/or a revised or extended stress-strain
curve.

The FIPDEF program allows restart data to be stored on either cards or tape files.
The FIPAX program uses only tape.

Program Considerations

Program array dimensions are problem dependent and must be user specified by
source code modification. Detailed requirements are given in sections discussing the
FIPDEF and FIPAX programs.

If restart data blocks are to be written into or retrieved from tape files, the tape
must be declared as logical file TAPE1.

ASCII formatting conventions (ref. 5) are employed and must be declared when the
programs are compiled on the CDC RUN compiler.

THE FIPDEF PROGRAM -

Analysis capability is provided for problems of planar deformation under conditions
of either plane strain or plane stress. Either infinitesimal or finite-deformation analy-
sis may be performed. Plane stress finite-deformation analysis may consider or ne-
glect the effects of local thinning from an initial unit thickness. If thinning is considered,
boundary force vectors are total loads on present thickness; if thinning is neglected,
force vectors are to be interpreted as load per unit thickness.

Restart data blocks generated from intermediate integration steps may be stored on
tape. A restart block from the final step of an analysis may be retained on either tape
files or cards.

In the following sections information is provided on input/output data, program
structure, and array variable minimum dimensions.

Input Data

In this section the complete FIPDEF input card stream for both initialization and
restart problems is defined. Note that not all input cards defined will be present for a
given problem.

a



‘C D Format Data

1... 16(I4,1x) =~ NINC: Number of loading increments.

NINF: Deformation mode control.
NINF = 1: full finite deformation aﬁalysis.
= 2: thinning suppressed (valid only for NZZ = 1 (CD. 8)).
‘= 3: infinitesimal deformation analysis.

NOUTP: Output print interval (default value, 1).

NPT: Input source key.
NPT = 0: initial card input; no restart data to be generated.
= 1: ‘restart problem or initial problem card input with
restart data to be generated.
Note: NPT =1 is admissible only for NDIS = 0 on CD. 8 and
NFC =0 on CD. 12.

NPRNT: Increment number for initial output printing (default
value, 1).

NITER: Maximum allowed cyclic loading evaluation iterations

(default value-no limit).

INCP: Nodal data output control.
INCP = 0: partial output.
= 1: full output.
(See output block 14.)

If NPT =0, skip to CD.7. :

2 16(14, 1x) NPTR: Restart data control.
NPTR = 1: restart data on tape.
= 2: restart data on cards.
= 3: initial problem from card data with restart data to
be generated.

NEXT: Restart problem extension key.
NEXT = 0: no problem extension.
= 1: initial problem extended by increasing the number
of loading increments.
Note: NEXT is ignored for NPTR = 3.

NTBLK: Number of the restart block on file TAPE1 from which
problem data is to be retrieved.

NTMAX: Total number of restart record blocks on TAPE1.



CDh Format Data

2 16(14, 1x) Notes: (a) Analysis will restart from block NTBLK and addi-
tional restart record blocks will be placed following block
NTMAX. |
(b) NTBLK, NTMAX are ignored for NPTR = 2.

NOUTR: Increment/substep interval for tape restart data genera-
tion (default is no data generation).

NPTG: Final increment restart data generation control.
For ISC = 0 (no '"'autoload, '" see CD.27) -
NPTG = 0: no restart card data produced.
1: restart card data produced after the last substep

of increment NINC.
For ISC =1 (''autoload'* increment control, see CD.27) -
NPTG = 0: no restart data generation from last increment/
substep analysis. ‘
= 1: restart data on TAPE1 and output print from last
increment/substep analysis so long as NOUTR #0
on CD.2.

NPROP: Restart problem stress-strain curve key.
NPROP = 0: use original curve.
= 1: new curve to be supplied.

If NPTR = 3, skip to CD.17.

If NPTR = 2, the restart card block is placed here.

If NPTR = 1,2 and NEXT = NPROP = 0, skip to CD. 27.

If NPTR = 1,2, NEXT = 0, and NPROP = 1, skip to CD.5.

3 I4 NINC: New maximum number of loading increments.

4 10F8. 1 TD(I): K1 <I< K2 (see CD.14).

K1 = first increment number of restarted problem.
K2 = NINC on CD. 3.

If NPROP = 0, skip to CD.217.

5 14 NPSS: Number of data points on revised stress-strain curve (see
CD. 22); NPSS > 3.
6 2E20. 10 SS(I): 1 <I<2 (NPSS). Stress-strain curve data point vector;

one ordered pair (Ueq’ eg) per cafd; data may be either
octahedral or effective (see CD.22).

Skip to CD. 27.




CD Format Data
7 Al,7A10 NCAR: Output carriage control character.
TITLE: Alphanumeric, up to 70 characters.
8  16(14,1x) IBD: Bandwidth = (2) (|N2 - N1| + 1) where |N2 - N1| = maxi-
mum difference in numbers assigned to adjacent nodes.
NRD: Number of degrees of freedom associated with complete
problem before application of boundary conditions.
NEL: Number of elements.
NXY: Nodal coordinate input format key for CD. 10.
NXY = 1: five nodal coordinate pairs per card.
= 2: one nodal coordinate pair per card.
NDIS: Incremental displacement boundary condition mode:
NDIS = 0: uniform.
= 1: nonuniform.
NF: Incremental force boundary condition mode.
NF = 0: uniform.
= 1: nonuniform.
NZZ: Planar analysis mode control.
NZZ = 1: plane stress.
= 2: plane strain.
9 8(313, 1x) NM(I): 1 <1< 3 (NEL); element definition, node identification in
counterclockwise order around each element.
10 10F8.5 XYMO(I): 1 <1< NRD; nodal coordinates in (x,y) pairs (see
NXY, CD. 8).
11 4E10.5 SFX: x-coordinate scale factor.
SFY: y-coordinate scale factor.
DX: x-coordinate shift after scaling.
DY: y-coordinate shift after scaling.
12 16(14, 1x) NDC: Number of degrees of freedom eliminated by nonzero in-

10

cremental displacement conditions.

NZC: Number of degrees of freedom eliminated by zero incre-
mental displacement conditions.



CDh Format Data

12 16(14, 1x) NFC: Number of degrees of freedom eliminated by nonzero incre-
mental force conditions.

IDBC: Incremental nodal displacement boundary condition array
input order (see CD. 15) (ignored for NDIS = 0 on CD. 8).

IFBC: Incremental nodal force boundary condition array input
order (see CD. 19) (ignored for NF = 0 on CD.8).

NNF: Number of boundary nodal force components included in
boundary load summation (see CD. 23).

If NDC = 0, skip to CD. 16.

13 16(14, 1x) NDP(I): 1 <I< NDC; identification of boundary incremental nodal
displacement components set to nonzero values.

If NDIS = 1, skip to CD. 15.

14 10¥8.1 TD(I): 1 <1< NINC; values of uniform incremental boundary
nodal displacement.

If NDIS = 0, skip to CD. 16.

15 10F8.1 DBC(I, J): 1 <I< NINC array (NINC rows, NDC columns)
' 1< J < NDC
Incremental displacement boundary condition value array. In-
put order is governed by IDBC (CD. 12) as
- IDBC = 0: input DBC by columns.
= 1: input DBC by rows.
Note: Values are assigned to particular boundary displace-
ments in the order of specification of the NDP(I) on CD. 13;
e.g., DBC(L,J) = incremental value assigned to displacement
NDP(J) at increment I.

16 16(14, 1x) NZP(I): 1 <1< NZC; nodal incremental displacement components
set to zero values for all increments.

If NFC = 0, skip to CD. 20.

17 16(14, 1x) NFP(I): 1 <I< NFC; identification of boundary nodal incremental
force components set to nonzero values.

If NF = 1, skip to CD.19.

18 10F8.1 TF(I): 1 <I < NINC; values of uniform incremental boundary
nodal forces.

.11



CD Format Data

If NF = 0, skip to CD. 20.

19 10F8.1 FBC(I, J): Nonuniform boundary nodal incremental force boundary
" condition value array; defined analogously to DBC(I, J),
CD. 15, in terms of NINC, NFC, IFBC, NFP.

20 3E20.8 PRT: Poisson's ratio, elastic.
YMD: Young's modulus, elastic.

RKAP: Bulk modulus, elastic.
Note: In plane strain, for PRT < 0.5 the input value of RKAP
is ignored and RKAP = YMD/[3(1 - 2PRT)] is used. In plane
stress the input value of RKAP is ignored.

21 16(14, 1x) IPSS: Stress - plastic-strain data point pair input order key.
- p
IPSS = 0 Oeq oq

the input order is
6eq’oeq
NPSS: Number of stress - plastic-strain curve input points;
NPSS > 3.

Note: If NPSS = 0, an elastic analysis will be performed; the
maximum octahedral stress must be less than 1010 Ib/
in.z.

If NPSS = 0, skip to CD. 23.

22 2E20.10 SS(I): 1 <1< 2(NPSS); stress - plastic-strain curve data point
pairs are read one pair per card (pair order set by IPSS on
CD. 21) for NPSS cards.
"Note: (a) The first point must be the proportional limit stress
corresponding to eg q 0.0.
(b) The first strain value is assumed to be 0.0. If the first
strain input value is >0.0, the stress-strain data are assumed
to be in terms of octahedral quantities. If the first value is
<0. 0, the data are assumed to be effective quantities.
(c) The data must relate stress and logarithmic plastic strain.

23 16(14, 1x) NSF(I): 1 <I<NNF; boundary nodal force components which are
to be summed and output as total applied load.

24 16(14, 1x) NPATH: Number of contours in the x-y plane on which the J in-
‘ tegral is to be computed.

12



CD

Format Data

24

16(14, 1x) Note: If NPATH = 0; no J integral computation is per-
formed. (For J integral definition, see refs. 6 and 7.)

If NPATH = 0, skip to CD.217.

25

26(a)

26(b)

21

Note: The J integral is computed as a contour integral on
piecewise continuous paths defined in terms of segments
each of which is finite-element boundary. Thus a single
path is defined by N segments involving N + 1 nodes. An
internal segment is bounded by two elements, a boundary
segment by one.

16(14, 1x) | NPSEG(I): 1<I< NPATH; number of segments for each of
- the NPATH paths.
16(14, 1x) 2NDSEG(I): 1< I< NPSEG(K) + 1; nodes defining path K,
specified in counterclockwise order along the path.

16(14, 1x) 2NELSEG(I): 1 <1< 2[NPSEG(K)]; elements bounding each of
the segments defining path K. For internal seg-
ments two elements are identified by number;3
for boundary segments the second number speci-
fied must be zero.

14, 1x, 2F10.0 ISC: ''Autoload'' load substep scaling option key.

ISC = 0: no scaling.
= 1: prescribed loading increments will be divided into
substeps within which EYP, ETO are satisfied.

ETO: Maximum fractional incremental variation of octahedral
stress in any element undergoing plastic flow.

EYP: Maximum fractional overshoot of specified proportional
limit stress in any element; or maximum overshoot of
yield stress for yielding subsequent to elastic unload-

ing.

2A pair of consecutive cards 26(a), 26(b) are needed for each of the NPATH paths

being defined.

Elements are assigned numbérs according to their order of definition in the NM(I),

CD.9.

13



CDh Format Data

27  14,1x,2F10.0 Note: ''Autoload'' substeps will be counted in determining
output printing and tape restart data generation points but
are not considered in setting NINC on CDS. 1 and 3; K1,
K2 on CD. 4 or in response to NPRNT on CD. 1.

Output Data
Specific output data from the FIPDEF program are dependent on the type of analysis

performed and details of problem definition. All possible oﬁtput messages and quantities
are defined in this section. 4

Block  Generated for - Contents, [generating subprogram], and OUTPUT
MESSAGE
1 (see footnote 4) . Image of CD.1. [IOPT].
NPT = 1 Image of CD.2. [IOPT].
3 NPT =0 or

NPT =1; NPTR =3 START FROM CARDS. [IOPT].
One of the following:
PLANE STRAIN FINITE DEFORMATION ANALYSIS
PLANE STRAIN INFINITESIMAL DEFORMATION
ANALYSIS
PLANE STRESS FINITE DEFORMATION ANALYSIS
PLANE STRESS FINITE DEFORMATION ANALYSIS
THINNING SUPPRESSED
PLANE STRESS INFINITESIMAL DEFORMATION
ANALYSIS
FOR ELEMENT --- THE BANDWIDTH HAS BEEN
CHANGED FROM --- TO ---
(If this message appears, a programmed stop
follows immediately, indicating that IBD on CD., 8
must be increased).
Image® of CDS.7 to 26. [SETUPP].
Image of CD. 27. [IOPT).

40utput produced for all problems.
5Initial nodal coordinates are printed after scaling and shifting according to input
CD.11.

14



Block

Generated for -

Contents, [generating subprogram], and OUTPUT
MESSAGE

NPT =1
NPTR = 1
=2
NPT =1
NPTR = 1,2
NEXT = 1

NPT =1
NPTR = 1,2

NPROP =1
footnote 4

footnote 4

footnote 4

RESTART FROM TAPE. [IOPT].

RESTART FROM CARDS.

PROBLEM EXTENDED FROM K1 TO K2 STEPS.
K1 = increment number from restart data block.
K2 = new final increment number NINC from CD.3.

TD VECTOR IS TD(I) 1 <I< K2. [IOPT].

NUMBER OF SS POINTS IS NPSS.

SS(I) 1 <1< 2(NPSS). [IOPT.

STATE MAP STEP N-NAUTO. [PRNTIT].
Indicates successful completion of analysis for sub-
step NAUTO of increment N.
PROGRAM IS ITERATING ON STEP N-NAUTO LOAD-
ING REVERSAL FOR ITOT ELEMENTS THESE
ELEMENTS ARE NREV(I) 1 <I<ITOT. [PRNTIT].

'Element loading state key:

generated for all iterations; integer display of IRV
vector indicating state of each element; IRV(I) takes
the values 1,. . ., 6; display FORMAT is labeled
4000. [PRNTIT].
IRV Significance
1 elastic state
yield has occurred on this increment

continuing plastic flow
64 elastic unloading detected
5 elastic unloading continues
6 false detection of elastic unloading, plastic
flow resumes.

6Detection of any element in this state causes its flow behavior to be appropriately
modified and the incremental analysis to be repeated.

15



Block  Generated.for -. Contents, [generating subprogram], and OUTPUT -

MESSAGE
9 Step 1 for Problem definition data:
NPRNT = 0,1 " NEL, NRD, IBD

NZC, NDC, NFC
YMD, GMD, PRT
RKAP, SIGEQ YIELD
NZP, NDP, NFP

TD(1) or DBC (1,J)

TF(1) or FBD (1,J)} see footnote 7.

[OUTPUP).
10 Step N=PT ‘ TAPE RESTART GENERATION (IOPT)
for NPT =1
NOUTR # 0 Binary write of restart data on logical file TAPEL.
PT = N1 + (K) (NOUTR) - 1 i
N1 = first increment of present run
K=1,2,3,. ..
11 8Step N = P* THE APPLIED LOAD AT STEP N-NAUTO IS FT
THE INCREMENTAL LOAD IS FI. [OUTPUT].
FT and FI are found as sums of nodal force compo-
nents NSF(I). 1 <I< NNF.
12 ISC=1 SCALED STEP. [OUTPUP].
13 Step 1 for
NPRNT =0,1 Element map data: element-node key undeformed nodal
’ coordinates. [OUTPUP].
14(a) 8Step N = P* | Current nodal coordinates
INCP =0 Current nodal forces
Current element centroid coordinates. [OUTPUP]. V
14(b) SStep N = P* Nodal output:
INCP =1 current coordinates

total displacements

incremental displacements

total forces

incremental forces. [OUTPUP].

7On1y those quantities appropriate to a particular problem will be printed.
8p* - NPRNT + (K) (NOUTP); K= 0, 1, 2,....
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Block  Generated for - Contents, [generating subprogram], and OUTPUT
MESSAGE

15 8Step N = P* Element output:
IRV (see block 8)
Almansi strains - EPSX, EPSXY
principal stresses in x-y plane - S1, S2
maximum shear stress - TM
principal stress in radians from +x axis - THET
Cauchy stresses - SIGY, SIGXY, SIGz®
equivalent stress - SIGEQ
equivalent plastic strain - EP
thickness stretch!? - Lz, [oUTPUT].
Step N = P* Element output:
elastic energy density
plastic work density
total work density
hydrostatic tension. )
Step N = P* THE ELASTIC ENERGY IS WE
THE PLASTIC ENERGY IS WP
THE TOTAL ENERGY IS WT FOR A LOAD OF FT
Step N = P* J1 = RJ1(I); 1 <I< NPATH
NPATH # 0 J2 = RJ2(I); 1 <I< NPATH

FOR NPATH PATHS

J1 BAR = --- WITH STD. DEV. OF ---
J2 BAR = --- WITH STD. DEV. OF ---

NPATH

JIBAR = —1 2 ; ) 1=1,2
NPATH
: k-1

16

17 8

18 8

NPATH

STD.DEV. = 1/—L1 2: (31, - JIBAR)®
NPATH
k=1

_9Printed only from plane strain analysis.

10Printed only from plane stress analysis.



Block Generated for -

Contents, [generating subprogram], and OUTPUT
MESSAGE

18 8Step N = P*
NPATH # 0

J1=Jx; J2=Jy

The J integral is computed in accordance with refer-
ence 7. In a hyperelastic body it provides the energy
release rate per unit translation of a cavity in a
stressed body; deriving its vector sense from the direc-
tion of translation. Its physical significance, if any,

for elastoplastic bodies is a matter of conjecture.

Program Structure

The FIPDEF program consists of a main program and 24 subprograms. The logical
connection between these program units is shown in figure 1. The function of each sub-

program is as follows:

Subprogram

FIPDEF
PROCES
IOPT
SETUPP
SETRST
OUTPUP
KGEN
CNSTT1/2
GKT1/2
GKB1/2
PROG
DGRADP
STRESP
MODEP

Function

program execution control

data flow control

input-output control

card input processor

restart data processor

printed output

stiffness matrix generation control

element property matrix generation

upper triangular stiffness matrix generation
lower triangular stiffness matrix generation
incremental results processor

element displacement gradient evaluation
element stress evaluation

element loading state evaluation and autoload increment scaling

8p* - NPRNT + (K) (NOUTP); K=0,1,2,. . .

18



Subprogram Function

TMODP element loading state evaluation and autoload increment scaling
STRANP element strain evaluation

PRNTIT element loading state map print

JCOMP J integral and element energy evaluation

SOLVE stiffness equation solution control

STBC boundary condition processor

SLVQ2 - nodal incremental displacement solution

FRCMP nodal incremental force evaluation

Increment

r—-r-———>"=>—"=—">"™~—"&"~—"—"—"™—"™—"T— Iy =

oL FIPDEF N NN )
PROCES SOLVE_|
e R

[sewpe | [ SERST ] [outpup ] H{ enstii | H{ enste | . stec |
ok | { ocraoe ]
—{ ok | H{ swmesp | Y{ FRemp |

— k81 | H{ mooer |

— oks2 ]  H{ woor |

JCOMP

Figure 1, - FIPDEF subprogram flow.

The program executes in overlay form. There are six overlays at three levels of
core which are loaded in one of four combinations, or links, at various times during

execution:
Link | Overlays loaded Function
1 (0,0),(1,0),(1,1) Input/output
2 (0,0),(1,0),(1,2) Stiffness matrix generation
3 (0,0),(2,0) Displacement solution
4 (0,0),(1,0),(1,3) Result processing

19



The overlay structure is given in figure 2. Logical files employed are identified as

follows:

File Usage Used by subprograms
TAPE1 Restart data SETRST
TAPE5 | Input IOPT, SETUPP
TAPE6 | Output IOPT, SETUPP, OUTPUP, PRNTIT
TAPET7 | Punch SETRST
TAPE17 | Temporary storage SETRST
TAPE18 Temborary storage KGEN, SOLVE
TAPE19 | Temporary storage KGEN, SOLVE
TAPE25 | Temporary storage KGEN, PROG

20

(0,0): FIPDEF Labeled common blocks
CONST1
CONST2
KEY
ARRAY1
BOUND
BOUNDR
(1,0): PROCES Labeled common blocks (2,0): SOLVE
ARRAY2 Labeled
ARRAY3 common blocks
GEOMET ARRAY4
MATDAT
ICAL Subprograms
PLAST STBC
SLvQ2
(1,1): 10PT (1,2): KGEN (1,3): PROG FRCMP
Subprograms Subprograms | Subprograms
SETUPP CNSTT1 CNSTT2
SETRST GKT1 DGRADP
OUTPUP GKT2 STRESP
' GKB1 MODEP
GKB2 TMODP
STRANP
PRNTIT
JCOMP

Figure 2, - FIPDEF overlay structure.




Array Dimensions

All array variables are dimensioned in labeled common block declarations. The
labeled common blocks, their array contents, and problem dependent minimum array
dimensions are given in this section. The content of common block ARRAY3 varies be-
tween overlays. Overlay locations for each form of the block are indicated in figure 2.
Array dimensions are given in terms of problem input parameters defined in the FIPDEF
input section.

Block Variable Dimensions
ARRAY1 FO NRD
DIS NRD
TITL 8
ARRAY2 SE 7(NEL)
FT NRD
TDYX33 NEL
ARRAY3 AL J)  1<I<IBD
1 <J < NRD
Overlays:
(1,0),(1,2) WASTE1 - kK1l
ARRAY3 RPT NEL
EOT NEL
Overlays: TO : NEL
(1,1),(1,3) DIST NRD
DISI NRD
EA 4(NEL)
ST T(NEL)
IRV NEL
NREV NEL
SP 4(NEL)
DGD 4(NEL)
WE NEL
WPT NEL
WASTE2 kk2!l

11y . (IBD)(NRD) - 26 (NEL) - (2NRD). When K >0, KK2 = |K|, KKI = 0; when

K < 0, KK1 = |K|, KK2 = 0.
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Block Variable - Dimensions

ARRAY4 A(L,J) 1 <1< [2(IBD) - 1]
1< J < NRD
BOUND TFl2 NINC
TD NINC
NSF NNF
BOUNDR NDP NDC
NFP NFC
NZP NZC
pBC(I, J)12 1 <1< NINC
1 <J < NDC
FBC(I, J)12 1 <1< NINC
1< J < NFC
GEOMET NM 3(NEL)
XYM NRD
XYMO NRD
MATDAT | ss » 2(NPSS)
RP NEL
TO1 NEL
DB NEL
EO NEL
JCAL NPSEG NPATH
RJ1 NPATH
RJ2 NPATH
NDSEG NNODE!®
NELSEG NELEM4
WP . NEL
12

Dimensions shown are maximum possible; e.g., if NDIS = 0, TD is dimensioned
to NINC, but DBC may be set to (1,1) as it is not used.
13NNODE is the total number of nodes required to define the NPATH paths.
14NELEM is the twice the total number of segments comprising the NPATH paths.
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THE FIPAX PROGRAM

Analysis capability is provided for problems of either infinitesimal or finite axi-
symmetric deformation. The anaiysis is restricted to consideration of problems involv-
ing axisymmetric geometry and loading.

Restart data blocks drawn from any integration step of an analysis may be retained
on tape. '

In the following sections information is provided on input/output data, program
structure, and array variable dimensions.

Input Data

In this section the complete FIPAX input card stream for both initialization and re-
start problems is defined. Note that not all input cards defined will be present for a
given problem.

CD Format Data

1 16(14, 1x) NINC: Number of loading increments.

NPRNT: Increment number for initial output printing (default
value, 1).

NPT: Input source key.
NPT = 0: initial card input; no restart data to be generated.
= 1: restart problem or initial problem card input with re-
start data to be generated.
Note: NPT =1 is admissible only for NDIS = 0 on CD. 9 and
NFC = 0 on CD. 13. B

NPRNTI: Increment/substep output print interval (default value,
1). :
ISC: Autoload substep scaling option key.
ISC = 0: no scaling.
= 1: prescribed loading increments will be divided into sub-
steps within which EYP and ETO are satisfied.

EYP: Maximum percentage overshoot of specified proportional

limit stress in any element; or maximum overshoot of yield
stress for yield subsequent to elastic unloading.

ETO Maximum percentage variation of octahedral stress over a
substep in any element undergoing plastic flow.

23



CD Format Data

1 16(14, 1x) Note: ''Autoload'' substeps will be counted in determining output
printing and tape restart data generation points but are not con-
sidered in setting NINC on CDS. 1,4; K1,K2 on CD.5 or in re-
sponse to NPRNT on CD. 1.

- NINF: Deformation mode key.
NINF = 0: finite deformation analysis.
‘ = 1: infinitesimal deformation analysis.

If NPT = 0, skip to CD.8.

2 16(14, 1x) NPTI1: Restart data control.
NPT1 : initial problem from card data with restart data to be

11
bt

generated.
= 2: restart problem from tape data with problem modifi-

cation.
= 3: restart problem from tape with no problem modifica-
tion.
NRSTI: Increment/substep interval for tape restart data generation
(default is no data generation).

NTBLK: Number of restart data block on file TAPE1 from which
problem data are to be obtained. ‘

NTMAX: Total number of restart data blocks on file TAPEL.
Note: (a) Analysis will restart from block NTBLK and further
restart blocks will be placed following block NTMAX.

(b) NTBLK, NTMAX are ignored for NPT1 = 1.

NFINT: Final increment/substep restart data generation for ISC =1
(ignored for ISC = 0).
NFINT = 0: Final increment/substep analysis restart data gen-
eration is not guaranteed.
= 1: Final increment/substep analysis results will be
printed and restart data placed on file TAPEL.

If NPT1 = 1, skip to CD.8.

If NPT1 = 3, END OF INPUT.

3 16(14, 1x) NEXT: Restart problem extension key (ignored for NPT1 = 1).

NEXT = 0: no problem extension.
= 1: problem extended by increasing the number of load-

ing increments.
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CD Format Data

3 16(14, 1x) NPROP: Restart problem stress-strain curve key (ignored for
 NPT1=1). |
NPROP = 0: use original curve.
= 1: new curve to be supplied.

If NEXT = 0, skip to CD.6.
4 14 NINC: New maximum number of loading increments.

5 10F8.5 TD(I): K1 <I< K2 (see CD.15).
K1 = First increment number of restarted problem.
K2 = NINC on CD. 4.

If NPROP = O, END OF INPUT.
6 16(14, 1x) IPSS: Input order for revised stress-strain curve (see CD. 22).

NPSS: Number of data points on revised stress-strain curve (see
CD. 22); NPSS > 3.

7 2E20.10 SS(I): 1 <I< 2(NPSS). Hevised stress-strain curve data point
vector (see CD, 23). ‘

END OF RESTART PROBLEM INPUT.
8 Al,7A10 NCAR: Output c"arriage control character.
TITLE: Alphanumeric, up to 70 characters.

9 16(14, 1x) IBD: Bandwidth = 2 (|N2 - N1| + 1), where |N2 - N1| = maximum
difference in numbers assigned to adjacent nodes.

NRD: Number of degrees of freedom associated with complete
problem before application of boundary conditions.

NEL: Number of elements.

NRZ: Nodal coordinate input format key for CD. 11.

NRZ = 1: five nodal coordinate pairs per card.
= 2: one nodal coordinate pair per card.

NDIS: Incremental displacement boundary condition mode:
NDIS = 0: uniform.
= 1: nonuniform.

NF: Incremental force boundary condition mode.
NF = 0: uniform. 4
1: nonuniform.



CD Format Data
10 8(313, 1x) NM(I): 1 <I<3(NEL); element definition, node identification in
counterclockwise order around each element.
11 10F8.5 RZMO(I): 1 <1< NRD; original nodal coordinates in (r, z) pairs
(see NRZ, CD.9).
12 4E10.5 SFR: r coordinate scale factor.
A SFZ: z coordinate scale factor.
DR: r coordinate shift after scaling.
DZ: z coordinate shift after scaling.
13 16(I4, 1x) NDC: Number of degrees of freedom eliminated by nonzero incre-
' mental displacement conditions. '
NZC Number of degrees of freedom eliminated by zero incremental
displacement conditions.
NFC: Number of degrees of freedom eliminated by nonzero incre-
mental force conditions.
IDBC: Incremental nodal displacement boundary condition array
input order (see CD. 16) (ignored for NDIS = 0 on CD. 9).
IFBC: Incremental nodal force boundary condition array input order
(see CD, 20) (ignored for NF = 0 on CD.9). »
NNF: Number of boundary nodal force components included in

If NDC = 0, skip to CD.17.

14

If NDIS = 1, skip to CD. 186.

15

If NDIS = 0, skip to CD. 117.

16

26

16(14, 1x)

10F8.3

10F8.3

boundary load summation (see CD. 24).

NDP(I): 1 <I< NDC; identification of boundary incremental nodal

displacement components set to nonzero values.

TD(I): 1 <1< NINC; values of uniform boundary incremental nodal
displacement.
DBC(I, J):
1 < I < NINC array (NINC rows, NDC columns)
1 <J < NDC

Incremental nodal displacement boundary condition value array.
Input order is governed by IDBC (CD. 13) as '



CD Format Data

16 10F8.3 IDBC = 0: input DBC by columns.

1: input DBC by rows.

Values are assigned to particular boundary displacements in the
order of specification of the NDP(I) on CD. 14; e.g., DBC(I,J) =

incremental value assigned to displacement NDP(J) at incre-

ment I.

17 16(14, 1x) NZP(I): 1 <I< NZC; nodal incremental displacement components

set to zero value for gg increments.
If NFC = 0, skip to CD.21.

18 16(14, 1x) NFPQ: 1 g.I < NFC; identification of boundary nodal incremental
force components set to nonzero values.

If NF = 1, skip to CD. 20.
19 10F8. 2 TF(I): 1 <I< NINC; values of uniform incremental nodal forces.
If NF = 0, skip to CD. 21.

20 10F8. 2 FBC(I, J): Nonuniform boundary nodal incremental force boundary
condition value array; defined analogously to DBC(I, J)
(CD. 16) in terms of NINC, NFC, IFBC, NFP.

21 3E20.8 PRT: Poisson's ratio, elastic.

YMD: Young's modulus, elastic.

RKAP: Bulk modulus, elastic.
Note: For PRT < 0.5, input value of RKAP is ignored and
RKAP = YMD/[3(1 - 2PRT)] is used. :

22 16(14, 1x) IPSS: Stress - plastic-strain data point pair input order key. .

_ p
IPSS =0 Ueq’ eeq
the input order is :
=1 Eeq’ O‘eq

NPSS: Number of stress - plastic-strain curve input points;
NPSS > 3. _
Note: If NPSS = 0, an elastic analysis will be performed; the

maximum octahedral stress must be less than 1010 lb/in.z.

If NPSS = 0, skip to CD. 24,
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CD Format Data

23 2E20.10 SS(I): 1 <I< 2(NPSS); stress - plastic-strain curve data point
pairs are read one pair per card (pair order set by IPSS on
CD. 22) for NPSS cards.

Note: (a) The first point must be the proportional limit stress
corresponding to e[; =0.0.

(b) The first plastic-strain value is assumed to be 0.0. If the
input strain value is >0.0, the stress - plastic-strain data
are assumed to be in terms of octahedral quantities. If the
first value is <0. 0, the data are assumed to be effective quan-
tities.

(¢) The data must relate stress and logarithmic plastic strain.

24 16(14, 1x) NSF(I): 1 <I < NNF; boundary nodal force components which are
to be summed and output as total applied load.

25 16(14, 1x) NPATH: Number of loci in r-z plane of axisymmetric closed sur-
faces on which J integral is to be computed.
Note: If NPATH = 0; no J integral computation is performed.

If NPATH = 0, end of input.

Note: The J integral is computed as an integral on a cylindrical
surface whose locus in the r-z plane is a piecewise continuous
path defined in terms of segments, each of which is a finite-
element boundary. Thus a single path is defined by N segments
involving N + 1 nodes. An internal segment is bounded by two
elements; a boundary segnient by one.

26 16(14, 1x) NPSEG(I): 1 <1< NPATH; number of segments for each of the
NPATH paths.

15 1 <1 < NPSEG(K) + 1; nodes defining path K, speci-

fied in counterclockwise order along path.
27(b) 16(14, 1x) NELSEG(I):15 1 <1< 2[NPSEG(K)]; elements bounding each seg-
ment defining path K. For internal segments two

27(a) 16(14,1x)  NDSEG(I):

elements are identified by number; for boundary
segments the second element number specified must
be zero.

15A pair of consecutive cards 27(a) and 27(b) are required for each of the NPATH

paths being defined.
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Output Data

Specific data from the FIPAX program are dependent on the type of analysis per-
formed and on the details of problem definition. All possible output messages and data
are defined in this section.

Block Generated for - Contents [generating subprogram]and OUTPUT
MESSAGE
1 (See footnote 4) Image of CD.1. [PROCES].
2 NPT =1 Image of CD.2. [PROCES].
3 NPT = 1 RESTART FROM TAPE. [PROCES].
NPT1 = 2,3
4 NPT = 1 . Image of CD.3. [PROCES].
NPT1 = 2
5 NPT = 1 Image of CD.4. [PROCES].

NPTI = 2, NEXT = 1
PROBLEM EXTENDED FROM K1 TO K2 STEPS

K1 = increment number from restart data block.
K2 = new final increment number from CD. 4.

THE NEW TD VECTOR IS

6 NPT =1, NPT1 = 2 Image of CD.6. [PROCES].
NPROP = 1 '
THE NEW SS CURVE IS
7 NPT =0 or ' FOR ELEMENT --- THE BANDWIDTH MUST BE
NPT = 1, NPT1 =1 CHANGED FROM --- TO --- (SETC)
(If this message appears, a programmed stop
follows immediately, indicating that IBD on
CD. 9 must be increased).
8 NPT = 0 or Image'® of CD.8 t0'27. [SETC].
NPT =1, NPT1 =0

START FROM CARDS. [PROCES].

4Output produced for all problems.
16Initial nodal coordinates are printed after scaling and shifting according to input
CD.12.
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Block Generated for -

Contents [generating subprogram ] and OUTPUT
MESSAGE

9(a) See footnote 4

9(b) See footnote 4

10 See footnote 4

17

17

11 Increment 1,
substep 1 for
NPRNT =0

STATE MAP STEP N-NAUTO. [PRNTA].

Indicates successful completion of substep
NAUTO of increment N.

PROGRAM IS ITERATING ON STEP N-NAUTO.
LOADING REVERSAL FOR ITOT ELEMENTS
THESE ELEMENTS ARE ---. [PRNTA].

Element loading state key: generated for all
increment/substep iterations; integer display
of IRV vector indicating state of each element.
IRV(I) takes values 1,. . ., 6. Display
FORMAT is labeled 4000. [PRNTA].

IRV Significance

1 - elastic state

2 yield has occurred on this increment/
substep

3 continuing plastic flow
4 _ elastic unloading detected
5 elastic unloading continues

6 false detection of elastic unloading,
plastic flow resumes.

Element map data: Element-node key undeformed
nodal coordinates. [OUTPT].

Problem definition data:
NEL, NRD, IBD, NINC
NZC, NDC, NFG
YMD, GMD, PRT, RKAP _
(oeq) yield (either octahedral of effective, de-
pending on SS input form; see CD. 23).

4Output produced for all problems.

Detection of any element in this

state causes its flow behavior to be appropriately

modified and the increment/substep analysis to be repeated.
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Block Generated for - Contents [generating subprogram]and OUTPUT
MESSAGE
12 Increment/substep Nodal data:
N = K(NPRNTI) total displacements
K=1,2,3,. .. incremental displacements
for increments incremental forces
N* > NPRNT total forces
nodal coordinates. [OUTPT].
Element stress data:
IRV (see block 10)
Cauchy stress - SR, ST, SZ, SRZ
principal stress in r-z plane - S1, S2
maximum shear stress
principal stress in r-z plane in radians from
+z axis - TS
octahedral or effective stress - SIGEO
hydrostatic stress - S
deviatoric stress invariants - J2, J3.
13 Increment/substep Element deformation data:
N = K(NPRNTI) ‘element centroid coordinates - RC, ZC
K=1,2,3,... Almansi strains - ER, ET, EZ, ERZ
for increments coordinate direction stretches - LR, LZ, LT
N* > NPRNT principal stretches (in r-z plane) - L1, L2
principal stretch axis orientation in radians
from +z axis - TL
r-z plane shear angle - TS
r-z plane element rotation - TR
octahedral or effective plastic strain -
EPSEQP. [OUTPT).
14 Increment/substep Element energy data:
N = K(NPRNTI) elastic energy density
K=1, 2, 3,. .. plaStic energy density
for increments total energy density -
N* > NPRNT

hydrostatic stress. [OUTPT].
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Block - Generated for -

Contents [generatfing subprogram ] and OUTPUT

MESSAGE
15 Increment/substep Problem energy summary [OUTPT]:
N = K(NPRNTI) ' THE ELASTIC ENERGY IS ---
K=1,23,... THE PLASTIC ENERGY IS ---
for Increments THE TOTAL ENERGY IS ---
N" > NPRNT FOR A LOAD OF ---
J1 = RI1(I) 1 <1< NPATH
J2 = RJ2(I) 1 <1< NPATH
FOR --- PATHS
" J1BAR = --- WITH STD.DEV. OF ---
" J2BAR = --- WITH STD.DEV. OF ---
NPATH
JIBAR= —1 _ E ) 1=1,2
' NPATH
k=1
, NPATH
STD.DEV. =4 [— 2 — 2 (J1, - JIBAR)?
: NPATH
e
J1=J,;32=7,
The J integral is computed in accordance
with reference 7. In a hyperelastic body it
provides the energy release rate per unit
translation of a cavity in a stressed body
deriving its vector sense from the direction
of translation. Its physical significance, if
any, for elastoplastic bodies is a matter of
conjecture.
16 Increment/substep" THIS IS INCREMENT N-NAUTO OF NINC
N = K(NPRNTI) THE APPLIED LOAD IS FT
K=1, 2, 3,. .. THE INCREMENTAL LOAD IS FI. [OUTPT].
for increments
N* > NPRNT
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Block Generated for - Contents [generating subprogram ] and QUTPUT

MESSAGE

17 Increment/substep SCALED STEP. [OUTPT]

N = K(NPRNTI)
K= 1) 2, 3,

Message printed if autoload defined substep has

been introduced.

for increments
N* > NPRNT

and ISC = 1
18 NRSTI # 0

TAPE RESTART GENERATION STEP

for increment/substep N-NAUTO OF NINC
N = K(NRSTI)
K=1,23,...

Program Structure

The FIPAX program consists of a main program and 23 subprograms. The logicail

connection between these program units is given in figure 3. The function of each sub-
program is as follows:

Subprogram
FIPAX
PROCES
SETC
SETRST
OUTPT
PSET
PMAT1
INTEGR
GKT1/2
GKB1/2
CEVAL
VGRD
STRSA

Function

program execution control

incremental analysis setup and result evaluation control
input processor

restart data procta_ssér

printed output -

stiffness matrix generation control

element property matrix generation

element geometry integral evaluation

upper triangular stiffness matrix generation.
lower triangular stiffness matrix generation
incremental result processor

element displacement gradient evaluation

element stress evaluation
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Subprogram Function

MDA element loadihg state evaluation and autoload increment scaling

TMDA element plastic modulus evaluation

STRNA . element déformation evaluation

PRNTA elerﬂent loading state map print

JCOMP J integral evaluation

PSLV stiffness equation solution cqntroi

STBC boundary condition processor ,

SLVQ nodal incremental displacement solutionv

FRCMP nodal incremental force evaluation

Increment N < NINC Increment

e =N = NINC

[ start | t — 1 STOP
[ PrRocES | [ Psv

| 1
[ pser | | CEvAL |

fi -

1
[Cserc ] [semst ] [Courer | ([ pwATL | { VGRD |
MDA L {FRemP_]

GKT2 TMDA
STRNA |
PRNTA

GKB1
GKB2

;
i

JCoMP
Figure 3. - FIPAX subprogram flow.

The program executes in overlay form. Thére are three 6verlays at two levels of
core that are loaded in one of two combinations, or links, at different stages of execution:

Link Overlays loaded Function
1 " (0,0), (1,0) Input/output, stiffness matrix
generation, and result
: *processing
2 (0,0), (2,0) Displacement solution
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(0, 0): FIPAX Labeled common blocks

CONST
KEY
BOUND
ARRAY2

(1, 0): PROCES 2,0): PSLV
Subprograms Labeled common blocks| Subprograms Labeled

SETC- ARRAY4 common blocks
SETRST- GEOMET STBC ARRAYS
OUTPT+ MATDAT SLVQ

PSET- JACAL FRCMP

PMAT]-' Form 1}1

INTEGR- ARRAY1 {Form 2

JCOmP+

Lyse ARRAY1 form 1 in subprograms marked -; use ARRAY 1form 2in
subprograms marked +

Figure 4. - FIPAX overlay structure,

Overlay structure is given in figure 4. Logical files used are identified as follows:

File Usage\ Used by subprograms
TAPE1 |Restartdata; SETRST
temporary storage PROCES
TAPE5 |Input PROCES
SETC
TAPE6 |Output PROCES
' OUTPT
PRNTA
TAPE18 | Temporary storage PSET
TAPE19 | Temporary storage PSET
. PSLV
TAPE25 | Temporary storage PROCES
SETRST

Array Dimensions

All array variables are dimensioned in labeled common block declarations. Labeled .
common blocks, their array contents, and problem dependent minimum array dimen-
sions are given in this section.

35



The array content of common block ARRAY1 varies between subprograms of overlay

(1,0). Subprogram locations for each form of the block are indicated in figure 4. Array

dimensions are given in terms of problem input parameters defined in figure 3.

Block
18

ARRAY1, form 1

ARRAY1, form 2!8

ARRAY?2

ARRAY4

ARRAY5

18
19

See fig. 4. -

36

T(I,J)"

WASTE?2

RPT
EOT

TO

IRV .
NREV
THTL
SHR
ROT

EA -

ST

DGD
STR
STRP
DIST
WE
WPT
WASTE1
DIS

FO
TITL

SE
FT.

A(L,J)

K:= (IBD)(NRD) - 29(NEL) - NRD.
KK1 =0 and KK2 = |K].

Dimensions

1 <I<IBD
1 < J < NRD

kK219

NEL
NEL -
NEL
NEL
NEL
NEL
NEL
NEL
4(NEL)
4(NEL)
5(NEL)
3(NEL)
3(NEL)
NRD
NEL
NEL
kk11?

NRD
NRD
8

4(NEL)

NRD

1 <1<[2(IBD) - 1]
1 < J < NRD

If K>0, KK1+ |K| and KK2=0. If K<O,



Block , Variable : Dimensions

GEOMET NM 2(NEL)
XYMO NRD
XYM NRD
E(1,J) 1<1<3
1< J< NEL
MATDAT SS+ A 2(NPSS)
RP NEL
TOL
IDB
EO |
JACAL NPSEG NPATH
RJ1
RJ2
NDSEG NNODEZ?
NELSEG NELEM?2!
WP NEL
BOUND TF22 i NINC
TD22 NINC
DBC(I, J) 1 <1< NINC, 1 <J < NDC
FBC(,J)  1<I<NINC, 1<J<NFC
NSF NNF
NDP NDC
NFP NFC

NZP NzC

SAMPLE PROBLEMS

Input and output are presented for four simple sample problems: two for each of the
FIPDEF and FIPAX programs. The problems are not intended to indicate the scope of
application of the analysis but rather to provide an input preparation and output interpre-
tation exercise for the user. Consequently, the examples are restricted to displacement

20
21
22

NNODE = total number of nodes required to define the NPATH paths,

NELEM = twice the total number of segments comprising the NPATH paths.
Dimensions shown are maximum possible, e.g., if NDIS = 0, then TD is dimen-
sioned to NINC but' DBC may be set to (1,1) as it is not used. : -
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bounded problems involving bilinear elastoplastic materials and simple geometries.
Since the program input data provide a complete problem definition, no additional dis-
cussion is necessary., _

The four problems are as follows: For FIPDEF

(1) Tables I and II - simple tension of a rectangular bar under conditions of plane
strain; two-element map (fig. 5).

(2) Tables III and IV - biaxial tension of a rectangular bar under conditions of plane
stress; two-element map (fig. 5).
and for FIPAX

(3) Tables V and VI - expansion of a thick-walled cylinder under zero axial load with
restart data generation; 40-element map (fig. 6).

(4) Tables VII and VIII - restart from problem (3) and continue expansion of the
cylinder. ,

All problems use finite deformation analysis. The autcload integration step scaling
is used in problems (2) to (4).

vA

(0.0, 1.5) (L0, 1.5)
A 3 :

= aad

1 2 X
Figure 5, - Undeformed finite-element model sample

problems (1) and (2). Node numbers, i; element
numbers, i.

38



fea (65-%1-6 AJY) 9£8-D-VSVN
08 64 8L L4 9L SL 7L SL|2L W OL 69 89 L9[99 SO 79€9 29 19(09 65 8S LS 95 $5|7S €5 26 1S 0S5 67|87 L7 97 ST 77 CW|27 17 09 6 BS LE{9T GEWE SC 2T ICOT 6282 L2 9262wz sz ez oz ols o1 v stm gz n ot 6 g 1]ole v ¢ 2
—t pot T +—t— t + et et =t - + . VNP TSRS P RSP S T S
+ v s : + ; - e
N —t + + — F QR PRI R i —_ vt
R S -t o..l A
+ A + + t + + + 4 + +—+ oyt t | .w. + - _w. bl el

"2 T o..ooooﬁﬁ

0
0T o-fgoootT T T
T

. , 2__ 1.- ,_ e e B By
, P 4 . g (|

b bt e bt bt —+ ' § mmbeb s efm e e T-_.QLO,OO“ O.QOTH e f—t— wm... O" romprmt e poeste - b

— ot bt —t = pmm e —+ bt — et ot e R p—t— g I et A_E ¥ ! 2 :n prote
~ . i A T . 00T a0 P Y00 "
. . _ N U , g g——
, _ A 1 S | 1) 2 AR
A [ R IR B I ) N N A A+ Y EMNY ¢ 7 (NN A 1 S A B I
R I S T I S - Y1 e A N 1 RN I T S B I M R I I
_ J Y R * NN 4 HANN N 7 I S

T H (oM 1 SRS { A B - I I A

NIOTSNEIXT TVIXVIND INIVHLS ENVId 1 WI1godd aAIdN VS

, _ _ 1 (4

08 6L BL tL 9L 6L WL SL|2L L OL 69 89 L9|99 9 79 L9 29 1909 65 8S LS 9S SSI7S €5 25 1S 05 6%|87 LV 97 ST €727 17 07 6€ 8S L$[98 S 7€ €€ 2€ € 0 62 8Z L2 92 S2{n2 €2 2212 02 618 £1 9 Sl = |27 0 Ot 6 8 £}o) S % € 2

YIAUNN
AN3W3LVLS

LINOD

NOLLYDIAILNIQ n—rzmzm._rqn_rm Z<m|ﬁmon*

LAdNI - (1) NHT90dd FTdNVS - ‘1 dTdVL

39




ANV WOOAANA 40 S3FHNI0 AZANNOH LNIWIDVIASIG

L N4 I 1 3HY WONIINA 40 S3ANOIN INIKIIVIASIT 0437
i . 2 .. 36V W0O3344 40 S33NOI0N INIKIIVILS1IA 0832 v o e
) F4 40 1 INZWINONT ST SIHL

et me e e v wew. . . 00°0000T =qQ731A 0391S . R

i A 0000F°0=140 0 =oav  ®  =qaml

H04INGIU HE=OWY 2 =230n " =(OMh

50+3G2FECE°EY =dVin G0+300000°01=ORA 2 =ININ L =JI7N 2 =3I

T A
RN - AHYWWNS WATRONd . . e e e el e T G
2 401 Tl d3Ls NOISHALYI IVIXVINN  NIVHIS INVIS | WITIR0Ad INdWvS
eNIYNLIS INYIde+NIVHIGS INVIdeoeNIVHLS uz«Jaomz_qxpw ANV g+ +NIVHLIS ANVIGe eNIVAHLES ANV T+ NIUYNLIS INYIdeeNIVHLS INVIAeeNIvaAlS Iy lde
0000Gg* 1 00000°0 000057 onooo°r 00000°n 00n0o°0 L) t 1 4 )oA
Q000G 1 00000°T aoo0oo0°0 gngoo0°t 00000°0 000000 f 4 1 T
Tena T enx ann e T e Tem an T T T T
. $31YNIQH00D -~ $300M 313
AHUHKNS  A¥L13W039

4 40 1 -1 d318 NOISNIIX3 VIYVIND  NI9MEC 3NV | K3RORE IN4RVE
e e e e e e . 2 .2 ..

T -1 a31¢ dwe 31viS

SHITAOHA INYIH+HITRONA INY T4+ WHITAOUD INYIG+HITHONA INVId+WITRONA INVId¢WITHONG INV I+ WIATROAA NV IA+HITRNAA uZmJlo!er:XA ANV

Nne3*o- 00+3°0~ 0

0
5 9
10+300002°0 90+300012°0 T0+3000071°0 -GA8+3000[1°0 00+300607°~ S0«2000C(°
.. e i e e e e ————— e - . e e . - . e e e —— e f 0 ...
00+3°0~ £0+300000001°00 00+30000000¢°00
L A Z 1
: 10-30001°% 10-30%61°C
# 4
2 0 0 0 ” 2
004320 . .. 00+3%°0.........70¢300000001%00 . 1023060000601°%C0
000S°T 0000°C 000%°1 0000°T 0000°n 0000*1 (C20°0 ONOO°H
\ 2 £ I t F4 1
2 n 0 1 4 - e

. NOIGNALYS Jm—xd—z: NIVHLS 3NYIg 1 Lwamcn: 3dhvs

e e s e - m e ALINEAND SIT NI O32N00RA3H. SL_NJ30 4NSNI3HL. 43083040 A0S

SRITINOMA INY IO HINNOINA INVYTACWNTITNONA INY VS WIITHONA ANV IAC WA THOND JHY VAo W 3 IHOMG MY TIgo HATHONG INY oW 3TH0OMA AV Vde s - 0rd 3%

SISATIYNY NOLLywe0430 31Inld M1velS 3hTe
QM7 oK B oA N AN
= 4= 0= 0~ H- 1 2

LNdLAO - (1) WITAOUd ATANVS - "I ITAVL

40




503088221700 40 V07 v HO4E0+39Ewn12°00  SI Aoe3r3 Twing 3ng

. €0+39€5601°60 SI AYeaM3 21LSVTa 3HL
e e €0+3004501°00 S1 A#3NT D11SVI3 3M1

©0+ACR2BS°00 €0+IRATHT*00 204322522°00 20+3E5769°00 2 © #0+3CRZHS"00 €O0+IN6T»T°00 20432262L°00 £0+3Lanb3°00 1

N *GNIL *OMOAM_NIC_°N3 101 N30 °N3 §7d N30 °N3 *I13 313 *SNIL *OMGAH N3O *N3 101 N3G *M3 €14 H3G *~3 *73 373

ONIVMIS INVIdeosNTYNES INVId++MIVHLS INVIL+oNIVHLS INVIAeeNIVHIS MY TA*¢NTIVHES INVIAe+MIVYIS JUUAdeeMIVHLIS WV Ve enlusiC Inylde
20-32€22°0 G0+3G201°0 00+3°0 %0¢J0ETG°0 GO+AGEAT D NI-~I2FLR"°0 BOLG TH0+3LLTI9*0 60-3IH01T°0 GO+3IGE21°0 0000°0 S9IL°C LOTLO~E 2
A 20=32€22°0 G0¢3SL0T1°0 O1=-3AFQT°0~»0+30€1G°0 SN*ISECT®0 60=-399L1°0 ROIC IH0+ILLTIY0 AD=3LE02°N S0+IGHZI1°0 0CO0°0-GUIN*0 COTUO~-F

T3 p391s  ax o1s 7 oIs A 9Is X 9IS 131 Wl 25 s AXSe3  ASdd vSed onl ¢ A

SSIMLS AwONYI SSINLS TWAIININe : NlunlS TShenTv 373

VivO IN3W3T3

S UV SRR |+ NP SRR 1 SRR § %S - . NOISN3LIX3 IVIXVINA__NIVELIS 3NYId | n380ed 3)dr%S

£EE910°T TS00LE°00 LY*R0S°00 _o—oﬂc.oo
S3LVHIQU00D QIGHMINID iN3W3T2
4 40 1 -2 4318 R . NOTSNILX3 vIxvINN  NIVMLIS 3NVYId T W3TQ0cd INdRws
- o - .. 05919 0°0- 0°9v19 0°00 : 0°4619~-" 0°00 0°9nly- 0°0~-

. §3%7404 V0NN
.y“ xl.silzanmzubxw.bqux«—ZD!GZ—HﬁPWﬁthJ&.—1rw4mcuamguvﬂMI

2oA-d0 .t =2 dALS

004G25° T 0600n0°0 . 0049525° 1 261066°00 aonoo00*0 ZST10AR°00 0000000 coronocg
. $31v610~00) Tv00H
2 40 1 =2 d3ls NOISNILIXI TVIXVING  NIvXLS 3NVId T hiWOna 374wS
e em Cmm . . - %0+364001°0 Sl U=l *J L3¢
’ S0+ IHH22T1°0 SI T =2 31§ 1V V07 G317adv 301
— e e s i = et e+ e U - S SIS S
A A
1 ~ ¢ . d3l¢ aww VLS
7 S0+312P2T1°00 40 (vN v MLIZ0+3GLLELE U0 SI aunidt3 Aving 3
. 00+3°0 ST A42303 D18SUNa 3K)
204352 LELH°00 S1 A4a3NI D1LSYYI Iy
®0+6RRAY 00 20¢3G16L5°00 00+3°0 20+351616°00 2 20+I6HAAYCON 20¢3GT6LE°00 00+32°0 ¢GeanleLc®0n 1
SSNZL *OHOAK N3N *N3 101 N3O °N3 S94 N3O °N3 *33 373 *SMI) *NAMOAH N3O *ND 1IN N3O AT STa N3G 13 *3 3
eNTYMIS INYTIde+NTYELS ANV Ide+NIYNLIS TNV VA4 NIVHLS INYIde+NIYHIS NV Ide #NIVHIS INVIde ¢NIVHLS INVIG*+h1VoLS 2NV lasehivelS 3uvide
00e3°n COe3C001%0 0Ne3°0 HN+ICEEL*N GO+IANR2TT®0 OT-ITFLR*0 PNLG THOITHOG*D OT-IF2W°N €NeIFZTT0 COCO°0 TCIN®0 %nnD*0-2 2
0043°0 S0¢3C00T1°0 [1-362€2°0-%0¢3SREE"0 SO+3IR2TT°0 0T-ATECLH"0 ROLG TH0¢3Tw9G6°0 0T1-31F2R°0 G0¢IQ2T1°0 000L0°0-T010°0 »%00°0-2 [
et e 83 DAQLS ___AY OIS __Z 9IS AQIS . X 9IS U3ML. . kL. &S ... Ll IS . AXSd3X _._ ASad_ .. .XSdZ Adl. M __
. SS3N1S AHINYD SS3A1S vdIdNTne MIvHLS IShOWIY ERE]
+1+D 1WANQMN
4 40 1 -1 d315 MOTSNILIXF wIwvinf NIvels ANTId 1 WAROes 3704qWvS
[P e e oo = e e e enn bt e e emene oo e ns 4920100 L. L LGMICELCO L. EETG0S°00 . LELE9Y°OC .
S3LvMIOMIND QLO=IHZD 4nINIT3
2 407 =1 . 431§ ) NOTSNIIXI IWIXVINN  NIValS 3HvId 1 wiThGra 3TgWvs
. 0°1%95 00~ 0° 149G 0°no 0° 14095~ 0°00 0°1h94= H°Ne
- e e e . . e . ) . . £30+04 TVANN
2 40 1 -1 LETS © MOTISNIIYI WIXVINN  NIvdiS 3HvId T K3TENea 3NdWvs
—e—0ONSTIG T - ... 000000°0 . ——. . 00®SIS°1- 009966°00 .- - ..000000°0 . —-...C00GH6200 .- ~ - 000000°0 .. ..L00COC"C -
. SAUYHINAO6I Tvaon
2 40 1 -1 41s NOTSNIIYT AVIYYIND  NIWMIS 309°d T k3ITk0rsA 37dWYS
: CURETErS L RET) L IR T B S TTY BTy
- G0+ 12R2TT1°0 - ST 1 =1 31S LV GvUT a3170a4v 2HL

SNTVHLS NYIde eNTYHLS TNV oNTUHLS INVTAesNIVHLS NV IdesNIVHLS INYIA*sNIVALS ANYIcs sNIVELS INUTas +NIVaLS INUTdeeniv-16 INvIds

0%S10°0 =00
H n =T YAOM

LNJLNAO - (1) NTTA0Ud ATINVS 'pPapnidund - °I1 ATAVL

41



[ET A

(65-%1-6 "AJ¥} 9£8-0-VSVYN

08 6L 8L tL 9L SL 7L SLIZL WL OL 69 89 LY[99 SO 79C9 29 19109 65 85 LS 95 SS[7S €S 26 15 05 67[8Y L7 97 ST Y §7(27 17 07 6§ B 4895 ST WS §€ 2€ ISJ0T 62 82 L2 92 G2 v §2 2212 0Z okfdl 4 9t St 4w 2 U Ol 6 8 sio|ls v 2
. 070 ) IS
_— . . L . . 5
i ' A B R ¢ R 2 e
. e . A A 0756696 TP IV T 4 "
- (AR RS IT[Z0L0
R I T 0°VI[LY . o0 T _
+—+ $—+ + f—t—+ + +——+ +—+ —t—t m ,ﬂ +
T T T T e e ey 0 6000 | T T e T T T T
A IR I Y Y I Y AR ¥ NS A B T
| 10 o] 100 1070 | 1070 " TL0O0 0 [§0T0°0] 901070 T4 [070
_ . g g 9 g
[ I B B IR _ S B 2 | NN § BARRN 20 2
L Y M M I+ N AN (1 1 AN EANANAY ) BN ANMANRE BANAY ) I8 A0 I AR
A I AR08 A I | M [ N Tt AV J0 A 1 VA (1S AN S Nl o N 1 I 1|
, . J A A I HRRRR: 7R MRS (RMNME AR 4 N G
— . . 4 e . T 0 T S S S A B N N A
T R B TTNOTSNTIXA TV IXVIT §SHT IS [ANVIA | ¢ Waldodd AI[dNv S
o — T 00 0 (i} T Z
08 6L 8L tL 9L Sf vt SLI3L 1L QL 69 mo.no 99 S9 79¢9 29 19 ooA om.ﬂm\,»mﬂm, S5 Jm.mwn Nm. 1S 0% 6789 L9 97 S N7 ST 17 09 6€ 8% £2]9% S5 9S €5 2¢ 18 05 62 82 »NnoN S2i92 ¢2 22 _N¥0~Lo_ c_,c.o_ LTI TR T IPA NI TR ) IO T R -0 BRI SN |
NOLLYILNAG) INIW3LVIS NVYLHO4 . gl Lo

LAdNI - () NHTd0dd 'TdINVS - 'III IT19dV.L

42



S0°eitn

=QalA 03alS
0000€*u=iNd 0 =04N H =081
H0+ILGIOR " HE=OKWY L] =J0N L] =04H
=ININ L4 =J7N 4 =T9IN

®0+3IG2CCEERN =dvMY

2 401
«GQINLS INVIA==QSINIS INV Id==SSIXLS INVI
0000c*T  00000°0
00005°T  00000°1
e enx
2 401

SHITNAONA INVId¢NITAOND INVIJ¢NITIRONd INV

00+3%0-

SHAANHA INVIAeNITAONA INVIA+WITNAE0HA INY

SN+2300000°0T=0RA 2

A

AHVHHWNS WITHOMNA S e e e .
MOTSHIALXF TVIXVIH SSHAES INVI4 ¢ h1M0Ae 3V1dwyS

-1 d31s
d~~SSIHLS ANV Id=+=SSIHLS INVId==8S3¥ € INYTd«=SSIJHIS IV VA==SS3aLS 3V IA==SSINES 3uyig-

00005° 1 onooo*t 00000°0 0onNonto » € 1 2
00000°0 00000°%71 o0o00n*0 ooa0nco € 2 1 1
ZNA 2NX L7 . TNYX €N a2 w N -
S31VYNTANO0D s3ann 313
AYVWHNS  A¥13W039
-1 d3ls NOTSNIEY3 IvIvvIg SS3INLs INvIa ¢ WIIAHe 31dmvs
. S P S,

1 -1 d31s  AYn 3LVLS

VA+HITHOHG INVId+WITR0NA INVId*WFIROSD INY TG+ WITRDMA INVIAA*WITIHO A INY Ve IIHO 4 INY L

10-3000071°0 10-300006°0 1 P, .
0
1] S ” 2 -
GO+AGKRARA®O T0¢I26THT"N GNeINSRTG® N 00+ATTL0L"N %0+A0NTLH 0 00+3°
: - R NPTV S SRS S
£L0+300000001°00 00+30000000€°00
) R N e .-l
10-30001°0 T0-30001°0 10-30007°0 T0~300071°0 20-3400712°0 10-30601°0 12-30401°C 20-30072°3
. s # 49 €
“ 0 1 0 L L
- . 00+3°Q . ... . 00e3°g - T04300000001°00 . . 10430000000 C0 .
000%°T 0000°0 000S°1 0000°T 0000°0 00CO°T 0070°0 0000°3
. L) €. 1 £ .2 1 .
1 0 ] ) 7 4 e

NOTSNILXY WIXVIH SSMIS 3Lyl 2 WAIH0AA ITdnvs

e e e e e e e e ALIHTIND SETLNT LQ3ONA0HAAN S L. NI FG-SNANT-3HL - 0331303430 04—

TFA+swITAONA INY I+ WITHOMA INT T+ W ITHOHA T WA R ITEOMA INY TdeWATROMA FNY VA p. 3NN 3T IA

SISATUNY NOTJukH0430 J1TINT 4 SQUIAIC 3INYTIA

Cllry g s imy Ll )t

) 0 1] [ 7 1 Z

LOd1n0 - {2) WIT80oud FIdWVS - “Al 370VL

43




viva IVCeON

2 40 2 =1 d3is , NOISNILXI IVIXVIA SSINLS JNVIM ¢ mITAONe IVgwvs

£1=-3E9en*- S1 0vD *INI 3wl

ot~ uao—yx 0 st ¢ =1 a3lS 1V 0vG) 031aav zwHi
[, - e R - e [ e i e+t et m et i ¢ e = 2 e Boriee e vam

4 -1 d31S  dwyw Jv]c

] 01-38E01462°00 40 Y0 v MOJEN32L6L01°00 S1 A9»393 vior INy

e eI PRI . . vviQov /H AINOKRG GHLZex0 09)
€0+32/6201°00 S1 A%a3N3 D11Sv3 3IWg

50+3CCELI00 20¢3L00TL 00 00¢3°0 20+310#211°8042 %0+ ICEELI*00 Z0e3L0TL°00 00+3°G 20+3Lo%1L°00 |
*SN3IL *OMOAH N3O °N3 0L N30 *N3 STd N3O *N3 *73 303 SSNIL *0A0AH NI °N3I 1021 N3O *N3 STa N3G M3 *73 372

=SG3ANIS INYId=--SSIULS INVTd==S5Id1S INVId=~SS3IHLS 3INVId--553ULS INVIA-=S$IH1S INvId==SSIULS INVII-=55344S 2VIg--553clS 3Invig-
00+3°0 %0+319.%°0 00+3°0 G0+3600T°0 SO+IATTOT®N 0000°0 20+3INAZYI°0 SN+ 3600T°0 SO«FTTOT0 6566°0 00NO®N 0200°0 CL00°0 2 2

—D0¢3°0 %0+3194%°0___..0043°0.50+¢36001°0 SO+H1T1071°0 0000°0 20430821°0 S0+3I6001°0 S0+31101°0. 6£66°0..0000°0 0400°0.56200%0.2 .1.....
d3 0391S AY OIS A 918 X 9IS 13H1L Wl 2S 1S 21 AXSe3 ASd3  YSd2 A4l N
SS3IHLS AHINVD SSINLS TVAIINTHd N1VaLS ISAURIY 313

- - . . cee s Vivad INIW3IN3 . ’ . -

2 40 1 -1 d31S NOISNALIXY WIvvIH SS3dlS dvwla 7 naEUre 3Nanvs

lmmuzpn INYId==SSIHLS ANV Id==SSINLS ANV Ad==GSINLS INVIA==SSIHLS INYId==~S5INLS ANV Id=-SSINLS IV Id==$S3nlS IV Ia=-=-5%3clS Invid-
#0430CH0G°0 #0+394RG) *0~-  H0+9FH0S*0 ©0+3AY9NAGL 0~ ORGOTO°N 0000000 NESHIN® 000000°0 9016°1 cno0°o o

n %0+39E006°0  $0+30NHGL0  ©0+HOEH0G°0  ®0+IYVHGLSOD  OHGOTO®O0 L@0Z00°0 08GOIN®O0  £80200°0  9016°1  [1£00°f €
2 #0+I0EH06°0- h0sIAWRG TN H0+3IFHOG° 0= ©0sIIWRGLOD 0000000 JHG/NDD 0000000  L40200°6  60OONO  T/006°1 2
1.. . 50+39£n05°0=. 50+I05HGL*0D= #D+3I9LEHOG D~ H0+IYHRGL*0~ 0ONONOG  0ONNOO°G 0000000 .. 000000°8  GOUC®0  0C80°0 1 ...
N 240 x40 x4 Y4 106 xna AN . X0 . Qn002 A €200 X . N .
S3I404 SINFWIADVIASTO CALVHIONOND Inon
e “ - e ——— viva J(DDZ . . . . e me e e em . eeen e am ——
2 01 -1 diLs NOTSNIIX3 WIXVIH SS3HIS INVId @ WEIROed 314RYS
; 4315 N335
01-3%0T62°0 1 U701 3N 3wl
Ol1=490142°0 ST 1 1 d3d1S §v Ov0 030%aav 3W}

-SSIWLS INVId==-SSINLS uz<41u-nmuxhn uz<41|-mnwzha ANV IA=~SSAHLS INYIA==ESINES FhwTl==GSIHLS INVII=-8SFALS NV Ir==5631G Irv -
S T ISPV - - R o T0000°0 20000°0 20000°0 -10000° 0— =00 norios s —m s e oo e
s 8 9 £ =1 gun

INY WONIAINA AN SIATIHOIN NINNNNH TN INIINIAS S 1)

L b e 1 FHY WOOAIHS 40 SIANOTAN INTHIIVIASTO NX3I7
o O 0 OO0y MY WO033d4 40. SIINGI0- INIHIIVIGS 10,0452

l2 40 1 INFnIHINT ST STh)

INdLNO - (3) WATHOUd TdNVS 'PINURUO) - ‘Al ATAVL

44




vivao hzquJN
2 40 1 -2 d31S - NOTISNILX3 IVIXVIH SS3MLS 3NvId & kilanda IVdwys

~GSIMLE ANYVd==SRANLS INYNA==SSAHLS INY Td=~CQAHLS INYTd=~5SIHIS U VA==SETIHIS MW VA~=SSIHIS INVIA==SE NG XU VAe=tC |G Yy Tg-
L3 20+3FAFT2°0 FO0+3IARLAC 0~ $0+3719606°0 H(0eJTHEIR*0- 2¢ng00°0 000000°0 rquEl0®0 000000°0 LL1s°t 0an00°0 ”
% 2063F6ET12°0 FOeIGHLAGD %0¢319905°0 HU+JTHTN"O YC0E00°0  290600°0  Zserin’n 2C10710°0 15161 entncy €
2 - 20¢IFRRT2°0= FReRRRLAGO #0¢3ITQNG*0~ H0+3JTHRTRO 000000°0 2G66F00°0  00000N°D 26T510°0 0000°0 <L 10t 2
1 P00ACHE2°0= FOeIAHLAG 0~ #0+31GO0G°0~ HN+JTHRIN*0=- 000000°0 000000°0 6ONONO®O ouocnneo ononca 60n°0 1
N A40 ¥ 40 Ad X4 ANQ xNa AD xn 05002 A U=007 ¥ ]
. S3IIM0S SIMNINADVIEST0 i §41THTGA0ND 00
. v1vQ woon e e me e e e o e
2 40 1 =2 d31S NOISNILYI IvIxvIE SS3IHLS INVIg ¢ WITHOMg Ianvs
A31€ 0473708
T1-3540:9%0 ST a=p *aml 3IHY
01-380204°0 sI 1 -2 d318 1v (Qv01 03174dv 3HL
e e . - 3 €
1 -2 d31¢  dym IUV)E
- . ) i 01-3RE0162°00 40 QYO v MOJC0+3LLEROTS00 ST AtA3n3 Ivi0s Inl
00¢3F 21555 °00 ST AL23NT 2146vIa ki
€0+43220601°00 S1 AY~3INT D14SVII 3
. h0+IASFL9°00 20+3G1972°00 00+3684€2°00 20+30%01L°00 2 . H04366€19°00 2043GL91£°00 0043A89E2°00 ZC+209412°00 1
eGNI1 TOMAAH N3IA °N3 104 N30 °N3 S7d N30 °N3 *13 373 *SNIL *ONOAH N3G *M3 101 N30 °N3 STg N3O °r3 *33 313

«SSINLS INVII=-=8SIULS INYId=~SSIYULS INYId==S53MHLS ANV Id==5S3HLE INVId==SSAHLS INYIa==SSANLS .INVId=-S5I41S 3NV Vo=-$S3alS INVId=_

#0=3IN0QT*0 $0I2LH"0 00¢3°0 S0+3R00T°0 G0+3210T°N 0000°0 20+3ALP2T°0 GO+3A00T°0 C0+IZTOT*0 ALAL®0 0CN0°0 N20L°0AN 0A°E A
©0-396Q1*0 #0e¢329L0°0 00¢3°0 G0+36001°0 S0+32T101°0 0000°0 20+3ALZ2T°H S0+36001°0 S0+3¢T1001°0 6%.66°0 0000°0 0200°0 5200°0 € 1
d3 03918 AX 91S A 9IS X VIS 13H1 L] 8 25 3 15 71 A¥Sd3 ASald  xSdid AnL N
SS3HLS. AHINYD . SS3¥1S VdIdNInd RO 23 5 23 R E-171°0 1o | AR Jy = W

viva IN3IW3T3I
2 40 2 -1 d31s NOTSN3ILXI IVIXVIH SS3AHLS WNvId ¢ WITHGaa ITVdwvs
=S§S341S 3NVId=-~5SIN »n ANV Id=-=-SSINLS INYId==-5S3VLS INVIg==SSAHLS INVI4==5S3IH]S INVIa-=553¢)S INVIcd==$S 30l MV Id-<-S$3ass IV d-

A4 102311110 T0+220591% 0= D+ wnDG*0 "D*I29RGL O~ OPDOODTN  DOBODRTD  DDODIDO DbCoDO U CIO LA | 0Lo0to0 % A

13 10eATTTIT®0 10+4210G691°%0 %0+¢3/04%05°0 H0+3298G62°0 020000°0 E£TC000°0 0O90O10°0 001200°0 y01s°t 1co’t £

? {oedtIttI"0 Thecznuvl®o NNecIHHUNT 0= Qe YIYNGLL®O 00NONUTO  E1D0NNBN DponONcD not)0n*n nonnnen 1706°7 2

1 10+31YT11°0= 10¢320891°%0~ %»0¢329%0G6°0~ ©0+32986L°0=- 000000°0 000000°0 000C00°D auog00°e w0o0°0 0509°0 1

N AJ0 x40 Ad x4 ANQ xno AN xn Q002 A C~0020 Xx N
SAINOA . , SINAHIDVIAAS N S 319! 1GeUfD an.

1ndLno - (2) NaTaodd ATdWYS ‘PANURUOYD - Al ATAV.L

45




=SSAIMLS ANYII==SSANLS ANYId=~SSIULS INYId==GS3INLS INVId==SS3ULS INVId==SSIANIS INYIA==GSIHIS INYTIA==GCIANLG YNYTa-=SRI~1C Ity Ia=
20~3R6AI°0 ©0¢3222G°0 TT1-3290C°0 S0+325N0T°0 GO+399TT°0 0000°0 £0+32029°0 S0+¢32001°N $0+39911°0.6EH6°0 0000°0 E€TIC°0 %£10°0 € 2

20-3RA6Q°0 ©0+3LP26°0 00+3°0 S0+32n01°0 S04399TT1°0 0000°0 £0432079°0 SN*IZH0T*0 G0+I99T1°0 ALEA®D 0ONG°0 €110 »ET10°0 ¢ 1
dl n3a1s AY 01§ A 918’ ¥ OIS 13HY Wi S 1S = 27 AXSo3 ASd3  ¥Sed AN] N
SSIULS AHDNYD SSINLS TWdIDNINMd MIvaiS IStunv 272

vivO INIW3TI

2 40 ¢ .d31S . NOTCNIEXI IWIXVIH SSIAHIS 3NVI4 ¢ W380ada 3dnavs

=SSAYLS INVID=~SSINIS INYI9==-SSIYLS INVId==-SSINLS INYId==SSAXLS ANV VA==SSANYS NV TA==GGIH1S UV Id~=5SIHLS 8V V-GS~ 16 INy 4=

-

z

FO+IFEEC21°0 £0+3CE2TG 0~ "nO+ILARIG®D #0+3G9694°0~ HHGE00°0  000000°0 ShT1LE0°D 000000°0 2L18°1 0coo"n o
€NeIFEC2T*0 €0+3CE21G°0 w0+ INERTS O 40+369698°0 HHGEEN0°0  HRGEON®N  CAT1210°0 GROETO®0 et L510°1 €
€OeIACEF21°0~ §F0+3ICL2(5°0 60+3An6RTG 0~  “N+3SY69R°0 000000°0 w»<F00°0 000000°C SHQETO®0 oceoco LE10°1 2
FO+AFECIT*0~ CO+ACLING 0= #0eIn6RIG°0~ »0+35969H°0G=-  00NON0"0 000000°0 0000ND 060CGNn0 6LU00 67,00%0 1

AAda ¥ 40 A3 X4 ANO b aldl AN XN asno0d » a~»00J x M
$32404 SINIWIIVILSIN SHLVLIVENND 3ron
viva vanN
2 402 -2 4318 NOTSNIEXE WwixvIg SSIHIS 3NYId ¢ mAI80Hd 3YdWvs
431€ 0371798
01-3nGt 110 <1 ¢rol *JMl FHL
0T-3TIELR"0 el ¢ =2 d3iS 1V Ov07 0317d47 3ml
£ £
2 -2 d31S  dvh 21VLS
01-32202R5°00 30 V0T v HNIE0+IR626R1°00 SI »983»3 Tvi0L 3HL
2043292211°00 SI AOA3INI DTLSVIa 3MH)
A COeACZORTT®O0 ST AYAdAN3 D113 3kg
50+3"620L°00 CO+ICTGZT*00 20+32212%°00 20+32L2062°00 2 #0+30620L°00 £0+3GTS21°00 20+2221L9°00 20+32201L°00 1
*GNIL *ONOAN NI °NI 0L N3O *N3 §7d N30 *N3 *713 373 *SN3L *ONMOAH N3IC °N3 104 N3G *N3 S04 N3G *nH3 °713 373

=SSINIS INYII==GSINLS AINYII==SSTHLS IMVId==SSIHLS MV Id==SSIHLS INYId==S§3A1S ANYPI==5821S INVIA==SS3H1S INYIA==553015 INVId-
.20-3P62€°0 #0+¢31R6%°0 1T-32€0L°0 GO+3GQT01°0 S0+36601°0 0000°0 CO+IARNAE®0 GO+IGTNT*0 S0+39601°0 2686°0 0L00°0 0600°0 2010°0 § 2

20-3262€°0 %0+3TRE6H*0 00+3°0 GO+3CTOT*D GO+446NT*0 0000°D €0¢3ARHAE0 GN+IACINT*0 COeIRANT*D ¢HHA*N ONNOD OANEN A0TAN ¢ T
a3 0391s AY 9IS A 918 X 9IS 13H1 Wi 2s 1S 27 AXGd3 ASd3  YSd3 Aml N
SSIMIS AKINYD ] SS3IHLS TvdIINTMd NIvHES ISHURTY 373

L0JdLNOo - (2) WATEOUd F'TdNVS "PInuluoed - Al d1dVL

46



60-361550T1°00 40 NN v HO3ENeINGH6KLE 00 S1 49~31,3 Mvi0l 3k
£N+INLERL2°00 ST A4x3n3 JILSYIx M|

EC+3RLGTINT*00 S1 Aus3t3 D11SvII 3IM)

%0+372192°00 £0+310152°00 €0+3692S1°00 20+32:6£6°00 1

©0+3LLLGL 00 €0+3TNTG2°00 £O0¢IV9LSTI00 20+32ESEH°00 2
*OMOAH N3U °N3. 104 N3G °N3 STd4 K30 °*n3 *73 373

eGNIL *OMAAM N30 °*N3 102 N30 °N3 S1d N3O °*N3I *13 373 *SN3L

«SSINLS INVId==SSIULS INVId==SSIULS INVId==-SSIHLS INVId=-=SSIULS ANV Id==SSAHLS W Id==SSIHLS . INYId~-SSH0LS NV Td=-=5C31S mrua;%
10-3TGOT*0 #0¢3T9%5*0 [T1-3€RT°0 GO+36L0T°0 GO0+45227°0 0000°0 €0+3Iwh2L°0 GO+I6L0T1°0 G0+3G22T°0 LRIK°0 0000°0 SEI0°H /916°0 € 2
10=31601°0 ©0+31945°0 T1-3r9nC°0~-G0+36L01°0 G0+3G6221°0 0000°0 €0+34672°0 S0+36201°0 S0¢36221°0 LHL6°0 0000°0~GL10°0 £910°0 € 1

d72 0391¢ AY 918 A 9IS X 9IS 13HL 13 2s 1S 21 AXSa3 A d3 Y a3 AMI N
SS3HLS AHONYD SSANLS WAIINING nlvals ISNVYRTY 373
vivad 1IN3IW3ITI -
2 40 € -2 d31s NOISNIALXF vlYVvIA SS3IALS 3NVI4 ¢ WHAR0MAE 3TdRVS
=GSSINLS INYId=-SSIHIS FruTd==SS3d1S IV Id==SS IHLS INVId==SSIANLS INVIA==SSAHIC INY Td~=SCAAIS INY Ta==SS 418 YNV In==GGIALS AINY 14
L] £0+351GL1°0 CO+IC6216°0= H0+39609F G0 ©0+3%60716°0~- <GSO0%E00*0 000000°0 GOQOCN*O nonoonco 90~75°1 0300°0 L]
€ €0+3G16LT1°0 €0e3r6lI0°0 H0+3060FG°Q $0+366016°0 COKE00°0 SQONFON*0  00Q070°0 001210°0 LIPS | ey €
ra ENeICIGLLI 0= FOsIFEZI9°0 #0+3GH0EC 0= »0+396016°0 0000N0°0 SOKEOD*O 0000000 antLIo®o oceo*o AVA LM 2
1 FOAGICLI®0= FO*IFEZIN°0= »0+3I60LG°0- HD+3IHH60T6°0=  000000°H 000000°0 00N0DNO®O 00006GH* o 0000°0 0500°0 1
N AdO X 30 Ad ¥4 AN xna AN ¥n U¥ONI A a»c0J x N
S30404 SIN3IWIOVI4STO SIVLIONNLD 3Gou
: viva WQoN
4 40 € -2 d31s NOTSN3Ix3 IWwivvIH SS3I¥LIS ANV ¢ WIAIR(HD ITINYS
01-3%0162°0 ST 0=07 *OnT kg
60=13265%1°0 SI ¢ =2 A3LS }v Uv0Y 317dev S-i
§ [
£ -2 d3iy  oVh 3LlV]<
01=-3511€.8°00 90 QY07 v H0OJE0¢30€L9R2°00 ST A9n3r.3 Tvin) 3k
£0+eINYH4T*00 SI A9a4n1 211Svia 3W]
€0+326L621°00 ST A9p3t3 214693 3H)
H0+AGLSEL°00 €0¢ILIRART00 €0+300207°00 20+3022656°00 2 %0+3ALGEL*00 E0+ILTHRT*00 €0+30%201°00 20+302258°00 T

*GNIL "OMAAH KIAN °NT 101 N3O NI ST4 NIN °NI *I3 I3 PGNIf COMOAH MINTENT 1N KA NI ST KAG 3 T3 303

1NdLNO - (2) WITA0Ud ATAINVS 'PIpNIdU0) - Al ATAV.L

47



{1.0,0.4) (3.0,0.4)
23 24 25 26 27 33
\23\2—7 2 \39‘
TN 2
§/// \\ 2_0///
~ 119 7 1
5 11 y
(1.0,0.0 (3.0,0.0)
Figure 6. - Undeformed finite-element model sample problems (3) and (4).
(Node numbers, i; element numbers, i.)
TABLE V. - SAMPLE PROBLEM (3) - INPUT
semet |2 FORTRAN STATEMENT penticanion
12 3 4 sle|l7 8 910 n 215 14 (5 16 17 1819 20 21 22 23 242526 27 28 29 30 31 32 33 34 35 36{57 38 3940 41 62|63 4b &5 46 67 LBILO S0 51 52 53 54[55 56 57 5B 59 60{61 62 6364 65 66/67 68 69 70 71 72|73 1L I576 77 7679 8O
2 0o .11 0 1 1 5 0 '
L 3 0 0 1 _ .
_FIPAX SAMPLE PROB|LEM 3 | EXPANSION O|F A THICK WALL TUBE
. .26 66 ., 140 1 0 0 _ :
1. 12.1.2 2. 13112 2.3 14 2 14| 13 3 4,114 ., 4,15 14 | 4 5 16 4,16 _15
|, 5. .6l 1.6 6,17 16, ;. 6. !.7 18 6,18 .17 7. .8 .18 8, 119 18 8 . 9l .20 8, 2.0,,19
9. 1lol 2.0, 10,2120, , 10 11,22 1.10_22 .21, 12 24, 213 , 12 113, 24, | .14 .25 24 . 13 14 24 |
| 14._2l6] 25 .14 15 26 . 16 127 26 | 15 16| 26 1/6_28 2|7 16 (17 28 | 18 29| 28 1|7 18 28
18, 3l0f 29 .18 .19 30, . .20 3.1 30,19 .20 30,20 32 311 20 (21 32 | 22 33/ 32 21 22 32
1.0 0,0 1.2, 0.,0 1.4 0,0 1.6 0..0 1.8 0..0
2.0 0.0 2.2 0.0 2.4 0.0 2). 0.0 2.8 0.0
T —sle_ lo. 0 1.0 0.2 1.2 0.2 1. 4 0.2 1.6 0.2
1..8 I 2.0 0..2 2.2 0.2 2l 4 0.2 2.6 0..2
2.8 0...2 30 0.2 1.0 0.4 i 2 0.4 1 0.4
1..6 0.4 1.8 =04 2.0 0.4 2(. .2 0.4 2..4 0.4
2.6 0..4 8 0.4 3.0 0.4 | B
1.0 1.0 0..0 0.0
3 11 0 0 0 3
! 23 45
... 0.bp5, .. 0.005
2 4 6 8 10 1.2 14 16 18 2lo 22
0.3 100000 0. 0
0 3 i
. .J_1000.0.0 0,1 ,
110000/ 0 1.0
21000010 2.0
o423, .45
0 . . . , e |
V23 4 50617 8 910 0 92013 16 §5 16 17 1B]19 20 21 22 23 2425 26 27 28 29 30031 32 33 34 35 3637 3839 L0 L) 42[43 44 45 46 47 4BJLO SO S 52 53 54/55 56 57 58 50 60|l 62 6364 65 66laT 68 69 TO N 2|13 L 5T 781980]
NASA-C-836 (REV. 9-14-59) rzr
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TABLE VI. - SAMPLE PROBLEM (3) - OUTPUT

2 0 1 0 1 1

1 k] 0 1
FINITE UEPO<MATION ANALYSIS
CARISYMMETHICo e ARISYMME TRIC*¢ARISYMME TRIC oo AXISYMME TRICO*AXISYMMETRIC® ¢AXISYMME TRICO**ARISYMNE TRICeeAXISYMMETRIC* *ARISYMNE IRICe

FUr NEFERENCEs THE INPUT DECK IS REPRUVUCED InN ITS ENTIReTY

SAMPLE PROYLEN 3 EXPANSION UF a TdICK wall Tusg
0

20 66 “0 1
12 2 2 13 12 2 3 le 2 ls 13 3 & 16 « 1S le s 5 1s 4 lo 15
S 6 _1s 6 171 16 6 1 18 6 18 17 7 6 18 W 19 1d 8 9 2 8 20 iv
TTTTTTIO 207 T107 21 0 THIT22TT 10 22 e 12 26 23 7T 12713 2«6 TTTle 25 2 T 13 le 24
e 26 2S le 15 26 16 21 2o 15 lo 26 1o 28 217 le 17 <o 18 29 ¥ 17 19 .24
s 30 29 16 19 30 20 31 3o 1y e0 30 20 32\ 31 20 21 32 22 33 3¢ 21 22 3
1,000 0,0000 11,2000 0,0000 1,4000 0,0000 41,0000 0.0000 1,6000 0,0000 2,0000 0,0000 2,2000 V,UUUL 2,000 0,000V
2.6000 0.0300 2,8v00 0.0000 33,0000 V,0000 11,0000 0.2000 1,£000 V2000 Ll,4000 0,2000 1.0000 0.<¢000 1.3000 0,2C00
2,0000 0.2300 2,2000 v.2000 2.,+000 0,2000 <.6000 0.2000 ¢.8000 0,2000 3.0000 0.,2000 11,0000 2,4000 1.2000 0.,4000
71,6000 044300 1.6u00 0,6000 7 1.RO0U 0,4000 2.0000 0.4000 <c.2000 U,4000 2.9000 0,4000 2,0000 0,4G0u 2.8000 0.4000
3.,0000 0,4c00 ’ - -
00.10000000E+01 00.10000000E+01 0.E+00 0.E¢00
3 11 ] 3 ; . o o
1 23 5 /
_G+5000E=02_0.5000E=C2 [ AR . ——
2 “ 6 B 10 12 14 16 18 20 777
22
) T 00,30000000E00 U0.10000000E+07 =0,E+00
3 0
90,1000000000E405  -0,1000000000E+00 : Ve
00,1100005000E+06 __ 09.1000000000€+01 _ . ! .
7T 00,2100000000E 9067 00,2000000000E+01
2" l‘s ” - . .. - . . - .. - - -
0 e e e e e e e .
CAXISYMMETRIC e AXISYMMETRIC+ s ARISYMMETRIC oo AXISYMME TRIC*+AXISYMMETRIC o AXISYMMETRICH $AXISYMMETRIC+AXISYMMETRICS ¢ AXI1SYMMCTRICS

TSTART FROM CarDS

T 1 1 1 1 1 1 1 T 1
___1 1 ) R 1 1 ) SR SN WD SO e e e e - o -
1 1 1 Lo T 1 1 i 1’
U SN SN NI NN SU SN S S | 1 - e e e A ———— - -
SAMPLE PROSBLEM 3 EXPANSION OF A THICK WALL TUBE L ’ STEP [ 1 oF 2
GEOMETRY SuMMmmy
ELE NODES COOROINA
N N1 N2 N3 RN1 Zn) RNZ N2 RN3 In3 )
1 1 2 12__1,00000 _ 0,00000_ 1.20000 _ 0,00000_ _ 1,00000 _ 0.20000
2 2 13 127 1,200007770,000007 " 1,20000° 770,20000771,00000 0.,20000 — T
32 3 1% 1.20000 0.00000 1.%0090 0.00000 1.40000 0.20000
4 2 la 13 1,20000 0,00000 1.,40000 0,20000 1.,20006 0.20090
. T T 14 1.40000 0.060000 1.60000 0,00006 1.40000 0.20000
- 6 4 15 1 1,00000 0,00000 1.60000 0.20000 1.40000 0.20000
7 o S 16 1.00000_ _0.00000 1.,80000  0.00000 _ 1.,80000 _ 0.20000
8 % 16 157 1.60000  0,G0000 " " 1.,80000 N 0,20000 1.60000  0.20U00
o . 9_ 5 6 16 1.80000 0.00000 2.00000 0,00000 1.80000 0.,20000
10 [ 17 16 2.60000 0,00000 2.00000 0.,20000 1.80000 0.20000
I ¥ S 1 7 18 2,00000 0,00000 2.20000 0,00000 2.20000 0,20000
12 6 1y 17 2,00000 0,60000 2.20000 0,20000 2.00000 02000V
t3 7 [} 220000 __0.00000 __2.40000_ _ 0,00000 _ 2,20000 ___ 0.20000 _
T4 [} 19 40000 0.00000 "T2,40000 .20000° 7 2,200007 7 0.¢00U0
15 8 9 20 2.40000 0.00000  2.A0000 0,00000 2.50000  0.20000
TTUTTTTTTIe T e 20 7T 19 2.40000 0.00000 2.60000 0,20000 2.40000 U.c0UULO
} 17 9 10 20 © 2.,60000 0.00000 2,60000 0,00000 2.60000 0.20000
TTTTU8 10 21 20  2.00000 U.60000  2.80000 0,20000 2.00000 0.<00G0
19 10 11 22  2.m0000 0,00000  3.00000 0,00000 3.00000 0.c0U90
20 T 2277721 7 2.60000  0,00000  3.00000 0,20000 2.s0600  0,20000 TTTUTTTOT
21 12 26 23 1,u0000  0,20000 1.20000  0,40800  1,00000  0.400G0
22 12 13 26 1,30000 0,20000 1,20000 0,20020 1.20000 0.40000
23 16 25 24 1,40000 U,20000 1,40000 0,4000U  1,20000  0,40000
) 24 13 le 2¢  1,¢0000 0,c0000 1.40000 0,20000 1.20000  0.40V00
25 i 26 25  1,40000 0.20000 1.60000 0,40000 1.40000 0,40000
T26TTTIATTTTIST 26 T l.«g000 0,20000 1.50060 0.20000 1.60000 [TRCY 111 /7)
27 16 21 20 1.n0000  0.¢0000 1.40000  0,40000  1,60000 U.40LD0
- 28 15 lo 20 l.00000 0.20000 1.40000 0,¢0000 l.60000 U.eGu00
29 o 2" 27 1.n0000  0.20000 2.G0000  U,s0000  1.800U0  u,40U00
30 16 17 26 1.m0000  0.20000 2.00000 0,20U00 2.00000 U.40000
o 31 s 29 2B 2.20000 0.40000 2.20000  0.40000  2.00000  U.40UL0
32 17 1s 28 7 2,20000 0.,¢0000 2,20000 6,20000 2,00000 V.,40000 a
43 s v 29 2.¢0000  V.c0000  2,40000  0,40L00 2.20000  V.40VLO
ED) 14 iy 30  2.20000 0,c0000 2,60000 0,20000 2.,40000 0,400u0
KLY 20 31 v 2450000 U,20000 2.60000 0.,40000 2440000 Uoa0U000
36 iy 20 30 2.40000 0.c0000 2.A00U00 0,20000 2,4N000  U.40U00
S 14 20 3 31 2.60000 U.20000  2.K0UU0  U,40U00  Z2.60000  U.40V0U
KL 1] 21 32 2.n0000 VecB0UD  2,50000 U,20000  2.80000 0.400v0
39 22 EX] 3/ 3,00000  U,c0U00  3.000U0  0,40000 £.H0000  0.40000
0 71 22 3¢ 2400000 0.<0000  I.U00V0  0,Z20000  2.M000U  0.40ULO
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SAMPLE PHRUHLEM

TABLE VI. - Contlnued. SAMPLE PROBLEM (3) - OUTPUT

21 1=U.,253.5 400
22 1=0,25H45 900
23 1-0.165%+06
26 1-0,14535+04
25 1=0,1251F ¢00
26 1=0,117HE+ 00
27 1=0,4226k+03
28 1=0,RA3B8AF«03
29 1=0,6244F+03
30 1=0,543u5+071
31 1=0,406ut 03
32 1-0,4379F 03
33 1-u,2994F 03

50

0.3675£ 006 0,3,672E402 0,3222E+02 0.33026402=0,cH30E 404
0u31GAE+00=0,4166E+02-0,7003L+02-0.3953E+02-0.25H6E +04
0,76516006=0,6021E+01 0,1T12E4UZ=0, IB45F +01=0,1650E+04
0 2h92E 606 0, 2/65E+02=0,03/4E+02 0.3138E+0¢=0,1hb3E+0%
0e”l14Ks06 0 2aThECD2 U, 2bRTE+02 0,15328+0c=0,1251E+0%
Qe dYdrE 004=0,1uu5Ee02=0,2527£+402=0,iub0F+02-U,L1THESOS
Ve kHGIE+08=0,6555E+01 . 15h4E+UE=0.02556905-U,n227E+03
0a1727E606 0onnSnEeQl=0,2640e+02 047266E001-0,8H95E€+03
0o la5oks06 GobuTytenl 0.1491E+02 V.6HIIES01-0. 02526403
0ol 371E+0a=0,7 /MK eul=0,019AL02=0,TUCYE*UE=0,5H33F 03
0e120NFe06=0s4070F ol 0,Y30PL201=0,3060E+0L=V,00unF+03
01260k 006 Velsbuboyl=0 lInTESUL Ue3253E00~
Oell1AE+06 00447900} 0,8395E 01 0,3716L+01=0,¢950E+03

Do dTBESOS

0,1332E+040,0) O,
0,12736+040,04
0,8233E+030,01
0,9424L 9030, 04
0,6334E+030,0¢
0.5819E+030,02
0,4082E+030,02
0obutst+030.03
0.31AUL+030.02
C,2nnlts030,02
0.,20N4E+030,02
0,2205E+030,03
0,149TE+030,03

bedcte04
0.5023£ 04
0,3574E 0%
0.395SE+0%
Va2I40E*04 U,
Ve2129F 0046
VeclasfE Qs
Ve2a99E 004
O, 1B47E+04
Vol TuUE 04
Oo1GabEeQu
0. 1576k « 04
0.1288E406

[ARTL Y RAK]
0,1902E+04
[P -LELY Rk
G200k 003
920k +0d
0.2989E+09
G.2uUlE03
U.2n00E*Y3
Ue2ld9L+03
0.cb06Es03
YL E¥ 4 RAK}
0.2752e 03
0.27406E403

0.1002E+00
Q08194407
Oobeoob+07
0.5208E07
Uelanobe0?
UocunlEs07
Delb3cee0?
Oel7olbeC?
Qell37Ee07
0.1009ce07
0.6969L 06
De 77590 ¢ 00
0.5%2%E+ 00

Us323scs1u
ODedvasgtely
Volleately
Usl34dE410
0. TB09Ls0Y
0.0366E009
[P ELEY YT
Oenl0ESUY
VechyTt+0v
UeZS5UBES0Y
Osdnlageny
Vel 2108 09
Vel 300E<OY

1 EXPANSION OF & THICR wALL TUHE STEP 1l - | OF e
PRUNLEM SUMMARY
NEL= 40 NZC= 11 NINCs 2 YMD=10.00000E«0S RKAPE 25,00000£+05
NRD= 66  NOCs 3 GMU=38,46154E 04
IBu=s 26 NFC= 0 PRT20,30000
SIGEQ YIELU= 10000.00
o ZERO DISPLACEMENT DEGREES OF FRLEUOM ARE 2 “ 6 8710 1277 1« 16 18 20 T
22
DISPLACEMENT OBOUNUED UEGREES UF FREEDOM ARE . B .
N= 1 213 45
vus  0,00500
ToTaL DISPLACEMENTS L
200500000 0,00000000 0.00+25183 0,00000000 0,00377+99  0.00000000 0400339637  0.00C00000 0.00313003 0,00000000
0690292355 _ 0.00000000 __ 0.00°77101  9.00000000 0.00264478  0,00000000 0.00255317  0.00000000 _ 0.00247731 040000000V _
T3e0024237% T 0, 00000000 0,00500000  =,00005279 0,006429385 =,00004698 0,00376076  =-,00004830 " 0.00340974 =.0000«80]
000312825 <=,00004n63 0.00292979 =,0000«871 0.0027605¢ =,00004858 0.00264832 ~,00004059 0.00255043 =,00004852
3400267974  -,00006800 0,00262190 =,00004B7S 0.00500000 =,0001089% 0,00425163 =,00009199 0003770 =.0000971 3
000339092 ~-,00009731 0.00313627 =,00009720 0.00292359 =,00009747 0.00277099 +,00009711 0,00260477 =.00009721
e 00255323 ~,00009705 0,00247767 -,000097138 0,0024¢%0) ~,00009758
. L o HMSQDL.DMT on CH/URSHDLLMT = e R
"¢+00500000  0,00000000 0.00625183  0,00000000 0.00377409 0,00000000 0400339037 0,00000000 0.,00313603 0.00000000
€.00292355 0,00000000 0,00277101 0,0000000u 0,00206478 0,00000000 0,00255317 0.00000000 0.00267751  U.0000U00V
Ce00242378  ©.00000000 0.00500000 =-,00005279 0,0G4c9385 =,00004698 0.00376076 =,00004830 0400340974 =.Gu0De8sl
3.00312825 +,00004n08 0.00292979 ~,0000667) 0.00270b%¢ =,00006858 0.00206832 ~,00004859 0400255043 =.00004d5¢
73400247974 =,00004860 0,00262190 =,0000487% 0.00500000 =,000i0895 0,00425163 =,60009199 0600377430 =.00009713
3000339692  =,00009731 _ _ 0.00313027 _=-.00009720 0,00242359 =.00009747 0400277099 _=.0000974)  0,0026+477  ~.00009721
76400253323 T -.0000970% 0,00267767 "-.00009718  0.00242401 =.90009758
INCREMENTAL FORCES
1v17,3 -37.5 -0.0 49,0 -0.0 =12.3 0.0 -0.8 0.0 1.7
-0.0 -1.8 =040 2.1 =0.0 =1.5 -0.0 1.4 -0.0 00.d
00,0 ~1.1 T 4282.0 =-0.0 =040 ~0.0 -0.0 00.0 00.0 0.0
Ve 0049 =0.0 -0e0__ 000 __ 00e0 =00 =040 00.0___ __ 00.0
0,07 7 N 00,0 009 40,2 =040 =0.0 =020 0.0 =0.0
0.0 =00 00,0 =0 ... e0.0 00.0 00,0 -0.0__ 00.0 00,0
) 00,0 =3.0 00.0 . 00.0 00.0 00.0
~ TOTAL FORCES - !
1917.3 =37.5 T T TTT T T=0000 1T 7T w940 ' 0.0 =12.3 7 0.0 T w08 T =000 1.7
-0,0 =18 =0.0 241 -0.0 1¢S5 _=0.0 Lot 00.8 .
TTTTTTo0,0 T T AT 4282.0 <0.0 =007 7T 000 ~0.0 00.0 =0,0
0.0 00.0 _.=0.0 =040 . 0040 00.0 R -0,0 0.0 00.0
) “0.0 0.0 T TTTTTTT00.0 77 196042 0.0 - -0.0 =040
0.0 -0.0 0.0 00.0 00.0 00.0 00.0
: T00.0 T =00 T 7700407 00.0 00.0 h T -
NODAL COORDINATES
T.005000 7.000007 T.204252 0,000000 1,4037747 7 0,000000 —  1.603396 ~0,000000 T.803I36 ~ 0,000000
2.002924 2000600 2.202771 0.000000 2,402045 0,000000 2.602553 0.000000 2.302478 0.000000
TT3,002424 7 0.,000000 TT14005000 T 00, 199967 T 14206296 00,199953 1,403761  00,1999527 7 1.603410° 00.199951
1.80312%  00.199951 2.002930 00.199951 2.,202767  00.199951 2.402048  00,199951 2.602550  00.199951
12.6026480  00.199951 3.0026422  00,194951 1.005000 00,399891 T 1,204252 T 00,3999087 7777 1,403775  00.399903
'1,603397  00.399303 1.803136  00,399903 2.0029264  00.399903 2,202771  00,3v9903 24402045  00,399903
T2 602553 7003999037 T 2.302473 TT00.399903777T 73,002424 TT00,399902 T - T, T
_SAMPLE PROBLEM 3 EXPANSION OF & THICK waALL TUBE_ - _____Step . 1 of 2.
STRESS ELEMENT DATA
NEL IRV SR ST sz SRZ Sl s2 s12 TS SIGEQ ] J2 J3
1 1-0,2613E04 0,3685E€+04 0,559SE+402 0.E£+00 0.559SE+0e-0.2619€+04 0,1337E+040,00 0,54B0E+04 0,3741E+03 0,1001E«08 0,3152E¢10
2 1-0,2%90E+04 0.3191E+06=0.5671E+02 0,919BE+02-6.513BE40¢-0,2593E+0% 0,1271E+060,06 0,5U21E+06 0,1820E+03 0.8396E«07 Gol9TuEsl0
3 10416555006 0,2649E+06=0,3706E401=0,2564E402-0.2808E+01=0.i655E+04 0,8262E+030462 0,IS577E+0% (,2037E+03 0.4266E+07 0ei119E+10
.6 1=0,1955L+% 0,2656Es04 0.1640E02 B2TE*02 0.1767E+0¢~041359E+04 0.9301E+030.04 0.3956E+06_ 0,2¢iBE+03 0.5210E+07 vel37uEely
3 1e0,126n3000 0, 2115E+06 0.1H59E 02=0.2554E402 0.1911E+02-0.1249E+04 0,63I40E4030,02 0,2943E+04 ,2992E+03 0,2386E+07 0.7/72E409
6 1=0.11747+06 0,1940E¢064=0.16GT7E+02 0,2512E+402-0.1393E+02=04117BE+04 0,5H21E+030,02 0.2729E+04 (.2992E+03 0.2udlE«0] 0.0354€+09
7 1-0.H205E403 0,1610E404=006A17E401=0,1697E¢02=0.6542E+01=-0.8212E+03 0,4073E+030,02 U,2143E+06 0,c000E903 0.1530E007 0,3901E+09
B 1-0,88687E403 0,1722E+06 . T065E001 0.2559E+02 0, 7T75E+01-0.8HI4E+03 0,4480E+030,03 0,2299E204 (.2a03t+03 0,1760E+07 Usa0U6ESDY
9 1-0.6267E+03 0,1655Ee06 G.9950E¢01-0,165TES02 0,6321E+01-U,024E+03 0,3154E+030,02 0,184TE+04 0,2791E+03 0.,1137E07 0.2901E+09
10 1-0,%829E+03 0.1372E¢06=0,6953E+01 0.1194E002=0.6706E+01=C45#31E+03 0.28R2E+030,02 041740E+06 0,2606E+403 V4 1009E+GT7 GeZSUTESOY
11 1=0,640416+9370,1200E+06-0,92905000=0,8624E¢01=0.4104E+01-0,6043E¢03 0,2001E4030,52 0,1466E¢04 U.2637E+03 0,6960E900 U, 16TSE«QY
12 1-0.6373E¢03 0.12749€906 0.3,69E0C]L 0,1225E002 0.3609E+01=0.83TTE+03 0,2206E030,03 0.1520E¢04 0,2733E03 0,7750E+06 0.1909E0Y
13 1-0.2950E+93 0, 1116E+04 0.30K4E+01-0,66245+01 0,33336+01-0,2956E+03 0,1696E+030.03 0.1288E+04 §,2764E+403 0,5530E«06 0, LIV0E-0Y
16 1=0,2715503 0,1069E+06=0,3760E+01 0,6T92E+05=0,30085 401027576403 0,1360E4030.03 0,1229t+06 G,eo45E+03 0.5631E+06 0. 11STE#09
15 1-0,10835403 0,96R2E+03=0,2608E401=0,5274E¢01=0,2041E+01-003605E+03 0,83064£+020,03 0,1063€+04 0,2058E+u03 0.3I770E+06 0.BIL4ESGD
16 120014706063 0.1006ED% D.2055E+01 U.6962E40) 0.2311E2ul=Go137nE+03 0,950nE+020,06 0.1109E+06 (,27¢9E 003 U.ulUcts0o 091225408
17 1=0040255003 0.9179E403 04 1504E+01=0,5270L+01 04217064010, 10288903 0,5246E+020.05 0.9T20E03 U,c723b+03 0.3149c 906 0.6530E08
18 1=0.87646402 0.8KASE03=0.2n9 1k o0) 0. 4213E201=0.24A3Ev01=0.8TOYE+02 0,4260E020,05 0,9365€¢03 0,20b4E+03 0.2923E+06 0.D916E 08
19 1=0.27170 402 0.H26AEeY3=~0e3030E+01=0,361 /E201=042370E+401-0e22n4E+02 0,1023E9020,18 0,6374E003 U, 2065t ¢03 0.2337Eeu0 0.4362E007
20 1-0.3479£+G7 0.14TIE003 0.9740E+00 0,6045E01 0.1335601=0.35256402 0,143ZE4020.11 0.8554E+03 U, 2/136+03 0.2696E+06 U,4773Es08



TABLE VI. - Continued. SAMPLE PROBLEM (38) - QUTPUT

36 120,271nE o0 0 1069F+00=0,3954E001=0,60 7 1Ee01=0.I7THE20L=0,2718E 003 0.1340€9030,03 0,1229E+04 0,2644E00) 05031k +006 0.1157E+0v
35 101679004 0,90602003=0,2921€201 0,5701£+01=0.¢325E¢01~0.108LE¢03 0,8290L 020,03 0.1063E406 0,20006+03 0,3769E+U0 O.8luuEsOn
36 1=0,1A70F«01 00,1006t «0% 0,1482€+01=0,6041t+01 U 2118k e0l=0,1NTYE*DI 0,9499E+020,06 U 1109 o006 V. 2720903 Q.«102EeUD 0,912eE+0n
37 1=0,1019E+03 0.9177E¢03 0,210%E+01 0.5123ee0L 0.2355E201~0.1021E+0) 0,5224E9020,05 0,97156+03 0,2/27+03 0,3148E+00 U, 6537504
38 1-0,8762F+02 U HBROE*03=0,2959E Ul =0,4235E+01-0.23496¢01=U,8703E¢02 0.4204L0020.05 0.9365E¢03 0,20062L903 0.¢923E00 0.3915E+un
39 1-0,218nEe02 0 A24TE«03=0,33UCEsul 0.3I0CLeUl=0.27I2E*01~0,2243E¢02 0,98506010,17 0,8374E¢03 0.2065:903 0,2333€+00 U, bi6iEe0n
40 120,347 1£+02 0.36H0L 03 0,1055Ce0)=0,4303E+01 Ve1580E+0i~VeJIS25E002 0.1342E¢020,12 VeBOSGEUI 0. 27]4E20) Da2090EQ006. 0,0 /T2E+08
SAMPLE PRUBLEM 3 EAPANSION OF & THICK w#wALL TusE STEP 1 - 1 of 2
STRAIN ELEMENT DATa
NEL RC c Ew ET €2 ERZ LR L2 LT Ll L2 Tw 15 TR EPEQ  NEL
1 1.071e2 00.00665 -0,06376¢ 0,00642 =0,U0026 0,00000 0.9963 0,9997 1,0045 0,9997 0,9963 0,00 =0.00 00,00 0.,u0000 1
2 1,13735 00.13330 -0.00355 0,00396 -0,00024 0.00012 0.9465 0,999H 1,0040 0,998 2.9965 0,00 00,00 00,00 0.,00000 2
3 1,33726  00.00665 -0,00240 0,00293 =0,0002¢ =0,00003 0.9976 0,9998 1,0029 0,9998 0.9976 3,13 =-0.00 00,00 0.00000 3
& 1,27077 00,13330 -0.00208 0,00322 =~0.U0026¢ 0,00010 0.9973 0.9998 1.0032 0,3998 0,9973 0,00 00.00  00,u0 U.U0UUO 4
6 1447031 00,06665 ~0.001%9  0,00248 =0.000¢4 =0,00003 0.95901 0.9998 1.0025 0.9998 0,995l 3.l¢_ «0.00 00,00 v.00000 S
"6 1.530467 00,13330 “0,00176 T0,00229 ~0.U0026¢  0,00003 0.9982 0,9998 1,00¢3 0.,9998 0,9952 7 0,007 700,00 T00.00 J.00LD0 &
7 1.736%5 00.06665 -0,00130 0,00185 ~0,00024 =0,00002 0.9987 0.9998 1,0019 0,9998 0.9987 3.1¢ =0.00 00,00 0,00000 7
¥ 1.86994 00,3330 «0.00141 0.00194 ~0.00u24 0.,00003 0.9986 0.9998 1.0020 0,9998 0,9980 0,00 00,00 00,00 0,00000 &
9 1,86973 00,06665 ~0,00100 U.00166 =0.0002¢ =0,00002 0.9Y89 0.9998 1,00l6 0.9998 00,9959 3.12  =0.00 00.00 0.U0000 9
10 1,93633 00,13330 -0.00099 0.0015¢ =0,00024 0,00002 0.9990 0,9998 11,0015 0.9998 J.9950 0.00  00.00  00.00 0.0GG00 10
11 2.13615_00,09665 =0.00076 _ 0,00132 -0.0002% =0,00001 0.9992 0.9998 1.0013 0.999d4 0,9992 3.12_ =0.00__ 00,00 0.00000-_11]
T2 T2, 009567 00.,13330 =0,00087 0.00139 =0,00024770,00002 0.9992 0,999 1,000e 0,9998 0.9992 0,00 00.00 00,00 0.00030 12
13 2.26939  00.06663 =0.00063 0.00120 =0.00024 =0,00001 0.99%4 0.,9998 1.0012 0.9998 0,999+ 3,41 =-0.,00 00,00 0.00020 13
16 2.33692 00.13330 -0.0005% 0.,00115 -0.00026 0.00001 0.999% 0.9998 1,0012 0.9998 0.99%%  0.00 ~ 0v.00 00.00 0.00UJ0 14
15 2.53592 00.06665 =0.00046 0,00102 =0,0002¢ =0,0000F G.9995 0.9998 1,0010 0,9998 0,9995 3,11 =0.,00 00.00 U.00UVID 13
T 167 2.e6926  00.13330 <6.00049 0.00100 =0.000¢¢ 0,00001 0.9995 0.999H 1,0011 0.4998 0,9995 0,00 00.00 00.00-0.00030 1l6
17 919 05669~ 00024 =0,00001 _G.99%6_0.9998 1,0009 0,9998 0.9950 9 0 00,00 _0.00000
18 73504 .13330 =0,00035 0, 0,00024 0.00001 0.999670,9998 "1.0009 0.9998 0,9955 0 0020070400030 ~
19 2,93577  00,06665 -0.00027 0.00083 =0.00024 =0.00000 0.9997 0.9998 1.0008 0.9998 0,9997 _ 2,96 =0.00 _ 00,00 9.00000 1%
20 T.2.B6913 00,13330 -0.00C29 0.00086 -0.00024 0.0000) 049997 0.9998 1.0009 0,999d 0,3997 0,007 00.00 ~ 00.00 0.00000 20 ~
_ 21 1.071+2 00,33325 -0.0037A 0.004%2 =0.00028 0.00004 0.9363 0.9997 1.0045 0.9997 0.9963  0.00  00.00 00.00 0.600J0 21
22 . 1.1374% 00.26660 ~-0.00355 0,00396 -0.00023 =0.00009 0.9965 0.9994 1,0040 0.9998 0,9965 3,107 =0.00°  00.00 0,00030 22
_ 23 1,33726_ 00,33325 ~0.0023%_ 0,00293 =0.00024 0.00002 0,9976_0.9998 1.0029_0,9998_0.997 0.00 00,00 00.00 0.00030 23
26 1.27077 00,2666 =0.00208 0,00322 = S0.00011 0.,997370.9998 1.0032 60,9998 0,9973 3,10 ~=0.00 00,00 0.000J0 -2
@5 1,47031 00,33325 ~0.201bY_ 0.00248 =0 0.00093 0.9911 0.9998 1,0025 0.9998 0,9981 __ 0.00 00,00  00.00 0.00030
26 1453636 00,20660 -0.00176 0.00229 =0,00024 =0.00003 0.9982 0.9998 1,0023 0.9998 0.,9982 3,12 - =0.00 00.060 0.0L0000 2o’
_27___1.73655 00,33325 -0.00131 0,00185 ~0,00024 _ 0,00002 0.99H7 0.9998 1,0019 0.9998 0.9967 _ 0,00 00,00 00,00 0iv0000 27
28 1.60998 00.,26660 ~0.00141 0.00198 ~0,0002¢ =0,00003 0.9986 0.9998 1.0020 0.9998 06,9986 3.0 77 7=0.00 00,00 vJ0003U 23
T 29 1,86973 00.33325 -0.00107 0,00164 ~0,00024 0,00092 0.5949 0,9998 1,00l6 0.53%8 €.9969 0,00 00.00 00,00 0,00000 29
TIYTT1.93633  00.26R60 =0.00099  0.00156 =0.00024 -0,00002 0.9990 0.9998 1,0015 0.9998 0,9950 3.12 7 =0.00 00.00 0.00050 3u
31 2,13615 _00.33325 =0.06076 0,00132 =0.00024 0,0000! 0.9992 0.9998 1.,0013 0,9998 0.9992 _ 0,00 00.00__ 00.00 0.00020 31
- "‘_2.0695«" 00,260660 =0.00082  0.00139 ~0.00024 ~0,00002 G«9992 0,9998 1,0014 0.9998 0.9992 3412777 =0.0077700.00 0.000V0 32
33 2,26939 00.33325 -0.00663 0.00120 =0.00024 0.00601 0,9996 0.9998 1,0012 0,9998 0,999 0,00 __00.00 00,90 0.GU000 33
3477 2.33032 T00.26660 ~0.0005% 0,00115 ~0.0002¢ ~0,00001 0.9494 0.9993 1.0012 0.99%8 0,99%+ 3,127 =0.00 00.0070,0000 34
35 2,53592  00,33325 -0.00046 0,00102_-0.00024 0.00001 0.9995 0.9998 1.0010 0,9998 0.9995 - 0,00 00,00 00,00 0.L0030 35
3o 2,k692d 00.,26660 =0.00045 0.00706 =0.00024 -0,0000% 6.9995 0.9998 1.0011 0.9994 0,9995 310 =000 T00.00 0.00030 36
.37 2,66919  00,33325 ~0.00038 0.00095 =0.00026 0,00001 0.9996 09998 1,0009 0.9998 0,9995 0.00 00,00 00,00 0,G0000 37
38 2.73594 '00,26660 -0.00035 0.000v1 ~0.U0024 -0,0000] 0.9996 0.9998 1,0009 0,9998 0,999% 3.0  -0,00 00.00 0,00020 3a
39 2,93577 00.33325 -0.00027 0.00083 =0.0002% 0,00000 0.9997 0.9998 1.0008 0.9998 0,9997 0,00 00.u0 00.00 0.00030 3y
40 2,86913. 00.26660 ~0,0003% U0.00086 =0.0002% -0.00001 0.9997 0.9998 1.0009 0.9998 0.9997 3,02  =0.00 00,00 0.00000 4u
ELE EL. ENe DEN - PLS EN. DEN TOT EN. DEN HYDRO. TENS. : ELE EL. EN. DEN PLS ENe. DEN TOT EN. DEN HYDRO. TENS.
1 00,13096E+02 C,E+00 00.13096E+02 00,37608E+03 2 00,10945E+02 0,E+00 00,10965E+02 00.1319BEsUS
3 00,55053E901__0,E+00___ 00,55363E+01 00.26373€403 & 00,68287E+01 0.£+00 _ __ 00,68207E+0l 00.20151Es0s .
TS u0.34052E901 T 0.E400 00,38952€+01 00.24521E+03 6700,32036E401  0,E+00 G0,3¢636E¢U1 00.2718E+u3
7 00,20395E401  U,E+u0 . 00.20305E+01 0U,26060E+03 8 00.23365E+01 U.E+00 00.23365E¢0) 00,28020E+03 .
. 9 00.15249Esul  Q,E+00 00.15269E+01 00,27900£403 10 00,13522E+401 0Q.E+00 60,135226+U1 0U,.26053E403
11 00,96Th4E+D0 G E+OD 00.96764E+00 00.26370£+93 12 00,10542E+01 0,E+00 G0.10062E*U1 00,27535€+03
13 00.7n415E+00 0.E«0Q 00,76415E+00 00,27435£+03 : 14 00,69604E+00 ULE+00 00.696U4EvU0 00.26450t+04
15 00,5326AF+00 _0.Esu0_ ___ 00.532648E+00.00,26576E+03 .16 DO.STT9IOE+00 0.E+00 _ 00,57790E+P0 00,2/293Ee0s
TTUL7 00,45351E400 0,E-00 00,45391E+00 0U,27¢2bE+03° 18 00,42250E+00 0.E+00 00,4£250E+G0 00.206612E -0 T
19 00,36645E00 G.E+00 00.34n4BE+00 00,26h47E+03 20 00.,36671E+00 0.E00 00,36871E+0U U0, 27134E0s
21 00,130+92+02 0,E400 00.13099E+02 00,35914E403 22 00,10940E+02 Q.E~00 G0,10940E+02 00,19010E03
23 00.59746E401 0.Ee00 00.557806E+01 00,26565£403 24 00,64299E+01 0,E+00 00.08299E+01 00,2899FE 403
25 00.37059E+D1  U,E«00 00.35069E+01 0U,29258E+03 26 00,32639E+01 0,E+00 00,3c639E+U1 00, 26894E+0Y
27 00,20370E+01 0,Ee00 00,20320£01 00.250416+03 _ .. 28 00,2336hE+01 0,t+00 .. 60,23366E01 00.25001E+0 s
29 00.192%hEed]l  0,E«0D - UL )S250E 88 DU, 2/BYIE+03 30 00.13922E+01 ULE+0D 00,13522E401 00,26034E+03
31 00,947/RE30 U,E«00 00,94775E+00 00,26370E+03 32 00.10542E401 0.E+00 00,10542E+01 0U.E7515E03
33 00,7641 3E+U0 U,E00 00.7h6§3E+00 00,27461E+03 34 00,69604E+¢00 0.E~00 00,69604E+00 00.26439E+04
35 00,53269E+00 U,E400 00,53743E+00 0U,¢6594L+03 36 00,57795€+00 U.E+00 00,57 /ySE+U0 00,27262E403
37 00.453nAE¢00 UL,E+00 00,653RBE+00 00,27266E+03 38 00,9225TE+00 U.t~00 00,62257E+00 00,26621k+03
39 00.34651E400 CLE«00  00,34651E+00 00,26050£403 40 00,36873E+00 O,t+00 . 00,368/3E+00 00,27163Ev0d
THE ELASTIC FMNERGY IS 00,202HH6E +02
THE PLASTIC ENERGY IS 0,£+00
THE TOTAL EWERAY 1S 00.202KB6E+02FOK A LuAL OF Q0. 81454HE+04
THIS IS5 INCKEMENT 1 - 1 oF 2
THE APPLIFD LuAD IS HlaS,4798T4E INC. LUAD 1S Biab.e798
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TABLE VI, - Continued SAMPLE PROBLEM (3) - OUTPUT

STATE MAP STEP

~

1 1
1 i
i 1
1 1

——
-

1 i 1
i 1 1
1 ] 1
1 1 1

- -
-
- o

ToTAL
0.000806635
0.004 74058
0.,00783101
0.006971148
0.0091392
0.00%20427
0.00«33108

INCREMENTAL
0.00309020
0,002101480
0.00353710
0.00220%00

0.00416392
0,00233v01
0.00190707
INCREMENTAL
-0.0
-0.0
-0.0
0.0
173v.3
00.0
00.0
TOTAL
. =0.0
04077

DISPLACEMENTS
0.,00000000
0.00000000
=.00007511
=.00008273
~.00017533
*e 0001630
= 00010972

OISPLACEMENTS
0,00000000
0.00000000
-.00002812
~.00003415
~+00000634
~e 00026617
-.00007210

FORCES
=65
3.4
=00

T00.0°
=00
=00
00.0

FORCES

0.90000000
V.udu0V000
«.00007942
~o0u003475
-eQu01565/7
«e00010753

Se00vl6ive
00526929
Je 0013800
Ce00965919
340064463697
£e3061507w
3400657061

2,00000000
9.00000000
2.03000900
=, 00003057
-.00008501
-. 00015476
~.00016848 _

0,00775%691
0,0049B29%«
0,0091e392
0,00527785
0,0U433006%
0,005600333
_0,000u2922

0,00000000
V.00000000
=.00008761
-.000081485
=.00008405
~,000160%0
=.000170¢5

0,000615729
0.00457010
0.00683508d
0,00675024
0.,0077«700
0.00497791

0,U0000000
0.00V00000
~o000077d0
-.00003381
=+00014500
=.00visble

0.005004837
0.,00403b08
0.00617058
0,006507e7
0.006837%¢1]
0,0067<070

0.00000000
0.00V00000
=.00002996
-.000035¢22
-.00005368 _
=.00006805

0.00253234
0.001%391s
00027085+
0002017Q¢
| 0.00303460
0.00209593

0.00270092
0.00202299
0,0030751¢
0.00210192
00034953
0,00220092

Ge00414392
9403236574
Ce00191629
000252194
6e00kv5719
000275382
3.002017146

0,0L000900
0.00000000
0.00000000
=.000043139
=«00003601
=.00006163 ~
-.00007183

0,00350509
0.00221193
0.00010392
0.002368006
1 0.00190674
0.00252705
0.00195155

J,00000000
9.00000000
-.000030642
-,00003313
=-.40003530
-.00006370
-.00007307

0.00000000
U.0u000000
-.00003084
~+00003624
=200005 744
-, 00007032

l1086,7 S
~0.0
00,0
[T}
0.0
00,0
00,0

=-21.9
00.5
=41.0
800
~0.0
-0.0
~0.0

«0.0
-0.0
3763.0
00.0
00.0
T T 00,0
00.0

00.0
~0.0
=0.0
=0.0

0.0
00,0

3.}
3.1
00.0
-0.0
-0.0
-0.0 Toe0.

=0.0 3.0

=0.0

o
R
cocooco¢a

©

2.4
Y-

3602.0
=0.0

=596 -
~1.3

~0.0 1
~0.0

00.0
-0,0

=0.0 “o7

=188
) =0.0 TTTTSTdY T

1.9

00,0
T 0.0 T
-0,0
00.0
00,0

_=s2,1

8065.0
0.0
00.0

T 00.0
00,0

~0.0
00.0
JoB5.5
00.0
00.0

)
CO0.E COBCOE D

00,0
~0.0

~0,0

~0.0

NODAL

" " COORDINATES

=0.0
00.0
0.0
-0.0
000

«0.0
-0.0
-0,0
00,0

00,0
-0.0
~040
=0.0

00.0

«0.0

=0.0
T00.0°

-0,0
T 00.0
~0.0
00.0

. l.2o7157 0,000000 1.40606% 0.000000
2.206983 77 0,000000 T 7 "2.004747 0.000000 -~
1009166 00,199912  1.207631  00.19992S
2.005278 T 00,199918 7 2.206971 00.199917
4 3,004331 _ 00.199916 _1.009144__ 00,399825
T 1.6061I51  00.399841 1.405663  00,399835 2,0052637 00,399836
_ . 24606570 00.399831 2.806629  00,399830 __ 3,004331  00.399830 _ -~
SAaMPLE PROBLEM. 3  EXPANSION OF A TAICK #ALL TUHE
STRESS ELEMENT DaTa

1.009146
‘2.005269

0.000000
0.000000
0.000000 _
20.199919
00.199915

1.,606157
2.00457T0
_1.406336
2.406750
1,207767
2.,206978

0.000000
0,600000
00,199922
00.199916 T 7 °
00.399854
06.395835

1.805668
«80%437
l.600173
24600367
1.400859
2.40741

0.000000
0.000000
604199921
0. 1999135
©0,399843

u0,399832

"1.805650
___ 2806637

e

SR

ST Y4 SRZ ST 32

3

15

-

«4913E 06
JauTuse06
ng“nE’Oh

0,6674E+04 0,8853E+02 0.E+00 0.8853E+02-0,4918F+04
0,5764E+94=0,1100E+03 0,1670E+03~0,1041E+03-0,4885E+04
0,6603E+N4=0.1098E+0220,54nTE+02-0,1002E40¢=0.3145E+04

' H i
i
FWN=QOX NG W SN

1

=t

«33523E+04
s2387E 00
«2259E+04
«1584E006
el171uEeys
«1212€004
.

11336+06
7957€403
a57 45403
5335€+C3
«S475£03
15 1-0,3374F+03
16 '1-0.3763z+03
17 1-0,2045£+403
167 1-0,178-5401
19 1-0,64750£+G2

29
21

22
23
24
€5
26
27

iy

29
30

35
k1.3
37
v
v
L]

52

1-0.7561E+02
2-0,698715 404
1-0.6467F <04
1-0,3127E«06
1-0,351ct 00
1-0,2407¢ 0%
1=0.2¢5>5E+04
1-0,1574€ 406
1=0.1715Fep6
1+0,1214E+04
1-0,1134ge06
1=0.7a81E+03
10,6854 3E+03
1=0.5H9 4603
1=0,537/E+03
1=0.31671+014
1-0.3765E+03
1-0.215¢E+03
1=0,1790E+03
1=0,4985F 407
1-0,7677E402

0,4841E+G6 0.1978E+02 0, 1375E%03 0,2511E+02-0.3529E+04

04,3803E+0% 0,3528E¢02=-0,5445E+02 0,3653E+02-0,2388E+04
0,3473E+064=0.3022E+02 0.3301E+02-0,295TE+02-0.2256£404
04287TE+Q4=0.1524E+402=0,3501€+02=0.,1546E+02-U 1589E+04
0,30A4E+06 C.1363E+02 0.3450E+02 0.1451E+02~0.1715E+04
0,2600E+0% 0.1357E¢02-0,3501E+02 0.1457E+02-0.1213E«04

0,266hHE+006=0,1566E+02 0.14ulb+02-0.1528E+0¢=0.1134E+04

0421352+064-0.1168E+02-0,2¢64E+02-041103E+02-0,7959E+903
0,2246E+0% 0,7209E+01 0,1478E+02 0.7461E+01-U.8582€+03
0, 1983E+06 0.7654E+01=~0,22h4E+02 0.8520E+01-0.5n44E+03
0,1902E+96=0,%#59E+01 0,4971E+01-0.9512E«01=0.5375E+03
0.1723E¢04=0,08271E+01~0,1671E+02=0.7426E+01~0.,3387E+03
01 78HE+06 0.4463E*U01 0.5240E+01 0,4535E+01-0.3763E£+03
0.1637e406 0.6027E201=0,1671£+02 0.7344E+04=0.205dE903
0. 15H4E+D=0,34T0E*0] 0,5910E=01-0.3470E+01=0,1785E+03
O 1677E+06 0.,8553E+01=0,147HE¢02 0,1194E+02~0.5093E+02
o 1514E404 0,0022E+01 §,2405E+01 0.6093k¢01~u. 75686402
0,6661E¢06 0.2768E*02 0.5713L°02 0.5513E¢0c-0.4988E+04

0,5776E¢66=0,3059E402~0, 13796 +03-0.7662E¢0=0ounTIE+04
0,4616H2066=0,0h59E401 U,2623L+02-0.4470E+01-0.3120E+04
0,4151E606 0,4431E+02~0,1671E«03 0.5713F+0¢-0,3520E 0%
0,37926+06 0,2960E+02 0.611NE*02 0.2410E+02-Ue2aUIE UL
0, 46ThE¢04=0,3032E+92~0,5623402-0.268HE+0¢=0,2257E+0%
0,2879€+00=0,1162E€902 0,2113E402=0,1130E402=0,1579¢£+04
0,30875 006 0.1360E+02~0,5542E902 0,1560E+02-0,4T17E+04
0,2596Le06 G, l119E€+02 v, Z002E402 0.1151F+02-0,1220E+0%
QorbtinEetiom0odSICEVD2~0,3052L+02=0, 14K9E+0c-0s1 1 35E 04
0,21 37E+Ge=0,7R1HE+0) G, 1004L402-0.THBIE+01=U, THHAE+0D
U.2269E006 0,h%HIES01~0,29715E+02 0.8005E+01-U,8394E403
0,19A4E¢064 05978401 U.b3dTE401 0.66415K+01-0,5894E03
0,1901Ee0s=0,9721Ee01~y,2065L402=0,H930E+01-0,5365E03
0, 17234E006=0,6520E401 0,3090E+01=0.4491F+01=0,3461€403
0.1747€e06 VoniTEsOL~U. 0IAE+02 V.5093F¢01-0.377T5€+03
0.16328 404 Gol3HOL QL 0,2994E 401 0,6427E+01=0.2]5¢E403
0, 15K2E¢04=0,5520E¢01~0, §542L202=0,4165¢+01-V, 1410E+03
0,14776406=0u1nT2E+01- 0,14/ IE+0L=0.L799F+0 10 49593E+02
0e15126 404 0.4396E+G1-0,1307L402 0,6450F+01=-0,78HE+0Z

Je

J3

0.2503E+040.00 0.1007E+05 0,6146E+03 0,3380E+04 0.1704Ee1]
0.9239E+404 0,2585L+03 0,2842E+08 0.ive2zell

0.2390E+040.03
0.1570E+040.02 _
0.1777E+060,04
0.1212E+040,02
0.1113E+040.02
0,7566E+030.02
0.8669E030.02
0.6139E+030.03
0.5591E+030.01)

0.3924E+030,03°

0.43208L+030.02
0,2964E+030,04
0.2639E+030,01
0.1656E+030,05
0.1904E+030,01
0.10606E+030.08
0,8750E+020.00
0,31406E+020.24
0.41096+020.03
0.2523E+040.01
0.2397E+046,03
0,1558E+040,01
0,1788E 040,05
0.,1213L+040,02
Gelllufe040,03
0.,7837E+030.,01
0.8661E+030.03
0.0155€4+030,02
0,5599E+030,03
0,3906£+030,.01
0,4337€+030.03
0.2979E+030.01
0.2h48E+030,04
0.1658E+030,01
0.1410t+010,05
0.1098E£+030.01
0.0B42E+020,09
0,2407E4020.0%
0.4263E+020,10

0.6577TE+06 |
0. T276E+0% |
0.5403E+04
0.5007E+06
0.3923€+04
0.4210E+04
0.33726404
0.3172E+04
0.2628E+06
0.2775E+04
0.2333€+04
0.2223E+06
0.1918E+04
U.2001E 04
0.1746¢+04
0.1582E+ys
0,1«97E+04

0. 4167€+03
0.64598+03
C,4830Ee0 s
0.3976E+03
0.4262E+03
0.4010E+us
0,4672E+03
U, 43248403
0.0420E+03
0,4652E+03
G,6T07E+04
0.4514E«03
0,4590c+03
V,4721E+03
0,6796E+03
O.,66073L+03
0.,4794E <03

0.1550E+04
0.1010E+05
09234 +0%
0.6555€+04
0,7275E+04
0.5400E+04
0.5006€404
Ve3716E+0s 0,4296k 003
0,4209E+04 0,4003E+0S
0.3373E006 U,4025E 0
0,3171E+04 G, 4313005
0.2h24E*06 O 400720y
0.2774E904 U,9h406Le0)
UelIIIE*06 GuwhllEeps
0e22272E+04 0.4511k00s
Uol9loFe04 U, 4b0%E«0s
Ve2U0LEQ% O,4/13kegls
0al748b+0% 0.47/3/L903
GolbHAE*Q4 0, ,4n50Fe0]3
Qel@YBFe04 O,4/33F ep)
0.1550E 04 G,4800L0s

G.48laE+03

0.2153€E03
0,43006L403
D,4629E 403
GoaTllbeds
0,3909€+03

0.5704E+03.

0176308
0.9729E£+07
0e835<E+07
0.5129E+07
04590tz +u7
0437822407
0e335«E907
042302207
042565607
OelAlec«0?
0.1647c+d?
0.1225S07
041335207
0ed0teze07
0.94275400
0,74732¢00
0.8011c+00
Os3600E900
0.28402+08
0.1430k 008
Ool/biEe08
0.97ulteC?
0.835C2+07
*G7
eu?
Ged791E 00!
0e335cie0/
Q.2296E007
0.25652¢07
041813507
07
D.122e7007
0413362007
0elOlrzen/
V.9a2uioun
0.74802 900
UeHOUBLO UL

«42;095 O.oUB8E+10

0o 1434ESTU
0e271E*10
O 3u9btely
0e2173E«10
0een52i+10
0.i625E+10
Uetel2E0 10
0e91522E+409
0,1079%+10
07407809
026158009
Oun706E+09
0.5221E09
0.3/51E009
0. I39SE0Y
Ue2475E409
Gec/34Es0Yy
0.1730Ee]]
OeilObLeL]
0.9159€10
Qelclutele
VencT2Ee10
0.3489E10
V.¢170E10
OD.¢oa8Ee 0
OslnlYbelo
O.14ilEelo
04 24a9Ee0Y
VeividEely
0ol 3858009
Oe~nUbte 0y
OuenolEeuy
VedClaEe09
O.3765L+09
[PEELTIZI T
VecunlEepy
Vacla3tedy



SAMPLE PRUBLEM 3 EXPANSIUN OF a4 TWICK waAlLL TUdE STEP 2 - 1 oF 2
STRAIN ELEMENT DATA

NEL NC I En £r €2 ER2 [ L2 LT L1 L2 Tw s ™ LPELQ  NeuL
1  1,07515 00.00664 =0,00701 0.00804 ~0,00046 0,00000 0,993 0.9996 1.0081 0.9996 0.9931 0,00 ~0.00 00.00 0.00000 1
2 l.lelss 00.13323 =-0,00603% 0.00770 =0.00038 0.00022 0.9934 0.99986 1,0073 0.9995 0,9934 000 004,00 00,00 0.00000 ¢
3 1.34049 00.00666 =0,0046ey 0.00532 =0,00039 =0,00007 0.9955 0.9996 1,005« D.9990 0,9955 Jol2  =0.00 00.00 0.00000 3
6 1,27¢16 U0.13323 =0,00501 0.00985 ~0.00038 0,00018 80,9950 0.9996 1.0059 0.9996 0,9950 0,00 00.00 00.00 0.00V00 &
"5 1.47329 00.06664 =0,00355 0,u0ewd =0,00039 -0.00007 0.9965 0,9996 1,0045 0.9996 0,9965 3,12 ° -0.00 00,00 0.90000 >
6 1,53972 00,13328 =0,00330 0,00%16 =0,00040 0,00005 0.9967 0.9996 1,00¢2 0.9996 0,9967 0.00 00,00 00,00 0.00000 o
7 1,73916 00.00666 =0,062s5 0,003364 =0,00040 =0,0000% 0.9976 90,9996 1,003« 0,9996 0,9976 3,12 =0,00 00.00 0.00000 7
6 1.67256 00.13328 -0,00¢65 0.00358 =0,00040 0,00005 0,997 0,9996 1.0030 0.9996 0.9974 0.00 00.00 00,00 V.V0UOD &
©9  1.8720¢0 00.,06664 =3.00200 0.00295 =0,00040 -0.00005 0.9980°0,9996 1.0030 0.9996 0,9980 3,11 =0.00 00.00 0.v0000
10 1.93873 00.13373 -0,00187 0.00278 =0,00061 0,00002 0,995l 0,9996 1,0025 0.99%0 0.99b1 0.00 00.00 00,00 0.v0000 1¢
T 1l 2413be1  U0,08666 <0,00%43 D.00237 -0,00061 =0,00003 0.9946 0.9996 1,002« 0.9990 0.9986 ~ 3.1l =0.00 00,00 0.u0000 11}
12 2.07lc6  00.13323 -0,00156 0.00249 ~0,0000) 0.00002 0.¥985 0,9996 1.0025 0.9990 0,.9945 0.00 00.00 00,00 0.00000 1¢
13 2,27157 00.06664 =0,00114 '0.00£15 =0.00041 =0,00007 0.9948 0.9996 1.0022 0.9996 0,9988 3.10  -0,00 00,00 0.,00U00 13
1o 2,33816 90.133238 =0,00111 0.00206 =u.000«¢ 0,00001 0,9989 0.9996 1,002l 0.9995 0.9989 0.00 0U.00 00.00 0,00000 1w
15 2.,53796 00.0h666 =0,00085 0.001H82 =0,00042 =0.00002 0.9991 0.9996 1,0015 0,9990 0.9991 3.09 =0.00 00,00 0.00000 1>
16 2,47135  00.13324 =0.00097  0,00190 -0.00062 0.00001 0.999% 0.9996 1.001% 0.99%0 0,9991 0,00 00.00  00.00 0.00000 _1lé&
TATT 2.67119 00,00664 =0,000707 0.00169 =0,00042 =0,00002 0.9993 0.9996 1.,0017 0.9996 0.99937 3,06 =0.00 60.00 0.u0u00 17
18 2.73731 u0.13323 =0.60065 0.00104 =0.00043 0,00000 0.9993 0.9996 1.0016 0.9996 0.9993 0,00 00,00 €0,00 0.v0V00 le
19 2.93770 00.05666 =0.00049 0.00149 ~0.00042 =0.00002 0.9995 0.9996 1.0015 0.99%0 0.9995 2,91  =0.00 00.00 0.00000 1%
20 2.87137 00,1332” =0,00053 0.00153 =0,00043 0,00000 0.9995 0.9996 1,0015 0,999 0,9995 0,00 00,00 00,00 0,00000 2u
2l 1,07536 00,33320 =0.00706 0.00806 =0,00066 0.00007 0.9930 0.9990 1,008} 0,9996 2,9930 0,00 00,00 00,00 0.00000 21
22 l.lels7 00,26656 -0.00663  0.00719 =0.00035 =0,00018 0.9936 0,3996 1,0073 0.9997 ¢,9934 3.1 ~0.00  00.00 0.00uvOU 2¢
237 1,30068” 00,33321 =0.00647 0400532 =0,0003% 0,00003 0.9956 0.9996 1,005 0.99%0 0.,9956 0,00 ~ 00,00 00.00 0.u000L~ 23
26 1,27614 00,25657 -0,00501 0.00585 ~0,00035 -0,00022 0.9950 0.9996 1,0059 0.9997 0.9950 3,09  =0.00 00.00 0,00000 <2«
25  1.47328 00,33320 -0.00356 0.00463 -0,00039 0.00005 0.9965 0,9996 1.0045 0.9995 0,9965 0.00 00.00 00,00 0.00v00 25
26 1.53972 00.26656 =0,00330 0.00«14 =0,00040 =0,00007 0.9967 0.9996 1,0042 0.9996 U,9967 3.12  -0.00- 00.00 0.V0000 26
27 77 1.73915 00.33320 -0.00245 0.00334 =4.00040 0,00003 0.9976 0.9996 1,0034 0.9996 0.9976 = 0.00 00.00 00.00 0.00000 27
28 1,67206 00,25656 =-0.00265 0,00358 -0,00040 =0,00007 0.9974% 0,9996 1,0036 0.9996 0,9974 3,11 -0,00 00,00 0,U0000 2¢
29 1.B7209° 00.33320 -0.00201 0.00295 =0,00040 0.00003 0.9980 0,9996 1,0030 0,996 0,9980 0,00  00.00 00,00 0.V0000 2%
30 1.93873 00,26656 -0.00147 0.00273 ~0.00041 =0,00004 G.9981 0,9996 1,0028 0.99vo0 0,9951 3011 -0.00__ 00.00 0.00000 30
31 72,1380 00,33320 -0.00l63 0.00237 =0,000«1 0.00001 0.9956 0,9996 1.0024 0,9995 0.9946 0,00  00.00  00.90 0.00000 31
32 2.07134  00,26656 =0,00154 0.002¢9 =0.00041 =0,00004 0.9945 0.9990 1,0025 0.9996 0,9985 3,41 =0.00 00.00 V.U0000 32
33 7 2.27156 00.33319 =0.00119 0.00215 =0.000641 0.00001 0.9988 0.9996 1.0022 0.9996 0.9988 0,00 00.00 00.00 0.00000 3>
_ 3¢ 2,33815_00,26656 =0,00111_ 0.00206 =0,00042_~0,00003 0,9959 0.9996 1.0021 0.9996 0.,9989 _ 3,10 __ =0.00__00.00 0.00000_ 3«
35  2.53796 00,33319 =0.00085 0.00182 ~0,00042 0.,00000 0,999} 0,9996 11,0013 0,9996 0.9991 0,00 00,00 20,00 0.00000 3%
.36 _2.67135 00.26655 -0,00092 0.00189 -0,00042 =-0,00003 0.9991 0.99%96 1,001% 0,9996 0.9991 = 3,09 _~-0.00_ 00.00 0.06000 3=
37 2,6711ly  00,33319 <0,00071 0.00io0y =0,00042 0,00000 0.9993 0.9996 1.0017 0.999 0.9993 0,00 ~00.00 00.00 U.00000 37
.38 __2,737s1 _00,26655 =0,00065 0.00163 =0,00043 =0,00002 0.9993 00,9996 1,0016 0,9996 0,9993 3,05 =0,00 00,00 0.000600 3¢&
397 7 2,93770 00,33319 -0.00049 0.00148 =0,00043 0,00000 0,.9995 0.9996 1,0015 0.9996 0.9995 0,00 00,00 ©00.00 0.00000 3%
%0 2,871¢7 00,26655_=0,00053 0.00453 =0,00043 ~0,00002_0.9995 0,9996_ 1,0015 0,996 0,9995 2,99 ~0,00 00,00 0.00000 &

TABLE V1. - Continued. SAMPLE PROBLEM (3) - OUTPUT

ELE EL. Enve, OEN PLS EN. DEN_TOT EN. LEN

. 0.E~00

. 0.E*00

0.E+00
0.E+00
0.8+00 T
0.E+00
0.E+00
0.E+00
0.E+00
0.E¢00
0.E+00
0.E«00
0.E+00
0,E+00
0.E+00
0.E+00
0.E+00
0.E+00
0.E+00
0.E+00

HYDRO. TENS.
TTTIT00.466170E4G2 T0LESJ0 T TT00.451TOES02700.,61464E403 T T 2 00.37026E402
3 18850£+02 _0.Ee00__ 0 00.16850E+02 00.41674E+03 % 00.2306lE£+02
5 12791402 0,E+00 00.12791E+02 00,48357€+03 6 00.10957E+02
7 00,67769E+01 0.,E+00 00,67769E+01 00,426418E+03 8 00,78072E+01
9 00,505745+01  G,E+00 00,50574E+01 00,46725E+03 10 00.46721E+01
11 00,311C5E+01 0,E+00 00.31105E+01 00,4427/E+03 12 00,34662E401
13 00.24917E+01 U.E~00 00.24917€+01 00,47071E+03 14 00,22632€+01
15 00,17149E+01__ 0,E+00 ___  00.17199€+01 00.45896£+03 ___16 00,18695E+01
TTTIT00416535E401 ULE<0D 00, 14595E+0) 00,47901£+03 18 00.13566E+01
19 00.110+AE+01 0,E+00 _00.11096E+01 00, 47930E+02 20 00.11806E401
21 00.46349€+02 0,F+00 U0, 4439YE+02 00,57041€+03 22 00.36995€+02
23 00,14756E402 0,E+00 00,18754E+02 00,43061£+01 24 00,23061E+02
25 00,12799€+02 0,E+00 00,12799E+02 00,47115E+03 26 00.10954E£+02
27 00.67575F+01 U0.E+00  00.,67576E+01 00.42956E+03 ... 28 00,780S2E.01
77729 00.50571£401 0,E+00 TT00,50571E+01 0U,46251E+02 30 00.44703E+01
31 00,31024E+U1 GLE+00 00.31026E+01 0U,44b70E+03 32 00.34648E401
33 00,249546¢01  G.E«00- 00.24904E+01 00,46700E+03 34 00.22621E40)
35 00,17157E+01 V.Eev0 00,17167E+0) 00,450H6E+03 36 00.18686E+01
37 00.14533E+01  0,E«00 00.14583E40) 00, 473726403 38 00,13555£401
39 00,1100HE+01 _0,E+00 _ __ 00,1106BE~01 00,47327€+03 .. .40 00,11795€+01
THE ELASTIC ENERGY IS 00,678333E402
THE FLASTIC ENERGY S 0.E¢00
THE TOTAL ENERDT 1S N0,6783IIE+N2FOR A LUAD OF 00,153324E4+05
THIS 1S INCHEMENT 2 - L oF .2
THE APPLIED LOAD IS 15332,4346THE INC. LUAD IS T186,9549

SCALED STEP

ELE EL, EN, DEN PLS EN, DEN TOT EN. DEN HYURO, TEAS.

00,37026E%02
00,23001E+02
00,106957E+02°
00,78072E+01
00,64721E+01
00,3466¢E+01
00,22632E+01

00, 18695E+01

G0, 13566E+0]
00.118U6E+01
60.30995E+02
00,23001E+02
00, 10954E+02
00,78052E+01
00.4479SE+01
00,36648E+01
00.22621E+01
00, 18665E+01
00.13535¢E+01
€04 117958401

00,2564 7E*v3 ~
00,+4588E+03
00.39763E+53
00,46097E+u3
00,43242E403
00,46517E+L3
00,45143E+03
00,%7211E+u3
00.46733E+037
00.48102E+(3
00.27530E+43
00,406293E+v3
00,39689E+33
00,46033L+v3
00,+3177E%03
00.46456E403
00,45111E+63 7
00.«7lcake0s
00,46563E+v3
00,47995E+4L3
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TABLE VI. - Continued. SAMPLE PROBLEM (3) - OUTPUT
STATE MAP  STEP 2 - e
3 2 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
3 2 1 1 [} ] 1 i 1 1
1 1 1 1 1 1 1 1 1" 1
rovaL DISPLACEMENTS
0490993130 0,0u000000 0.0083753«  0,00000000 0.00741320 0,00000000 0.00604729 0,00000000 0.00611606 .00000000
3.0056R308° 9,00000000 0,00-37138 0,00000000 0.00511505 0,00000000 0,00493007 0,00000000 0.00477895 "~ 0.00000000
0400607217  0,00000000 0,00993130 ~-,00008370 0.00n48048 =~,00007344 0,00738938 =-.00008116 0,00607208 =~.UV00B309
Ce00609711  -,00004536 0.,00%69212 =~-,0000d4694 0.00535853  =,00008822 0,00511845 =,00308957 0.00451989 -,00009083
5400477600 -,00009111 -0,00466325 =,00008980 0.00993130 =,000160604 0.00530542 =,00014135 040070934 =,000i6427
Vs 2000606k =,000]10582 0,00611110 ~-,00017023 0.0056757« =,00017373 0.00530556 =,000175%0 0.00510748 =.00017900
(e006v2258  =,00018080 0.0047691% =~,000182%3 0.00600c9%0 =~.00018107 '
) . INCREMENTAL DISPLACEMENTS
G.0007873%  0,00000000 0.00061843 0,00000000 0.00uS«845 0,00000000 0.000«9001 0,00000000 0.000~4829 ©,00000000
$e00061379 0.000G60000 0.,000388Y3  0,00000000 0.00036847 0,00000000 0.00035391 0,00000060 0.00034¢26 0.00000000
GoJ0033«l1l  0.00000000 0.00078739  0,00000365 0.00064%48 0,00000166 0.00055350 =.00000330 0,000%9410 =,00000360
3.000460592 =,00000677 0.000614/7 ~-,00000510 0,0003b735 =,00000549 0,000306820 =-,00000570 0.0003524) ~,00000007
_5e00036163  =-,00000610 0.00033261 _ =.0000057%  0,00078739 0,00000929 0.00001830  0.00000425 0.0005¢993  =,0000076Y
0,00008972 -,00050709  0,0N064778  =,00000933 ~ " 0,000«lclwo =,00001013 0,00034765 ~ =.00001080" " 0,00036678 =,00001147
0400035217 -,00001192 0.00033994 =,00001224 0.00033i89 =-,00001195
INCREMENTAL FORCES
154.0 16.2 -0.0 10,9 =00 -34.l 0.0 12.0 0.0 -3.3
-0,0 2.7 00.0 1.3 -0 2.0 ~0.0 01.0 -0,0 2.3
00,0 12,6 880.0 00.0 ~0.0 0.0 -0.0 0040 00,0 =0.0
<0,0° 70040 <0.0 ~0,0 7T 7T T -0.0 TTT00.0 -0.0 0.0 0040 o060
0v.0 0.0 00,0 00.0 L 16140 -0.0 -0,0 0.0 00.0 =0.0
=-u,0 =-0.0 00.0 ~0.0 00.0 -0.0 00.0 0.0 00.0 00.0
0.0 0.0 00,0 00.0 00.0
Tt T ) TOTAL FORCES T e T T
37%6.0 -43,2 =0.0 125.6 ~0.0 =52.9 00,0 14.3 =0.0 low
T 0,0 T T T 1% =00 B0 T T T =040 T 34977 040 5% =00 =975
00,0 «54,5 8925.0 ~0,0 =040 “040 0.0 00.0 00.0 ~0.0
00.0 00,0 =0.0 T 77 ~0,0 00.0 00.0 -0,0 =0.,0" R Y T 70040
=-0.0 -0.0 00.0 00,0 382644 =040 -0,0 -0.0 ~0.0 -0,0
00.0 -00 - 00,0 7 T 7 ~0.0 00.0 0.0 00.0 «0.0 ° 7777 0040 7 00.0°
00.0 0.0 00,0 00.0 00.0 00.0 i
T e TTTTTTTTTTNODAL "COORDINATES ™~ 7 777 .
1.009931 0.000000 1.208375 0.000000 1.407413 0,000000 1.606647 0.000000 1.800117 0.000000
T 2,005683 0.000000 ~ T 2,205372°°7 0.000000 2,405115 0,000000 2.606930 0.000000° " 777 2,804779°  0,000000
3,004072 0.000600 1.009931  00.199916 1.208480  00,199927 1.407389  00.199919 1.605673  00,199917
1.806097  00.199915 2.005692 004199913 2.20535%  00.,199912 24405118 00.199910 777 77 2,604920  v0.199909
2.806773  00.199909 3,064663  00.19%910 1.009931  00.3994834 1.208365  00,399859 1.407609  ¢0.399836
TTIV605640 T 00.399436 T T L JROBITET T 0003998307 T T T2,0056T6 7 00.399426 T T T2,2053067 T 700,399424 T T 2,405107 7 60.399821
2.600923  00.399419 2,804769  J0.399uL7 © 3.006063  00,399818
TSAMPLE PROBLEM 3 EXPANSION OF A THICK WALL YUBE ’ N T STEP ™ ¢ -7~ 2 oF e 7T
- STRESS ELEMENT 0aTA
NEL TWV SR 3T (24 SRZ ST 52 SI2 TS SIGEG 5 J2 33
1 3-0.51637¢06 0,5550E+04 0.5646E+02 0,E+00 0.66446E+02-0.5149F+04 0.2607E+040,00 0.1015E¢05 0,4883E+03 0,3435E+08 0,1449E+1)
2 2-0.546726404 0,6177€+404=041530E+03 0,2230E403-041637€+03-0.54T2E+04 0,2664E+040,0% 0,1010E+05 G,1871E+03 0.3393E+008 0,1151E11
_3.120.33817 904 0,4TT4E«0% 0,1204E+02704,4591E+02 0o 126TE+0c=0.3362E+04 0.169TE+040.0) 0.T0YTE+04 0.4684E+03 0.1672E408 0, 1364c+i0
6T 1=9.3493F «04 J,5209E404 0,2764E+02 0.1851C+03 G.3604E40¢-U, 39026406 0,1969€+4040,05 0.7915E+04 0,4480L+03 0,2065E+08 0,3685E10
.5 1-0.,2565F¢04 0,61049E+0% 0.5055€+02-0.4589E+02 J.5135€+02=u.2587E+04 0,1319E+040,02 0.5841E+0% 0,5240E+03 0,1137+08 0,3¢77E+10
6 1=0,2679L004 0,3744LE+G4~0,307HE+02 0,45220+02-0,3394E402-0,247S5E+0% 0,1221E4040,02 0,5427E+04 (,aller+U3 0.9813E+07 U.429lEe10
7 1-0.17356404 0,31G0E+04-04LoH6E+02=0,3765E002-041503E+02-0417I1E+04 0,8579E+030,02 0.4241E+04 0,4513E+03 0.5995E+07 0.2999E+10
"8 1-0,1a7sE+04 0,33215036 0.1705E402 0.4456E+02 044609F+02-0.18h0E904 0,9690E¢030,02 0,4558E+04 0,4863E+09 0.692<E+07 UsI1abE* 1Y
9 1-0,1320E+06 0,7801E+04 0.1n19E+02=0.3766L+02 0.1724E+0¢~0.13¢5E+04 0,6712L 030,03 U.3645E+0% 0,4970L+03 0,4627E+07 0.CU20E+10
10 1-0,1262E¢04 0,2632E+06=0,17h7E+02 0,14931E+0C-0,1750E+Uc=U.1262E+C% 0,01¢2E+030,01 G.3430E+04 0,45T5Ev03 0,3921E07 0.1756E+ 10
11 1-0,6871cE+03 0,2297E+06=0.1342E+02~0.2569E+02~0.1265E+402~040723E+03 0.4293E+030,03 0.2039E+04 0,4708E+03 0.2685E¢07 UL 11872410
12 1-0.54136403 0,26176+04 0.7950E+01 0.1654L402 QWBIBSE*UL-0.9415E+03 0, 4T«HE030.02 0.2999E+04 0,4940E+03 0.2997€+07 UolsasEely
13 1-0.6403£403 0.2139E+0% 0.4530E+01=0.2569E 402 0.9545E+01~0,6613E+03 0,3256£+030,04 Go2519E404 0,5029E+03 0.211€¢07 0.92395+09
16 1-0.59055403 0.2065E+06=0,1147E402 0,3931E+01=0.1144E+020,590TE+03 0,2596E+030,01 0,2399E40% 0,4811E+03 0. 1919E907 0,258 ¢09
15 120.372£¢03 0.1853E¢04=0e97h2E+01=0.1960£+02-0.8705E+01-0+3731E+03 0,1822€+030.05 0+2069E404 0,4906t903 041425E+07 0.5582E¢0Y
16 1-0,6163E+03 0.19266004 0. 4naTE40L 0.6115L+01 0, 4u87E+01-Ub14hE+0T 0,2097E9030,01 0,2159E+06 (,5047L+03 0,159«E007 0,03195+09
17 1-0,2¢59€¢03 0, 1762E+04 G TCOBEC0L=0.1959E+02 0.8051E+01=G.2260E903 0,11 70E+030,08 0. tBBLES04 §,5148E40.5 U 11EiE+07 O.wobbIe0y
18 1-0.1975£403 0,1706E406=0.36h0E+01=0.1004E+01=0.36467E+01=041773E+03 0,90Y1E+00,01 C.I813E406 G,5012L+03 0. 10Y2E907 Uovcaiie 0y

19 1=0,52955+02
20 1-=0,H652E+02
21 3-0.5213F+04
22 2-0,544n7+04
23 1-0,334nE 4«04
26 1=0,3379E+04
25 1=0.2513E+04
26 1=0.2470F 0%
27 1-0.1721F+06
28 1=0.1477 400
29 1=0.133K€4+00
30 1-0.12606406
31 1=0.150655401
32 1=0,940nF 03
33 1-0,64H4E03
36 1=0,9909E01
35 1+0,3701¢ 01
36 |=0,6167/c*03
37 1-0.2391E+03
38 1=-0.198n0403
39 1=0.9%271 07
20 1=0,H4K0uE 07
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0.1591E¢06 0,12376+002-0.1716E+U2 0.1660E+0¢=-u.5718E+02
0,1A30E406 0,7960E+N] 0 1479E+01 0.7Y89E«01-U,86056E+02
0.0522E+06 0.6052E002 0,4271E402 0,4205E02-0.5214E+06
CohlbBILell=0, 1 74E+03=0,2025E403=0,1097E+03-0,5456E+04
0.4T8PE0006 0,16%EsU2=0.561TESUL 0,14S55F+02-0,3348E+04
0.92722E£+06 0.5333E+402-0,2369EeN3 0,7752E+02-0,3493E +04
0.4050F ¢06 0.274HE+0?2 0,3545E+02 0,2796L+02-0,¢614E+04
Ge T4 IE2084=0.3429E +02=0 0579 ¢02-0,3152E+02-1.2T6F ¢0k
031011 +0a=041050E+02 0,186k +U2~0,1030F+0/=Ual 7226094
[ 20€204 0.1860E+02-0.664)1L+02 02092 +0¢=0o1HBIESQs
Ve#T94E 004 0o1272E+02 0.2012E+02 041302E+02-001337E+04
0¢2631E004=0,17THBE*02=043402L¢02-0.1070F 020, 1743E+04
0,2299E+06=0,84H80E+01 0,930 +01-0.43H2L+01-0.08540E+03
Qol0lhbte06 0, 79918 901=0,3398E402 Ue9205L401-U,94lBE+03
0,71)6E¢06 0,nAYIE*D]L 0,7H9HL+0L 0obYBIE+0L=-0,b66HTE+03I
0470646F ¢06=0,1113€402-0.23/1L402=0.101AE+0/-0,5918E+03
0o 1HGOE 00=0,0rnSEeN] UL ITI9E+01-0.4HBTL*01~0,3701E03
0,1923E404 0.5,20E¢01=0.23%3E402 0,0536E+401=04100E+03
0 175%E¢06 Don?oEa01 0. 185956001 0.anB9E+N1=0a/393F 0]
0, 1702E404=0ehiHOE«OL=0e ABIOL 40220, 000HE s0L=UscD0S 003
O l9HaL s0G=Vat101E 00} VR0 Ui, [UKIF+01-0.5024E+02
Dalbrlb o064 NaSFINESOL=0.1526L 002 0,771t e0L=UJHnDZEs0L2

0,3689E+020,24 0.1613E+06 0,51068L03

0,4627€4020,02
0,26¢8E+040,01
0,267 3E+040,04
0.16E1E+n40,00
0,1945E+040.00
0,1321E+040,01
0,1222E+040.03
0,8557E+030,01
0,9510E+030.03
0,6745£+030,01
N.6132E+030.03
0.4/%1E+030,01
0.,4760L+030,04
0,327HE+030,01
0.290HE 030,04
0,186t ¢0.30.00
0.2513E¢030.00
0,172l e030,014
0.9805L +020,09
027940 0020,02
Cebomibt +nr0.106

O lHTOE LS
0, 1018E+05
C.1010E+05
0.7075E 04
NaTILSE 04
0.5849E 00
0.54z26E+04
Q.4235EeUs
Geu55nE+04
0.364HE+Us
Ce3429E+ 04
G238 36F 000
V.299HE+ U
Ue2520E 904
CaZ399E 00
0.20658 404
0.2159E 204
GolHRGE ¢ 04
Ve lHIZE 20
G l613E 004
0. 1670E 004

0.5178E+03
0,4504E+0
0,20/0L03
U,4827L+03
0,40d9L+04
9,5014E+03
U 4110E*03
0,4505L03
0,4806E00
0,4900L03
(420903
0,0793k 03
G e9iute0s
G35k 03
Ne4BOBLSO
Ve0928E 0.3
UeD0ut s s
0.5069L+03
Ved¥90L 403
0.50d6t.903
Uublibobe0s

U.d3663E+00
0.9297E+00
0.3455€408
0.3393E 00
0.166
0.2086:2408
OellaiEss
O.98lice0?
0459752007
Ven9eisen?
Qavaisgenl
03919207
0.2677c07
0,.29952+07
0.211¢6Ee07

JECeu?
.07
0, 19%3E207
0.11842+07
UelOYo e/
[ LY A TRYTY
[P T XY /T

U.30B875e0Y
Ue3ulare0y
0.16403t«11
Vel iOUES)]
0.77105+20
Ues380Ee 0
U,3298L 10
Q.77
UeltY0L+ 1Y
0.3136E010
VeclOBES1D
Veli53Ee 10
Vellnciely
Ve136lEel0
047202L409
OancuIEs0Yy
Usdcb4be0y
0.%50/7E+04
Vewtr/TEe0y
UerblEeOY
Ve 3098t e 0y
DRERYETRY A




TABLE VI. - Continued. SAMPLE PROBLEM (8) - OUTPUT

SCALED STEP

SAMPLE PROBLEM 3 EXPANSION OF A THICK wALL TUBE STEP 2 - 2 OF e
STHAIN ELEMENT DATA
NEL RC s ER (31 €2 ERZ LK L2 LY Ll L2 T TS T TPEQ
1 1.07008 00,066064 =0,00787 0,00471 =0,00042 0.00000 0.9922 0.9996 1,0083 0,9990 0,9922 0,00 -0.,00 ¢0.00 v.vOUBe
2 11226 00.13328 =0.00733 0.00779 =0.00037 0.00029 0.9927 0,9998 1,0079 0,9996 0,9927 0,00 00,00 €0.00 0.90u00
3 1436106 00,06664 =3,00435 0.0057« =0,00041 =0,00000 0.9v52 0,9996 1,0053 0,9990 0,9952 3.13  =0.00 C€0.00 V.V0V00
“ Le2lelS 0013328 -0,00550 0,00632 =0,00047 0,00025 09945 0,9996 1,000« 00,9996 0,9945 0,00  00.00 €0.00 U.JUUOD
57771407342 00.unbhs =0,00385 0.0048« =0,00041 -0.000006 0.,9902 0.999% 1.0049 90,9996 0,9962 3,127 =u.00 ~ €0.00 0.U0000
6 1.560/6 00,1332H =0,004n0 0.00647 =0,00042 0.00000 0.9964 0,9996 1,0065 0,9996 0,9964 0,00 00,00 (€0.00 0.v0000
T 173902 00,066664 ~0.002r6 0.00361 <0.,00063 =0,00005 V9973 0.9996 1,0036 0,9996 0.9973 Jel2  -0.00 0,00 0.90000
8 147314 v0,13324 =0.00289 0,00486 =0,00042 0,00006 0.9971 0.,9996 1,0039 0,9996 0,9971 0,00 00,00 ¢0.00 0.90000
9 1.87253 00,00666 =0,00217 0,00318 ~0.00043 =0.00005 0.9978 00,9996 1,0032 0,9990 0,9978 3,01 <0,00 (0.0 U.V00UD
10 1.939le  00.1332d -0.00203 0.00300 =0.00043 0.00002 0.9980 0,9996 1.0030 0,99%0 0,9940 0.00 00,00 _ ¢0.00 0.90000
117772,13440 7 00,00664° <0.00156  0.00255 =0,00046 =0,00003 0.9yds 0,999 1,0026 0.9996 0.9984 30017 =0.007 00,00 0490000 7
12 2.u72°% 00,13327 -0,00167 0,0026% =0,00043 0,00002 0.9984 0.9996 1.0027 0.9990 0.9933 0.00 00,00 €0.00 0.J0u00
13 2,27195 00.06606 =0,00129 0.00232 -0,0004% =0,00003 0.9957 0,9996 1.0023 0.99v0 0,9987 3,10 =0.00 C€0.00 0.90U0Q0
16 2.33853 00,13327 -0,.00120 0.00222 =-0,00045 0,00001 0.9988 0.9996 1,0022 0.9996 0,9948 0,00 00,00 G0.00 0.J0000
15 2,53832  00.06666 -0,00093 0,00196 -0,00045 =0,00003 049991 0,9935 1.0020 0,9995 0.9991 3,09 -0,00 C€0.00 0.J00V00Q
b 2.6l122 00,1 0Uv¥Y_ 0,0020s 5 0.00001 0.9990 06,9996 1.0UZ20 0.v996 0,9990 0,00 00,00 (0.00 0Q.uou00
267134 0076 0.00142 5 =0.00003 049992 0.999S 1,0048 0,9995 0.9992 3,067 =0.00  €0.0070.20000
18 2,73816 00,13327 ~0,00071 0.00176 =0,00046 -0.00000 09993 0.9395 1,0018 0,495 0,9993 3,13 ~0.00 €0.00 0.J0000
19 2,938%¢  00,06666 -0,00053 0,00160 <0,00045 =0,00002 '0.5995 0,9996 1,001l 0.9996 90,9995 2,90 77 ~0,00  ¢0.00 0.JOVOD
20 2.H71el- 00.13327 -0,0005 0.00165 =0,00046 0,00000 04999 (0.9995 21,0017 0.999> 0.9994 0.00  00.00 C0.00 0.J0000
T2l 1.,07A98 00,33320 =0,00792 0,00871 ~0,00041 0,0000n 0.9922 0.9996 L.0088 0,9996 0,9922 0,00 00,00 (0,u0 0.v00BZ
22 lele226 _)0.26657_-0,00733 _0.00778 ~0.00036 =0.00027 049927 0.9997_1.0079 0,99v7 0,9927 3,10 _ =0,00 _ (0.00 0.J0000
23771434105 T 00.333207=0. 00401 0.00576 =0,000642 =0.00001 049952 0.9996 1,0058 0.9996 0.9952 3,14 =0.000  C0.00 0V.J0000
26 1,27%75 00,2A657 -0,00550 0.00632 ~0.00034 =0,0003) 0.9945 0,9997 1.0064 0.99937 0,9945 3.08  =0,00 (0.90 0.90000
25 1,47321 00,33320 -0,00387 0.004He =0,00042 0,00005 V.996¢ 0,9996 1,0049 0,9996 0,9962 0,00 00,00 (0.00 0.30000
26 1,54023 00,26656 =0,00360 0.00647 =0,00061 =0,00009 09964 0,9996 1.0045 0.9996 0,99064 3.11 _ =0.00 _ (0.00 v.J0000
27 1.73902 00.,33319 =0.00260 0,0036)1 =0,00042 0,00002 049970 0.9996 1.0036 VL,9996 0,.9974 0.00 00,00  (0.00 0.J0008
28 1,67316 00,26656 =0.00289 0.00386 =0,0004) =0.00009 0.9971 0.9996 1.0039 0,9996 0,9971 3011 ~0,00 €0.00 0.00000
TT29 7 71,87263 00,33319 -0,00218  0,00318 =0,00042 0.,00003 0.9978 0.9996 1,0032 40,9996 0,9978 0.00 04,00 0,00 0,90000
30 1,93915 00.2A655 =0,00203 0.00300 =0.00043 =0,00005 0.9930 0.9996 1,0030 0.9996 0.9980 3.1 -G.00 _ (0400 0.J0000
T31TTT2,13850 T00,33319 ~0,00155 0.00255 ~0.00044 0,00001 0.9984 0,9996 1.,0026 G.4996 0,994%4 6,007 00,00 TC0.00 0.J00G0
T 32 2.07226  00.20655 =0.00167 0.0026Y =0.00043 ~0.00004 0.9983 0.9996 1.0027 0.99%96 0,9983 3.41 -0,00 €0.00 0.J0u00
T3 TTT2,27194 T 00,33319 -0,00129 0.00232 ~0,00044 0,00001 0.9987 0.,9996 1.0023 0,9996 0,9987 0,00 700.00 ~ (0.00 0.30000
36 2,33853 00,26655 =0.00120 0.00222 ~0,00045 =0.00003 0.9%68 0,9996 1.0022 0.9995 0,9988 . 3,10 ~0.00 C€0.00 0.30000
3553832 TTG0,333137=0,00093 770001967 =0,00045  0.,00000 0.99%1 0,9996 1.0020 0.9996 0.9991 0,007 00,007 TL0.00 0.0000
36 2,47172 00,26655 <0,00099 0.00204 =0,0004%5 -0,00003 0.9990 0,9996 1.0020 0.4996 0.9990 3.09  =0.00 C0.00 0.20000
37 TT2.6715« 00,33318 -0.00077 0,00182 -0,00065 0.00000 0.9992 0.9996 1.0013 0.9996 0.9992 0,00 77 00,00 €0.00 0.)0000
38 2,73816. 00.26655 =0.00071 0.00176 ~0,00046 ~0,00002 0.9993 0,9995 1,001B 0,9995 0.9993 3.0 =0.00 (0.00 0.20000
73977 2.938)3 00,33318 -0.00053 0.00160 -0,00046 0.00000 0.9995 0.9995 1.00l6 0,9995 0,9995 0.00 00.00 (0.00 0.,30000
40 2.87140 00,26655 -0,000Ss  0.00165 =0,00046 - 049994 0,9995 1.0017 0,9995 0.999% 2,98  -0.00 60,00 0.20000
ELE _EL., ENe DEN PLS EN. DEN TOT ENe UEN HYDRO. TENS, ELE EL. EN. DEN 'PLS EN. DEN TOT Eie. DEN HYuRO. TENhS.
1 00,44803E¢02 00.H2417E+0] 00.53045E+02 00,43832E+03 2 00,44225E+02 0.E+00 00,44225€402 00.,i8T10E+(4
3.00.215556+02 0.E+400 0U.21955€402 00, #0835€«03 . 4 00,27200E+02 _0.E+00 ____ 00,27200E¢02 00,.~+s01€+(3
5 00,14549E402 "0.E+00 00.14949E+02 00,52397€+03 6 00.12865€+02  0.E+00 00,12865E¢02 00,=111E(3
7 00,79173€+01° 0.E+00 00,.791TBE+Ql 00.45126E+03 8 00,71456E+01 0,.E+00 00,91456E¢01 00.-36¢6E+(3
9 00,55038E601 0.E¢00 00.59058E+01 00,49755E+03 10 00,52233E+01 0.E+00 00,52233E+01 00,-5755E€¢3
11 00.36259€+01 0.E+00 00.36259€+01 00,4707/E+03 12 °00.40431E+401 0.E+00 00,40431E40) 00,~9456E¢(]
13 00,250162+ul 0.E«00 00.29010E+01 00,50247E+03 14 00,26338E«0) 0,E+00 00,20338E+01 00,~8110E+L3
15 00.19986E+01 q_f»oo- 00.19906E+01 00,49U55E¢03 16 00.,21733E+01_ G.E+Q0 00,217335+01 00,50457E+Ed
T7 00016946401 T0.E500  00,16G44E+01700,51473£403 I8 00, 15744E40) 77 0 E€00T T 00, 157445401 700,50123E L3
19 00,12871F«01 0.£+00 00.12871E+01 00,51681E+03 20 00,13694E+01 0.£+00 00413694401 (0.51776E+03
21 00,45065E40¢ 00 H2TS1E«0L 00,53320E+02 00, %5037E+03 22 00,44192E402 0,E<00 00,4415CE¢02 00,Z0775E(y
23 00,21833T¢02 0,E400 00.21533£ooz 00,40274E-03, 24 00.272H0E+02 0.E+00. 00,27280E+02 00,~6837E+03
25 00.1697h%+02 D.E+00 «149T6E+02 00,50140E¢03 26 00,12862E+02 0,E+00 00,1286€E402 00.41162E+(3
27 00.73979+01  0.E+00 _ oo T89TYE+01 00,65651€+03 28 00,91443E+01 _0.E+00 _ __ 00,91443E+01 U0.-3637TE+L]
29 00.59120F+01 0.E+00 T00,5%100E401 00.49004E+03 30 00,52213E+01 U.E+00 00.52213E401 V056 44Ee0s
31 oo, Jhl‘m»o')l UeEe00 00.,36198E+01 00,47527E+03 32 00,40415E+01 0.E+00 00,40415c*0] 00.-v4J2L03
U.Ee0O 00.28999E+01 00,49 148E+63 36 00,26323E+01 0.E+00 00,26323E+01 00.~8080E¢03
0.E+u0 00.19963E+01 00,49283E+03 36 00.21720E+01 0.E+00 00.,21720E901 00,504ulbe(3
37 00.1692HESHL  0.E00 00,16926E+01 00,50694E+03 38 00.15729E+01 0.E+00 00,15729E+01 00.498¥9E+03
39 00.12831€+01  _0.€+00__ _ 00,12031E+01 00,50884E03 40 00,13679E+01 _ G.E000 _ 00, 43679E+u1_00.50537E"0s
THE ELASTIC ENEWGY (S 00.777558E+02
THE PLASTIC ENEWGY IS 00.221512E+01
THE TOTAL ENEWGY 1S 00,799709E+02F0R A LOAD OF 00.165074E+05
THIS 1S INCHEXENT el - 2 UF 2
THE APPLIED L0OAD IS 169507.4264THE INC. LOAD IS 187449918
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TABLE VI. - Continued.

SAMPLE PROBLEM (3) - OUTPUT

STATE MaP  STEP 2 - 3
3 3 1 1 1 1 1 1 1 1
1 1 1 1 1 3 1 1 1 1
3 3 1 1 1 1 1 1 1) 1
1 1 1 1 1 1 1 1 1 1
TOTAL VISPLACEMENTS
J.01000000 J,00000000 0,00R4269%  0.,00000000 0.007658406 0,00000000 0.00600746  0,00000000 0.,00615337 0.00000000
3005710697 0,00000000 0.00%401377 0,00000000 0.005%1v520 0,00000000 0,00495902 0,00000000 0,00480094 0,00000000
Se0056999  0,00000000 0.,01000000 =-,0000B2¢4 0,00493320 =,00007260 0.00743%e]l  =.0000R117 0.00071305 =.0v00833Yy
J.00613369  =-,30008%76 0,00572603 ~-,00008737 0.,00549023 =-.00008867 0.,00514857 =,00009004 0.0045+871 =.0000413¢2
500680032 =-,00009161 0.0%66%04s  -,00009026 0,01000000 =-,000i6338 0.00d8«1748 =,00013955 0.0074551¢ ~,U0VULbG ST
3.00008084 =, 000l0064 0.00ntuwin? 00017099 0.,00570993 =,0001 74063 0.00549729 -.00ul7684 0,00513748 =,00017993
LeQ0%YS138  -,00018176 0,0007969%4 =,0001835¢ 0.0060%009 =-,00018203
INCHEMENTAL OISPLACEMENTS
C.00006870 0.00000300 0.02005165 0,00000000 0.00006520 0,00000000 0.,0000«0i« 0.00909000 0.00003672 0.00000000
$e20003389  09,00000000 0,0000314%« 0,00000000 0.00003015 0.00000000 0.00002895 0,00000000 0.000C2799  0.00000000
£.00002732 2,00000000 0,00006870 0,00000132 0.00005c71 0,00000084 0.0000%503 ~,00000001 0.0000+038 =.00000031
300003654  =,00000042 0,€0003391  =,00000003 0.00003170  =,00000045 0.00003012 =,00600067 0.000028d2 =.0000004%
L«30002792  -,00000050 0.,02002719 =,00000046 0.60000870 0,00000266 0.00005207 0,00000180 0.00004>78  =-.0000001v
C.J0004038 ~,00000067 0,00003677 '=.00000070 0.00003379 ~-,00000085 0.00003173 "=,00000088 = 0.00003000 =.00000093
€+J00028R80 =,00000097 0.00002773 =-,00000100 0,00002712 -,00000097 .
. INCREMENT AL FORCES
19,4 2.2 =0.0 - -0.0 =345 -0,.0 =07 =0.0 00.3
=0,0 00 % -0.0 V0.3 G0 00.2 =0,0 00.1 -0.0 -0 2
00,0 -1, 45.0 00.0 -0.0 =0.0 0.0 0040 00.0. o
00,0 00.0 -0.0 =0.0 -0.0 00.0 00.0 0.0 700,07 T 7 00 o
00.0 “0,0 Q0.0 00.0 10.5 =0.0 =0.0 -0.0 00,0 -0.0
00,20 “0.0 00.0 -0.0 00.0 =0.0 90.0 0.0 0040 00.0
00.0 -0,9 00.0 00.0 00.0 00.0 o
ToTAL FORCES T T T e
3775,5 -41,0 -0.0 127.6 -5643 00.9 13.6 1.7
-0.0 1.8 =0.0 de2 “el =0.0 5.5 -9,8
00.0 =55.6 8969.9 0.0 =-0.0 -0.0 00.0 =0.9
0u.0 00,0 -0.0 ~0.0 00.0 0040 0.0 -0.0 00.v
-0.0 ~0,0 00.0 _ 00.0 3b63,.0 ~0.0 =0.0 -0.0 -0.0
00.0 “0,0 T T TTTTT00.07 T 0.0 00.0 -0.0 0d.0 ~0.0 00.0
0G.0 -0.0 00.0 V0.0 00,0 00.
NODAL T CoouDJNATEs'““'““‘ o -
1.0i0000 0.000000 1.208427 0,000000 1.,407450 0.000000 1.606687 ' 0.000000 1.806153 0.000000
2,005717 "7770,0000007 77777 T2,2056404777770,000000 T 777 2,405165 0.000000 ° T 2.604959 0.000000 TT2.804807 0.,000000
3.004699 6.000000 1.010000  00,199918 1.208533  00,199927 1.,407434  00,199919 1.606713  00.199917
1.68061347  00.19y9147 777200057267 T 0044999137777 777 2,205390 © 00,199911 2405149 7T 00,199910° 7 T T2.604949  30,199909
2.H804806  60.199908 3.004690  00.199910 1.010000  00,399837 08417  00.399860 1,407455 0.399336
T.606681 00, 39953% 1. uooxaa 000399829 T T2000571077700,399825 TTR2.205397 7700399823 2.4051377 T 00.,3698207
2.604951 90.399413 06797  00.3998lo 3.006090 00.399817
"SAMPLE PROBLEM 37 EXPANSION™ or A THICK wALL TUuBE '~ - STEF 2 - 3 oF 2
STRESS ELEMENT DATA
NEL IwV SR ST sz SRZ sl 52 Si2 TS SIGEQ S Je J3
1 3= 0.5531E+04 0,6120E402 0.E+00 0.6120E+02-0.5179€+04 0,2620£+040.00 0.1016FE+05 0,4710E+03 0,3441E+08 0,14033«11
2 3- 0,0153E¢04-0.1620E+03 0,2224E403-0.1527€+03=0.5504F+04 0,2676E+040,04 0.1011E+05 (,1656E¢03 0,3400E+08 U, 1110511
31- 0.4803E+0% 041333E202-0,4636E402 04 1446E+02-0,3403E+¢04 0.1710E5040.01 0.7141E+046_ 0,47106+03 0.170IE+08 0.7075210
« 1-0 0.5242E+06 0.335nE+02 0.1885E403 0.4256E+02-0,3929E+04 0,1986E%040,05 0, 7966E404 9 Z?Avtooa V.2012E508 U.0764T+1i0
5 1-0 0.91336¢04 0.5271E+02-0.4634E+02 0.5352E+402-0.2605E+04 0,1329€+040,02 U.5878E+04 0,5271L+03 0.115iE+08 0.53555«10
6 1-0 043750E+06=0,346IE+02 U 4509E402-0,3381E+02-0e24F2E+06 0,1229E€+040,02 0.5461E+04 0,4133E+03 0.9933E+07 U.936cZ+10
7.1=90. 17625‘0“ 0s311HE+N6=0.16CYE+02=0,3T91E«02=0,1525E€+02-0417%35¢04 0,B637E+030,U2 0.426BE+G4 J,4533E+03 0,6069E+07 02745210
B 1=0.1K92€604 (,3060E+04 0.1746E402 0. 4479E+02 04 1B51E+02-Us1BI3E+04 0,9558E+030,02 G44587E+04 0,4836E403 0.7019E+07 0.3198E+10
9 1=0,13355¢06 0,2H17E+06 0,161HEG2~0,3790E+02 0. 4724E+02=0,1334E+06 0,0759E+030,03 0,366TE+04 G 4999E+03 0.4482E+07 0.20555+10
TO 10012515006 0.264TE406=0,179CE+02 0414356402700 1/75€+02=01251E+04 0.0165E+030.01 0,3451E*06 U596k U3 UL IYTIEOT U.L/BTC L0
11 1=0,877+5¢03 0,2311E+400=0,1361E402-0.2595L+02=041284+02=04b7BTE*N3 0,4329E+030.03 0.2856E+0« 0,4730£+03 0.2713E¢07 0.42005010
12 1-0,94815+03 0.2631+0% 079195601 0, 1494E¢02 0.0153F+01=0o%484E+03 0,4763E+030,02 0.3017E+0s (,4909E+03 0.3034E+07 0.1367E10
13 1-0,6455¢03 0,21525¢06 0.06559E€401-0,¢595E+402 0.9583E+01-0.6461E+03 0,3274E+030,04 0.2536E+04 0,5050c+03 0.2140E¢07 0,9401E+09
16 1=0.59516003 0,2057€+06=0,5162E002 0,3842E+01-0.1160£+02-0,5951E+03 0,2918E+030,0) 0.26014E+04 0,4835E+04 019426407 0.0w03Z«0y
15 1=0,37975¢03 0,18645+04=0,9195E+0]1~0,1945E+02=0,5819E+01=0o3760£¢03 0,1B36E+030,05 0.20A1€+04 6,4931£+03 0416436407 0.5986E+07
16 1-0,6177:¢03 01935506 (o 4564E+01 0,4010E+0L 0.49026+01-0,417HE«u3 0,2113E+030,01 G.2172E+04 (,50/3k°03 0,1573E+07 0.6034Z+09
17 1-0,2267E+03 0,1773E04 0.708HE«UL=U.193GE+02 0oBT6LE+01=0,2284E+03 0,1160E+030,08 0.1393E406 (6,51 76E+03 0,1193E07 0,47692+0Y
16 1=0,198A4 007 0,1714E+0%=0,3679E+01=0.1753£¢01=0.3464E+01-0,1989E+03 U, 97TUE020,01 G, 1823E+04 0,5040t+03 0,1103E+0/ 0.4317<e09
19 1-0,5341E+02 0.1600E+Ca 0 1271E+92=u,1741E+02 0.1701£+02=042T7LE+02 0,3736E+020,24 216226404 0,5199EU3 0.,8765E+00 G.Ii4cEe0y
20 1-0,852/F«02 0,1639E«04 0,64C0E+01 0,1396E+01 0,8121E+401-0,8529€+02 0,9671E+020,01 0, 16B0E+04 U,5207L+03 0,94055406 0.34752+09
21 3-0.%260r 04 (,6505E 04 0,4050E 902 0,40°0E90¢ 0 u081E+02-UaS24LE006 0,2641E04490.01 G 1019E4CS (,4350E°03 0.3401E908 Galadyisall
22 3-0,548 5005 0.ni66k+Ca=0,17S57E403=0,2031E203-041180L+03=0eS4BTE+04 0,26H5E¢040,0% Co1010E205 (. 1860E+03 0,3393Ce08 0. 1059+11
23 1+0.337,¢06 0,4811€496 0, halEhe02=0,7820E+01 0.1620F+02-0e3370E904 0,1693E+040,00 U.T120E+04 (,40850L¢03 U.169IE+08 V.T829E~10
26 1=0,39055+06 0,57555+06 0.700RE+02-0,2398E+03 0.8449£¢0c-0,3920E+404 0,2002E0060,06 0.T967TE+06 (07 335E+03 0.2110E408 0,0442E4)0
25 1-0.26335006 0,4114E+94 0,C935E+02 0,3540E402 0.28HeE+0C-Ue26330¢0% 0,1331€0040.010 0.,58BTE+04 0,5032L+03 0.1155E408 0.5378E« 1V
26 1=0.26918¢0% 0,37655¢00=0,3149K+072=0,6016Ee02=0.3170E+02-0,2493E+04 0,1231€+040,03 U.5460F+06 0,4133E¢03 0.9YISE+0T 0 43508410
27 1-0,1734F+0% 0,V119E004=0.10AGES02 0. 1446E202=0,106ut+02-0,1736L 04 0,H620E+030.0) 0.4262E+06 0,4582L+03 0.60954c407 0.2735E«10
28 1-0,1A49/F406 0,33195406 0, 1ARTESU2=0,65962E902 0.2099E+02-0 4 JHIGE 06 0,9576E+030,03 0,6546E+04 ¢, 4B3/E+03 0,7007€+07 0,3190E10
29 1=0.136nFe06 0.28105¢06 0,1 HOE002 UL2091E+402 0,1316F402-0et34TESLG 0,6799L0030,01 U.3671E+06 (,4921L903 0,4493E¢07 0.20428+10
30 1-0.1251F«06 0.264nE«06=041THAE suU/=U,34nhes02=0.1689L 2020 1252E404 0.61T6E+030,03 0.3450E¢06 0,4590E03 0,3967€+07 U, 1/83E10
31 1-0,8B70/6+03 0,/3125606=0,89TTEo0] U,Y335Ee01=0,847hL+01=DeT10E203 0,4312E+4030,0) 0,2451E+G4 Q,a7 /5803 0.2Ti0E«0/ U,ic0lE%]0
32 1-0,9485F 07 0.2030F sl 0.MN06F eU=0,34/6E 402 0.9229E401~UeYo9TESUI 0,4795E¢030,04 U3010E+06 0, 0904b°U3 (0,3032E¢07 0,1309C¢010
33 1=~0.H537F 03 0.2160FeN06 0.6936E4(] N 7647 e01 0eT7027F+01=0,6537F 003 0e3I03E+030.01 0De2535E+04 (,49YIYEQD De2l4zEe07 Q.v303Le0Y
e 1-0,5953F 403 0,709 «06=0,1126E002=0,239HE+02=0, 1027 +02-0,5963E 03 0,2930E«030.04 U.2413ke04 G o83ct+03 0.1Y4lEcQT? V,0387E20Y
35 1-0,3739E¢03 0. 1H406Es06=0,49P0E¢01 Y 0501k 0 ~0.4922F +01=U, 37300203 0,1340E+4030,00 0,2078E406 U,49954E+03 0163957007 0.5%4TEe0Y
36 1-0,61741 004 00,1936k 006 0,5706E 00 l=0 2341k 002 0.6600E+01=-009192E 003 0,2129E¢030.00 (.2)72€+06 0,5070keud 0e1571E007 0,00228 409

1-0.7611F+03
10,2004t 4014
1=0.5670F 407
1=0,8nAgFen?

01765t 006 O,69l0Een) 0, 1750L 201 0.,492T7E+01-0,2413E+03
0, L7172 9=, 6-6E¢0L=0, LHANEL ¢0¢=0 44T 1Fe01=0,2022E403
01593 00620,1047E201 0,10330901=-0.101E +01-0.5HTHE+0Z
0. 1637 e0i6 0.547TAE40L=0,1545E¢02 0THITE«0)-U89I4E+02

0,073k e030,u1
0 YA8HE 020,09
0.2T4HALe 020,02
D.hunlbeG20.10

GolB899E204
Ve dnrIES 04
Velb74F (e
G l6A0t s06

G.,HUYbLe0d Ol llyer el
0,5017603 Vallu=Eso?
UHLE/E203 Q877500
0,51a5E03 0,9402F+00

Q. f5YE 0y
Qe319E 0y
Ue3152E e Qv
VedaT3Fe09



SAMPLE PRUGLEM

TABLE VI.

3 EXPARSIUN OF A THICA wALL TudgtE

STRAIN ELEMENT DATA

NEL wC £ [ ET €2 ERZ
11,0761« J0,00666 =0,0079 0,00877 =0,000+) 0,00000
2 1.16232 00,13324 -0,0074, 0,007He =0.00046 0,000¢9
3 13«11l 00.00664 =0,00408 0400574 =U,000«) =0.,00000
© 1427640 00,13323 =0,0055« 0.00036 =0.00030 0.00025
5 1l.607360 00,00004 =3,00384 0,00447 ~0,00061 =0.00000
[ 1.564028  00,13378 =0,00303 0.00450 =0,00062 0,00006
T 1.73906 00,06664 =0.00208 0.00383 =0,00043 ~0,.0000%
8 leol313 00,13328 =~0,00°91 0.90483 =0.060s2 0.00006
9 1.872n7 00,000664 =0,00219 0.90320 =0,00V«3 =0.00V0%

10 1.93919  60,13324 =0.0020% 0.00307 =0,0004¢ V,00002
11 2,138- 00,0666e =0,001537 0.00257 =0,000«4 =0.00003
12 2.072°8 00,1337 -0.0010% 0400270 =0,0004% 0.00007
13 2,27194  0,0m604 =03,00130 0,00236 =0,00044 =0,00003
le  2,33856  20.13327 -0.00121 0.00223 -0.000e5 0.00001
15 2,53835 00,008666 =0,00093 0,00197 =0,000+6 ~0,00003
16 2,47175 00,13327 ~0,00100 0.00205 =0,000«5 ¢,00v01
17772,67157 7700,00664 =0,00070" "0.001H3 =0,00046 -0,00003
18 2,7s919  u0,13327 -0,00071 0,00177 =0,00046 ~u,00000
19 2,938°7 00,06606 =0,00054 0,00161 =0,00045 =0.00002
20 2.R713 00,13377 ~0.00C54 0.00loo =0.00046 0.00000
21 1.07614 J0.33320 -0.00801 0,00876 =0,00040 0,00000
22 1414232 00.26K57 ~0,007«2  0.00783 ~0,u003e -0.00027
23 1.,34110 00,33320 =0.00445  0,00578 ~0,000«2 ~0.00001
26 1,27%430 00.20057 =0.0055« 0,0u036 =0,00034 =0,.00031
25 1l.473r6  00,33320 -0,00389 0.00+87 =0,00042 0,0000%
26 1,54023 J0,20656 =-0,00363 0,00650 ~0,00042 ~0.0000%
277 1,73905 00,33319 =0,00208 0,00363 =0.00043 0.00002
28 1,67318 00,26655 =0,00291 0.003db =0,00042 =0,00009
257771872067 T00.33319 -0.00220 0,.00320 =0,00043 0,00003
30 1.93919 00.¢6055 =3,00206 0.00302 =0.00044 =-0.00005
31 24138+3 00,33319 =0.00156 0.00257 =0.00044 ¢.00001
32 2407223 00.26655 =0.00168 0,06270 ~0,00046 =0,00006
33 2.271%3 00.33313 -3,00130 0,00233 -0,0004« 0,00001
36 2,33856  00.20655_=0.00121 _ 0,00223 =0,00G65 -0,00003
3577 245383377 00,333187=0.020937 0,00197 =0.00045 0,00000
36 2.67176 00,20655 =-0,00100 0,00205 =0.00045 -0,00003
37 2467157 00.33314 -0,00077 0.00183 -0,00045 0,00000
38  2.73818 00.2665¢ -0,00071 0,00477 =0,000%6 -0,00002
39 2.93806 (0.33318 -0,00053 0.,00161 -0,00046 0.00000
4)  2.87143 00.,26654 =0.00056 0.,00166 ~0.00046 =0,00002
ELE EL. EN, DEN PLS EN, DEN TOT EN. DEN HYURU. TENS,
'1700.648h0£402 00.90139E¢01 00.53974E+02 00.474026+03
3 00,222336+02 0,.E<00 00,22233E+02 00,47095E+03
B7U0,151375%02  0,€+400 00.15137E502700.52713£+03
7 00.8C153E+01 G.E+00 00.80153E+01 0U,65329E+403
9 00.597325+01 0.£+00 00.5$782E+01 00,49939E+03
11 00,36649EeU] G.E+00 00.36699E+01 00,47299E«03
13 00,29359E901 0,F+00 00.29359E+01 00,50501£+03
15 00,20224E+31 0.E+GO C0,20224E+01 00,49310€+03
T17700,17144E401  DUEVGO 00.17264E01 00.51764E+03
19 00.13022F«01 G,E+00 00.130226+01 00,51985E+03
21 00.65103F+02 00.9039E¢01 00.56142E+02 0u,«3501E+03
23 00.22110E+02 0.E+00 00,2211UE¢02 00,4B562E+03
25 00.15109E402 0.E+02 00,15169E+02 00,50321E+03
27 00.79971E+01 0.E00 00,79971E+01 00,45617E+03
29 00,596 46E+)1  ULE-00 00,59334E«01 00,49211E+03
31 00.35597F+il  0.E«GO 00,36397E+01 00,47751E+03
33 00.2+369E«01  0.E<00 00,29 369E+01 00,49991€+03
35 00,20179Eenl  U,E+00 00.,20179E+01 00,49541E+03
37 00.171¢3E«01 0.Ee00 00,17128E+01 00,50903E+03
39 00.129A1€001_ 0.E+00 00, 1¢98LE+01 00,51174E+02

THE ELASTIC ENEwGY IS 00. 7HLLHOE*02

THE PLASTIC FHEXGY IS 00.26201HE401]

THE TOTAL E.EWGY IS 00.R106HHE*U2FOR A LUAD UF

THIS 1S [HCREMENT 2 - 3

THE AMPLIED LOAD 15 165HA, 3384 THE INC. LUBD IS

TAPE WESTART GEMERATION...STEP 2 - 1 oF 2

LR

U.9921
0.9927
Ua9YS2
069945
0.9961
Ve99ns
0.9973
Cew9y71
Ua9978
GeIYHU
0.998¢
0a99H43
Oa99n?
0.9918
0.399)
Vo990
Vo992
049993
0.9995
0e9994
0e9921
09927
0.9952
049945
Ue9901
0.9904
0.9973
0.9971
Ua3978
0.9940
0,9984
0.9943
Q.9987
0.9948
0.9991
0.9930
0,992
0.9993
049995
U.999¢

[f13 2
80,9119

(¥4

0,99%6
049990
049990
Ue399%0
0,.,9996
V9998
0,999
0.999%
04,9996
0.99v6
0,999
0,999
0.9998
09995
0,9935
0.999S
0.9935
0.9995
0,999%
UeY9995
0,999
0.3897
0.9956
049997
0.9996
0,9996
0.9996
0.998n
0.9996
0.9996
0.99%0
04,9986
J.99%0
049956 _
0,9995
0.9996
049995
049995
049965
0.9995

ELE EL,
2 00.44234E+02
4 00,27621E+02
6 00,13025E+02
8 00,92592E+01

00.,52874E+01

00.,40924E4+01
00,26694E+01
00.21991E+01
00.15930E+01
00,13655£+01

U0.4424T7E+02

00.,27638E+02

00,13022E+92

00.92580E 01

00,52053E+01

00,40907E401
00.26039E£¢01

00.21978L 401

00.15913E«01

00.13839E+01

00,1065883E405

Lr

1.0089
1.0079
1.0058
1.000a
1.0049
1,0065
1,0030
1.v039
l.v032
1.c030
1.0026
l.0027
1,0023
l.v022
1,0020
1.0021
1.c0ls
1,0018
l.001e
l.0017
1.0089
L,0079
l.u058
1.0064
1.004%
1.0045
1.0030
1.0039
1,303¢e
140030
1.c026
l.0027
L,6023
l,0022
1.6020
1,0021
l.,00l8
l.00l8
l,0016
1,0017

EN.

Ll

0.9990
0.9990
049990
09990
0.9930
0.9990
0,49v0
0.9¥990
Ue9990
0.99%0
0.93%0
0.99%0
0.999%0
0e9995
0.9995
0.9995
09995
0.9993
0,.9970
U.9995
0.99v%0
0.9997
0.9990
049997
0.99%0
0,999¢
Gev9vy0
0.9990
0.999¢6
0.9990
049996
0.999¢6
0.99%
0.9996
0.99v5
0.9996
0.9995
0.9995
0.9995
0.99%5

DEN PLS EN.

- Concluded. SAMPLE PROBLEM (3) - OUTPUT

. L

0,9921
0.9927
0.9952
09945
0,9961
C.9964
0,9973
0,997}
0.9978
0.9980
0.9934
V.9943
0.9987
0.9983
60,9991
0.9990
0.9992
0.9993
0.9995
049995
0.9921
0.9927
0.9952
0.9945
0.9961
0,996«
6.9973
0.9971
0.9978
0.99580
0,9984
0.9983
0.9987
0.9988
0.99491
0.9990
0.99v2
0.9993
0,99%5
0.9994

OEN

slep

Tw

0,00
0,00
3.3
0,00
3.12
0.00
3,12
0.02
3,11
0.00
3.11
0.00
3.19
0.00
3,09
0.00
3.00
3,13
2,990
0.00
0.00
3.10
3.le
3.00
0.00
3.1
0.0u
311
0.00
3,11
0.00
3.11
0.00
3.10
0.00
3.09
0.00
3,05
0.00
2.98

2

15

-0,00
00.00
-0.00
00.00
«0.00
00.00
-0,00
00.00
-0.00
00.00
-0.00
00.00
-0.00
00,00
-0.00
00,00
-0.00
-0,00
-0.00
00.00
00,00
-0.00
20,00
-0.00
00.00
-0,00
00,00
-0.00
00,00
-0.00
00.00
~0,00
00,04
~0.00
00,00
-0,00
00.00
-0.00
00.00
-0.00

3 oF

™

00.00
00.00
00.00
00.00
00.00
V0,00
00,00
00.00
90.00
00,00
00,00
00.00
00.00
00.00
00.0v
90.00
00.00
00,00
00.00
00.00
90.00
20.00
00,00
00.00
00.00
00.00
00.00
00.00
00,00
00.00
00.00
00,00
00.00
00.00
¥0.00
00.00
00.00
00,00
00.00
00.00

tPEQ

0.00089
0.00007
0.00V00
0.00000
0.90000
V. 00uVY
0,00000
0.00000
Q00000
000000
0.00000
0.00000
0.00000
0.00u00
0.u0000
0.00000
V.U0U00
0,00000
0.00000
V.00000
0.00009
0.00007
0.00000
0.00000
0.v0000
0.00000
0.00V00
V.00000
0.00000
0.00000
0.00000
U.00000
0400000
0.00000
0.00000
0.00000
0.00000
0.v0000
0.00000
0.00000

TOT ENe UEN HYURO. TENS.

00.09312E+00
0.E+00
0.E+00
0.E+00
0.£+00
0,200
0.E+00
0.E+00
0.£+00
0.€+00
00.69923E+00
0.£+00
0.E+00
0.E+00
0.E+00
0.E400
0.E+00
0.E+00
0.t+00
0.E+00

00.64979E+02
00,2/021E+02
00.13025€+02
00,9¢392E01
00.52374E+01)
00,4G924E¢01
G0,20054E+01
00.21391E+01
00,15230€+01
00.13d55€+01
Q0,4uIuTECY2
GO0 27538E02
00.15022E+02
00,92580E¢01)
90.,92393E%01
00,4G907E0L
00.26639E+01
00.2197BE+01
00,15913E+01
00.13339E+01

00.16560E+03
00.45190E+03
00.41332E03
00,8857« 03
00.49957E+U3
00.49609E+03
00,483486E+03
00.50730E+03
00,50398E+03
00,52071E+03
00,18602E+04
00,47330E+03
00.41335E+03
00,08u8n9E+03
00.45899e 03
00.49637€+03
D0, 48318L 03
00.50/05E+u3
00.50170t+03
00,51847k+0 3

NEL

NENOTVE LN -

57
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TABLE VIII, - SAMPLE PROBLEM (4) - OUTPUT

15 1=0,04¢9%401
16 1=0.54745 03
17 1=0.24735+03
lo j~0,743+¢+03
19 1-9,723 4092
20 1-0.,11635 0
2l 3-0,h35-F 000
22 3=0.nTHnE e 06
23 1-0,42895 ¢ 04
26 2=0.5001% 3%
€5 1=0,3601F 00
26 |=0,3)81E+00
27 1=0,226/Fen6
2K 1=0,76 365 ¢ 0k

0.7230PE+06-0,1440E+02=0,30t7E+02-0,13506¢0¢~0,4940€+03
0423900006 0,9576r¢01~0,3302E900 HaO57AE ¢01~0,5696E+03
0421935006 Y, 1063ES02=U 015 +U2 DelIILESOC~ULI003E403
0,211 9E00G=0,3635E001=0,796hLo01=0s 3193 +UL=0alhalE o0
Do EIRGE#DL D, 2hT2FE e02=0,27T77E¢07 DeIwHr ¢0e¢=0,7964E+02
0e2029E e06 0, 13ANESUP=0,214nE 001 041369 ¢02-u, 104K 0]
053076 ¢06=0,630nF ¢UF=U,4 337t 202-0.03UnF¢02=U,0352E 04
0e5227E 204=0,6nHIE+03-0,22/7E+03=0,4b601E+09-0,079hE ¢ 0n
0et01RE 06 D, HGGTESDP=0,99/TL 407 0oB6T3FEe0/2=0,4 Y1E+0u
QehbP2F 06 (1, 45UIF 003-0,3543L¢03 Vo374 +03-0,9027F +00
0o lNat 04 0 ,hunbEsiZ B.5022E 002 Da6DIRE+02=1), JublEelb
Volhlhrefibml at It ol2=0 0907t s 07A=0, 39220 «0r=0. Il HuE 006
0o JHIAFE s QW=D I nS5E eN2 U lhunt e02=N, l67al ¢0/=0,/P7020k 404
0eGlblF ein N, 2141Ee0/=0,79E0E v07 UadITLFo02=0,203/L 404

0,2407€+030,006
G.2770L4630,00
N.i56dk+030410
0.1305€+030.03
G.5R%IES 0.2
0.55U3E+020.02
0.3155E2040.01
0.31nnEeus0,. 00
Do IMYEsNa0, 02
0,270 Espa0.07
G l796E+040.0)
0. 15120 040,04
0,1173F+0060,0)
0,1230L+040,03

U 2590Ee0a U599t eyl
0,2705E+06 9,60D3c+03
0423526404 (0,6392L403
V. Z264E+0% 0,0173E403
$.2009E 06 D, bubiteys
0.,20H3E 00 (,0620k00
01053 eUn=U, 1903L 0
0,1042E+05=0,6703E 403
UeBYRZE + 04 U,bUsstsu]
0. 10H0E 05 0,b506L 03
G, Tuult et Yobl9nEe0)
0,An% F ek U, 0nudteys
05361k 006 J,52010008
GeblUBF o0& G,57306k+03

Q.2233E407 U L1GUELD
O.2434E+0/ U.lcoUE+1V
OoldaIEs0] 0,2075E 09
Vel 70U e07 0,8215E«09
0ai3edt+0/ 0,9956E 09
0oluabee0? U.0606E«0Y
04s3039L 208~V 2050E+ 1 U
Ded6i2Es0B=0,7507E10
Vo205t 408 L, EsTTESLY
OoddchbsUa U dulakell
GalBadteln U 929/ELV
UelSrobslu U.a082E%10
Uevna73be0? G.o0LS0EelU
VellU3Ee08 0,5v44kelu

59

o [ 1 0 1 1 s 0
_ 2.0 1 1 1
RESTANT FHRUN TaAPE
1 0
“
PRUDLEM ERTLHDED FHIM 2 TO o STEPS
THE NEW TO VECTOR IS
_0.00500  0.00007 0,00500 0,00500
STATE Mae  STEP 3 - 1
3 3 1 2 1 1 1 1 i
1 11 TUR R S S 1 1
3 3 1 2 ] 1 1 1 1
| R SR S S N [ o1 1
10TAL DISPLACEMENTS
5.01282689 0, oaoooooo __ 0.0105527« _0,00000000 __ 0,00932120 0.00000000 0.00833963  0.00000000 0.00765440  0.00000000
T0.90711165 T 0.009000007 T 0,00671397 T0.00000000 0.,00630c0¢  0,00000000 0.00615032770,00000000 000593874 T0.v0000000
2400582365 0,00000000 0,01282889 =-,00002716  0,01070409 =,00003730 0.00928769 ~=,00003134 0,00837489 ~.00009602
5400763931 =,00010316 0,00712172 -,u00lUs9s 0,00609«4¢ =,00010720 0.006388l8 =,0004092d 0.00613465 =.00011161
£40099549%  =,0001119k 0,00500922 =,00010933 0,01282509  =,00005212 0401050103 =,00000438 0.,00933900 =~.0001068l0
0ed0B36303 =-,G0019403 0.0076611a  =-.00020214 0,0071002% =,00020940 0.00670304 =,0002i291 0.0063720« =.00021818
_0.00613030__=,0902215% 0.00594026  -,00022453 0,00550012 =,00020241
INCREMENTAL UISPLACEMENTS B
0+002d2889  0,00000000 0.03212575 0.00000000 0.06186279 0,00000000 0.00165219  0,00000000 0,001S11u3 _0.0u000000
5400139267  0,0uN0€J00 0.00131026 0.00000000 0,00lc60de  0,00000000 0.00119130 0,00003v00 0.00115189 7~ 0.00000000
0e0011241n 2,30000002 0.00282859 0,0000552d 0,00216%39 0,00003530 0.00183328 =,00000087 0.001039183 =-.0000120¢
2400150562 =.00061739 0,0013%569 ~,00001758 0,0013g«08  =,00001653 0,00123961 =,0000192% 0.00113595 “~.00002029
000011686n  =,00002337 _ 0,0011187d =,00001907 __ 0,0026203% 0.00011126 0400214355 0,00007547 000183455 =~,00000379
TAU001e6215TTE, 000087567 0, 001513277 =,8000311357 0,0013907t ~ =,00003483 0.004305757 -, 00003607 T0,00123457 T T~,000038257
00118492 =,00003977 0,00114330  ~,00004100 G.,00111033 =,00003974
T INCREMENTAL FORCES . Tt T T T
_199.8 9.1 . =0.0 _ 843.5 -0.0 =143.% 0.0 -29.2 -0.0 11.5
C 0.0 16,2 -0.0 10.5 0.0 9.2 T -0,0 4,0 T-0.0 "e8.3 77
00U, ~65,0 1851, 6 00,0 -0.0 -0.0 0.0 00,0 =048
00,V 00,0 00,0 =0.0 0040 0040 00,0 =0.0 000
=0.0 =00 00,0 00.0 o78¢3 ~0.0 0.0 =040 “0.0
UL T TR 70040 -0.0" 7T 0.0 T T T-ga0 U000 T T T -0.07 T T 00.0
00.0 =0.0 60.0 00.9 . 00 00.0
o T T T TTTroTAL FORCES I T
4575,3 50.0 -0.0 211.1 =0.0 ~199.7 -0.0 ~15.6 -0.0 13.2
=0,0 7.9 0.0 18,7 0.0 1303 =0.0 9.6 =0.0 “ig 1
00,0 =10C.5 __ loB2l.e 00.0 =0 0.0 -0.0 0040 _ 60.0 . _=0e0
T 00,07 © 00,0 T T -0w0 =00 00.0 00.0 T TTY,.0 -0.0 T 0.0 77T T 0040
=000 _=t.0 00,0 00,0 _ a52i.3 =040 =0.0 0.0 -0.0 _=0.0
T 70040 =0.0 T 00.0 -0.0 00,0 ~0.0 700,40 -0,0" 7 00.0 00.0
00,0 =040 00,0 00,0 0G0 00.0
NODAL ™7 " "COORDINATES ™~
l1.612829 0.000000 1,710553 0,000000 - 1.40932t 0,000000 1.608340 0,000000 1.807666 0.000000
TUTR4A07112 77 Tg.006900 7 TT2.2067164 7T 0.000000 T 2,406346 0.000000 2.606150 0.,0000060 ~ T2,8065959 7 7 0,000000
3.0058z24 0,000006 1.512829 004199973 1.210703  00.199963 1.009288 004199919 1.603375 (0.199904
l.uu7u39 09.199397" T2.0071227 004199995 20206095  00,199493 2.400388  00.1538907 77 T 2,60013577 (0.1¥9d88
2.803955  00.1992AR4 3.,005409  00.199461 2012829 004399948 1.210561  00,359936 409340  (0,399832
T 60a3a¥TT G0, 989306 T LURGTEET QuL39979d7T TTTTR2U007109 TT00,399791 T 2.206703 7700399787 T T 2,4053727 TTL0,3997827
2.606136  00.399774 2,48059640  00.399775 3.005606  00,399774 .
TSAMPLE PRU3LEM 3 EXPANSIONTOF A THICK wALL Tusg : oo T TTOSTEPT 3 - TTLOFT e T T T
STRESS ELEMENT DATA
NET IRV SR 3T Y4 “SRZ 51 SZ 13 V- STGEQ L JZ I3
1 3-0,63975406 0.5760E¢00=0,74ubE+02 0,E+00 ~0.7446E+0C-0e03IYCE+04 0,3159E+060,00 0,1051E+05-0,2424E+03 0+3682E+08~0.0177E+10
2 30,6525 606 0,5197E+06=0,5336E+03 0,1720E+03=0,5274£+03-0,6R32E+04 0,I152E+040.03 C.1062E+05=0,7200E+03 0,3612E+08-0,6763E«10
3_1-0,63608 ¢06 0.9995E 256 0, AnInFeuR~0,6620Es02. 0 HG1IFE+02-0,4346E+04 0,2211E+060,01 0,8986E¢04 (,3/93E+03 0,2691E+08 U,13102+11
6 20,9035 406 0.95908 404 0,2~06E+03 0.2059E203 042885£403-9.5041E¢04 0.2665E+060.04- 0.1005E+05 0.6129E+03 0.3385E+08 0,1120E+11
S 1=0,332/5¢0% Yo9157H 36 0410r2E+403-0,64730+02 0a1434E403-0,3328E00% G, 1730E+040.02 0,7388E+04 (,0573E003 0. 1a19E+08 U,.9234E« 10
6 1=0,31705¢%% 0.0H5n0E*3e=04HTZE20? 0,3979€402=0,28226+02=0IVTOE06 0, 1574E¢040.01 (ohs49T+04 0,4920t+03 041563008 0.500UE«10
T 1=0,222 /204 0eIHhaF eN6=C 2P%3hE+02=0,6435LvU2=0.24325+0¢=0,2230E+04 0,1103E+040,U2 (.5300re006 0,9369E¢03 0.,9515E*U7 G.216%9E+10
B 1=0.,2629T+06 Qoelbuisds 0,3u50E002 0.5429E+0¢ 0.3509E40£=0,£430E404 0,1233E+040,02 0.5753E+0% G,5833k ey 0.1103L+08 0,508/E~1U
9 1=0.1710Ee06 0 36HTE 46 Go1oTIESU2=0,8333E+02 GalTOLESOC=0 1 TITECQL 0.8659E4030.03 0.4590E+06 L,5959E«0 04 7029E+07 0.3077E10
10 10,161 78496 0.3273E000=0,2a03F+02 U 1373E902=0e278TH 2UC=0In1TES04 0 TI46E+030401 0,6I20E4Ch 0,542/t e03 0.62¢2E90/ 0.3365L 010
11 1-0,1164E096 0.¢854£+00=0,21FUE+02=0.30710E+0¢=0,20606+0¢~0,1141E+06 0,5603E+030,03 G.I570E+0s C,50%2k+03 0.4245L+07 0.CCH/E10
12 1=0.12376+9%4 0.30065204 Dohnl0ce0] U,15056+02(0.67936901-0.1733E406 U,019TE+030,01 0, 37736004 C,592/E+03 0.4Tavts07 G, e579E 10
13 1=0,4401E0) Ua7699E 006 0,9950E01=0,3nn9t 02! Ual113h402-0on6lTE+03 (,4204E+030,06 0,3162E+04 0,0095Ee0s 0.3331L¢07 0.1/82E10
16 1-0,7774F 203 0.7540E+54=0,1THOE 02 0,15 TE200=0.4THAF +02-07TTBESDS 0,IAN0E+030.00 0.,3011Es0s U,581%Ee03 0,302iE+07 U, 15958« 1u



29
39
3
32
33
3w
3s
ETY
37
38
EL]
0

1-0
1=-0
1=-0
-0

W AR Y
ololireos
elldnt e d6
1232000
1=0,8908=t«0) g,
1=0.777<te0 4
L1=0,090~F 02
1=0e5uYef e}
1=0,32e~F el
1=0.200=ke0J
1=0,7907¢ 02
1=0.119.'€+03
SAMPLE PrROMLEM

TABLE VIIL

Go3a7r7be00 0 lnThEe0l U, 27097t ell UalVINE 002=U L THUE 20w
0432778 00u=0,72n 0E+02=0 06nlt sU2=UoleNub ¢Ul=U it lUE 00k
Uy 2RNNFola=0,1 29Ut «U? D 9008 sULI=U0, 123 eUl=0o i 1358404
CLA0LAE o0 0,0009F ell=0 4000k s 01019 +0C=Ue 1P INE 200
0k e 0.8/0CE0f V0,913 20] 0.,a7TITHF«01=0.89859E+08 0,4330k+030,0])
0403040 0000, 1Rect+U02=0, 4007402 =0 1ot ¢02=Ua P TYDE 0 0.3023E9030.05 U J0UIE+06 Uao8l4be03 UaI0LTee0/
G2 Pre06=0.007Ee0i=0e3IUSLeUl~0.0N5Fe01=0s0906E0]
Vel23d4F o0t D 107 IECU{=0,390E 002 V933 00 1=Uadu)nredd
0421790400 0,05638eyl=dfhyitet] U,00903E¢01=0.3249E¢03 0,1657E030.01 0,235k 04
04211950 J4=0,8560E¢01=0,290HE+02=09308F¢01~0,2701E03
0,1979¢F eus Ouln9nEell=U, l89rb eVl U 1963Ee01=UI911E02
04¢0250 +06 GoBnIDEedi=0.23 0002 0412728 +0c=0.1233E+03

1 EXPANSION OF & TrICk walL Tust

- Continued, SAMPLE PROBLEM (4) - OUTPUT

STRAIN ELEMENT LATA

Q.8A9TEs030,0¢ V. 400HE +0a
0.796%E9030,03 O4ndlvtove
0,5611£¢030,0) 0.3%4tela
0.6220E+030,0% 0,772k +06

0.2l 1Ee030,01 0.29H5E*04
0. &MUt *030,06 0,270k *Us

0ol 376Ee030411 0.2204E06
0.,4053E+020,02 0,2010E 04
0e0R0lEe020,0 /7 U,2083E006

0e5771ee03 0470702007
Uenedyt+dl 06210/
Uenovoteldy 0.02302007
CoSYI0EeUs Qo0 Tureo?
Uodlobtele 0599903 0.J33vz007

0.0017k03 y.2227E007
Osolo3tels Va2a3nseoT
0.0203E¢U3 0,185C 07
0.0l3uEeds 0417022007
0.0ditbods 0al3wleen?
0,03478L%03 Velaudzen?

STEP 3
T s
0.00 =0.00

0.00 00,00
3.3 ~0.00
0.00 00,00
312 7TT=0.00
0.00 00,00
3,12 =~0.00
0.00  00.00
3.1 =0,00
0,00 00,00
311 T=0,00
6.00 00,00
3,10 -0.00
0.00 00,00
3,08 <0.00
0.00__ -0,00
3, o8 =0,00
3041 -0,00

T 2ed9 TT=0.00

3,13 _-0.00

3.4 T T=0,00
3.1 ~0,00

32 =0.00
3.07 =000
0.00 00,00
3.0 _=0,00

. 0,00 00.00

3.11 =0.00
.00 00.00
Bull __~0.00
9,00 00.00
3400 _=0.00
G.00 00,00
3,10 _=0,00
3.127 T<0,007
KNS -0,00
3.1 -0,00
3,03 =0.00
3.142 -0.00

£a97_ _=0.00

031768k ely
Ued3o3Esly
[ PEPLTL IR Y]
Volnllbs Lo
0.l/07E*ly
QelbvYVEe Ly
0.11¢¥Es 1y
UaleonErlo

0ePU~cL*0Y
Ved2llE ey
04>v89E«0Y
0e5003E+09
- i OF “
™ el NEL
00.00 0.0Jue0 1
00,00 0.0J321 2
00.00 0.0000 3
00.00 0,0000 &
700,00 0,0i000 775
00,00 0.UJU0D o
V0,00 0.0Ju00 7
00,00 0.UvGV &
00.0C 0.03000 v
__ 00,00 0.0:000 10
TT00.00 0.0:0¢0 N1
00.00 0.0G:000 12
00.00 0.02000 13
00.00 0.,VV00 . L&
00.00 L.UIVCOO 15
00,00 0.0:060__lo
U000 0, uive0 T
00,00 0.0:000 1y
60,00 0.0.0C0 19
00,00 ©,0:060 20
00.00 0.0:433 21
00,00 0,0: 2
00.00 0.
_00.00 0.0i0C0 2u
00.00 0.0.060 25
L 00,00 0405000 2o
00.00 0.0(000 27
00,00 0.0Gi060 2s
00.00 0.V UG0 29
. 00.0u 0.0I060 30
00.00 0.0:000 3}
00,00 0.0:0C0 32
00,00 0.0:060 33
00.00 0.LIVOD 34
“00.00 v.uivGe 337
00.00 0.0L000 3o
00.00 0,0(000 37
00,00 0.,0(UGD 33
00.00 0.0{060 39
___00.00 0,00000 <0
TENS.

TOT EN. UEN HYUR),
-0,72283E+03
00,061246:+03
00.49c02E203
00,58534+03
00,54207e+03
00,59270E+03
00.581932003
00.61>28E+03

00,79825E+02
00 .44290E+02
V0.20al1EsU2
00, 1un44Eesy
00.02651E%0]
00.63707E+4]
00.41306E+y)
00,33977E+01
00,243VEE01
00,21274E+41
00,7050k %92
00,u6439Eey2
00,20683E902
00,19950E+02
00.n12009E* )
GO,n3/d0E+01
00,4lc?lEsus
00,33948E9u]
00, z0603L001]

NeL RC ¢ £R (3 €2 Ene e L2 LT Ll Le
1 1.07874  00.06060 =0,01158 0401113 <0,00014 0.00000 0.98R6 0.9999 1.0113 0,999y 02,9886
2 lolawny U0,13331 =9,01020 0.00948 =0,U001Y 0,00036 0,989 0,9998 1,0100 0,9998 0,989«
3 1.343°5  00.00b63 «0,0061 0400721 =0.000%1 =0.00008 0.%938 0,999 1.0073 0.9996 0,993
6 1427085 00,13329 =0.00715 0.0079e =0,00ULY  3.00027 049929 0,9998 1,0080 0.9998 0,9929
TT5TTT1,67505 T 00.0n006e =0,00e96  U,00007 -y, U001 =0,00008 0.9v31 00,9990 1,0061 U,9396 0,9951
6 1.5+200 00.13327 «0,00456C 0.00%1 ~0,U00+8 0.000U5 049956 0.9995 1,0057 00,9995 39,9954
7 1l.72121 00,0006 =0.00339 0.00452 =0,U0U52 =0.00000 0.9966 0,3995 1.0045 0,9995 0,9966
8 167474 J0,13327 =3.,00370 0.004d6 ~0.U0048 0,00007 0.9963 0.9995 1,0049 0,9995 0,9963
9 1.876le 00.06663 =0,00<47d4 0,00398 =0,0005¢ =0,00000 0.9972 0,9995 1.0040 0,9995 0,9972
10 1.940~2 00,1336 -0.00260 0.30375 =0,00053 0.00002 0.9974 0.9995 1,0038 0.9995 0,9974
TATTT 20140177 00.05a03 20,0019 7 0.90319 =0.00UD6 =0,00005 U.9YR0 0.9995 1.0032 0.9995 0,5980
12 2,073n6  30.13326 =0.002le 0,00336 =0,00053 0,00002 0.9979 10,9995 1,003« 0,995 0,9979
13 2.273en 00.0n663 =).00166 0400290 =0,0005¢ =0.00005 0.9944 §.9995 1.00¢Y 0.9995 0,9944
Cle. 2.33952  00.13326 -2,00156  0.00277 =0.00055 0,00000 U.9945 0.9¥95 1,008 0.999n 0.9945
15 2,539%6 00,0o6b3 ~0,00118 D.002+5 =0,00056 =0,00004 0.9938 0,999¢ 41,0025 0,9994 ¢,9988
16 2.%72+7  00.13326 -0.00127_ 0.00¢35 = =0.00000 0.9947 0.9995 1,0020 0.9995 0,9987
17 2.67275  00.00663 =0.00096° 0,00227 =0,00056 ~0.00004 03990 10,9994 1,0023 C,999670,99907
'l 2473935 00,13326 -0,000+0 U,00219 -0,00050 =0.00001 0.9991 0,999 1,0022 0,99%4 0,9991
19 2.93%20  J0.05663 =0.00008 0.00199 =0,00095 =0.00004 0.9¥93 0.9995 1.0020 0.9995 0,9993
_2)_ 2487257 §0.13326 =0,00073_ 0.00205 =0,00U56 =0.00000 049993 0.9994 1,002) 0.9994 0,9993
21 1.07876  90,333¢2% =0.0115¢ 0,001113 -0.00012 =0,00003 0.98K7 0,9999 1.,0113 0.5999 0,9347
22 __1.1970  00.27652 =0.01080_ 0,009¢5 =0.0001% —0.0003Y U986 0.9999 1,0100 0.9999_0.989%
23 1.32376 00.33323 <0.0061h 0.00722 =0,00043 -0.00013 0.9939 0.9996 1.0073 0,9996 0.993%
_ 26 127603  U0.Zn6b1 =0.00715 0.0073¢ =0.00016 =0.00047 0.9%29 0.9999 1.0080 00,9999 0,9929
25 1467525 90,33319 =0.00502 0.50007 ~0,00043 0.00007 0.9950 0,9996 1,0061 0,99%6 0,9950
_26  _1.542:0 00,2A656 =0,00660 0.00561 =0,00049% =0.00012 00,9954 0.,9995 1.0057 0.9995 §,9954
27  1.7wlZ2l 00,33317 =0.00303 0.00652 -0,00050 0.00003 0.99n6 0,9995 1.0045 0,9995 0,9966
28 __1.67479% 00.2605¢ =0,00370 0.,0068% =0,00049 =0,00010 0,9953 0,9995 1,0049 0.9995 0,9463
29 1.57613 00.33316 =0.00202 0,00398 =0,00050 0,00006 G.9972 0,4995 1.9040 0.9995 0,9972
30 1.9+002 __00.26653 =0,00260 0,0037% =0,00032 =0.00006 0,997« 0.9995 1,0038 0.9995 0,9974
317772416017 7700433316 =0.001%9 ~ 0,0031¥ =0,00053 0,00001 0.9980 0.9995 1.0032 0.9945 0.99&0
32 2.073n6__00.26653 0,002l 0.00336 =0.00052 =0.00006 0.9979 0.¥995 1,0036 0.9995 0.9979
T337772.2732677 00433315 -0.00166 0,90289 =0,00053 0.00004 0.9933 0.9995 1,002% 0.9995 0.9943
36 2433942 30.26652 -0.00156__ 0.00277 =0.00054 ~U.00005 0.9955 0.5995 1,0028 0.9995 0,9985_
3577720539557 7004333157 -0.001 1K 000246 =y, 00055 —0.0N000 L.IYEE 0,9995 1.0025 0,9995 0.9988
36 2.472+6 00.26652 -0.G0127 0.0085¢ =0.00056 =0,00005 0.99H7 0.9995 1,0026 0.,9995 0,9587
37 2,67276 00,33315 -0.003%8 0,00227 =0,00055 =0,00000 0.9990 0,9995 1,0023 0,¥995 0,9990
136 2,73936 00,26652 -0,000¥0 0,0019 =0,00056 ~0,00006 0,991 0,999 1,002¢ 0,9394 0.9991
39 2.9391v  00.33315 =0.00067 0,00199 =0,00057 -0.000060 0.9993 0.9994 1,0020 0.93v4 0,9993
0 2.B7257  90.26652 =0.00973 0400205 =0.00056 =0.00003 0.Y993 0.9994 1.,0021 0.99%4 0.9993
ELE EL. Eve UEN PLS ENe DEN  TOT EN. DEN HYOWKU. TENS, ELE EL. EN. DEN PLS EN. UEN
1 00,47099E+02 00,44610E+02 00,32509E402 -0 ,2%237E+03 2 00.47370E+02 00,3245SE+02
_GLEsUG ___ 00.35195€¢02 00,57927E+03 | & 00,64296E+02 U.E+00
TuLbe00 00,23913E+02 00.65728E+03 6 00.,20671E402 (LE+00
00.12545E¢02  (0,E+00 00,12546E402 00.53653£+03 8 00,165644E402 0.E+00
00,93619F+01  U,E400 00,93619E401 00,57580E+03 10 00,82654E+01- 0,E+00
00.57127€+01  U,E+GO 00.571275+01 00,50416E4+03 12 00,63787€+01 0,E+00
00.65567€+01 0,400 00,4554 76401 00,0094 7E+03 14 00,41306E+01 0.E+00
 00.31216E4U1 _0,E+00  00,31216E¢01 00,59794£403 _ 16 00.33977E+01 0.E+00
00,25339E401 “0,€400 00,2636YE+01 00,639525E+03 18 00.26501€401 0L Ee00
19 00,14959E6ul  G,E+00 00, 19999E+01 00,he611E+03 20 00,21274E+01 0Q,E+00
21 V0,unDw3Ee02 00,44GL7E402 00.97111E002 ~0419620E+03 22 00.47303E+02 00.32553E¢02
23 00,350/0E02 0,E400 00.350208402 00,60436E+03 26 00,46439E402 QL.E+00
25 00,2e144€¢02 U, £400 00,261M45402 QU,57979K+03 26 00,20483t+02 0.E+00
27 00.12619FeU2  (,2e00 _ _ 00,1259195+02 0u.5201GE+03 2k 00,14550E+0¢ 0,E+00
29 U0.9=UPlE<0L " U, Esu0 00,9021E+61 0U.57709E+03 30 00.42609E+91  (L.E+0G
31 G0.509n73Es01  ¢,2400 00.56913E401 OU,559abt+0) 32 U0LOITHBESDL  U,E00
33 0U.655n3E001  G,E500 00,455635401 0U,5Y994E+0) 36 00,41771E+01 U,E+00
35 00,31170E401  9,Een0 00.31320E+01 00,503 70E+03 3h 00,33940E+01 0.t 00
37 00.7535%E01  0,E+00 00.26359E+Ul 00,620206+03 38 00,26463E401  (,E+00
39 00.19901E01 | v E«00 __ _00.,19901£+01 0U.6ILIVE+D3 «0 G0.21¢37E+01 U.E00

THE
THE
Tht

THE

SCaL

60

ELASTIC ENEHROY [S

PLASTIC

ERGY 1S

TUTAL EaExir IS

APPLIED LOAD IS

LD STEP

00.410955E+0)
00.2112huke02

00.192081E2u3F 00 A LUAD UF

THIS 15 TUCKEHAENT

00,1¥9179L+05
3~ I OF “

1991 7.8'70h0nk INC. LUAD IS 337945532

. 00.2be3TEsn)

00,61727+u03

00,64:97c+03
=0,673302+03
00,65563-+03
00 ,48-2BE+U3
00,57356c+03
00,542362403
00,59:012+03
00,5813/t +03
00,61530ce03
00.6130uc+03
00,6372k °u3




TABLE VIII. - Continued. SAMPLE PROBLEM (4) - OUTPUT

S>TaTe Maw  STER V- 2
3 1 2 1 1 t 1 1 3 1
i \ 1 1 1 1 i 1 ] 1
3 3 2 3 i 1 1 1 [} 1
i 1 1 1 1 1 1 1 1 1
ToTaL UISPLACEMENTS
J.01eeB01a  0,00000000 0,01176574  0,00000000 0.08Udn1el  0,.00000000 0.00925178 0.00000000 0,0084v0Y>  0.00000000
B.0078790s  0,0V0CI0U0 0.007« 3300 'v,00000000 0.007v0032 0,00000000 0.00080280 0,000000007 7 T0.00653912 0.0060)000
Ce00ne3sS?  0.00000060 0.01usu03n 0,00003700 0.01i90784  0.00000633 001029748 =,060037315 V00923709 = uu0lJanl
2e00BGbI50 =400 353 0,00718805 =, 00011607 Ve 0u7wlius  =,00011713 0 00700738 = 00011949 V.0067537« =,00012c0>
Jeu005H311 =, 0V01C2ne 0.00b02023 -,00311932 0,01uenulo " 0,00006785 0.01180155 0.000020607 0.0106)700 =,000)5117
CeCOYCHYLG =4 000212n? C.00med78]1 =,0u0¢losu? 0.00700337 -,00022060 0.,00741¥08 =,000c310d 0.0070+4d¢S5 =,000¢3000
G.00oTHuay =, 00024chA Q,Q0ah6eU  =-,00024b0s 0.00641555 =,000263w3 . o
’ INCREMENTAL UISPLACEMENTS T T mmmTm T s e s T
£.03105167 9.09000000 €.90121304  0,00000600 0,0010e015 0.00000000 0.00091215 0.00000000 0.0008325% 0.00000000
0.00u7674e  0.00000000 0,00071959  0,00000000 0.00000L>0  0,00000300 0.,00069¢5« 0.000(00u0 0400063039  0.,ULU0JIGUU
C.d0unley2 0.00000000 0.CUI651e7  0,00000462 0,001¢ne?5 0,000)0363 0.00100979% 0.00LC0ALY 00009126t =,00000750
203008232« ~o0UU01IC6? 0.00070713 =,00000%7¢ 0.0007lole  =.3U000993 U.00007%3% -.603010<21 Ve0000+9LY  =.0000100%
$.00002813  ~400001CBA__ 0,00001l41 VUU00IYY _0.00t05147  0,00001998 0,0012405¢ 040000905 0,00105800 0.0000i09y
T0.000925u77 ~.00001ona 0,00u&3007 00001633 0,00u70313 =,0000L51e 7 0,00071064 =,00001897 T U.000670l)  =,uv002023
3400006820 ~.00002115 0.00062606 =,00002193 0.0000U%44 =,00002107 ’
’ INCREMENTAL FURCES
@571 49,2 * «0.0 o 1e.3 =040 -77.1 -0.0 “Tbe4 0.0 29.6
-0.0 14,0 =0.9 11,3 0.0 7.2 -0.0 3.0
00,0 -30.2 7vl.0 00,0 =040 0.0 =040 00.0
0.6 00.0 00.0 5.0 00.0 T 00407 0.0 <00
00.0 C=0e0_ 00,0 00,0 KETON] 0.0 0.0 0.0
- 00,0 -0.0 00.0 7T =040 00.0 00.0 00.0 =040 -
00.0 =3.0 00.0 00.0 00.0 00.0
' T T T 7T TToral FORCES T TTTTm T e T
5032.4 99.2 -0.0 285.4 0.0 =270.8 -0.0 ~91.9 -0.0 “2.4
0.0 3Z2.h -0.0 30,0 0.0 20.5 0.0 12.5 =00 <2377
00.0 _~130.7 __le12.9_ 0040 B =040 <040 -0.0 0040 0.0 0.0
- 00,0 00.0 L0407 T T <040 0V.0 00.90 0.0’ =040 T 0.0 00.0
“0.0 N A 00.0 00,0 487241 =040 ~0.0 0.0 0.0 0.0
T T 0040 T 00.0° -0,.0 . 0040 0.0 00,0 ' =040 77T T T 3040 00.0
00,0 00.0 [T)] 660 00.0
TNOORL T T COORDINATES -
1.016980 04000000 1.211766 0,000000 1.41C361 0.000000 1.,609252 0.000000 1.8008497 0.006000
TTU2L0078787 T 9.0000007 T TTTR2207436 7707000000 T T T 2,407067 0.000000° “T2,606303 7 7T0,000000 T 77T 2.800569 0006000
3,0064639 3.000000 Le0l4e80  00.2000338 1.,211988  00.200006 1,410297  00,1%9927 1.609287 (U0.19$896
T 14508463 0041990867 20078897 700, 1996857 T 2.207411  00,199583 77 T 2,407068 0 T00.19988L 7 7T 2,606704 (0.19%874
2.80635d3  00.199877 3.0066421 004199851 1.014480  00.400064d 1.211802  00.4(0026 1.610408  G0.399b4y
1.669265  00.39%737 TeA0d495  00.399784~ 7 2.007805 TTOUTIIOTTYN T T T TR2,207%20 00399768 2.407046  ud.399762
2.6U6784  £0.399757  2.806563  00.399756 3.0064l6  00.339757
TSAMPLE ProblEM 3 TEXPANSIUN OF & TRICK wALL Tusg ~ . T T TSTER 3= 2OF T & TTITTT
o ___STHESS ELEMENT DATA -
NEC IRV 37 ST 5Z SRY 31 52 512 TS SIGE0 5 32 J3
1 3=0,70b22404 0.5259E06=0.1479E+03 0,E+00 ~0,1479E+03-0,70BLE+04 0,366TE+040,00 Co10TIE+05=0,6572E+03 0.3B2TE+0B=U,iy36Ee1]
T2 3= 206 P 4d06E+00=0,06h0E+03 0,20002+03=0,5359E+03=0,7400£+05 0,3IH2E+us0,0% 0.1059E+05-0,1076L U4 0,373c2+u8=0.4599E11
3 2-0.5027£2046_0,96075204 0, 19IKTE+03=0,1236E903 0.1 11TE203-0,5029E+04 0,25T0E+040.02 (. 40J0E+05 0.5035E+03 0,3397E+un U.1530E« 11
G0, 5an1Es0% 0.0323C+06 [ 1eunt+03 0,2436E+03 0, 3008E+0370 547200 §.2916E+040,04 G I02TE+05 0,4037E+03 0 3aTccslo 0. id71ESTY
5 1=0.3783E406 0.3710E+06 (.2122E+03=0,125E903 Uacl61E+03=0e3787E+06 0.2001E204U 03 CodZ5BE+04 (o TIIVE0I 042272249 0414255011
T b 1=0,3506E006 Ca5Z01E«G0=0,R85GYE+0L J,9/5Pk+01=0,06481E¢01=0o3509E+006 0, 176BE+04D,00 G.T7587E+0Us 0.5629E+03 0419196400 0ei078E«L]
T 1=0,251/E906 0,4260E4060C,6 R]1E+72=0,5608E¢02=0,6051E40C=Uec513E406 0,1230E+040,02 0.5%42E+04 0,5707£+03 011772460 Lad9T8E 10
B 1=0.27135%05 0,0590E+04 G.4551E*02 04875002 0.403BE¢0£-0.27 4k +0% 0,1380E+040,08 C.63IBBE+04 0,6409E+03 0. 136(E+008 0,7d37E+1u
G 1=0,193AE+06 0, 3d50E006 0,633LE+0L~0,50n5L 002 G TY32E+UL=UL9IBE 04 G, 9T27E+030,03 0.5101E04 (,06903E+68 0. 86715407 UudguEe Ll
TN 10, 14236906 04 3616E+06=0,IR1ZE202 0.1671E402=04339AE+02=U0 IHE3E+Us 0.089ITE*UI0L 01 0,4000L+06 0,5050L*03 Ve l6BIErGT Uesn32E+10
11 1=0,129357004 0, 11502¢06=0.21b96902=0,4355E+02~0,¢719E002~041296E¢04 0,6335E+030,03 G.3965E+U4 0,06U94E+G3 0452392497 0.3udEe 40
12 L=0.1370E008 0, 3319Ee0n 026670001 U 1609EC02 0.2939E+01=041196404 0,6992E+030.01 0.64191E+04 0,6407L403 0,5H5-c+07 0,3477E+ 10
13 120.9539K 903 Uer935E 206 0.a510E 01U 0IN0E+02 U LOBHESOC=UeYSSYE 0D 0,4A32E4030,05 CoIS0YE*UG 0.6031E203 0eb10cZ+0] Vo052l
T de Je0 Hseeb 0 (o2nUPEe06=0,2 10k e02=0a2515E201 =0 21 IEsUC=ULd54uE 403 0,4311E2030,00 UL.3360E*06 0,6320e903 0.071%coul 0.21532e10
15 1-0,5425F 403 (25605 +06=6,1306E902-0,36=1E+02-0,169HE+0C-U50D00003 0,27«2E+030,07 0.2871E+04 6,5529£+03 0,274%2407 0.1542E+1y
TUle 1=0,6271E%98 0,267 006 (,99P3E D10, 307TE+U] 0,5564F401-U,62T1E403 0.31n3L+030,01 0,2999E+06 0,6/19E+03 0,29972+0] 0,i700E 10
17 1=0,336745 903 U,2422C008 0a1rseTE+02=0,30n01E+02 0419205 ¢02=0e342/£+03 0,1T95E+030,10 Us2606E+04 (,6985E403 0.225cerUl DelgloEs 1y

1)
iy
20
21
ee
23
26
25
26
27
)
29
N
31
32
133
s

120,30200203 0.23w0E+00~0,3-63E+01~0, 1240 002=U.2T50E*0 L=, 3031k +0S
1=0,848/F¢02 J, 21967000 0.382E02=10,34536+072 0,45535+02-0.v309E+0¢
1=0,0135-5403 Ne2261E ¢4 P 1T7I3EC07=0,675T7L+0] D, 1147 e02-Lel353E+03
3=0,h2/5008 0,.9634F +08=0,9224r.¢02~0,91uht+02=0,9102F +02~0.6929E 2046
5=0a733-5 006 0,4494F o040, TECUI=0,3129L003=0.5442F 0030, 700 +06
2=0,49515 ¢06 Y, hhNILeU0G Ual1BOESGI=0,1279E 03 J.1ZLITF2U3-U.4960E+04
€004 0,661 7E09320.4633E+003 0.47THPE+03=0,506065E 00
06 0 LCulR*03 N, Y61hE+07 0. 105209030 ,39n0F « 04
06 0oH1HGE 98D, 4a7ntsul=-0s93lskeud=0,632TE+0c=-0od021E syt
1=0,2094x 006 ) aP6Hf e04=(.rl491E+0Ge U aT20L402=)2h%0r ¢(c=0o2991E o0
120.2727FE 036 0,65/HE 008 (on) )Y sul=0,9005L 402 U YIBAFE*0L=0,272%E+ (s
L=0,200 +F 08 0,41 J1L 206 N, 2 196E07 U, M6k +02 G.2269E+0C-U.C010E+0G
00k Y, dn] I epb=) 5205 0yl =0, 47 1SL 020,31 1920 =N,HZ4E sub
120129006 U, 31508 406=0,1596E072 0,10 40E402-0, 157K ¢02=U. 12908 406
10,03956 06 0,415Ee04 0,0,05E¢01=0,4942k. 002 0, I9H0b ¢01=0, 1197 +04
1=0 9 7B7E 203 0,292 3L 906 H,9466E+)1 H,40nbBE+0] 0.9401E+01=U.97HIF+0 4
1=UoHhorEoNd Us2HOIF eQa=Gallnte0/=0,41 7500 02=0.t ITHE+0c=0BHNZESDS
1=0.5590E 403 Ue 2560t oN6e( T 0aE ¢01=0,07970U1=0,/URZEsUL=0,259TF+03
120,6/645¢0% DerbdnF o006 0, 1979E201=0,4790L 02 0, 10UARE*02=0 Y TE S0
10,3759 001 0,/60aE 608 G,7uhH7h901=0,500%E o0k U, 7965k 0 1=V 3751E*03
120,306k 403 42306 40619 4ARE s 1= o 35HOE s 0 2=0 a0t sUL=U, 31U TE0S
LoUeyrh 15 407 (a2l 7A¥ 406 O,8059 e0l=0,4097E 401 0,4/2nt201l=0a97Y9F 402
1=U, 130k D3 D, 22490 slis D, LUT 3K +0P2=U 2Rk o117 U, 19HHESOL=D Lbblf o0

0,1502E+030,04
0.H931E+NCU, 20
0.TARUOE*020.03
0,3019E+440.01
0.3401E+040,05
0.2541E+040,04
0,2962E+040.08
0,2066E+040,02
01739 ¢040,03
0.42H5L9060.02
DL IRIE 2 LOU 0L
O,10lnEeNan, U
0. BYAPE 30,03
0,6372E+0u30,01
0,7023L 200,06
0,494)Eeud0,00
Uobs 402k 030U
0,270k 3u,.01
V37030 ¢030,07
G.lvildbe0s0.0¢
0, 192%k 30,42
U, aHnlE 0200
D, 1998L 020,18

C.2500E+04
Ve2221F406 0,T7i55L¢0y
Ve2306F 00 0,707 7403
0.1073E205=0,¢B4t 403
Ge10S%E*05-0,1vlct+0s
0e10043E405 G.b0@3Ls0s
GelU23E+0% 0.406BE20S
U.n360EsUa C,5037t+03
Ve TS598ESUS Do Lnbels
0eH990L ¢G4 U,5602E0
Vet 396k 206 G HhlPubobl
0.91356+04 0,6145E0s
Qe&TYYE 404 O,oBOCESUY
0e3960E 206 Y,.0140te0)
V. 0lHYF 404 0,0420L003
0.1913E06 §,0912E+43
De333nkelu B, 0327 L0
VocehubsUs 0,n07LeUs
Vers9ltole U,nicstels
UechIYEsba O hTdvE20Y
Velb0BE eUs U n/2abs0s
Ba2227E+04 0,h90HE 0
V2303t sUs G, 1023k

G,6/8uL*03

0,209£437 0 L1LI0E-1Y
01642407 0V.302T7E 09
Vel7032¢07 0anv2IE«IY
Uedl33eld=0aion0Ee]]
0e372zz40o=Veinaltely
0.33862+08 Ollolecell
Ood407ceUn Ous/UeEe0Y
0.232%Z+0Ud OetilloEs1ll
0uiv21c+ud QoildoErll
0e119tco08 VeaoclES LY
Oel30s2+08 0.2101E~10
VeBTESE4GT Ued000E«1D
Gal67620G7 QoallEely
0522784017 0osvadtely
VabHuzz o0l 043061E10
Vol 16 e0? VecsioEely
0edT7t32000 Voclbwbely
Vel7337007 Ugiaeubely
Ve299cioul Uarnvsbely
GeclbyotUl DescelEsly
0.209¢c*07 ULitlUEsly
Oulobbtetl Q,-y/Ttevy
Vel inee o0l y,Gel2Ee0y
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TABLE VIIL. - Continued. SAMPLE PROBLEM (4) - OUTPUT
SAMPLE PROBLEM 3 EXRANSION OF A THICA wALL Tunst STeP 3~ e or .
STRAIN ELEMENT DATA
NEL RC 2c £w ET €2 ERZ LR %4 L7 Ll L2 n 15 ™ tfeQ  NEL
1 1.07407%« U0.0666A =0,01385 0.01249 ©,00019 0,00000 O.Y8ne 1,0002 1,0127 1.0002 0,.930é 0.00 =0.00 00.00 0.0Cos5 1
2 loleovs  00.14335 «0,01270 0. .01lue 0,00003 00,0009 0.9875 1,0000 1,00i2 1.0000 0,987S 0,00 00.00 00.00 O.utwye 2
3 l.3esis  C0.0%0he =0,00710 0,30801 =0,00037 =0,0001~ 0,9%10 0,999 1,0041 0.9390 0,9930 3.1¢ =0,00 00,00 0.0(000 3
6 le27822 00,1331 -0,00A56 0,006%% 0,U0003 0.00030 0.9¥1S 1,0000 41,0090 14,0000 0,995 0,00 00,00  00.00 0.0C130 &
B lealone 00005066 «J,0055%  0.30073 =0,00037 =U.00010 09945 U,9990 1,000K 0.9990 00,9944 3.1 T =0.00  00.00 v.0CU00 S
6 l.S62v3 U0.113327 -0,00509 0.00021 —0,000%¢ 0,00001 C.J96% 0,9995 1.0003 0.9995 0,9949 0,00 00,00  U0LU0 VLULVUD b
T 1,7%237 J0.08663 -0,00360 U.J(500 =u.U00DT =0,00007 0,990l 0,9996 1,0050 0,9994 0,9002 3,1¢ T-0,00 00,00 0,0Cuu0 7
] 1.67507  00,13326 «0,00%1¢ 0.00936 ~0,00092 0.00006 049999 0,9995 11,0054 9995 0,9959 0.00 00,00 00.90 V.UCI0D 8
9 . HTenh 00,0266 =J,UC310  0.004si =U,00057 =0.00007 V9969 U,9994 1,006e 0.9994 D,9969 3.11 =0.00 00.0D 0.UCIO0 9
10 levwolsl 00.13326 =).0C291 _0.004l5 =0,00057 0.0000¢ 0.9971 0,999 1.0042 0.9994 0,9971 0,00 00,00 00.00 0.0C300 10
T 2014091 T 00.09663 =0.00223 T 0,00353 -u,00959 =0,00006 0.9978 0,9596 1.0030 0.9994 0,9978° " T 3.01° T=0.00 TT00.00 0.0¢400 121
12 2.G7+39 09.11326 =0.00240 0,00372 =0,00957 0.00002 0.9976 0,999 1,0037 0,9996 0,9476 0.00 00,00 00,00 0,0C000 12
13 2.27337 00.00604 =0,001d« 0.00321 -0,00059 =u.00006 0.9982 0.9Y94 1,0032 0.9994 0,9y32 3.10  ~0.00  00.00 V.ULI00 13
16 2434092 90.13325 =0,00172 0.00306 =u.00000 ~0.00000 09943 0.9996 1,0031 V.999« 93,9983 3.l =0.00 00.00 0.0C900 14
15 2.5+022 00.0n663 =9.00132 0.00271 =0,L006]1 ~0.00005 Ve9987 0,999¢ 1.0027 0,999« 0,9987 3,07  =0,00 00,00 0.0CV00 1%
16 2.073as  060,13325 «0,001e>  0.00281 -0.00000 =0.00000 0.9936 0,999« 1,0028 0.9994 10,9986 3.1« =0.00 00,00 0.0CV00_ 16
TITTTTER 73459 70U 0563 =0.001076 70,0031 F9,00061 S0.00005 Ue9589 0.999471,0025 0.9994 00,9989 3,08 =0.00 " 00,00 0.uig00 17
I8 2,73999  90.13325 -0,00190 0.902%2 =0,00001 =0.00072 C.9990 0,9994 1.0024 0,9994 90,9990 3,10 =-0,00 00.00 0.0CYo0 13
19 293342 J0.Un603 =J.00075 0.U0220 =0.00U00 =0.00004 09992 04999« 1,.0022 0.9994 0,9992 Ce80 ~0.00 00,00 V.ULVO0 1v
20 2.87320 00.13325 -0,00381  0.00227 ~0.000n1 =0,00001 0.9992 0.999e 1,0023 0.9994 0,9992 3,11 -0.00 00.00 0.0CJ00 2vu
2l 1,00045 90.33334 -0,01307 0,0l250 0,U0015 -0,00011 0.9%06 1.0002 1.0127 1,0092 U,%p06 3,13  =0,00 00.00 0.0ULze7?7 21
22 l.lenlv 00.20669 -0.01270_ 0,01107  0,00010 =0,00050 0,9875 1,0001 1,0113 1,0001 0,9875 3,10 =0.00_ 00.00 U.0(w56e 22
237 N 36wl 7T 00,33327 =3,007047 0.000037=0,000397~0,00017 0.9930 0.9996 1,008% 0.99%6 0,93307 3,127 =0,007 00,00 0.ULJ00 &3
26 1,273,3 00.265635 =0,00856 U.0u845> 0,00010 =0,000067 0.9915 1,0001 11,0090 1.0002 0,4915 3,06 =0.00 00.00 0.00133 24
725  1.676bo 00433319 =0,0057¢ 0,00674 =0,0003% 0.00012 0+9943 0,9996 1,0068 0.9996 0,9943 0,00 00,00 00.00 0.0LVOD 2%
120 1.54295 00,2956 =0.0050% 0,00621 ~0.U0055 =0.00012 V9949 0.9995 1.0063 0.9995 0,939 3.44 =0.00 00.00 0.0CDO0 26
27 1.,7+4256 7 00.33319 -0,00385% 0,0030)0 =~y,00052 0.00006 L9961 0.9995 1.0050 0.4995 C.9961 ¢.00 ° 00.00 00,00 0.0C000 27
2d 00.25652 =0,00412 0.0053p =0.,00055 =0.00007 0.9959 0.9995 1.0056 0.9995 0.9959 3.12 =0.00  00.00 0.0C000 2o
ST 00433315 -0,003tn  0.00430 ~0.00052 0.00005 0.9968 0.9995 1.0044 0.999> 0,9908 0.00 00.00 - 00.00 0.0CJ00 29
30 1.9alel  U0,2658) =,00291 0.00415 =0,00057 ~0,00006 0.9971 0.999¢ 1.0042 0.99%4 0,997] 3,42  -0.00_ 00.00 0.0LI00 30
T 31 . 2.14090 00,3336 =0.00226 0,90353 =0,00057 0,00001 0.9976 0.9994 1,0035 0.999« 0,5978 6,00 00,007 00,00 0.0LJ00 3}
32 2,07439 00.26651 -).00240 0,90372 -0.00057 =0,00007 0.9976 0,999« 1.0037 0.9994 00,9976 3,11 =0,00 00.00 0.0Cy00 32
TU33 7T 2427346 00,33314 -0.001686  0.00320 -0.00057 0.0003) 0.9931 0.9994 1.0032 0.999« 0,998l 0.00 00,00 ~ 00.00 0.0Cu00 33
34 2.34051 00426651 -0.00l72  0,90306 =0.00060 -0.00005 0.9933 0.9994 1.0031 0.9994 0,933 3,09 =0.00 00,00 0.UC00 34
T35 5021 00.31313 S0.00095 0200270 50, 00060 0.00001 0.9587 0.999¢ 1.0027 0,999 0.99a7 3037 =0J007 00,00 0. 00000 T35
36, 2,673n3  J0.2565]1 =0.00142 0,00231 =0.00060 «0.00006 U.9%46 0.,9994 1,0026 0.999« 0,9486 3.07  =0,00 _ 00.00 0.06(400 36
37 2.67333 30.33313 -0,00110 0.00251 -0.00000 =0,00001 U.¥98% 0.9594 1,0025 0,999« 0.9989 3,137 7-0.00  700.00 U.0L200 37
38 2,73994  00.20630 -0.00100 0.30242 =0,U0062 =0.00005 0.9990 0.99%« 1,0026 0,999 0,9990 3,02  -0,00 00.00 ¢.uLIGO 36
39 2493940 ©0.33313 -¢.00075 0.,20220 =0,00062 =0,00001 0.¥993 0,999« 1,002 0.9994 U.9693 3.0 ~0,00  00.00 0.0CU00 33
“)  2.87319  00,25650 -0,00081 0.90¢27 =0,00062 -0,00004 0.9992 0,9994 1.0023 0.,9974 0,.9932 2.9c  =0.00  00.00 0.0Gu00 U
€ EL. Eve DEN  PLS EN, DEN TOT ENo DEN HYDRO. TENS, ELE EL. EN. DEN PLS EN. DEN TOT E£Ne UEN HYDRS. TENS.
1700,50059E+02 00,6616645¢02 ¢0.11017E403 -0,65721E+03 © 2 00,49305E402 00.50229E+02 0U.IYSSEV2 =u 10706ie04s T~ T
3 00,66341Fs02 G.Ee00__ 00,44391F+02 0U,56345E403 .4 00.45311E+02 00.13111E+02 00,58422E+02 00,40370<+03
TS G0,29857€407 TUEeG0T T 00.29957€+02 00.,71303E+403 6 00,25133€402 Q.E+00 00.25133E+02 00562072403 ~ T T
7 00,15398Z+u2  J,Fe0C 00.154985+02 00,57074£+03 _ 8 00.17931E«82  0.E+00 00,17931E+22 00,04392E+03
9 00,115435+92 0.€+90 00,11523%+02 00.6402/E+063 10 00.10191E402 0.E+00 00,10191E+9¢2 00.58306E+03
11 00.70334E+01  0.5400 90,70358E+01 00,.60941E+03 12 00,74573E+01  0,E+00 00, 765738201 00,663745404
13 00.55940E+01  0L.E+D0 00.55990Z+01 00.06310E23 14 00,50746E+Ul  0,.E+00 GUL,SUT4bESUL 00.63199E+03 :
15 00.34259E+01 _0.E+00 5269E+01 00,65291E+03 16 00,41673E+01 _ 0.€+00 00.,41673E+yl 00,671952+403
TTIT V0L 3RIRTESUT QlEsug T (0,323015400 00, 69860E403 187 00,29976E+0) T 0.E200 T 00,299/6E+v]l VU.67Ts8Eeud T
19 00.246945+01  Q.€+00 00,206407+01 0Us71948E+03 20 00,26003E+01 0,E+00 00,26003€+51 00,707725+03
21 00.50029C+02 0U.hGS0CES02 00, 114535003 =0,52838E403 22 00,49207€+02 00.50454E+02 V0.99064E%0¢ ~0, 101215404
23 00,632522402 (5000 00.462h2E+02 00.60431E+03 24 00,45680£+02 00.13397C+02 00,508778+12 00,465008+03
29 00.30wv3E+07 ULE«00 00.30490E+02 00.5836vE+03 26 00,23165E+02 0.E+00 00.25109E402 00.5e15BE-03
.27 V0.13723Eeu2  D.Eeu0 00,157235402 0U.540108E+03 26 GO.M794TE+02 ULE+00 UG, 1794 TE+5e V0,61 90Ee03
29 00.11655E62 "0 6400 7 7 00, L1655E+u2 00,61656+03 "7 730 00,101856402 0,E<00 T 00,10185e9¢2 00.5881%z eyl T T
31 00.702165+0l  UJE«0l 00.707145401 QU.OL146UE+G3 32 00.74530€+d1 0.£+00 00,75530E+yl 00.6420Z909
33 20,56U36E«01  0,E+00 00,56036E+01 0U.ASLZUE+03 364 00.50695E+01 0,400 00.,50695E+01 00,63¢22E+04
35 00.35131E+01 G.E«20 QULIHIBLESDL 00.6577«E«03 36 00.41632E+01 0,E+00 V0,i03ZE+0) 00,67e29E+03
37 00,32251E+01  O.ge00 00,3¢261F+01 QU.678B6E+03 38 00,29922t+01 0.E+00 00,2992CE*u]l V0.6Tcuat03
39 00,243056e01 _0.E+00_ __ 00,26305F+U) 0U.69584E+03 60 00.25950€+01 0,E*00_ __  00.25990E%ul 00.70£30E+03
THE ELASTIC ENERSY IS 00.129221E+03
THE PLASTIC ENERGY IS 00.3K04 39Eeu2
THE TUTAL EWFHGY IS 00.165265E03F JH A LOAD OF 00,2151 74E05
o ) o T THIS IS INCWEMEN]T 3 - 2 UF “
YHE APPLIEL LOAD 1S AZ21517,3791TE INC, LUAD 1S 1599,4479

SCALED STEP
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TABLE VII, - Continued, SAMPLE PROBLEM (4) - OUTPUT
sTaTe %aP  STER - 3
3 3 k] 3 1 1 1 1 i t
1 1 1 1 1 1 1 1 1 1
3 K] 3 3 | 1 1 1 ] 1
t 1 1 1 1 1 1 1 3 t
JoTaL DISPLACEMENTS
Ce01500000  0.00000000 9.01,15%9  0,00000000 0,01907¢21  0,00000000 0.,00952049  0,00000000 0.008T74796 0,0000000v
e 008 v T 300950000 0,00765067 " 0, U000UDOY V,007¢71%3  0,00000000 0.00699920 0.00200000 0.90677879  G.UuUI000V
{42060235%  0,00U906000 0,01500000  0,U0U0SY e 0,0123929e  0,00002¢%6 0.01000707 -,000066¢0 |  0,00936456 =~,uy0luely
Ced0RT1ITY2 =,00011Rly V.00m1204n  =,u0ul1Tsl 0,007062087 =,00012009 0.00727215 =.00vleesl 0.00697905 =.0001256v
3e00R77203  =,00312309 0,000004s5  =,000122¢0 0,01500000 0,00010723 0.01220112 0,0030593% 0401072950 =,0001408«
(e DQYSGoYy =, 00321930 0.00175086  =,00)22262 0.00KUvO4d  =,00023401 0.00703576  =,003237414 0.00725186 =-.0002443s
200097950 =,00076490 0.0007520% =,00025/98 0,0065val1l  =,30024972 .
’ o T INCHEMENTAL DISPLACEMENTS T T Tt oTTT T
Ce0005196¢  0.00300000 0.00038971 ©,00000000 0.00031260 0,00000000 0.00027«71  0.00000000 .0.00025099 0.00000000
Ce20023125  J,000C0000 0.0u0cl6nl  0,0000000V 0.000204%4 0,00000000 0.00019640 0,00500000 0.00018907 06.000VD00V
CeQ0ULBYYT  J,0u0UUL00 0.00u51956  0,00002228 0,00040460 0,000016%3 0.00031019 0,V03004089 0,000277+6  =,00000058
2.0C02904n  =,00000271 0.00y23151  =,0000027« 0.u00¢i>8e =,00000296 0.00020%58 =.C0u00303 . 0e00019531  ~,0000032¢
Ced0GMBo9e  =,00000326 _ 0,0301m333  ~_6000029% _ 0,00031%6« 0,00003937 0.,00039956  0.00UV3324 _ ' _0.00032184  L.00001033
Ce00527¥n3 T <.00000°63 000025305 =,00000615 0,000¢3103  =,00000341 0.00021008 =.uQud0553 0000203007 =.uu000598
£.30019501  =,00000627 0.00018779 =,00000652 0.00018316 =,00000626 .
INCREMENTAL FORCES
106, St e =0.0 20,5 040 ~8.3 -0.0 -20.7 -0.0 1.8
=0.0 Sel =0.0 3.4 -0.0 3.0 0,0 .12 -0.0 -l.0
e D00 =93 224,43 0e0_ =00 __ _  -0s0_ __ ___ 0.0 0040 00.0_ . . =00 __
00,0 02,0 -0,0 -0,0 0.0 00.0 0.0 -0.0 00.0 00.0
.3 =-2.0 00.0 . 00,0 5140 =0.0 00,0 0.0 0.0 <0.0
U0 -0,0 00,0 ~0.0 0u.0 00.0 00,0 0.0 70040 00,0
00,0 ~0.0 00.0 00.0 0.0 00.0
i TOTAL FORCES T T o TTT ot T
S134.9 106,86 -0.0 305.9 -0 =263.1 =-0,0 -112.6 =-0.0 46440
TTTTT Q0T T 3.7 <030 33, TTTTL0L.0T T T3, TTTTTT T R040 1377 =0.0 =253
0,9 ~l4c.6 11837,2 00,0 =0.0 -0.0 -0.0 00.0 00,0 -0.0
00,v 0d.0 -0.0 ~ -0.0 - 00,0 00.0 -0,0 “0,0 T T =0,077 T 00,0
~0,0 -0 00.0 00,0 4953.1 ~0.0 -0.0 <0.0 0.0 -0.0
00.u 0.0 " T 00,0 T -0.0 T00.0 =0.0 00,0 0.0 T 0040 00.0 ~
00.9 =340 00.0 00.0 00.0 00.0
T - - NODAL COORDINATES™ -
1.ul3600 0.000000 1.212155 V.000000 1.410676 6.000090 1,009526  0,000000 1,808748 0.000000
2.008110 0.000300 T2,207650 7 040000007 77 2.6407271 0.000000 2.600999 77 0,06000007 7T "2.808779 T 0,000000
3.006624 04000000 1.015000  00.200000 1.212392 00,200022 1.410608  00,199932 1.609505  (0.1998%
1.608713 60.139484 2.00A120 00.199383 2.2070217 00.199860 2.407272 00.,195877 777 T 2,60%979 0. 199874
2.806772 00,19947s 3,000656 00.199870 1.,015000  00,400107 1.212201_  00,400059 1.410729  00.399835y
I 00956 00 499785 1,808751¢ 0073997777 TTTT2.000995 T 00,359766 724207636 1 T00,399703 7 T 2.,40725277760.399736
2.606930 00.3997S1 2.806753  00,399747 3.00659%  U0,399750 ) 3
SAMPLE PwUBLFM EXPANSIUN OF A TmICK wALL TuME ' TOUTTTTTTETERT T37ST 3 0F T e
STKESS ELEMENT DATA
HELTTRV SR ST £Y4 TSI ST 52 S12 TS SIGEQ 3 T J2 33
0.5159¢ «Ju=0,1360E+03 0,E+00 =0.1560E+03-047240E+04 0.3542E+040,00 0,1077E+05-0,7458E+03 0.3870E+08-0. 2(62-‘11
o039 +04=0,6773E¢03 0.2034E+03=0.66T72E+03-0.7560E+04 0,3440E+040,04 U, 1064E+05=0,1176E+04 043767 +08=U.lobsE+11
517~t~oa 0.5505E +0a 124GE+U3 0.0340E*02-0.517TE+04 0.2630E+040.02 Goal013E4U5 U, o70%E+03 043421E+08 U.ls23¢1)
W50215 004 J,h211EGa 2426E%03 0.36264E403=0.5631E+0% 0,2997E+040,04 0,1026E+05 J,3143E+03 UL 3500E+08-0,13342+10
0.98RE 6 (. 2516F+03=0,12r62+03 0,2555€¢03-U,39L4E 06 0,20A5E+040.03 G.A510E+0e I, T6427E*03 0.2417E+08 0 1175Ze11
E 0423532 404=0,4591E000 0,4373E¢01=044534E+0U-0Ue3n20E+04 0,1B10E+040,00 0,7820E+0% C.57d3k+03 0.2037E+08 0.11603+14
eavacoou JeedY Ik eus=0,6 308E+02=0,5790E+020.41TTE+DC=Uoe5Y6Ee0a 0,1277€9040,02 0,6122E+06 0,504UE*03 0412475+08 0,7285S+10

«2405E <05
200/ ey
LR LS
13372405
lowlceds
Yaosevd
IR TR

LSRR
Aalrsie0d
35172603

0.1[&7‘00l
1=0.576 42402

19 l Delalizend

=0.7uS 7 egit
3=0.740ns(its

23 3-0.5104¢ +00

3% 1
1~
1-

3=0.5561¢+05%
1=0.618+7000
1=0.3037: +00
1=0,7-9 /7t « 06
1-0,212%r 00
1-0, 2087k 406
1=0.1nn/lt 006
1=0.1 33470006
1-0.
1=04101 /2 oG
1=0,%174E+01
=0,5=1 503

JuGrisye

LR RIS R
1404507

1=0,31n4Fe03
1=0,97235+07
L=V, it s0 4

Qe 729E 430 0,5657C+02 0,5016E402 0.5545FE¢02-042407E+04
Jo 4961 eUs 0, 00T9E«DL=0.57n7t+u2 0.7741E¢01=0.2U04E+0a
Do HTHIEeue=073nasEed2 N, 1T1HE+02-0,3b28E*02-0, tHBHE 04
Je=0,dUT2E*02=0 45«SE2UL=U.27]4E*0c~U 3w 1E+ 0%
e O bonab el U 14178402 0.t703E+00-VeluaTEsOu
0.301RE Ut LJALI1IESOL=0,6566E+02 0.101HE*0C=0.9909E+03
Qe 23RIE*d6=0,2363E402-0,3203E+ul-0,2361F+02-0,9176E+03
Uer512E+06=0e202YE 202043391 +02-0.1761E*UZ=U4256BE+03
Qer7128e5u Gu59vinenlou, el iube0l 0,56425E¢01-.6513E+03
4915006 0,1306Eey2~0,33500902 0.1719E+0¢-0.355nL+03
V2605 e 0a=0e I M 1Cedl=0,i379E+02-0,2621E*01-0.4153E+03
Yer257%0itl 0039470 032=0.3072L+02 0,4933E+00-0.9735E40¢
04230204 (olnbrdez=u.5h10b 0L 0,1b69t+0é-ualtldE+03

GaD It se=) YO AECN =y 9/ TLsUre0,9729F +0c=U.7054F ¢ 00
De6T5195404=0.9A00E*13=0,3170E40I-0.56R6E+04=0,7500E+04
0en995150%6 0,9593Evu2=0,1644E 003 09994 +02=U.5108E 0
Jet261E 006 J,6512E¢03-0,47352 403 0.48d3E+03-0,5598E +0«
D 0,1 37TRESD3 0,921HL20¢ 04139475 203-0,4130Eeys
V4=, 0u32Es02=U,9 714 +1)2=0,61599F ¢~V ,3640E+04
D6=0,30606E+07 U, o0904r+02-0.2954L+02=0.chITF+04
c0% 0.1052Es02=0,5329e 402 01152k *0c-U,edDL 204
0099342406 Vsl 4nSEe02 Ua0l27b 002 Co2unhF +0<-UocuBle 06
UedT16Z008=00361nEe12=0e44 3100264 3900 *0~U o LHRASF + 08
Co 1749t 20u=0,19%7k 02 0,1095E207=-0,16AHES0C=041339E 404
Vo 160KE 04 0497 0Eenl=u.5lltsur U, 790 7E+00=UloulE e ls
UeS000ko0% Do //HESGL 9, 3709L 001 (o970l *0l=valOtTE«DS
Qo /HIY4E 0060 20NYE (P L3 /0L e02=0 I nTHE VA=V sl Y4203
0u’ml1Eepa=0s 7691 o0 ~0, 7926L+01=0, /349 +01=Doon1GFE+03
De/TUE s GoB LUESNL=y 4519k +0/ 00l 129E s0C=0on%0E+03
UelBllE et Qualiuhrenl=0 ,6un0t 401 VelfBlake0)l=y, ¥40YEC0OD
023997 06=0  INGNL 20/ =0 01U s 07=0s57A% G 1=y, 37 Jup s U
Gal2AME st O, uTHIE*NL=U 4/nnE o0l UL *01=0,9705E+0C
Na/PY3F ottt P | 1GIE*0UA=D 2R 01372 Vo lOYNE*Ur=U, 1907003

o

0,1431E+000,02
0.1000E+040,03
0,926nE+530,01
0,6557E£+030,03
0.7242E+030.01
0.5N005E+4y30.05
Qoa4e70E*L30,00
0.246pE¢030,07
0,32c4E+030,01
0,1865E+030,11
0.i963E+090,04
0.7330k+020,206
0.8002E +620,04
0.347dE+060.01
0,3466E+040.05
00,2606k +040,03
0,306 96 +040.08
0,2138E+680,0¢
01799 +040.03
0, 1334Esyal e
0 latnrsna,02
0,100k e0e0, 02
U, 9eTuEn30,03
U,6610£0030,01
0,727 +030,04
0,51 224n30.00
0,4503L+030,05
0,2470E+L30.01
03320k e030,07
Velygsteniv.ue
0.15%AnLens0,12
0.%173b002040%
0.B379E+420,18

Veb385E+ 04 J,05THE+0S
0.5256E 204 {,62350L03
JauFenbeGo U,5909E+00
0.4086F 409 U,0229E203
0,43 1BE+0s J,0247E+0
Ge3610E*is L,679uE+0
U 3460E+04 J,0467E*0)I
10295%E 906 0,0091L+03
Ue30HTE 04 ,ndB0L0S
0.26T9E 0% O, /4T3E20S
0.2579E+04 L,6Y60L*0s
0e2285E+04 ul.T306kbeu3
Ca2370E 206 v, 7270ks03
Gal078Es05-0,5943E+03
UelUbuE+US=0,1105E 00
V12128005 u,oladbedd
0e1027E+05 Hae3n3 /<00
O,uhI5E+04 U,602720403
QaTnr I 208 (,0044L U0
Va6l I9F U0 L DubvE0s
UebH92E 04 O, 032003
0.5296E 006 U,b293L+0 3
Qole'subb o0 y,D9Y03k*03
VeHBOE 2V O,02/9k20]
Uee316FE o006 U h50ZE+03
Ue 319K 404 U,HLOUE*0
Geseitit o0a U,04/70L2)
Bo29aHr o0 Goblucteus
UeJUHNE+04 O.nd89lbe0y
DelhHLE +06 U BYBCL+0Y
V29 79F 406 (,690]1L 0
QeZhBE 00 G, 119200 S
Ve2310E*06 1y, /7lob el

Uelas3Esun OeosyoEell
Ue920-E+07 0.2099cC+1lU
0.81593e+07 0.wvZoislu
045557€+07 U.33562+10
0e621-E+07 0.3780ce10
0.435i£+07 U.col7Ze]V
Ve dascs07 Q.23635+10
Uel91ie+07 O.loTurely
Ue3LI7C407 Goam3eiely
0.239¢2+407 O4ls3nZelu
0422372407 Qu1cUoZeotl
0ol 739407 Vai32Ze939
UelBTIEBT U 27125009
0ed8722¢00=-041709Z¢11
Oed765E+UB=Valir52I011
0.36070+03 Ullulursll
Qed6u32e08=-0ac300telU
Uo.lubialels Oollaurell
0.206¢E+08 Ooliyviel ]
0172728008 0a/156E0LY
Velbacie0u Ve3/b9Z+10
QeY36Tsul Qedu00ufe]ly
Vetlbzpe0/ Vovr0LlZelu
055412007 Ue3408Ee}u
UebP2UTL o0/ Us3lblEvL0
Vet366+07 UazuBIEs LY
Qo 39322407 Qocs3cErluy
Qa28972007 O,1658E010
0eIIT1E90! V.1nasiely
0674042407 U,licHEelU
UeP2l92 007 UL1lUHE LY
Vel74220yl UonlvOEsOY
Va1t s0! VaslUoEeOY
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TABLE VIO. - Continued. SAMPLE PROBLEM (4) - OUTPUT
SAMPLE PRUBLEM 3 EAPANSION UF A THICK waLL TudE STEP 3 - 3 oF -
STRAIN ELEMENT DATA
NEL »e 2c ER EY €2 ER2 LR Lz LT Ll L2 \(8 1s TR EPEQ  MEL
1 1.,08072 "00.05669 <0.01453 0,01292 0,00030 0,00000 0.,9458 1,0003 1,0132 1.,0003 0.9858 0,00 =0.00 00.00 0,00705 1
4 1.16692 00,13336 -d.01330 06.61ile3 U, 00081 0.000U51 0.9870 1.0001 l.0il6 1.0001 C.v870 J.00 00.00 03400 U.GUb%e 2
37 1,3eesd 00,0560+ =0.00749 0,008¢6 =0,00034 =0,00017 0,9976 0,9997 1,0084 0,9997 I,9920 3.1 “0.00 03,00 0,C003« 3
& 1.,°2TH39 00,13337 =0.0040« 0,009i2 0.0000%F 0,00037 U,9vll 1,0000 1,0093 1.,0001 9,9911 9,00 00,00 03,00 0,.CUl7Ll 4
THTTTY LG 769800 0nehe 3030579 T 0,000937=0,00034 70,0007 0.9943 0.9997 1,0070 0,9997 3.994377 3,117 T =04007 03.00 0.40000 775
61,5323 90,13324 =0.005¢n  0.00639 =0,00052 0.00001 0.9968 0.9995 1,0065 0.9395 0.9948 V.00 00,00  00.00 0.C0V00 & |
7 1.72233 00,06663 =0.0G377 0.U0I5 =0.00058 =0.000U8 (.9961 0.999¢ 1,0052 Q499494 0,9901 3,02 7 =0s0U " 0d.00 O.CugO0 7
B 167596 00,13325 =0.00426 0400552 =0.0005¢ 0.00007 0.99n8 0,9995 11,0050 0.9995 0,9958 .00 00400 000 0.CO000 B
9 T1,87519 ud.Ub603 =0.00320 0,00456 =0,00058 =0,00008 (9908 0,999 1,0046 0.9994 G.9968 7 3,11 =0.00 -~ ¢3.C0 0.00000 9
10 1,9%165  00.13326 =2,00300__ 0.00427 =u,0005% 0,00002 0.9970 0,9994 1,0043 0.9996 0,9970 0,00 00,00  0).00 0.LOL00 10
T1 219l I3 TT00.00663 =0,002317 0,u03037<0,00060 -0,00000 09977 0,999« 1,0037 0,9994 0,397777°7 3,117 =05007 "03.00 0.10000 "21'"
12 2.,07452 (0,13325 -0.00c04 0,00343 ~0,0005% 0,00002 0.9975 0,999 1,0038 0.9996 0,3975 0,00 00,00, CI.00 0.L0000 22
13 72,2761 0y,.06653 ~0,00190 0.00330 =~0,U000U =0.00006 0.99R1 0,9994 1,0033 0.99%% 0,9981 77 3,10  =6.00  00.00 0.LVv00 13
16 2.32072 00,13325 -0.00178 0.00315 ~0.,u0061 =0,u00uU 0,99H2 0,999 1,0032 0.9994 0,9942 3.dé =0.00 03,00 0.L0000 4
157772,54042  00,06m02 =0.0013p 0.00278 ~0,00063 =4,00005 0,9986 0,999« 1,0028 0,999« 0,9986 3,07 ~ ~0.00 ° 0J.00 0.L0000 23
16 2,6733% 00, 13325 =0,00147 0,00290 =0,00001 =u,00001 0.7985 0,999« 1,0029 0,9994 0,9985 3,13 «0.00 _ 0J,00 0.CU0LO0_ Ro
17 " 2.873°9 00.06602 -0.00110 0,00258 =0,00083 =0,00005 (.9989 0,9994 1,0026 0,999% 60,9989 5,068 =000 05,00 0,¢0000 §7
18 2.7400% 00,11325 =-0.00104 0,00249 =0.00063 -0,00002 0.9990 0.9996 1.0025 049994 0.9990 3,10 _ =6.00 _ 02.00 0.i0000 1d
1877 2,96000 00,05663 =0.0097a  0.00227 =0,00061 =0,0000% 09992 0.9994 1.0023 0,9994 00,9992 <. 88 =6400 7 63,00 0.t0000 19
(23 2.87333  00.13325 -0.0008&  0,00234 =0.00063 =0,0000) 0.9392 0,999« 1.0023 0.9996 0,9992 3,01 =0400 _ 03.00 0.C0000 20
21 1.06073 00.3;341 =3.01629 " 0.01¢93 0,00024 -0,0001¢ G.¥s60 1.0002 1,013 'l.00u2 0, 348607 3,437 0770:,00 UL(0bde .21
67 01330 _U.yllew 0.00018 - 9470_1.0002_1.0115_ 1,0002 u.+809 3.1 )« 0 02400 0,C057_ 22
32d i =0, 007%4 0,00878 =0.00036 = G2670.9v90 1 008G Goyudt 09926 3.11  =0.00 0400 0.00035 23
_ U0.26667 =0.00905 0.0U9l«  0,06018 =0,00072 0.9911 1.0002 1,0093 1.0002 93,9910 3,06 =G.00 Uda00 VeLULT5 264
257 T 4766 J0.33319 -0.00596" 0000695 =0,00036" 0.00012 0.9941 0.9990 1.0070 0a9996 0,951 T TTC.007T 00,0077 00404 0.0u000 2o
26 1,563%z% 00,2065« _=0.00526 0.00040 =0,00056 -(¢.00023 0.9948 0.999% 1.0065 0.9994 0,994 3,41 =0.00  0J.00 0.L0000 26
2777 1.74236 T 60,33315 -u.00402 0.06516 ~0,00053 0,00006 0.9960 0,9995 1,0052 0.9995 ©,9960 0,60  00.00 702.00 0400000 27
28 1,67596 20,266%2 =0.004206 0.00552 =0,00050 =0,00007 G.9958 0.9996 1,0056 0.999¢ 0,9958 3.12  =0.00 02,00 0 Gou00 29
2YTTTAVEISNS 00.3330% 040032y 0.00433 ~0,00053 7 0,00005 0.9967 0.9995 1, 0uso BewidyS 0,9967 0,00  00.00 03,09 U,LO0L0 2P
35 l.9slse 00.26651 <0.00300  0,00427 ~0.00058 ~0,00006 0.9970 0.999% 1.0043 0,999« 0.9970 3.12  =0.00  00.C0 o coooo 30
3177T2.141127700.3330% =5.0023177 0400363 =0,00059 " 0.00001 049977 049994 1,0036 0.99%6 0.39777 4,007 00.00  02.03 0.C0v00 3L
32  2.0743l 00,26651 =0.00248 0.,00332 =0,00058 =0,00007 0.¥975 0,999 1,0033 0.9994 ,997S 3,11 =6.00_ _ 00.00 0,L0000 32
3377 2027607 7700,33313 -0.00193  0.00329 =0.000597 0,00000 0.9941 0,999« 1,0033 0.9994 6,3981 T 0,00 T 00,007 T 05.00 o.uuouo"js
3 ) ~0.00174  0,00315 ~0.00061 =0,000G6 0.9982 0.9934 1,0032 Ue99ve 64,9982 3,09 -06.00__ 0J.00 0.00000 34
35 ~0.00136  0.0027% =0,00062 =0.0000) v.9936 0.999¢ 1,0028 0.9994 €,9986 3,13 =0.007 0G.00 0..0000 35
36 . =0.00167  0.0028% =0,00061 -0.00066 0.9985 0.999« 1,0029 G.999¢ §,9965 3,07 =G.00  G1.00 0.i0000 3o
37 2.67357 00,33312 =2.00lle 0.00258 -0,00062 -0,00001 0.9949 0,999 1,0026 0.5994 23,9989 ~ 3,12  =0.00 00,00 0,L9000 37
38 2,76017 00,2560 =0,0010s 0,00244 =u,0006% =C.0000S 0.7990 0.,999% 1,0025 G.9994 0,3990 3.02 -G.00 03,00 0.L0v00 34
39 2.93999 (40.33313 =0.00077 0.U0226 =0,00064 =G,U000]1 G.9992 0.9996 1,0023 0.9994 00,9992 3409 -0.00 03400 0.L0C00 37
40 2,87338 00,2669) -0.00084 0.00233 =0.00064 =0,00004 U.9992 0.9%94 1,0023 0.9994 0,9992 2,495 =Ge00 03,00 0.€3000 a0
ELE EL. Eqie DEN PLS EN. DEN  TOT EN. UEN HYDRO. TENS, ELE EL. EN, DEN PLS EN, DEN TOT EN. JEn HYU=Q. TENS,
1 00.50641Feu2. 00,725405+02 00.1232¢E+03 =0,74570£+03 2 00,49922£+02 00,5577«E+02 00,10570E+03 ~0,1i76tEs0e
3 00,64631E+402 00,342 48061E+02 00,6704¢E«03 4 00,45640E+02 004173456402 Uu.0ZIBOE+D2 U0,3i433C+00
57003177565 dz‘“c,rouo - 1o 3770k e02 00742676443 6TU0,267U2E+02  UJESQO Vo, 20TUcCEsde U0,573coE 403
7 00.166658 0.E+00 _ 00.16445E402 00.58396E+03 4 00,19050E+02 0,Ev00 0.19050E+02 00.037758+03
9 00, 122»7k.oe 0,E+00 00.,12227E+02 00,65697E+03 10 00.10816Esu2 0 E400 00.10816E+02 U0.57003E+00
11 00.766135+01 H.E+B0  _  00,7464nEe0] 00.62£93E403 12 0083357401  0,E*CO 00,83327E+u1 00,63467k+02
13 v0.59351E401 o.gouo 00.59351E+01 00,67902E+03 14 00,53787€+01 0,E+00 00,53707€+91 U0,0-060E 0>
15 00,40545c+01_ 0,500 " 00,40535E+01 00.66916E403 16 00,94149E400 0,E+00 00,44169E+0] 00.6=3D7E v
17700.3«1 576401 0.5v00 T 00, 44197540100, 717296403 18 60,31732+01  0,E+00 GO 30 73CE4D) DU,6900LE0S
19 00,25873E+01 0.E+00 00.25573E+01 00,73037E+04 20 00,27518E+01  0,E*GO 00,2/518E+)) 00,72/32E+03
21 00.5064/Eeu2 00,70547E402 00, 1Z2120E+03 =U.59432E403 22 00.,49809E+02 00.56023E+02 00,10503E+93 <0.11C53E+0%
23 00,64503E02 00,3474ATE0L 00,47982E+02 00,51416E+03 26 00,45809E+02 V0L 1T7601E+02 00,0349VE*I2 00,32305C«00
25 00,32526E402 0.E+CO 00,32526E+02 00.60210E+03 26 00,26742E+02 0.E«00 UG, eh76cEsD2 U0.533uuke03
27 00, 157724F+02  0,E200  00,16726E+02 0U,54682E+03 28 00,19071E«02 0.E+00 00.19071k+92 V0.63251E+03
29 00,1233%E02  0L.EsUC 00,12368K+02 00.62527¢+078 30 00.1008108+02 0.E+00 00,10810E+J)2 V0.533¢/b 03
31 U0LT4esT7EsNL 0,E00 00, 7469TE+01 00,62705F«0]3 32 00,83312E+01 0.E«00 00,03312E+31 00,.630l7k+03
33 00.9%413F+01 0,€+00 00,59« 19«01 0U,66001E03 34 00.33731E+01 0Q.E+00 0C.53731E+01 00,6702t <03
35 00,4U3s5EeUl 0,600 00,40385E+01 GULOTULIESGD 36 00.44104c+01  0,E+CO BULIUSEST) 00,05905 0
37 00.34126E+91 0.E+00 00.36150E+01 U0.6Y010E+03 33 00,31n73E01  0.£09 00.31073ked1 00,6700t 403
39 00.25715E+01_ 0. 00257156201 00.71521E+03 40 00.27659E<0)  0.E+00 _ 00,27459E+al 00,7¢l55Eus
THE ELASTJC ENERGY [S 00.)36217€+03
THE BLASTIC ENEWGY IS 00.%1n10bE*02
THE TOUTAL E.EWRAY IS 00.176027E+03F )0 A LUAD OF 00.,219292E+05



TABLE VIIl. - Continued. SAMPLE PROBLEM (4) - OUTPUT

STATF “aP  STEP . - 1
k] 3 3 3 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 ) .
3 1 3 3 2 1 \ 1 1 1
1 \ 1 t 1 1 1 1 1 1
‘TovaL DISPLACEMENTS. .
Ced1775741  0.00000000 0.04u21d0n 0,00000000 0,01232736  0.00000000 0.01097771 0,00000000 0.01007380 0.0VLOUVO0VL
C.00933171 " 0,00000000 ~  0.00s79537 0,00000000 ~ 0,00835347 0.U0000000 0,00803594 0,00000000 "~ 0,00777987/7 0,00000000
9.00759973 0,00300600 0.017757«1  0,00018520 0,01453/00 0,000i1287 0,01224738 =,0000400Y 0,01103098 =-,000lu/ds
3401006064  «.00013901 0.0093e320 =,00013174 0.0Un70653 =,00013%0% 0,00835217 =,00013040 0.0080099) " =,00014202
0.00776901 -,000141310 0.00757648  =,000137008 0.01775441  0.00037060 0,0143205% 0,0002455) 0.012¢3000 ~,0000d214
$.011029+2 -.00022742 0.01008824 =,000000le 0.0093108e  =,00026239 0,00877081 =,000260%1 0.0083200% =~,00027>78
_6+00800872 =.0002819]) _  0.,0077e360__=-.00028729 0.0075051¢ =.00028247 e
INCREMENTAL DISPLACEMENTS T T o T
0.002757+1  0,00000000 0,002706258 0,00000000 0.0010533¢  0,00000000 0,00i45122 0,00000000 0400132586 0.00000000
$e00122135 0,000000600 0.,00114490 ©,00000060Y 0.,00Muni8e  0,00000000 0.00i04072 0.00000000 0.00100108 0,00000000
0.30097019  0,00000000 0.00275741 0,00012525 0.00clesd6  0,00009041 0.00163971  0,00002757 0,001460663 =,0000030%
vi00132275% =,00001w3¢ 0.00122284 =,000u1437 0.00113965 =.00001550 0,00106002 <=,00001509 0.00103080 =,00c01703
9.00099694 =, 00001701 0,00097003 =,000015e¢ _ 0,0U2757wi 0.00021937 0.00211943 0.00018618 0.00170e56  0.0000%470
00108063 7 =.00001222 7 0.,00133762 =~,0000¢453 0.001¢2046 =,00002834 0.00014105 =,00002899 ~  0.00007479 7 =,00003139
€.00102922 ~.0000329¢ 0.00099092 =,00003431 0.,0009%04i =,00003275
INCREMENT AL FORCES
562.3 28,0 -0,0 110.2 0.0 ~abel -0,0 -113.2 =-0.0 10.3
-0,0 23,7 0.0 1941 ) 1647 0.0 0.3 =-0.0 8.7
00.0 ~51,5 1177.0 00.0 0U.0 G40 -0.0 00.0 00,0 0.0
0.3 00.0 =0.0 =0.0 =040° 000 00.0 0.0 000
0.0 0.0 00,0 V0.0 w2le? 0.0 00.0 0.0 -0,V
77 7700.0 T 0,0 T TTTTT T 0040 7T -0.0 00.0 00,0 -0.0 00.0
00.v ~0.0 00,0 00.0
: cooTTr T ) h ToTaL ) -
3701,2 132,06 =0.0 al6,.1 =040 -0,0 -225.8 =-0,.0
=30 6.4 0.0 52,5 TTTR0.0 TTTTTT=0,0 2050 0. .
00.0 ~194,.1 13014.4 00,0 0.0 =-0.0 00.0 . 00.0 0.0
T 00,49 00,0 T 0,0 T 040 00.0 -0.0 «0,0 =00 00,0
-0,0 0,90 0040 00,0 53748 U0 =0.0 ) 0.0 «0.0
700,07 T T e 0T T 00.0 7 =040 00.0 00,0 ~0.0 T 0040 0040
00.0 =0.0 00.0 00.0 0040 00.0
NODAL™ ~~ "COOKDINATES e
1.017757 0.000000 1,214218 0,000000 1.412328 0,000000 1,61u978 0,000000 1.810074 0.000000
T 240093327 7T0.,0000007 2420679577 0,006000 T 2,408353 . 0,000000 12,608036 0.000000 ™ TT2,807760 T 0.,000000
3.007500 0.000000 1,017757  00,200185 1.216537  00,200113 1.,412267  00.199959 1.011031  00,179093
T lesl00617 T 004199869 7T T 220093437 700.199808 T T 2,206707  00,199d66 T 2.408352 00,199802 T 7772460801077 00,139457
2.807769  00.199357 3.007574  00.199862 1.017757 00,0037 1.214321  00,400246 l.012434  00,339918
T T.5IT029  00.399773 1.8T0065  00.399756 Z.0093177  00,3997337  2,208777 00.399734 2.%0832700,399726"
2.608009  00,399718 2.807766  00,399713 3.007565  00,399718

"SAMPLE PRODJLEM '3 EXPANSION OF A THICK wALL TUBE  ~~
STRESS_ELEMENT D

aTa

STEF @ =T TT1IToF T

4

NEL TRV

SR

ST SZ SRZ S1 52

512

15

STGEQ S

E+00  =0.1980E+03-0.807«E+0s
«277767503-0.8310E+03-U8400E + 04

'dal

0 414&5&06-

16 1-0.740

bub?:oﬂb
+42B1E+Qs
WA2IJED6

-223l[00h
11 1-0,1989E+06
T1271=041717€004
13 1-0.1174£+06
T14 1=0,1094E 006
15 1=0.b9695+93

%03

19 1-0,1064€403
20 1-0,1737€+03
21 3-0.77043E04
722 3-0,8292E 404
23 3-0.548nK 06

24
e5
26
27
26
29
30
31
32
33
kD)
35
36
7
3.
39
LY}

3=0.6364E+04
2=0,6933E+046
1-0.4264E+04
=0,32255+04
1-0.3331c+06
1=0.2501E904
120,222 +06
1=0.159+E+06
1=0417155004
1-0,1214£406
1-0,1093t¢06
1=0,6971F+03
1-0.7794€+03
1+0,46756540%

1

1
i
1

0.3451£603
0,i¢Gy5 04
0,1 787F«0)

0.561BE+06 0.3022E+03 U,2201E+03 043695E+03-040669E+04
0.6821E+04 0.4605E403=0,1551E+403 0.4733E+03-U.«580E 04
0ehlOFES06 0,9622E+02-0,2510E402 0.043TE+02-0o%233E+0%
0eS06IEeG0=0.5003E+02=0,6393E+02-0.4866E+02-0+3032E+04
0e543SE+06 0410628003 G,5T97E 202 0. 1051E+03-0,3304E+04
0405635406 0,817CE®V=0,6389E+02 0.59078+401=0,2354£+04
Ve25TE+04=0.5120E+02 Val9IIE+02=045402E+0¢~002231E 000
0e3707E+04=0,417bE+02-0,55568E+02-0,3978E+02=0,1537E+04
043%02E+06-0,3565E+01 0,1470L+02-0.3438E+01-0.1717€+00
0036555006 §,57160E+01=0.5556E+402 0.8324E+01-0.1177£+04
Ce3295E+06=0,31T73E¢02=0,7623E+01=0.316HE+02=0.109%E+00
0.29HYE +04=0,2nY1E*02-0,5021E+02-0.231RE+02-0.7027E+03
"0.31U35406 0.,4566E¢60-0,10430+02 0.4705E¢01=0,7404£+03
D.2853E+00 0,1H12E+402-0,5020E402 0.2181E+0¢-U.4261E403
0.2755E+06=0,3066E+01-0,2163c+40c=0,1B0T7E+UL=-0,3407E+03
0.25918 406 0,595nE+U2=0,415HE+02 0.6993E+0¢-0.L1202E+03
Ue2646]1E+006 (,2677TE402=0,1045L+02 0.2532E40¢=0.1737E+03
_0.5027£904=041325£403-0,1304E+03-0.1303E+03-0.7705E+04
0,4222E+04~0,7094E 03~ 3ATE+03=0.6943E¢03-0,8305E+04
0.6013E+06=0,31667¢02-0,2337E+03=0.2216E¢0¢=0.5495E+04
0.5695€ 404 (.49TS5EC33-0,5276L+03 0,537RE+03-0,64U5E+04
0,n708E 006 0,3/55E+03 0,8loTte07 0.326BE+03-0.0936t+0s
0ebluhEe06=N,3+0cc*02=0.1311E+03-0.32026+0¢-Ceu?hBE+Q4
0.50002+06=n,35526+02 0,5975£+02-0,3440E+0¢-0,3227F+04
0,517E«06 0,2360e202=0,4784E02 0,2408L¢04-0. 3332204
005078006 0,3019E+02 0,5075L+902 0,354AE+02-0.2502F 04
0?5006, ,04lht¢d?=0,5309E02=0,6369FsU2=0,2230E+04
0, 3705 004=0,27092+07 0, 120762028=0,2239E+02=041599E 00
0390726006 (295054010 ,582hk ¢0¢ 0,4923E+01=Usi717E04
0, 4637E+064 0,4155CeuU7 UL lnlLe0) 0oL195EsUC=0.1rLE«DG
D0 37HE 4060/ nYIE402=0,564Tbe0L=0,24220¢04=Us L09OE¢Os
GeP BT e NG=0,9NJ6E401=0, 14092 02=0.810SE+01=UonYlaEen]
0s3101E00% 0,9u2lE201=0,57ubbsNZ 0.1339F¢02-047THISE+03
02H21E 004 0,9356E201=-0,12h3E¢07 0.9683L¢01-U,4797E+03
0276kt o (a0l 27BTE+02=0,49n0Ee02=0.636hF+01-0,39106L403
Gurhnas e(is O, HTOHFQl-0,t17A3t Ul 0.Y355E+0L=Us 12155403
061006 0 150HE20L=U 3HubESDZ 0,226 1L 402~ 1HOLESOY

0.5959E ¢ 04=0 7309E402=0, 1 255E+03=0, 7541 E+02=045962E +04

0.3938E4+040.00 0.1111E+G5=0, lleE’Ok 0.4113E408=-044072E-11

0.3785E+040,04
2963E+040,02
0.3619E+060.09
0.2529E+040,03
0.2139E+040,01
0.1492E4040,02
0.17G3E+040,02
0.11bB0E+040,03
0.109UE+0u0.01)
0.7736E+030,u4
0.8569E+030.01
0.5926E+030,05
0,5313E+030,01
0.3397e+030.07
Uo3926E¢030.01
0.2239E+030,.11
0,1895E+030.06
0.,9507E+020.27
0.9951E+020.05
0.37H7E+(0%0,02
0.3806E+040,04
0.,2936E+¢040,04
U367 E«060, 00
0.2A30E+040,02
0.2118E+040.03
0,159nEs000,02
U b6TBEC040,.01
0. l269E9040.0¢
0,1093E+040.02
0,768¢E+030.014
U,d4510E+030,93
0.0150E+030,00
0.5360E+030,05
Q4 3en3Ee0d0.02
0,3480E2030.07
0,2621E+030,03
OelyrhEs030.13
G,0541E 020,07
VelOZEv030,19

V0.1093E+05-0,16095E+04"
21032E405-0,2001E+02
0.1050E+05-0.1606E+03
0.9899E+04 0,9028E+03
0e9055E ¢4 U,6D599E+03
0.7070E+04 0,.6235+03
0.7626E+04 U, 7«0db*03
0.6071E+06 0,7318E+03
0e5710E%04 U.b533E*0S
0e4T715E+06 U,6935E+03
0.498BE+04 0,7¢71E+03
Uoal67E+LG U, TOR21E+03
Ge3967E+ V4
0.3403E+04
Ue3556E«04
0.3080E+04
Ue2965E+u0
0.262iE+04 (,B408E*03
Ve272iE006 (,08310E+03
0e1109E£+405-0,9360tk+04
UelUY3FE*05=0,1593E 204
UGel03IESOS v,3la0Le0e
Vel 052E405=0,2733E902
0.1010FE+05 0,70026003
Ve9071F+04 G,bid5L*V )
U.71H83Ee00e 0.5/95k04
CoTOLOESQU 0, /ULGESUS
0ebl47E¢04 U,008U3L+0s
0.5/165¢04 U, 0011L03
Uou71bt o0 Q,094lto0
0e9hTFe04 U, 7300L°03
Vel 78R0G [, /0 33E20 S
0e3964F 206 0,740k s03
He33936 006 0. 7000LUS
De355«E«ts Q,7770E U
D2 3UBYF eu% 0, /alute0s
0.2964F40% 0,7027L%03
0, 26273004 0,817 36203
0.2720E+04% U H230E03

Q75436+ 03
V77270003
G.olbeEe0l
0,7900E+03

U,7233E+03

«39T6E408-0,3303E511°
5326408 Q. l849Ev10_
0.3669c+0d=0.1203E411
0.3264E+003 0.100vE]]
0.2733E+ud G.lbb0Ew11
Del650E2U8 Ua1137E11
ValF3YE 00 O ICIFE~L]
0,1228E+08 0,b552E°10

Uel090EeUB Uy F3/5EL0
0.740TECO7 UedU6IELU

0.8294E¢07 0,5071E+10
0.5786E+07 (a394uEely
0.5240E+07 0.3530E«10
Ve3857E+07 0,2535E+10

0.4216E907 0.27925«10°

G43160E407 OacUlorely
0429296207 0,1825E+10
0,2237€+07 0.1314EslU
0.2468E907 0 labnE~1Y
G.4100E00B=0.320¢cE 1)

Ue39T2E+Un-V.Iu3sE11

Ua3SI9E*08 VeZ2233E-1V
0e3659E¢00=~0ecVI3E~]]
0.33v8E+0d olcont el
0e2741E+03 0u1734E+L]L
0. 17¢0E+08 v, 1UI4E]L]
Vo l9edEs00 Lel2B3EwLL
Ueleb9Ee0b 0e7805E410
0.108YE+GH 0o FIU%E L0
0.7614E007 Uob9usELD
0e825E 20/ UeSDLUESLD
GeOBIYEDT? 0.3065E 1Y
0.523%c 07 Oednlycelu
Ve3H38L eV Gocuvatelo
0,4200L+07 VeCT75E10
0.31BUES07 0.c0VIEL0
0e2926E 40T U.laleEstD
Vel293L207 U laerEv iy
024656407 U, l905E~10

65



TABLE VIII - Continued. SAMPLE PROBLEM (4) - OUTPUT

SAMPLE PROBLEM 3 EXPANSION OF & THICK wALL TubF STEP
: STRAIN ELEMENT DATA
_NEL HC £ ER ET EZ ERZ LR wZ LT L Le TL TS L] tPEQ NEL
L -
1 1.08326 00,06673 «0,01818 0,01519 ~0.00092 0,00000 0.9823 1,0009 1,01S5 1.0009 0.9823 0.007 =0,00 " 030.00 0.01039 71
2  leleBoe 00,133¢3 =0,01050 0.U1360 .0,00056 0.000b6 0,9¥839 1,0006 1.0137 1.0006 0.9839 0,00 00,00 00,00 0.V0833 2
3 1,34626  00,06605 =0.00959 0.00956 =0.00020 =0,00020 0.9905 0,9998 1,0097 0.9998 0,9905 3,12 =0.00 " 00.00 0.00225 3
6 1,28043  00,13336 -0,0116% 0,0lu62 0,00056 0,00063 U, 9846 1,0006 1,0108 1,000 0,9886 U,00 00,00 00,00 0,V0w13 &
5 TT852" 00,06665 =0.00082 “0,00798 ~0,00020 ~0,00020 049933 0,9998 1,0081 0,9998 0,99327 77 3,117 =000 00.00 0.00000" ~ 5~
6 1.56475 00,13328 =0.000la  0,00736 ~0,0005« ~0,00003 049939 0.9995 1,007« 0,9995 0,9939 3,16 =0,00 00,00 0.vR00Y o
7 1474370 0U,06662 =0,00455 0.00593 =0.00005 =0.00008 0.39S5 0.,9993 1,0060 0,9993 0,9955 ~ " 3.127T=0,00 ~ 00.00 0.v00007 7
8 1.67745 00.13325 «0,00499 0,00035 =0.0005¢ 0,00008 0,9950 0,9995 1.0066 0.99Y> 0,9950 0,00 00,00 U0.00 0.00000 &
9 1.87648 10.,06662 -0,00373 0,00522 =0,00065 =0.00008 0,9963 0,95993 1,0053 0,999 0,9963 3,11 70,00 90,00 U.VLVOO 9
10 1,96291  00,13325 =0.G0451 _ 0.00¢91 =0,00066 0.00003 09965 0,993 1,0050 0.99%3 0.9965 0,00 00,00 90,00 0.V0000 10
T 2 T42307 00.06662 ~0,00¢69770,00418 =0,00068 =0,00007 0.9973 0,999371.0042 049993 0.99737 3,117 T=0,007  00.00 0.u0v0v 711"
12 2.07561 00,13326 =0.00290 0,004u0 =0,00066 0,00002 0.9971 0.9993 1,0064 0.%993 0.9971 °  0.00 _ 00,00 00,00 0.00000 12
13 7 2,27531  00.06652 =0.00222 0.00379 -0,00068 =0,00007 0.9978 0,9993 1,0033 0,9993 0,9978 3,097 =0,00 30,00 0,00000 1
le  2.301a2 00.13326 =0,00204 0,00362 =0,U0069 =0.0000) 0.99379 0.9993 1.0030 0.9993 6.9979 3,13 =0,00 20,00 0.90000 &
187 T 2.5%147 00,05662 ~0.0015%  0.00320 =0,00071 =0.00007 0.9906 0.9993 1.0032 0.9993 ¢.9%84 3.07° "40 oo T 730400 0.00000 1S
16 2,e7%v]  00,13326 =0,00172 0,00332 =0.00069 =0,00001 0.9983 0.9993 1.0033 0.9993 983 3,13 00,00 0.U0000 Lo
TAT T Ziotenl 00,06662 <0,001284 7 0,00296 ~0.,0007T =0.00007 0. II3770L.999371,0030 0.599370,9987 3. 0]'—__5‘00 U000 0900007 17
ly  2.7<113 00,13324 -0,00121 0.00286 =0,.00072 =0,00003 0.9938 0.9993 1.0029 0.9993 0.9948 3,08  =0.00 _ 00,00 0.u000v 15
TTI9 T 2.94C98 00,00662 =0,00090 0.00260 ~0,00069 =0,00006 0.3991 0.9993 1,0026 0.9993 0.99917° 2,87 +U077 00,00 0.G0V00 )Y
20 2.87637 00,13326 -0.000¥7 0.00208 =0.00072 =0.00001 0.9990 0,9993 1,0027 0.9993 4.9930 3,0y =0,00 G0.00 U.G0U00 2u
21 T1.,08323 00,33359 =0.01764 D.01922 UL.00071 ~0,00021-0.9828 1.0007 1,015671,0007 0.,9828 3,13 7 «0.00 00400 0.vovvs 21’
7 00.26585 =0.010650 _ 66_~0,00074 0,9839 1.0007 1,0137 1.0007 0.9839 3,10 _ =0.00__ 00.00 0.u0e3? _Z2¢
337 09.33337 ~0.00957 121 =0.00035 0,9908 0.9998 1,0098 0.9990 0,9906 3,107 =0,00 00,00 0.u0eldl 23
26 1,28037 00,26677 =0.01165 0,ul064 0,00006 =0,0009% 0.9886 1.0007 1,0106 1,0007 0.9885 3,07  -0,00 C0.00 0.U0«ly
257 T1.47857 00.33322 =0.00710 0.0040270.00021 0.00011 09930 0.9998 1.0081 0.999d 0.9930 0,00 00.00 ' €0.00 U.00000 &>
_ 26 1.56377 00,26654 ~0.000l¢ 0,007338 ~0.00060 00017 0.9939 0.999_ 1.0075 049994 0.9939 3,11 -0.00_ 00.00 0.0u000 26
27 1.76372° 00,33313 =0,00674¢7 0,005%% =0.000570,00008 09953 0.9994 1,0U60 0.99%4 0.9953 0,00 ~00.00 00.00 0.00000 27
_28___1,67737_ 00.26651 -0.0049y 0.00636 ~0.00060 -0.00066 0.9950 0,9996 1.006¢ 0.9994 0.9950 . 3,13 _ =0.00  v0.00 0.00000 25
257771876487 00.33312 ~0.00385  0.00522 =0,00057 0.00007 09961 0.9994 1.0053 0.9994 0.990l 0,00 00,00 00.00 0.90000 29
_ 30 1.94290  00,26669 =0.00351 0,006491 =0,00065 =0,00007 09965 0.9993 1.0069 0.9953 0.9965 3,12  ~=0.00__ 00.00 0490000 _Iu
3] 77 2,14229  0v,33311 =0.00271 0,00e17 -0,00065 0.0C002 0.9973 0,9993 1,002 0.9993 0,9973 77 0,00 T 00,00 ¢0.00 0.900006 31
32 2,07SR1  00.26669% =0.60290 0,00439 =0.00065 =0,00008 0.9971 0.9493 1.0044 0.9993 0.9971 _ 3.11  =0.00 _ ¢0.00 0.90000 32
3377 2,27529  00.33311 =0.00226 D,00378 ~0,00065 0,00000 0.9977 0.9993 1.0038 0.9993 0,9977 0,067 60,00 00.00 0.0u000 "~ 33
36 2,361%2 _00,26648 -0.00208_ 0,003627 =0,00069 =0,00007 0,9979 0.9993_1.0036_0,9993 0.9979 3,09 =0,00__ 00400 _0.00000__ 34
T54145 T 00 33310750.0015%7 0L 00319 <UL 600707 -0.00002 7029954 0.999371,00327059993 0,9984 3,127 =0.007700.00 7 0.v0000 35"
_36 2.674%0 00,26648 =0,00172 - 0,00332 =0,00069 =0.00007 0,9983 0.,9993 1.0033 0,9933 0.9983 3,07 =0.00 _ 00.00 0.99000 3o
TT7T T 2,67659  00,333107-0,00133 T0,00296 ~0,000707~0,00002 0.9987 0.9993 1.0030 0.9993 0,9987 7 3,12 TT=0.00"7760.00 0.v0006 37
_ 38 2,74117__00.25648 -0.0012% 0.00286 ~0,00072 -0,00006 0.9988 049993 1.0029\0.9993 0,9988 3,01 =0.00 00,00 0.u0000 33
39777 2,960967700,33310 -0.0008% " 0.00259 =0,60072 =0,00001 U.999) 0.9993 1.,0026 0.9993 0.9991 3,077 =0.00 760,00 0.u0O00 " 3%
40  2,87e36  00,26648 -0.00097 0,00267 ~0,00072 ~0,00005 0.9990 0,9993 1,0027 0,9993 0.3990 2,95  =0,00  00.00 0.v0000 40

ELE EL. Ew. NEN

PLS EN.

DEN

TOT EN. DEN HYORO. TENS.

Y 00.54326E402 00,10e54E03 00, 162896403 -0,12133E+04
3 00,461327+02 00,27794E+02 00,649865+02 =0,26010£+02

B TU0.429535%02 U E00D
7 00,21918Ee02  0,E400
9 00,16293F«02 U.£+00
.11 00.99210E+01 C.Eeu0
7137 00,73740E01  0,E400

00,489535+027 00,90&84+03"
. 00.21313E+02 00.,65354£+03

T 004162938402 00,73163E403

00.99218£+01 0VU,693647E+03

00, 78744401 00,76207£+03°

ELE EL. EN.

T8 00,35794E402 " U,
8 00.,25537E+02 0.
00.14429E+02 0.
00.,11100E.02 0.
00,71335€+0 0.

DEN PLS EN.
2 00.53525E+02 00.050534E+0¢ 00.14006E+03 ~0,l099E+Ls
4 00.477728402 00 “2163E+02 00,89935E+02 =0,10057€+03

DEN

E+007
€+00
E£+00
£+00
£+400°

TOT EN. UEN HYURO. TENS,

U0,35794E+02 00,059 73E+uJ’
00,25537c+02 00,746354E+C3

00, leag9Ee02 oo.ei&jkt’h:“

00,11100E-02 00.72714E~0C3
00,71335c+01 00,723¢8E«+Cs

00.53539E+01 U0 ,75626E+03 16 00.58414E+01 0.E+00 00,580kee0l 00,77571c+03
06,45 110E+DT 00 H1641E+03 TTTTT18 00, 41H35€901 T 0,£+007 T 00,41835E401700,73054E03 7
19 00.,34070E+0]1 0,E+90 00,34070E+0) 00,8468UE+03 20 00,36220E+01 0.E+00 00,36228E+01 00,23101t+03
21 00,53B47E+02 00.10396E+03 00,1578UE+03 ~0,935997£+403 . 777 22 00,53311E+02 00.06925E+02 00,14024E+03 =0,i59é0keus 777
23 00.4oUAGEG? 00.,23352¢E+02 00,6944bE+02 00,.31b04E+02 24 00,47925E+02 QU.42801E+02 00,907¢6E¢02 ~0,573c9E0¢
7725 U0.466nlE402 0,E+30 00,64481€402 00,70017E+03 ) 26 00,39884E+02 0.,£400 00.358B%E002 00,51551ce03 ~
2T 00.22561E+02 00,22561E+02 00,57950£4+03 28 00.25587E+02 0.E+00 00.,25587€+02 00,70 udbets
297 00.16551E002 06 166516408 00,64020E903 T T 30 00,14421E402 7 0.E+00 T T 700, 14021E0e02 00,01 10ES0ITTT T
31 u0,99274E+01 . 00,99274E+01 00.69612E+03 _ 32 00.11095E+02 0.E+00  00.11095E+02 00,73094E0s
33 00.7R961E01 00, 78961E«01 00,74329£+03 34 00,71247€E+01 0.E+00 C0.71247T401 00,729+1E+03
35 00,533n7E+0) 00,53367E+01 00,76043E+03 36 00.5B345E+0) 0.E+00 00,58345E+01 00,7770l 0y
37 00,65058E01 00,45058E+01 00, 78B69YE+03 38 00,41740E+01 0.E+00 00,44740E+0]1 00,73265E+038
~.39 00,33013E201 0.E+00 00,33013€+01 0U,H17326+03 40 00.36134E+0) 0.E200 _ 00,36134E+01 _00,823G0E+03
_THE ELASTIC ENERGY [S 00.163290E€03 .
THE PLASTIC FNERGY 1S 00.743541E+02
THE TOTAL ENERGY [S 00.237645E+03FOR A LUAD UF 00,240909E+05
T T TTHIS IS INCREMENT ™~ ~47="" " [7GF =~ @7 T -
THE APPLIED LOAD IS 24090,5534THE INC. 2161.6638

Loay IS

e b ———-
SCALED STEP
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0

STATE MaAp

C.0l81831¢
2400950343
Co00773794
ve 01322975
0.0079101%
d.011231n)
0e00813652

£.000%057¢
de00ullel2
Ce000V1382%
£e03C18907
J.00046117
9.00020d29
e00CLleday

TR0, 0T T

-
- = )

STEP

-

80,0
=v.0
06,0

=0,0
00,0
00,9

S781,3

R
00,0
00.0
=0.0
00,9
00,0

J.00000000
0.00000000
v.00000000
=s 0013214
=e 000 unen
=.000224971
=.000280464

0.00000000
9.00000000
J.0ve00000
-.00000153
=. 00030235
-.0000022%
-+ 00000453

TABLE VIII,

-
————

3
1
1
1

-
ot
-
-

ToTaL
0.01236559
0.004500482
[ ITT-LITY Y
0,00n8920%6
0.0181651%
0.009+39010
0.0077u181

INCREMENTAL
V00043593
0,00015335
0.000316sd
0.0001019«
0,00040572
0,00017320
0,00013069
INCREKENTAL
-0.0
=040
o =UL.0
T00.0
5.8
0U.0
00.0
TOTAL
=040
=0.07"
-U.0
00.0
542040
00.0
00.0

0.01651028
0.00195829
0.01Albdle
0,005 74
0,00771170
0,01027 704
0.007¢8333

0,00000000
0,00000000
0.00024118
«. 00013349
~. 00013978
~e 00022711
_~.00029205

0400029822
0.00018283
0,30360572
0,00017422
0.00013728
0,00018930
0,00014023

0.,00000000
U.00000000
0,00002598
~.00000171
~. 00000211
~. 00000297
~.00000670
FORCES
=0.0
=0.0
156,.0
0.0
00.0 ]
G0.0
00.0 )

=3,1
2.1
CLIN -3
00,07
=0.0
0.0
-0.0

FORCES
-0.0
~50"

_13leys.8
=0.0
00.0

T 00,0 o

00.0

~0.0
=-0.0

1.
2.
3.
1.310230
2.807910

2.

¢.000000

0.000G00

0.000000
00.199368
60.199855
T1.611233777700.39977)7
00399714

01816}
009506
007733

608155

SAMPLE PROBLEM

3

e NODAL ~
0.900000 1.612566
0.000000 2.408507

00.200211 1216851

00.199867 2.208928

00.199060 1.0168103

TT1L8102737 700439975377 T2, 009490

2.80788%  00,399708 3,007702

EXPANSION OF A THICK wALL TUBE

1.21s516
2.208958
1.018163
2.009517
3.007712

_=323.6

_STRESS ELEMENT DaTa

O1SPLACEMENTS
9,00000000
9,00000000
0,00013061
-,00013761
U,00036687
=, 00026575
~,000240699

DISPLACEMENTS
2.,00000000
0,00000000
0,00001774
«.00000196
0,0000-028
-« 00009337
~,00000452

0.0111
0.0081

0.0001
0.0004

0.0001

S8

1.6
=0.0
00.0°
=0.0
«040
00.0

419"
=0.0 -
00.0
=0.0
-0.0
00.0

TCOORDINATES ™ "0 "7
0.009000
0.000000

00.20013¢

00.195462

00.400307

00.399734

00.399713

0s01208003
0,00850561
0.01%03691
0.00893879

0.00020843
0.000c3705

0.00031634

1.611186
2.608183
l.0l2686
2.408505
1.214037
T 2J720893977 00,399730 T

- Continued. SAMPLE PROBLEM (4) - OUTPUT

8ole
Cr4 L]

0,00000000
0.00000000
=.00003008
=s0001w053
Q.QuvedL iy
~.00027020

0.00000000
0400000000
0.00000%u3
=«0000021)
0,00003040
«.00000379

“oyy
2324

0l99

=-0.0
=-0.0
-0.0
-0.0 "
~0.0
00.0

4.2
ov.’
. 00.0
=Ve0
«0.0

«0.0
200077
-0.0
0.0
0,0
00,0

=230.0

00.0
=-0.9
=0.0
-0.0

=007 7T 70040

0. T T

0.00000000
0.00000000
=«00010792
VU0ies07
=aJ0007021
=.00028000

0.01026351
0.00792171
0.011261 3
0.00815598
0.01269133
0.00347900

¢.00018971
0.000l410%
0.00021035
0.00019047
0,00025727
0.00015241

0.0v000000
0400000000
~+0u000V0%
= 00000235
0.,000011v3
-.00000422

=0.0
=0.0
00.0

-1.5
=1.5
=0.0
“00.0
=0.0
00.0

00.0
00.0

=0.0
R 2
00.0
T =040
=0.0
00.0

S3.4

“0.0
00.0
=0.0

‘00,0 T

0,800000

00.199%63
00.199353
00.40028¢2

STEP

0,000900 ™ """

0.000000
0,000000
00.19989¢
00,199855
V0,39993¢

1.810204

2,807922
1.611241
T2.608156
l.6412691
2.408479
2 OF

H - "

T T 00.3937207°

NEL

W N -

T ~NCFUSE

ESUNCST

IRV 3R

3=0,4191:+0%
3-0.55
3-0.69

2=0.4n4
1=0,43345 000
1=0.3(975¢00
1-0.3370E+00
1=0,26052¢0%

T1<0.22032404

0.162¢E+0Q0
e 17545404
«1202c %04
1121E+0%
7161E+03
7992k +03
510n“07
ADE]
 +03
i€s03
teQ0u
el
veds
baTneg 294
«H0luFe0s
PLXLERY DY
0 REE RN A
U, 36licg)e04
XL
LTy
0,103nEe00
1=0,175A5e04
1=0,125nk «04
1=0,1120E 90
1=0,7100ED]3
1047986k 403
1=0,648F403
1=0439218+03
1-0,1265E0)
1=0,11345 403

5T SZ SRZ 51 52

0.4555E+064=0,1936E+03 G,E+00 =0.,1934£+03-0.8191€+04
0,4061E¢06=0.n503E+03 0,2314E+03-0.8459E+03-0.0511E+04
«S5873EGe=0, lthE‘OJ-U.12181‘03 0s1117E+03-0.6075E 04

0SS ABEA 04 TUUIBRZEA03TEL 22136403 0.3713E405-0,.6587E 04

069345+ 00 0.0v86E+03-0,1570E403 0.5033C+03-0owbbbE04
0.n2A0E+CE 0,4410E402-0,3040E902 0.463]1b+02-0,4334E+04
051 30E 0 060=0,4985E+02-0,6316L+02=0,4846F +02=04I095E +04
0.5544E004 0.10G79T 903 0,5997E+02 0.10689E+03-043377€ 04
Jow626E+404 0.53H0ES01~0,6512E+02 0e71464E+01~0.2407E+04
Ge033ICe06=0,5251€002 U 1ITFE402=-0.5236E402-0.2253E+04
0437732004=0,8en5E20¢=0,5731e+02~0.4077e+02-0,1624E+04
0.3972E004=0,33721E¢01 0,1440£+02-0,3203E¢01-0,1758€+0%
0.3517E+06 0,0120E+01=0,5729E+02 0.8830L+01-041205E+04
0.3994E006=043273E902=0,8324E+01=0.3266E+0€=0e11Z21E04
0,3687E+00=0,2786E+402-0,5199402-0.2396E+02~0,7200E+03
Ve 3LOREeD% 0.070TE*DLI=0, 110k eUl Oeteb70r+01-0,7997E+03
0,2905E+00 0o 1R6IE$02-0,5147E+02 0.2205E+02=06.+366E+03
0,2800E+06=0,29TTE sl =0,2294E+02-0.161IE+01=0,390nE 0
0.2634E 006 CoH933E¢0H2-0,5045E402 047324E+02-041237E+03
0,2689e36 0.2578E+02=0,1126L+02 0.2640E+02-041767E+03
0,5005E+06-~0,1346E¢03=0,13232+03-0,1323E+04-0,7772€+04
0,41972¢04=g 717nE+103=0,3353Le03-0. 70315 ¢03-0,0008E+04
0.5997E006=0,3231E+02-0,23606¢03=0.23048 ¢02=0¢39A4ACE*04
V56165006 (,9059E003=0,53106¢03 0.5400E+03-0,6515E+04
0,66965406 0,3370E403 0,9101L+U2 Ua338AE+03=0,50106F+04
0sh255E ¢ 04=0.4405F¢0/=0_16061E+03-0.3H20E+02=U,4373F+04
UoH097E806=0,3503E 007 0,5900L+U2~043427F+¢0/=0,3294E+04
0.5508L 36 0,£621E4Q/=4,5399E+02 0.2111F*0c=0,361LF+04
0,65HYE+06 0,3689E+07 0,503 407 0.3577L+02-00255Ht +04
Ne4 1338 009=0,99HnF002=0,55/6L+Ud=0.6650k+0c~0a2712F 408
0.377060606=0,27HLE*07 0, 1137 e02-0.2273L+02=Ual030F 206
0,39772E+06 0,3476E201-0,6024E002 0.5510E¢01=0447H8E0%
036948406 0, 1179E202 D, 10albe0) 0 1179 4U7=Uo 1208k 00
0, 4397E¢006=0,2782F402=0,56 4HL ¢ U2=0 e 2492 402=1 0 L 1ZIE* 04
0 JUGLEC0@=0,971 3K +0 -0, 15/0L 2020 BARSF«01~0,7147E0I
0431568000 0,9733L001=0.5967E 402 Uel40HE+0/=0en030L 03
0.2B71E 006 0,9616840)=0,1379L 002 Ys9985E 401~V unnbp +0J
Qe l2TUSL 0e=0e L IP4E2 020,514 7L 202=0+042TF¢Q1=0ss0LIEQI
Der/bl0EeN4 0.9472E001=0,96 1901 UVol008E+0r=0a1252+ 403

CorhHOE e84 0,15A8E002=0 ,3979E¢02 0.2329F402=0,115E+03

SI2

Lk

0,3959E+040,00
0.3432E+440,06
0.2981E+ 040,02
0.3673E+040.03
0,2594E+040,03
0.2189£0040.01
Ue1525¢+040,02
0s1763E+040,02
0,1207E+040,03
O0.L115€+040,01
0,7917E+030. 0%
0,8773E+030,01
0,60ndE+030,05
0.5440E+033,01
0,34HUE+(30,07
0,403k +030,01
0.2296E4030.11
0.19a5E+030,u6
0.9H6TE 120,27
0.1025€E+0130.06
0,3320R+040,0¢
0.3452E+4040,00
0,298UE+040,04
0,3530L+0%0,0%
0.2677L 060,02
0.2167E+040,03
0.15306+040,02
O.i716Een60,n2
01297t 040,02
0.b1l9ee0e0,.02
0.80R6E«030,01
VeMHIbE2030,04
0.6799t+030,00
0454h9L*030,09
0e357Ybe030.02
Q. 40HSE 030,07
0.,24%3E+030,03
Nels/nt +030,1 3
0.67hate020.07
010748 0030,7197

SIGEU S

Cel116E405-0,i27T7E*04
041097€+G5-0,1765€ ¢ 0o
0.1035E¢05-0,10z0E+03
0e1U53€405-0,2255E+03
Gal010E+0S U,9239E903
Ue92I9E+06 0,6633E+03
0.720BE+04 0.6023E£03
0.77T7BEsus 0,.7534E0d
0.6189E+04 0, 7421E+03
0.95830E+06 0.0059£+03
C.aB06E+G4 0,7023E904
U,5085E+00 0,737uc903
Vea26TEsU4 0,T7735L 03
0.4042E+06 0, 733/c 203
0o 34675006 0,7634E¢03
G.3623E+064 0,73/t «03
V31376406 0, £3032203
Ua3019E+04 O,cucucels
Ve2669K 204 0,cb25E 003
0e2771t+04 O,c450c 0]
OedL14E+05-0,920cE 203
0. 1097E+65-0,l651E+06
0.1034E+05-041024E 02
Uel055E+05-0,11a90 004
0 lULZE*05 0,6597E«03
0eILSSE 04 O,01unte03
0.7322606 0,537 «03
Ve7T92E+0% 0,7v01tv03
UVeb2bbkoub (.63nke 903
0.5H2BE+06 0,0549L 403
O 4B06E2US 0,703nE+03
VeDUHIES LG U /00000
V.4lP5dE 04 0, 753%E008
Ve.a0IVE*06 U, 7s0nk o0
0s3457606 0,715k 003
0.3620E+06 Uo7asbb+0d
DedlobEsO4 O 19950004
0a3ULYESUs UaT'rane e0d
02670k 906 0,851 76003
V2770k404 0,8372€403

JZ J3

0.4150E+008~0,%3605¢L1
0.4006E+006-0.3567C+11
0.3570E+00 0.4d70E+99
Ge3692t +08-0,2ibeivil
043394L¢0d U,1u37€011
0.2843E+0% Uel/3pze}l
0e1731E*08 Uel19IE+]])
0e2016£+00 041c7cCe}]
0.1276+08 0.4004E010
0,1133E+03 0 770bE*10
0.7633E+07 0.5323E+10
O 8013Ee07 U59TaEsLY
0.0003E+07 0.ul59Z+10
0e540lEs07 Qa3726rely
0.4003E+0G7 0,co77Ze]0
0.4375€+07 04294
0,3273E+0/ 0.2128Z10
0,3033E+07 O.lvcozelu
Qol3ITIESUT? U lsouiely
0.25535407 Uaidaliely
0.4132E+00-0,3379E+11
0.4003E+206=0.3050E+11
0.3556E¢08 VeS/10E09
04 IOHZE sUB=U 22745} ]
0.3613E¢00 0,109bE+ 11
0.2H8538 4008 U.lo4dErll
0.1787€+00 O, LunvEsl]
0.20£3E400 0,1355€¢11)
U.1307E 00 U bcalEe gy
0 l132E0 Valiestely
0./700E+07 Qudzidtely
0anBO0IESQ7 UeDYwLEe L)
06043907 Uenwl/bt oLy
Ueb836L+07 Ves/UCEC]LY
043983E¢07 VeghisuEe}y
0.4366L+07 Valyue9E s 1y
De329%E+07 Dalilitely
043035k +07 Ual enEely
OQec3/Te 00! Uslswrreln
0.2556£407 OuloubEel0

67
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TABLE VI, - Continued. SAMPLE PROBLEM (4) - OUTPUT
SAMPLE PHOBLEM 3 EXPANSION OF A THICK wALL TUBE STEP .- 2 of “
STRAIN ELEMENT DATA
NEL RC 2c ER ET €2 ERZ LR L2 LY Ll L2 TL TS TR EPEQ  NEL
T 177714083617 00.06674 ~0.0187570.01552 70.,00105 0.00000 0.9818 1,0011 1,0159 1,0011 0.9818°  0.00° "-0.00" 00.00 0.¢l088 ' 1}
2 1416914 00.13365 ~0,01698 0.01369 0.0006% 0,00006 0.9534 1.0007 1,01<0 1.0007 0,983« 0,00 00,00 00.00 0,.087% 2
37T L,36652  00,06665 ~0.009%3  0,00975 =0,00018 =0,0002¢) 0.9902 0.9993 1,0099 0.999d 0,9902 " 'I.12° =0,00" " 00,00 0.(025277°3
& 1.24002 00413336 -0.01205  U.01083  0.00005 0.00043 0.¥842 1,0007 1,0110 1,0007 0.9482 0,00 00,00 00.00 v.lUse? &
T8 1567875 00.00665 <0,00697770,00813 =0,00018 ~0.00021 09931 0.9998 1,0082 0,.9998 0,9931 3.01777%0.007700.00 0,800000 ST
6 1,56697 30.13329 ~9,00027 0,U0750 =0,00054 =0.0000« 0,9938 0.9995 1,0070 0,9995 0,9938 3,13 -0,00_ 00,00 0,(U000 6.
TP 1a74369 00,06662 ~0.00665 0,00004 =0,00006 =0,00309 0.99%4 0,9993 1,0060 0.9993 0.995¢ 7~ 3,12  <0.007 T 00.00 0.¢0000 7
4  1.67755 00,13325 ~0.00510 0.00067 ~0.0005% 0.00008 0,¥949 0,9995 1,00065 0,9995 0,999 0,00 00.00 00.0V 0.(0v00 &
TTT9TT T1.87007 0006667 ~0,00331 0.00531 “0.U0066 =0,00009 0,3962 0.9993 1,005 0,9993 G.9962° T 3.1l <0.00 T 00.00 0.:0000 9
10 1.94304  00.13324 =0,00352 0,0050% =0,00067 D,00003 D.99b4 0,9993 1,0050 0.9993 0,9%04 0,00  00,00° 00.00 0,L0000 1}V
T L 1265 U0.06662 20.00275 000425 =0-00069720,00007 U.9973 0,999371,00637059993 0099737 7 3011 00007 00,00 0,0 00007 AN
12 2.075%3  00.1332¢ ~),00296 0.006468 =0,00067 0,00002 0.9971 0.9993 1,0045 0.9993 0,9971 0.00 00,00 00.00 0.(0v00 12
T3 T 2,2754n 00,00662 ~3,00226 0,00340 =0,000097<0,00007 0.9977 0.9993 1,0039 0,9993 0,9977 77 3,09  =0,00 " T00.00 0.L0000 13
le  2,36l-d 00.13324 ~0,00212 0.00369 =0,00070 =0.00001 0.¥979 0.9993 1.0037 0.9993 0,9979 3,13 =0.00  00.00 0,.0000 1%
TS T T 2.56182 7 00406662 ~0.00102 0.U0325 =0.00073 =0.00067 D.99846 0.9993 1,0033 0.9993 0,9944 T 3,07 T -0.00 7 7 00.00 6.(0000 15
16 2,6475%6  00.13326 <0,00175 0.00335_=0.00070 =0,00001 0.9943 0,9993 1,0034 0,9993 0,9943 - 3,13  =0.00 _ 00.00 0,<0000_ lo
TAT 2.67475  00.00662 =0.0013T  0.00302 =0,000737<0,00007 09947 0.v99371.003070,99937 90,9967 3,03 =0.00 00200 "0,<0000” Y7
_ 18 2.74133 0041332+ ~0.0012%  0.00291 =0.U0073 =0.00003 0.9988 0.9993 1.0029% 0.9993 0,9988 3,08 _ =~0.00__ 00.00 0.(0000 1%
19T 2.94112 T U0.066h2 =0.00097  0.00265 0400070 =0.00007 0.9991 0.9993 [,00E7 0.9993 90,9991 2,87 "~i.00 00.00 0.€0000 1V
20 2.n7451__00.1332¢ =0,0009%  0.00273 =0.00073 =0.00001 0.9990 0.9993 1.0027 0.9993 0.9990 _ 3,09  ~0.00 _ 02.00 0.(0000 20
21 1.6#365 00.33362 =0.01811 0.,01555 ©,000787-0,00022 0.9024-1,0008 11,0159 1,0008 0.982¢4 3,137 740,007 00,00 0.0003777 2)
22 1.149c2 00.26687 ~0.01lo98  0.01373 0.00075 -0,00076 0,7836 1,0008 1,0140 1.0008_0,983¢ 3,10 ~0.00___00.00 0,(0079 22
23 1.36669 00.3)339 <0.00987 0.009d1 =0,00017 =0.00036 0.9503 0,9993 1,0100 0.999470,9903 3,10 =0,00 00,00 v,i0258 23
_26___1,260c6  30.20679 -0,01205 0.01087 0,00075 =0,00097 0.9882 1.0008 1,0110 1,0008 0,9881 __ 3,07 _ ~0.00 __ 00.00 0,L0453 26
T25 T 1447850 00.33322 =0.,00735 “0,00817 =0,00017 0,00012 0.9927 0.9998 1.008370,9995 0,9927 0,00 ~00.00 00,00 0.L0022 2>
_2b__ 1,56%79__00,2065% =0.00627 0.D075) =0.0006) -0.0001% 0.993B 0,999 1,0070 0.9996°0.9933 __ 3,11 _ ~0.00___00.00 0.L0000_ 26
277 1.76332° 00.33313 -0.00486¢ 0,00605 =0,00058  0.0000% 0.9952 0.9996 1,0061- 0.9994 0,5952 0,00~ 00,00 T 00.00 u.iOU00 27
.28 1.67737 00426651 <0.00510 0.00068 ~0.00001 ~0.00007 C.9969 0,9994 1.0065 0.9594 09,5949 3,13 ~6.00 0003 0.C0000 2¢
2% 7 T1.ATen? T 00233312 -9,0039s  0.00531 ~0,00058 “0.00007 0.9961 0,9994 1,005470.9994 0,996 0,00 00.00  00.00 ullUOUO0 ZY
30 1.96394  00.26669 =0,00358 0,00500 ~0,00066 =0,00007 0.9966 0.9993 1,0050 0,9993 0,9964 3,12 ~0.00 00,00 0,L0000 30
7317 2.142457 00433311 ~0,002777 0.00425 ~0.000667 0.00001 0.9972 0,9993 1,003 0.9993 0,9972 0,00" "700,00 700,00 0.€00007 31~
32 2,005v8_ 00.25649 -0,0029h 0.00648 ~0,00006 -0.00304 0.9971 0.9993 1,0045 0.9993 0.9971 3,11 _ ~0.00 00,00 0.(U000_ 32
I3 20275457 00.33310 ~0,00231 7 0,00335 ~0.00066  0.00000 0.9977 0,9993 1,003% 0.9993 0.9977 7 0,00 T 00,007 00.00 0.L0v0¢” "33
36 2.36137 _u0.266648 -u,00212 0.00308 ~0.00070 =0,00007 0.9979 0,9993 1.0037 0.9993 0.9979 3.09 -o 00_ 00400 0.(0000 34
—33 2‘;21%6"‘30 333107 -0,00163 0.00325 ~G.0007)7-0,00002 G.9984 0.9993 1.0033703.9993 0,9984 3,12 T00. 04 0.000007 35T
36 2,675.5 00.26663 -0,00175 0.00338 ~0,00070 ~0.0000% G.9983 0.9993 1,003+ 0,%993 0,9982 3.0/ -a.oo . _00.00 G.LOVOO 36
37 2.67673 00.33309 ~0.00i3s 0,00301 ~0,00071 -0,00002 0.9986 0,9993 1.0030 0,9993 v,9986 3,01 7 0,00 T 00,00 0.i0000 377
38 2.74132 00.26667 -0.00123 0,00291 ~0,00073 =0,00007 0.9988 0.9993 1,0029 0,¥993 0.9948 3,01 ~0,00 _ 00,00 ¢.L0000 38
397 2,94110 00.33309 =0,00091 0.00266 ~0.00074% =0.00001 0.9991 0.9993 1.0026 0.9993 0.99Y1 3,07 ~u.00  00.09 0.0000 39
9 2.87459  00,26647 =0.00099 0.00272 ~0.00073 -0.00005 0.9%90 0.9993 1,0027 0,99%3 0,9990 2,95 =0,00 00,00 0,(V000 40
_ELE_ EL. Ew, DEN PLS Ene DEN TOT EN. DEN MYDRO. TENS, ELE EL. ENo DEN PLS ENs, DEN TOT EN. UEN HYU30. TENS.

2 00.54057E+02
4 00.48095€4+02

00,91082€+402 00,16514E03 =0,17654t+04
00 4STUBE+U2 (0,93804E02 ~0,22853E+02_

1700,54922E+02- 00, 1140GE«03 00,16892E+03 =0, 12767E+0s
3 00,456352202 00,25926E402 00,71961F+02 ~0,10284£+03

5 00.447155+02 0G4 TISEC0E 00.92385E+03 6 00.37250E+02 «E+00 00,37250E+027 00,6532 4037
7 00,22777€+932 00.22777E+02 00,66232E+03 .8 00.26556E402 o.zooo U0,26596E+02 00,7554 403
79 00,169305¢02 UY,E«00 T T00.16930E+02 00,74211E+03 TTTTTTIO 00.14996E402  0.6+00 T 00,14994E0u2 00,65594E Y3
11 00,103u4ZeU2 Q,E400 00.10304E+02 00,70281E«03 12 00.11530E402 0,£+00 _ 00,11530E+02 00,73699E+02
7713 00.81TwlEU] G,EsDD T 7T 00,81741E¢0) 00,77354£403 o 16 00,76040E40) 0,E+00 7 00,74060E+01 00,73363Ee03 T
15 00.5559«E+061  C.E+00 00.55594E¢01 00.76593E+03 16 00.60607E+01 0,£+90 00,606UTE+U) 00,73775E+0:
TTATT00. WA TRGECHT TGJESGO 00.4hT7B0E+01760,83020E+403 7 18700.43341E401 " 0,E+00 00,%3301E501 00,0940-E+05
19 00.35323E+01 0,400 00,35323E+01 00.K6269£+03 ... 20 00.37559E401 0,E<00 00,37/559E¢04 00,6=359r+03 B
2l 00,342916+02 00,104/5£+03 00,16105E+03 -0,96619E+03 22 00.53523E402 00,94504€+02 00,14933E+03 =0,15513C 0
23 00,60323E¢02 00.26117E+02 00,72440Ucs02 ~0,16244E402 264 00,4A263E+02 00,46399E+02 00,94662E+02 =0, 1133-Ey2
25 00.446365+02 00.21754E+01 00,46411E+02 00.65969E+03 26 00.37366E+02 0,E+00 00,37346E+02 00,61400E+03
1 27.00,23914E+02 __0,E+00__ _ 4C.23438E¢02 00.5aT779E£+03 28 00.26608E402 0.E00 00,2060BE+92 00,74600Ee03
29700, 173u0E+02 7 G,EvG0 00, 17300E+02 00, 68B65E+03 30 00,14985E+02 0,E+00 00 149085E«02 00,628/7E03
31 00.1035nE+02 0,E+00 00,103U8E+G2 00,70384E+03 32 00.11524E402 U,E+00 00, 115¢4E202 00,73996b 02
33 00.81971E£+01  U,E+00 00.81971E¢61 00.73382E03 34 00,73946E401 0.E+00 00,73946E+01 00,73483E902 N
35 0U,533n9Ee0]l  0,E+00 00.55359F«U1 0U,77231E+03 36 00.60534E+01 0,£+00 00,60534£901 00,73904E+02
" 37 00,467-45401  0,E+00 00.,46728E+01 00,79955€+03 38 00. 6]380&.01 0.E+00 00,44280E+0]1 00,77545Ee03
39 00.35064F+01 _0.E+00 00.35040E<0F 00.#IL0TEL03 ot 0.£200 00,37459E20)_00.83721E 005

THE ELASTIC EWENGY 1S 00,167480E+23 ) _ o
THE PLASTIC FNEPGY IS © 00,794765E002 T .

THE TOTAL ENEAGY IS _ 00.246956E+03F0K A LUAD OF 00.243707E+05 e

ST e m e st pES §S INCPEMENT T 47 =7 72 OF o :

THE APPLIED LOAD IS 24370,7071THE INC. LUAD IS 279.84538

SCALED STEP

68




TABLE VIII. - Continued. SAMPLE PROBLEM (4) - OUTPUT

STATE MAP STEP 4 - 3
3 3 T 3 3 Z T T T T

| 1 1 1 1 1 1 1 1] 1 i

TUTTY T3y Oy T3 TTR>UTTUTT O TV T T T Tt
1 1 1 1 1 1 1 [ )

T T T e e e T TOTAL ~ DISPLACEMENTS TTTTTTT o m T e T e
0.31996290 0,00000000 0.01580090 0.00000000 0.01365618 0,00000000 0.01208390 0.00000000 0.011G4845 0.00000000
T0.010266R670,00000000  0.00967110 T0,000000007 T 0,00917974770,00006000 7 T T0,0088272370,00000000 — 0.008533%0 7 0.000000006
0.0033%393 0,00000000 0.01960290 0.00031732 0.01625096 0,00020932 0.01353981 ~-.00u009y08 0,01210911 =.000104699
0.01105953 =,00014120 0.010248148 =,000141547 ~ 7 0,00963052 =,00014691 0.00917718 =-,00315002 ™~ 0.00879627 =.00015543
0.00152840 =,00015378 0.00A31340 =~.00016897 0.01996290  0.00054019 0.0160379 0,000%wilo 0,01383i51 =.v0000a78
0401213909 =,00023277 0401111275 -,00026015 "7 0,010025127 © -,00028133 ° 0.00964569° "=,00024723 T 0400919723 -.00029368
_0.00879350  -.00030633 0.00469833  =.0u031289 0.00830080 -,00030671 -

_____ INCREMENTAL " "DISPLACEMENTS ™

2.00179977  0.00000000 0.00130462 0.00000000 0.0010%059  0,00009000 "0.,00089776 0.00000000 0.00082495 0.00000000
"0400076103 0.00000000 0,00071290 0,00000000 0.00007292 0,00000000 - T 0.00060426 0.90600000 0.00062109 0,00000000
0.00000595 0,00000000 0.,00179977 0.00uivolS 0.00139948 0,00007871 0.00105538 0.00002698 0.00092277 0.00060092
3.00082974 =,00000306 0.00076406 -,00000810 °° "'0,00071000 ~-,00000930 0,00067177 «,00000%949 0400064023 =.,00001036
3400061872 =-.00001932 0,00060104 00000919 0.,00179977 0.00017332 0.00140104 0.00viol27 0.0011+013 0.00006142
0.03092193 7=, 00000306~ 0.00083511° 7 =,00001305 ~" 7 0,00076i17 7 =,00001557 7 T0300071070 7 =,00001703 T~ 0.00066817° -.00001868 "
€.00063904 =-,00001989 0,00061450 .0000205& 0.00U59898 =~,00001972
) o T ‘INCMEMENTAL ~ ~FORCES  ~ = ~ - TToTTTTTTI mmm m o mmm e e T

299.9 -12.5 =0.0 86.5 ~C.0’ “le7 -0.0 ~8l.9 -0.0 -12.08

T e0,0 31, T =0,077 T T 9.9 T TTe0e0 7T Toledd T =0,.0 T 4 T TTTTTTTT 040 T -5,.6

00,0 -38.0 66040 00,0 -0.0 00.0 -0.0 00.0 00.u -0,V
TO.T 00,0 ) 0.0 =U.T 00.0 =020 =050 =U.0 V0.0
00,0 6.0 00.0 00.0 210,.7 - -0.0 =0.0 -0.0 -0.0 -0.0
TUTTT0,0 T T T -000 00,0 =0 0T T 0040 T 00.0° 777 TTO0.0T T T T =060 00,0777 TTTT00L0
00.0 =0.0 00.0 00,0 00.0 00.0
o TOTAL™ FORCES . ™~ T T T
6081,.1 117,0 -0.0 510.2 -0.0 =325.1 -0,0 =311.9 =0,0 ©0.6
=U.0 T05.0 =U.0 §3.5 =00 5549 =0, 25T SULT =3T.2
00,0 -240,7 13808,48 00.0 ~0.0 «0.0 =0.0 00.0 00.0 -0,V
TTTTTTT00.07 T TTTT 00,0 =0.0 -0.0 TTTO0.0° T T T 00607 T T T @040 T T T w060 T T T w00 T 00.0
-0.0 -0.0 00.0 00.V S631.3 =0.0 =0.0 =00 =0.0 -0,0
_____ 00,07 T T T 0.0 00,0 =0.0 - 00,0" T T =0.0T T 00,07 T T T =040 TR0.0 7T T 00,07
00,0 ~0,0 00,0 00,0 Qu.0 00.0
. NODAL ~ COORDINATES
1.019963 0.000000 1.215861 0,000000 1.413656 0,000000 1.612086 0.000000 1.811088 0.000000
T2001026777 T 00000000 T T 24209671 T 0.0000007 T 2,409180 7777 0,0000007 7 7T T 2,608827 T "0.000000 7 2,808543 94000000 77
3.004344 0.000000 «019963  00,200317 1.,216251 00,200209 1,413540 00.199990 1.612169  (0.199893
TTTLL811060 T 00419945977 T TTT2,0002817 77001998587 T T 2,20903% T 00,199853 T T 2,409177 00193850 ~ 7T 2J6057% (0.193845
2,508529 00.199366 3.0083123 00.199851 1.019963 00,400540 1,216338 00,400443 l.413332 €0,393991
T.612160  00.399707 ToeTTIT3 000399740 2.0002517 7 00,399719 2.209649700,3%9713 2.409147 TU.39370T 7

__2.608736  00,399596  2.808493  00,399687 _ 3,006301 _ 00.399693 B o

SAMPLE PROMLEM '3  EXPANSTON OF A" THICK wALL TUHE STEP 4 - 3 oF %
MENT DATA
NELU TRV SR ST 174 SRZ 51 52 512 75 STIGEQ 5 JZ J3

1
3
3
T a4 3
5
6
7
8
9

T0 1=0.2517E+0% 0.4663E+04=0,b623E+02 0,274TE+02-0.6393E+02-0.2517E 04
1017742004 0.40ASEe00=0,40h9E+02=0,6241E+02-0,4641E+02-0.1780E+0%
12014346606 0.6275E+94~0.7050E40) 0, 1796E402-0.6883E+01=Us1939E+06
1=0.1322F006 0,37HTES0A 0.49THE+Q1-0,627RE+02 0.7943E+01-041325E 404
10412347606 $,3610€+04=0.3a015+02=0,1092E+02-0.3051E+0¢~0.1230E06
1=0o 7711803 0,3275E+06=0.3237E+402-0.5904E+02-0,2771E+02-0,TYSBE+03

T1=0.61555403 0,34G0F 00 0.4934Ful-0,1515€¢02 0.429RE+01 -G uRS3E 0
03 043123E+06 0.1476E+02-0.59n3L«02 0.25H5F+02-0.4n26E+03
1=0,63298 003 0,3020£+06=0,2156E¢01~0,2898E+02=0.9n03t+00-0.4343E+03
1-0,1224E003 0,2865E+06 0.715E5+02-0,5376£002 0.87976«02-0l 13926003
1=0,1749/E03 0.2497£+96 0.3016Ee02-0,16416402 0.3111E+402-0.2007€403
3-0,4064F 0% 0,6909L+06=0,13270E403-0,1242£+03-0.1299E+03-0,8006E+04
" 3-0.AA23F 06 0.3895E+06=0,7472€+03-0,3223E+03-
3=0,h35-,F 406 0a5714£406=0,4324E402-3,.2311E+03-0,
320467151t 006 0.52578¢06 0,5330E¢03-0,5411E+03 0,57196¢03-0,6997E+06 0.37n4E0 060,07
3=0,5371hE+06 0,6421E006 (0,3756E¢03 N, 1274L+03 0,3782E+404-0.5379E¢06 0,287HE«040,02
2-0,uRbrt o0t (,6TIAE*N6=0,TAOSES02=U,2056E+03~0,069hht 4020 4RI 1L +04 0,2410E*040,04
1-0. 36075006 0,5696L0us=0,2nT2E+02 0.5011E202=0.2H02E+02-0.3607F+04 0,1790L 040,01
1=0,317/F60% 0.5929E¢04 0.1AGIE*02=0,8399E+02 0, LA3AE+02-0,3/TYE + 0«
1-0.212¢3F 206 0.6963E 04 0.4/10E¢072 Vo019HE 02 Oablbbrs0r/=0adn2ibe04 0,1402E0060,0¢
10,791 3£ 606 0,4665E0N0=0.5339E002=0,5903k+02-0.519HE+02-0.cS 1oL+ 0%
10,140 5K +06 0,46059E+04=0eluSTE+07 0,9T9HESUL-042692F40L-0,1403E+04 0,dH89E+030,UL
1=0.1735E00 0,627/t 004 0.3385E00) =0, 6851002 0.6304Fe01-Ua1vITE 00w
0 l3HIF 06 Q4700 eni 0ol VINE4 =0, 9011400 0,)133Ar 07Ul aMLE DG
0,1239E006 04 3604E+(4=0,3,08E¢02-0,63nRE 9020, 28738 +ul=U,1740E+04
077028003 Vo327 3 e0beQ,lUISEs 2=y 1 992L o020 ,ynhtht suil-V,/9l4E+0]
0,H4n3RE 03 0.3V946 004 0. 1070E202-0 ,AH091. 902 0, 15HAL+02=-0.onBTE 003
120,565 03 0.309hk¢0h 0 I0T9E202=0,1753L 402 0el132E+0/~0.5050E403
120,64 496F+03 0630UYE 09020 JeYHE* N2 5953 e 02=0an7T0F+01=0.44T6OE ¢03
1oV 04K o0 0arNl2ts0a g L24RE00C=0 1247 02 Qel3It 02w, lulnt o0
1=0,2065E003 0a/BBIEC0G 0, 1420E02=00515k 00 042716L202-0.2155E04

1=0,675

1
1
i
1

3-0,8625E+04 o 6304E+04=0,1749E403 0,E+00
3-0. Svva‘Ok 0,3769£+06=0,5169€+03 0.2B21E+03=0,9050£+03-0.8969E«04 0,4032E+040,04

25006 0456175 +04=0,1727€+03=0.1705E+03-041677E+03=046487E06 0,3150E+040,03 0,1047E+05
205 0,51475%04 0. 303903 0. 19326403 D, 3649E+03-00709TE+04 0,3733E+040,U3 0.1069€355-
3-0,6957E 406 0.6756E¢04 0.5582E403-0,2047E+03 0.5661E+03-0,4965E¢04 0,2706E+040.y0
2-0,4337C+06 0 hT49E«Ch 0.3362E+02-0,2239E+02 0.3872E+02-044437E+04 0
1-0.33365404 Uua5553E+04=0.403RE«02=0,5344L+072~043943F +02~023335E« 04
1=0,3731E+0% 0499635404 GoldesEetd 0,9883E+02 0el369E+0I=Uo3734E00
1=0.2615006 0,69926404 0.6H51EeU1=0.55H0E+02 0.4034E*01~0.2516E+04 0.1312E+0640.02

=0.1749€+03~0.8626E+04 0,4226E+040.00

“T7343E+03-0,8A36E+04
36T7HE+0/-0.036LE 04

«2438E+040,00
Oe.lb4bt+040,02
041935E+040.03

0.1227€+0%0,01
0.8668E4030,04
0.9659E+030,01
0,6662E+030.05
0,5996E+030.01
0,3440E+030.08
0,4448E+030,02
0.25642E+030,12
0,2167E+030,07
0,1136E+030.27
0,1159E+030,06
0.396uL+040,02
0,4051E+040,04
0.3163E+040,04

0.13Y9E 040,02
0,123 1E+p40,02

0,9717E0 10404
9,n970L*030,00
0.6054E+030,05
0,3909L+030,043
0,452)E+030,00
0. 2744k e030G, 03
0,2206f4030,14
671910 sucu,08
0. 172L3b0030,49

0.1137E+05-0.1499L 404
J.1116E+05-0.2035€+0%
EELZ{RTK]

G,
0.1019€905 0,79Y9UE+03
0.1008E+05 0.6502E+03
Ve 71762E+04 0,7¢03E0I

Veb6S55E*06 0, 7886E¢53
Ve66Y4EPDG 0, 7TYubE+0D
0e6321E+06 0,6940L+03
0eH199E+06 O, 7401E+0)
0.5509E+04 0,77004+03
04593604 0,0230L+05
0e4373E06 U, 77790903
0e376bE+04 U, BL/0E0S
Ve39LT7E 00 U.B393Ey3
0.,3387E«04 0,8909e0y
0.3259E+064 O,80l0E*073
0e2877€ 00 0,9313E+03
UaZYMYE «06 0,9093E+0 8
Uol133£905-0,1090E200
G 1116E¢05-0.1592E0+
0.1046E¢05-0,2273E03
0o 1071E005-0,3096E+03
0. 1022805 0,4/30E%03
U d010E«US ©,5053E03
Ue794lE+D6 U, 0195k 003
VeBAJLUECDG (L, T2LBEL]
Ueb800E 204 07218k 2Gs
Ue63Ll9E206 (,0995E404
0.5205E+0% L, T437k+0s
V.590hEe04 ¢, 702cbe0s
UoahU9Ee0G (, 799Uk
0,4370E+04 G, 779nE*0)
0, 4735E 206 U, NZ39E203
0,391 3F 04 0,H410L*03
0a3398F 006 G,HO41LeUs
e325HE ¢ QG Uenlbbe( )
VelRT9E« 06 0onF45E40)
Ve29HBE#04 UhIYuboyy

SH27T0E ks

0.4311E+08-0.2476511

0e416cEei8=0,25012¢31" 7

0e3630E+08=0,9074Z+10

0.3455E006 0e3s13210
0e3380n+lo O.cleniell
0.201zE¢00 0.i2032+11
UeldblEedn 041530£¢1]
Velé93c+08 VLis2TEwL]
0.1332€+08 Qer004E+ 10
0.9007E¢07 0.3057E« L0
0.1011E4C8 0.7465Ee20"
VeT0ZEZ*GT UadcUSELO
0.03752¢u7 Oo=0biEs1lV
0ett6TeZeU] V3357610
051135007 0.3089Ce 0 T
0,38175407 QucobbEell
0.35402407 O.culabsly
0,2756Z+37 Qo1/34Ee Ly
0429702407 0,1933E010
04277200 =0,4033E11
0.41425404-04~5%1E<11"
Vo 364250(3=045099E 10
0.379454uR=0,23421F11
0,3680E¢00 0.340BE«10
0e339€S00n D,2c¢0Ee ]l
0.210eE¢08 Us1335E91)1
0.2393Zeyn 0.1655€11
Oelbelzious Qarvlotell
Vel331e+04 0.7391lEC]O
090312007 VetnbBE<LD
Vel0lOLeys veliviEelD
Ve 7081207 US0TBE#10
0.6360: 907 V,=nd9E410
0,4650ceU7 Uozeyntel
0e)UUEeVU/ U, 30b4EelU
0e.380bt 20/ Qoenattsi
0o 35365007 Qocntdfiet
0e27638007 WatiSIESLV
029746407 0 t93TE 1Y
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TABLE VIII. - Continued. SAMPLE PROBLEM (4) - OUTPUT

SAMPLE PRONMLEM 3 EXPANSION OF A THICK wALL TUusE STEP 4 - 3 OF «
STRAIN ELEMENT DATA
NEL RC 2C ER ET EZ ERZ LR L2 Ly Ll L2 T 1S TR tPEQ NEL
1 1.08526 00,06677 -0,02116 0,01699 0,00158 0.00000 0.979S 1,0016 1,0174 150016.0,9795° " 0,00 ~0.00 77 00,00 01013037 1
2 1,15009 00.13351 =0,01909 0.01497 ,00104 00,0007« 0.98l4 1,0010 1.0153 1,0010 0,981« 0,00  00.00 00.00 0,0luel 2
T3 1,3¢709  00,06666 ~0.01121 0.0105% -0,00005 ~0.00030 0.9090 1,0000 1,0108 1,0000 0,9890 7 3,41  =0,00 77 00,00 0,00379 ™ 3-

& 14281%3 00,13340 ~0.01343 0.01180 0.00105 0.00045 0.9864 1,0010 1.0120 1.0010 0.9666 0.00 00.00 00400 0400005
TTSTULLATIT6T 00,00666 ~0.00796 C 0.0088T -0,000057=0300030 0.99217170000 1.008971,0000 0,992177 73,1077 "=0.007 00,00 0,00091 S
6 1.56593 00,13329 ~0,006%2 0.00612 =0,000564 =0,00003 0.9931 0,9995 1,0082 0,9995 0,993) 3.0 =0.00  00.00 0,00000 &

T l.Tee76 00,U6662 ~0.00501 0.00052 =-0,U0071 =0,00007 0.9950 0,9393 1.0066 0.5993 0,9950 3,12 ~=0.00 ~ 00,00 0.u0000 7
8 1.67866 Q0,1332% ~0,00%59 0,00699 =0,U009% 0,00013 0.9¥45 0,9995 1.0071 0,%995 0,9945 0,00 00,00 00,00 0.00000 &

9 1,87747 00,06662 ~0,00413 0,0057¢ =0,00071 <0,00007 0,9959 0,9993 1,0058 0.9993 0,9959 ~ 73,12 7 =0,00" 00.90 0.90000 ~ 9
10 1,94347 00.13326 ~0.00391  0.005¢1 =0,0007F 0.0000% 0.996) 0,9993 1,005« 0.9993 0.9961 0,00 00.00 00,00 0,00000 10
TATT T 2014319 7700,00062 ~0.00299 77 0400653720 ,00074 <0.00038 0.9970 0,9993 1.0046 0.9993 0.9570 T3:117 7000077 00400 04000007 117
12 2,07673 00,13324 ~0,00323 0,00483 -0.,00071 0.00002 0,9968 0,9943 31,0049 0.9993 0.9904 0,60 00,060 00,00 0,00000 (&
13 2.27016 00,00662 ~0,00247 0,00¢lo =0,0007% =0,00008 0.9975 0,9993 1.0042 0.9993 0.9975 3,09 «0.,00  00.0v 0.,v0000 13
14 2434207 00,13323 ~0.00231 0.,00398 =-0,00075 =0.00001 0.9977 0,9992 1.0040 0.9993 0.9977 3,13 ~0.00 00.00 0,v0000 14
15 7 72,54227 00.06661 ~0.00177 9,00351 =0,00078 -0,00008 U.9982 0,9992 1.0035 0,9992 0.9982 77" 3,06 =0,00 700,00 0.00000 15~
16 2,47572 00,13323 ~0,00191  0.00305 ~0,00075 -0,00002 0,9v81 0,9992 1.0037 0,9993 0.9981 3,12 =0,00 00,00 0,00000 o

Tl T 2.67545 T 00. 06661 ~0,00142770500325 =0, 00787 =0,000987 0. 9956

009992 71.003370,99227

0.99867 3,027 =000 00,0070,500007 Y77

18 2,7«l196 90.13323 ~0.0013% 00,0031 =~0,00078 =0,00004 0.99B7 0.,9992 1.0032 0.9992 0.9987 3.08  =0.00 _ 00,00 0,C0000 13
T197T2,94173 7 00.06662 ~0,00130 0.00285 -0,00075 -0.00008 0.9990 0,9993 1,0029 0.9993 0.9990 2,87 7 =0,00 7 00,00 0,00000 1977
20  2.87513 00,13323 ~0.00108 0.0029 =0,00078 =0,00002 0.9989 0.9992 1.0030 0.9992 0.9989 . 3,08 =0.00 00.00 0.,50000 2v
T21  1.0n%32 00,33377 ~0,02022° 0.0170« 0,00111 =0.00025 0.980% 1,001t 1.C175 1.0011 0,9804 3,13 =0.00 ' 00.00 0,0123) 21
22 1,15C75  00,26699 ~0.01909 0.01%02 0.00117 -0,00083 0.98lé 1,002 1,015 1.0012 0,9d14 3.10 © ~0,00 00,00 0.ulue? . 22

T IT007S7332E+02 00,13839€+03 00,19539E+03 =0,14991E+404°
3 00.475625+02 00.37742E+02 00.85403E+02 -U,33920E403

2 00.56461€+402 00.11156E+03 00,16803E+03 =0,2C350E04
00.02299E+02 00,11 498E+U3 ~0.52704E+03

4 00,99679£+02

TG00 4S339E+02700,92245E6401 00.50613E402700, 79901E4037 T TTTTTT6700,44263E402  0.E00 TT00,44243E+02 00.65013E+03
7 00,26551E+02  0.E+20 00.26561F+02 00, 7263%E+03 8 00,31348E+02 0.E+00 00.31348E+02 0047a865E+03
9 00,1974972e02 0LE+0D 00,19797E+02 0U,79657E+03 ~ 10 00.17605£+02 0,E+00 © 00.47605E+02 00,654062E403
11 GUL12044E+02 G.E+0Q 00.120438E+02 00,7401CE-0] .12 00,13511E402 D,E+00 U0, 13511E+02 00,77002E¢03
T713 00,9%648E+01  CL.EeVC 00.95688E401 00,82362E+037 ’ 14 00,86504E+01 ° 0,E+00 00,86504E+01 00,77790E+03
15 00,hudl3E+GL_ 0,400 00,64810E+01 00,81704E+03 16 00,70700E+0}  0U.E+00 00,70700E+01 00,83956E+03

TTXYT00. 56ah2EVOLT UL EV00T T

19 00.,641040E+G1 0V.E+00

N0.41030E+01 00,93128E+03

21 00.%63u5F+02 0u,13036E+03 00,18669E403 =0,10959E+04

23 00,674695¢02 00434690E+02 00.86140E+U2

125 00,45345E402 06.12341E402 00.57736€402 00,47357E+03" 26 00.44410£402 0.£400 00,44410E+02, 00,55331E+03
27 00.275605402  ULE00 D0.27560E+02 0U.619SIE<03 28 00.31427€+02 0.£00 00,3J427E+02 00,72281E+03
TT29700.203526402° T 00E000 T T T 004203526402 700 T2180€4037 77T TTTTTT 30 00.17596€402 7 0.E-00 TG00, FT5Y6E402 00.65946E+63
31 00.12073€+02 0,E009 00.412073E+02 0U.74366E403 32 00,13506£+02 0.E+00 00.13506E+02 00,7521k +03
33 00.95879E+01  U.E+00 00.9547%E+01 00.79902E+03 34 00.86345E401  0.E+00 00,86385E401 00,77976L+03

35 00.66526E201 O.E+00 00.64526E+01 00,H2383E+03 36 00,70009E+01 0,E+00 00,7060YE+01 00,84158E+0.3

37 00.56659E40) V,E*U0 00.56409E 401 00, A5607E+03 38 00.50360E40) 0.E+00 00.50360E+01 0D.H5150E %03
_39 00,407238+01_ U.EY0 00,40723E+01 00.89449E+03 40 00.93545E201  0,€200_  00.43542E201 00.8y940E<03

-0,22732E+03

TT00,564462E601 T00,89089E403 7 7 18 00.50489E+01

.20 00.43674£401
22 00.56133€+02
P4 00.49790E402

‘0.£400°
0.E+00

N 00.50489E401 00,86160E+037

00,43674E+01 00.99929E+03

00,11210E+03 00,106823E+03 =0,1291TC+0%
00.63179E+02 GG 11297E03 =0.32923%E+03

THE ELASTIC ENERGY IS
‘THE PLASTIC ENFRGY IS

00,145552€+03
00,106429¢402

TR T L 3ATST T 00,33367 S0, 911227 0704068 0,000017=0.00060 0.989071,0000 1.0109 1,0000 0,9890 T3, 1T S0.0077 700,00 0,00375 23
26 1.2R196 00.20088 ~0.0138¢ 0.01185 0,00116 =0.00110 G.9564 1.0012 1.0121 1.0012 0.9864 3,07  ~0.00 00,00 0.00012 24
T 25 TTle679s6 90.33325 ~0.008%6 0.U0836  0.00001 7 0,00018 0.9916 1,0000 1.0090 1.0000 3.9926 7 T 0.00 T 06,00 © 00.00 0.00122 25
26 1,545%6 00,26655 «0,00692 0,00813 =0,00063 =0.00027 0.9931 0,9994 1.0082 0.999% 0,9931 3,10  =~0.00 00.00 0.00000 26
T2V U1 744737 00,332127-0,00525 040065 =0,000607 0.00007 0.9948 0,9996 1,0066 0.999% (.9948 T 0,007 00,0077 00,00 0.90000 27
28 1,67846 00,26651 =2,00559 0.00700 =0,00063 =0,00011 0.9945 0,999¢ 1.0071 049994 0.9944 3.12  ~0.00 00.00 0.00000 28
T2 TIBTTAT TTG0.333L1 ~0,0043¢  0.00576 —0,000607 0,00008 U.9957 0,9996 1.0U5H 0.99%4 0,9957 -0,000 060,00 00.60 0,0u000 29
39 1,94356 00.20648 =0.003¥1 0,00540 =0.00070 ~0.00008 0.99n1 0.9993 1,0054 0.9993 0,996l 3,12 ~0.00 00,00 0,00000 30
TT317T 72414313 00033309 ~0.00302  0.00458 =0,00070° '0,00001 0.9970 0.9993 1.00%40 0.9993 3.9970 .00  00.00 00.00 0.00000 31
32 2,07672 00.26648 =0,00323 0.00483 =0,00070 =0,00009 0.9968 0,9993 1.0049 0.9993 0.3968 3,11 ~0.00  00.00 0.60000 32
U337 2,27615  u0.33309 =0,00252° 0,00416 =0,00070 =0.00000 06,9975 0,9993 1,0042 0.9993 0,9975 3.14 7 ~0.,00 00,00 0.00000 33
.36 2,36205  00,25647 =0,00231_ 0,00397 =0,0007% =0.00008 0.9977 0,9993 1.0040 0.9993 0,9977 3,09 ~0.,00 00,00 0,0u000 34
T35 2.542257 00,3330d =0.001777 0,003507 <0,00076 =0.00093 0,998270,9992 1.0035 0.9992 0.9982 3,427 =~0.00" 00,00 0,00000 35
36 2,67571 00.20647 =0,00191 0,00366 =0,00074 =0,00009 0.9981 0.9993 1.0937 049993 0,.9981 3,07 . ~0.00 _ 00,00 0,00000 36
37 72,67536 00,33303 =0.00144  0.00325 =0,00076 =0.00002 0,9985 0,9992 1.0033 0.9992 0.9985 3,11 ° ~0.00 00,00 0,00000 37
38 2.74)l96 _00.25646 =0.00434 0.00313 =0,00079 -0.00008 0.9987 0.9952 1.0031 0.9992 0.9987  3.00  ~0.00 _ 00,00 0.00000 34
397 772,94170 00,33308 -0.00099 0.0028¢ —0,U0079 -0,00002 0.9990 0,9992 1.002% 0.9992 0,9990 3,06  ~0.00  00.00 0,00000 39
0 2.47511 00,26646 -0.00108 0.00293 -0,00079 -0,00006 0.9989 0,9992 1.002% 0.99%2 0,9989 2,95  ~0.00 00,00 0.00000 40
ELE EL. Eive DEN PLS EN. DEN TOT ENe DEN HYDRO. TENS, ELE EL. EN. DEN PLS EN. DEN TOT EN. JEN HYU30. TENS.

THE TOTAL EUENGY 1S 00.2899H1E+03F0i A LOAD OF 00,255212E+05 .
S TUUTTMIS IS INCREMENT TTUETSTT 3 OF 6 T
THE APPLIED LOAD IS 12557142366THE INC, LUAD 15 1150.527S

SCALED STEP
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TABLE VIOI. - Continued.

STATE MAP  STEP 4 - .
J 3 3 k) 3 3 1 1 1 1
1 1 t 1 1 1 1 1 1 1
3 3 3 3 3 3 1 1 1 3
1 1 t 1 1 1 1 1 1 1 .
. . TOTaL DISPLACEMENTS
¢.02000000 ©,00000000 0,01%88886 0,00000000 0.01J674d6 0,00000000 0,01210218 0,00000000 0.01110511 0.00000000
S.01028215 0.00000000 -~ 0,00968541 0,00000000 0,00919324 0,00000000 0.00d84016 0,00000000 0,00855586 0.00000000
002835008  0,0uV00V0D 0,04000000 0.00031951 0.0l62401% 0.,00021092 001356226 =.00090901 V01213779 ~.0001008)
J9.01107615 =,00014131 0.010°96d1 =.00014176 0.00905277 <«.00014710 0.00919065 ~.00015021 Q+00HBOYID ~,0001590%
Ge0URDLLI)  =,00015599 0.008325¢3 =,00ulediS 0.0c000000 0,00036372 0,01600704 0,00046029 0.,01335515 -.000007<b
S.01217847 -, 00023265 0.01112967 =-,09026028 0.010¢0061 =,00028164 0.00966378 =,00028756 0.00910004 =-,00029905
C.00R80633 ~,00030672 0.00891064 =,00031330 0.00831e79 =-,00030710
: " o : INCREMENTAL - OISPLACEMENTS ST T T T T s e e
0.00003710 0.00000000 0.0000279% 0,00000000 0.00022¢68 0,00000000 0.00001328 0.00030000 0.0000l666 ©.00000000
0.00001529 0,00000000 0.00001431 0,00000000 0,00001350 0,00000000 0.00001¢92 0.00000000 0.000012+7 0,00000000
J.0000121> 0,00000000 0.00003710 v,00000219 0.0000791Y  0.0000016¥ 0.,00002245 0.0V0000067 0.00001300 U.0LV00ULS
C.00001662 ~,06000011 0,00001533 -.0000001e 0.00001425 =,00000019 0.00001348 ~-,0000001Y 0.00001234 -,00000021
G.00001240 =,00000020 0,00001235 =~.,00000018 0.00903710 0,00000353 0.00002910 0.00090323 0.0000230% 0.00000151
0.00001873 "0,00000032 "7 0,00001693 -,00000013 0.0000153« ~,00000032 0.00001429 =.00000033 "7 0.000013%1 <~.00000037
¢.00001281 =-.00000639 0,00001231 ~-,00000041 ©,00001¢00 =,00000039
INCREMENTAL FORCES
5.3 =041 -0.0 00.6 00.0 0%.2 -3.0 =02 «0.0 0.6
=0.0 00,2 =0.0 00.3 =040 00.3° =0.0 00.1 =0.0 =0.1
00,0 =038 10.8 Q0.0 =0.0 «0.0 =0,0 00.0 =0.0 -0.u
TTTTTTT 0.0 T 00.0 U040 T =0.0 T T T 00T T T TS0407 =007 TTT00.077
=0,0 =0.0 00.0 00,0 =0,0 =-0.0 00.0 -0.0
00.0 =0.0 00.0 =-0,0 00,0 © ~° <0,.0 T 00.0 00.90
00,0 =040 00.0 00.0
6086 .4 117,0 =0.0 510.7 Q -0.0 =312.1 -0.0 “0.0
TTTT T 0,07 TTTTTTL06,3° TT=0,0 63,87 TTUTTeg.0 "7 T §6.2 T T TTA0,0 Kilre -0.0° 7T TTRE1T3
00,0 -241,5 13819.7 00,0 -0,0 -0.0 -0,0 00,0 00.0 ~-0.0
00,0 00.0 - =0.0 =0.0 00.0 00.0 =0.0 ~0.0 - -0.0 00.0
=-0,0 =0.0 00.0 00.0 563449 ~0.0 =0.0 =0.0 =0.0 ~0.0
00,0 =-0.,0 ~ 00.0 o -0.0 00.0 =0.0 03.0 -0.0 T 00400 00.0
00,0 «0.0 00.0 00,0 00.0 00.0
- TTTTTTTUNODALTT CCOORDINATES T T T T o
1.020000 0.000%00 1.215889 0.000000 1.413079 0,000000 1.612102 0,000000 1.811105 0.000000
" T2.0102A32 04000000 ~ TT 2.209685° 0.000000 = ° 2.409193 0.000000 2,608840 ° 0,000000 T T 2.808556° 0.000000
3,008356 0.000000 1.020000 00.200320 1.216280 _ 00,200211 1.413562 00,1999v1 l.012188 00,199893
1.811076°  00.199339 "2.010297  00.199858 2.209053 ~ 00.199853 2.409191  00,1995850 T 2.608809 00.199844
808541 00.199z40 3.0u8325 00.199851 1.020000 00,400544 1,216067 00,400440 1.413855 00.399993
TTILEI217ATT00L3997698 T 1.BITIIT T 004399740 T T2,010267 TT00.3997187 T 2.209664700,339712 77 2.609161 T 00,399701 -
2.608805  00.399693 2.4085Lk1  00,399687 3.008313  00.399693
"SAMPLE PWUBLEM 3 EXPANSION OF A THICK wALL TUBE o TTUTTTTTTTTSTERT U 4TS T s OF o T
STRESS ELEMENT DATA
“RELTIRV SK ST 114 SRZ ST SZ 512 TS STGEQ S JZ J3
R S - . N A R
1 3~0,8534E+04 0,4300E+04-0.174BE+03 0.E+00 =0.1748E+03-0,85349E+04 0,4229E+040.00 0.1138£+05-0,1503E+04 0.4314E<08-0.5495E+11
T2 3-0.496HE406 0,3765E406=0,9159E¢03 0,2824E403-0.Y060E+03-0,5976E¢04 0.4035E+4040.04 0.1116E¢065-0,2039E0% 0,4147E+08-0.45165011
3 3=0,64755+06 0.5613E+04=0,1735E403-0,17656403-0,1685E+03=0.6475E+04 0.3153E¢040.03 0,1067E4Y5-0,3435£+03 0.3652E+08-0.6203E+10
T3S0 TI01E V06 0051026400 043641640370, 1932E+037003691E+03=0.7106E404 0.3737€+040.03 0.106YE+05-0,53106E50370°3407E4Q0=043338E511
S 3=0.496-E+06 0,6791E+06 0.5587E+03-0,2097E+03 0.5666E+03-0.6972E+06 0.2769E+060,04 V. 1019E+05 ), 7T952E+03 0,3459E408 0 B1ov9Esly
6 3-0.4803E004 0 6T6uEs06 0a3718E+02-0,226HE+02 043729E+02-0e4BuOE*04 0,2461E+040,00 0+1008E+05 0.6454E+03 043335E08 042036E+11
7 1=063334F06 0,5561E¢04=0,4014£002-0.5591E+02-0,3919E+02-003340E+04 0.1651E+040,02 0. 7794E+04 (,7273c+03 0.2023E+08 0.1509E011
T8 1-0,3738E906 0,5972E+0% U, 1360E+03 U,99849E+02 0. 1345E+03~0,3761E+04 0,194UE+G406,03 0,8468E+G6 0,TY0UE*03 0,2389E+08 v.1535E011
9 1-0,2024E406 0,4999E+04 0. TISIE+01=0,5507L+02 0.08339E+01-0.2621E40%4 0.1315E+040.02 0. 6704E404 u,7950E+03 0.149Y3E+Q8 0.1132E+1])
10 1=0625215404 0,670 +0w=0,6430E402 UoT«bE+02-0.06404E¢02=0.252¢CE204 0.1229E+060.,0) 0.633(E+04 0,6947E+03 0.1336E+08 0.9/04E«1y
11 1=0,1781E+06 0.6070c+04-0,0RBOE+02=0,6293E+02~0.4657E+02-0o1TBIE+06 0, 8H6RIE+(30,04 0,5207€+404 0, 746%E+03 0,7035E+07 0,6656E+10
12 1-0,1942E+06 0,4282E¢08=0,7070E491 0o1795£402-0.6903E+01-0,1942E404 0,90TTE«G30.0) 0.5517E+404 0,7775E€+03 0.1015Ev08 0.74T0E+10
13 1-041324E+04 0,3793E+06 0.491BE+01=N,6290E402 07888E+01=041327€404 0.6674E¢030,0> 0,4600E+U4 0,0246£+03 0.TOSOE07 U.H22dE+1v
16 1=0,1245¢406 0,36157+064-0,30874E¢02=0,10+8E+02=0.3864F+02-0.1240E+04 0,6007E+030,04 U,43B0E*04 9,7786E+03 0,6394£+07 U 4b0lEe1U
15 1-0,79275400 (043279E+34~0,37248E+02-0.5941€402=0,27606+02-0,7974E+03 0,3640E+030,08 0.3752E+04 0,BIBUE+03 0,4688E+0/ 0,33572E«10
T16 1-0,HH67E¢03 0,3604F+06 0,4007E¢N1<0,1343E+02 0,4269E+01=-0.8B70E*03 0,4456Ee030,02 0.3922E+04 U, h400E+03 0.5126E+07 UL, 3705E10
17 1=0,4765E403 0, 31365604 0,137T9E402=U.59/9E+02 0.2590F¢02-Uo4836E+03 0.2547E+4030.,12 0.3392E+06 9,5921c903 0434316207 V.co?9E~10
18 1-0,63336+03 0,30268+04-0,2054E+01=0,2BT0E+02-0,9480:+00-0,43526+03 0,2171€+030,07 0.3264£+04 6,8627E+03 0.3551E07 U cul5E~ly
19 1-0.12317+03 ,28695606 0,71H5E402-0.9874k402 0.8HZHE+02-041399€+03 0,1139E+030,27 0.2882E+06 0,93276+03 0427646407 0, 1/42E+10
20 1-0,200¢F+03 0.7902E+3% 0.3025€¢02-0,14A49€402 0.312|FE+02-0.¢011F+03 0,1162E4030.00 0.2993E+04 0,v106E+03 0.2¥86E-07 U.lva7Esly
_21 3<0,106% 9006 0,490RE+N4~0,1321E403-0,12%3L903~0,1300E403-0,8071E+06 0,3971£+0460,02 0.1133E405-9,1096E+04 0.4280L+08=0.4VbuEe]]
22 3-0,8%40F +04 0438976 404=0,76T9E+03=0,3226€403=0,7351E+03-0,8K4IE+04 0,4056E¢040,04 Uol117E*0S5-6,1095E+04 U.a145E+08-U,4n06Es11
23 3-0,636%E 36 0,5707E004=0,4329E+02-0,2315E403=0,3682E ¢(2=U.6368F 0% 0,3167F+040,06 0,10«hE4(S5=0,23132+03 U, 3644E408-0,0845E+10
L 26 3-0,hbnF 06 0,9752E+06 0,5333E+03-0,5414E+03 0.5722£+03-0,7006F+06 0,376HE+040,07 0,1071E+05-0,3936E+03 0,3790£«06-0,3639E1]
25 3-0,5385K404 0,6415E¢04 0,3758E+93 0,1222E903 0.3743£03-0.53876 406 0,28H83E4040,02 0.1022E+0S 0,4nhB8sE+03 0.3481k+08 0,32439E1v
26 3-0,4597E+06 0,6711E+04=0,4070E¢02-0,2056E403-0,7142F+02-0,4H98F+04 0,2614£¢040,04 0.1010E2Us 0,.50052+03 0,3397E+0d (,22106£+11
27 1=0,3613F 236 0,5507E+04=0.2A4RE002 0, 6Y46E+02=-0,27T9E¢0C-U,3614K¢06 0,17936+040.01 U.7954E+04 0,6200e+03 0.210YE+08 0 l3euEst]
28 1=U.3784F 006 0 593REeN6 QL TYIES2-0,8419L 902 0 19TT76+02-0,3T86L40% 0. 190384060,02 0.B48TESVa (,724UE-03 0.2400E+08 O.lboOE])
29 1-0,2125F 06 0,4950L 406 0,6237E002 0,6221L902 D,43T1F+U2=0.2H27F+04 0,1435E+040,02 UV.OBLIESUS 0,7¢23E+03 QulbabE«0n 0,1020£+11
30 1-0,2917E006 Q,4677E606=0,5353E402-U.5910L¢02=0.5211K+0£=0,2519F 406 0,1233E4060,02 G.6329E+04 0,700¢L+03 041335408 U.9Y6ILELY
31 1-0.1H0AE 04 0,40h6E¢Ga=0,25C5E+07 0.9H38E201-0,2501E+02=0,LHOBE*0% 0,8906E2030.01 0.5213E404 G, 7«wib+03 0.%060c+07 U.6515E+10
32 1=0.1931E904 0 02M4E+06 0.IRIBES0I=0,0R95E 402 0.0755E¢01~0.1961E*0% 0,9T39E2030,0% 0.5515E006 0,7830E+03 041013E+0d QaTuiseelo
33 1-0,1383£+06 0,37706+06 0, 1339F402-0,9007L+00 013492020, 13HIES06 0,5904E+030,00 V.461bE004 G, 79996203 07102807 0.5U%9E+ 10
36 1-0.1239E+04 0 3613E406=0.3218E402=0,6342E2U2=0.2B81E+02-041242E¢0% 0.6060E+N30,05 0.4370E+04 0. /807E903 0.6380E07 U.4nesEs 1y
35 1+047929E+03 0e3PTTE404=0.1UIBESQ/~V2001E+02~0,96T0Fs01=047930E+03 0.3917E2030.03 0.3701E204 0,0249E 203 004604007 0.3312E+ 1V
36 1-0.HHSIE+03 0.3602E 006 0, 107IE+H2-0,6R/0L 002 0olSHALSUC=UnBYOHE+0S 0,6532E4030.08 0.391YEUs 0,84<¢hte03 0.5115c+0/7 UodobUteln
37 1-0,%461F 903 04 3101E90% 0. 10TTESU2=0 A TH2E402 0o d 1356 +0¢=Uo54HTES0S 0,2790E2030,03 0.3603E404 0,n351E+03 043460£407 UL2057E10
38 1-0,6603E+07 043013 e00=0.1500E+02=0,5970E¢02=0HTTHE2UL=GawsbBIE+03 0,2209£40.90.14 0.3263E406 0, 82260003 0.3246L 407 Oocuzat+10
39 1=0,1611Fs03 0,781AF s0% U 1P64E0220, 170kt 402 0. 1344k 0070042 lE203 0,777HE 020,04 UL28H3L*L6 0,8957L+03 0.27TIES0T7 U l/99Ee LY
C 40 1-0,2070E+03 0 2BYLE 06 0. LHPOES02-0.45nTEo0¢ U 272400400 C160F203 0, 12160 4030,1Y 0,2992E+04 0,Y006k+05 0.2983E+07 O.lveSEely

SAMPLE PROBLEM (4) - OUTPUT
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TABLE VIIL - Concluded. SAMPLE PROBLEM (4) - OUTPUT

TAPE RESTART GENERATION,..STEP “ “1oF

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, November 19, 1973,
501-21.
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SAMPLE PROWLEM 1 EXPANSION OF A THICK WALL TUBE STEP . = & OF o
- T T USTRAIN ELEMENT DATA I ToTT T T e - T
NEL RC 1{4 ER ET EZ ERZ LR L2 L7 Ll L2 T TS TR EPEQ  NEL
17 T1.03538 00,06677 -0.02121 0.01702 0,00159 0.00000 0,979« 1,0016 1.017S 1.0016 0,979 0.00 =0.00 00.00 0.01307 )
2 1.15072 00.13331 =0.01913 0,01500 0.00105 0,0007« 0.%l4 1.0011 1,0153 1.,0011 O.9ble 0.00  00.00  ©00.00 O.vi06> 2
37 71,3477 00,0n668 ~0,0112« 0,01061 =0,00005 -0,00030 0,9490 1,0000 1,010s 1,0000 0,9489 3,117 =0.00 00,00 0.00372 3
6 l.28191 00,1330 -0.01337 0,01i82 0,00105 0,00065 0.9864 1,0011°1,0120 1,0011 00,9804 0,00 00,00 00,00 0,00008 &
TTE T TIL6T9787 00,06666 -0.G0798 T 0,00882 =0.00005 ~0.00030 0.9921 1,0000 1,0089 1.0000 0.99217 T 73,10 0,00 60,00 0.00093 TS5
'S 1,56595 00,13329 -0,0009% 0,00813 =0,00053 ~0.00003 0.9931 0,9995 1,0082 9.9995 0,9431 .14 -0.,00 00,00 0.00002 -]
B 4 1,74476 (0.00062 ~0400502 0400653 =0.00071 ~0.00007 09950 0.9993 1l.0000 049993 0.9950 3.127 =0.00 00.00° 0400000 10
8 1.67846 00.13325 =0.00500 0,00700 =0.,00053 €.00013 0.9v46 0.9995 1.0071 0.9995 0,9946 0,00  00.00 00.00 0,u0V00 &
T 1,877«9  00,06662 =0,00ele  0,00575 =0,00071 ~0.00007 0.9%¥59 0,9993 1,0053 0,9993 0,9959 3,12 T-0,00 00.00 0,90000 9
10 1,99359  Ju.13324 _=0,0039¢__0,00541_=0.00071 _0.00006 0.9961 0.9993 1,0055 0,99%3 0.9961 0,00 00,00 63,00 0.90000 10
AT 2 1W3217700,06662 =0.00300 0400400 =0,00074 <0,00008 0,9970 0.9993 l,0060 06,9993 0,99707 7 73, 11T T <0.007 00,00 0.00000 T 11T
_ 12 2,0767¢ 00,1324 -0.00326 0,004384 -0.00071 0.00002 0.9968 0.9993 1.0049 0.9993 0.9968 0,00 00,00 V0,00 0.V0000 12
137 72,27018 * 00,00662 ~0,00247 0,00417 <0,00074 -0,00008 0.9975 0.9993 1,0042 0,9993 70,9975 3,097 «0,00 60,00 °0.,¢0000 13
16 2,3%253 00,13323 =0.00237 0.00398 -0,00075 -0,00001 0.9977 0.9992 1,0040 0.9992 0.9977 3,13 =0.00 00.00 0.00000 14
15 72,5%228  00,06661 =0.00177 0,00351 =0,00076 =0.00008 0,982 0,9992 1,0035 0.9992 0.9982 3,06 7 '<0.00 00,00 0,30V00 1>
16 2,47573  00,13323 =0.0019) 0,00363 =0,00075 ~0.00002 0,9981 0.9992 1,0037 0.9992 0.9981 3,12 =0.00 00,00 0.v0000 lo
T7T 2.67520 00,00661 =0.00162 " 0,00326 =0,00078 =0, 00008 0.9946 0,9992 71,0033 0.999270,9986 3,02 =0.00  09.007 u.u0000 17
Y18 2.76197 _ 00,13323 =0.0013¢  0,00314 =0,00078 =0.00004 0.9987 0.9992 1,0032 049992 0.9987 3,08 =0.,00 00,00 0.¢0000 1ls
15777°2,94175 7 00,06662 ~0,00100 0.00286 ~0,00075 =0,00008 0.9990 0.9993 1,0025 0.99937 0.9990 ~ 2,87 7 =0,00 7 00.00 0.90000 1v’
20 _ 2,875l 00,13323 -0.00i08 0.0029« =0,00078 ~0.00062 0.9989 0,9992 1.0030 0.,9992 0.9989 3,08 =0.00 00.00 0,v0000 20
21 1.08536 00,33377 =0.07020 0.01707 0.00112 =0.00025 0.9803 1,0011 1,0175 1,0011 0,9803 ~ 3,13 =0.00 " 00.00 0.ule3« 21 7
22 1.15078  u0,26699 =C.01913 | 05 _ 0, 414 1,0012 1,0012_0.9814
23 1,34783 00,33363 =0.01124 : 1,0000° U, 9889
J26 _ 1.28197 J0,26688 =0,01387 0.01187 0400117 -0.00110 0.9864 1,0012 | 1.0013 0,9863 =0.00  00.00 0.J00i5 24
25 T 1.47937  00.33325 -0.00849 0.00884 0.00001 0,00016 0.9916 1.0000 1.0090 1.0000 0,9916 "T00.00 7 00400 0.60424 25
26 __1,345%b  00.26655 <0.00069« 0.,00b14 =0,00063 =0.,00027 0.9931 0.9996 1.,0082 0.99%% 0,993} __=0.00  00.00 0.¢0002 26
27 T 1,746797 00,33312 -0.00529 0.00655 =0.00060 0.00007 0.9948 0.99%4 1,0006 0.999« 0,994B 90.00 77 00400 0.v0UOO 27
28 1.67848 00.26651 =0.005060 0.0070% ~0,00063 =0,00011 0.9944 0,9994 1.,0071 0.9994 0,994 «0.00 00,00 0.v0000 2o
2SI T 00.33311 ~0.00036  0.00575 =0,00060 T 0,00008 0.9937 0.9994 T 0058 0499947 02995777 (.00 T 00.00 09,00 O.ulup0 T2y
39 1.943ad 00,2563 =0,00392 0,005l =0,00070 -0,00008 0.9%0) 0.9993 1,0055 0.9993 0.9961 3,12  <-0.60 00,00 0.u0000 30
T3ITTT2.163197700,33309 =0.00303° 0,004597=0,00070 7 0,00001 0.9970 0.999371.0066 0.9993 70,9970 7 0,007 00200 " 00,00 0.v0000 31 T
32 2.07676 00.25648 <0.00326 0.00486 ~0.00070 =0.00009 0.9v68 0.9993 1,0049 0.9¥993 0,9968 3,01 «0,00 00.00 0.,0i0000 32
TT337772,2761677700,333097 -0,00233 =0,00000 0.9975 00,9993 1,0042 0,9993 0,9975" " 3,14 720,00 "~ 00,00 0,(0006 33
36 2,36257 00.26647 =0.00232 0.00008 0.9977 0,9993 1,00640 0.9993 0.9977 3,09 -0,00 00.00 0.C0000 34
T35 2L54226 90.33303 20001787 00 "“0.00603 0.9982 0.999271,0035 0.9992 0.9982" 7 3,127 =0,007 700,007 0,L0000735
36 2.67572 00,29667 =0.00191 0.00365 ~0.00075 =0,00009 0.9941 0.9993 1,0037 0.9993 0.9981 3.07  =0.00 00,00 0..0000 36
377 2.67538 00,33307 -0,00145 0,00325 =0,00070 =0,00002 0,9935 0,9992 1,0033 0.9992 0,9985 3,11 7 -0.00 00.00 0.i0000 37
38 2,741+5 00.2664h =0.0013s D,00314 =D,00079 ~0,00008 0.9987 0.9997 1,0032 0.9992 0.9987 3.00  =D.00  00.00 0.,LU00D Jo
"T39 T T2.94172 30,33308 -2,00099 0.00¢85 =0,00079 -0,00002 0.9990 0,9992 1.0029 0.9992 0.9990 3,067 0,00 00.00 0,(0000 39
3 2.87513 00,26666 -0.00108 0,00294 -0.00079 -0.,00006 0.9939 0.9992 1.0030 0.99¥2 0.9989 2,95  =0.00 00.00 0.00000 40
ELE EL. Ev. DEN PLS EN, DEN TOT EN, DEN HYDRO. TENS, ELE EL. EN, DEN PLS EN. DEN TOT ENe DEN HYDR0. TENS.
T 17 00,57441E002 00413A843E+03 00,15592F+03 "0, 15028E+04 T2 00,56507€402 00.11198E003 00,)0348E¢03 =0.20391E00
3 00,47535E492.00.37991E+02 00,85576K+02 ~0,34348E+03 4 00.,49709E+02 00.62620E+02 00,11233E+03 =0.53155E403
TG 00, 4542502 00 5%266E201700.56n23¢402700.79523E+03 7 TTTTTT 600,44 250E402 000169518400 00.0%4423E%02 00,60341E603 T T T
T 00,206u3E+02 O,E«00 00,26603F+02 06,72730E+03 B 00,3{uubE+02 0.E+00 00,3l0a8Er32 00,TcIynEe0s
9 00.19834E+02 J.E90C 77 G0.19n58E402 (0. TILO0E+03 " T 10 00,17660E402 U.E£+00 00,37060E£+02 00,65473E+03 -
11 00.120<5E+02 0.E+00 00.12085E+02 00,74691E+03 12 00,13552E+02 0.E+00 00,13352E+u2 00.77745E03
“TT13 00,957/6E401° 0LE«00 00,95770E+01 00.B82458£+03 14 00,86764E+01 0.E+00 00.86764E+0) 00.7748IE+03 -
15 00,650%2E+01 W.E+00 00,690026+01 00.81804E+03 16 00,70911E+0! 0.E+00 00,70911E+01 00,64055E+03
TATT00,54652€4 01 TLESHIT 000566226401 0G.A9209E+03T 7 TT18 00.50638E401 T 0.E+00 7 00.5063BE-01 00,85274E03" —
19 00.412008¢01 G.EeU] 00,41200E+01 00,932650E+03 20 00,43801E+01 0.E+00 00.L3B0LESOL 00.91056603
21 00,5634nE+02 00, 13079E0Y 00, 18717E+03 =0, 109T9E+0a 22 00,56178E+02 00,11251E+403 00,)0869E403 =0,12455E+0%
23 00.47473E+02 00 3R96YE02 00,85622E+02 -0,2313CE+03 26 00,49820E+02 00,63504E¢02 00,11332E+03 -0,35358E403
25 00,65610E492 00,17553E+02 00,57963E+02 00,40884€¢03 7~ 26 00,44421t+02 00,17050E400 00,44592E+02 00453d45E+03 7
27 00.276uAEsy”? 0.E¢UD 00,27668E+02 00,61990E+03 248 00,31528E+02 0,t+00 00.31528E9u2 00,7¢+0uE03
TTT29 00,2061 /E402 T 0LEC0C T T 00,2061 7E502 00.7223¢E%037 T T30 U0.17650E402 U.ES00TTTTT T 00, 176906402 00,7C015E403 T T T
31 00.12110E+07 0.E<00 00.12110E+02 0G,74u33E+03 32 00,13567E+02 0.E+0Q0 00,13547E+02 00,7¢302E+03
33 00.96171€e01 w.E<00Q 00.96171€+01 00,799a7€+03 36 00.80665E+01 0L.E+Q0 00,80645E+31 00.7:366E+03
35 00.66717E€401 0.E400 00.66717E+01 OU,B26BHE+0] 36 00,70619E+01 0.E+00 00,70819E+01 U0,8+261E+03
37 00,56509E+01  U.E-00 T 00.50569E+01 00.85515E403 38 00,50508¢+0)0 0.E+00 00,505U8E«01 00,85204E%04
_ .39 00,408«1Eeul 0,E+00 _00,40801E+01 00, H9574E<03 40 00.43072k«0) 0.E000_  v0.43b7¢E+0) 00.50004k+03 .
THE ELASTIC ENERGY IS 00,185877E403 o e
“THE PLASTIC ENERGY IS 00, E04999E+03 . oo ) T T h -
The TOTAL EERGY 15 00,290A7SE*03FU" A LUAD OF 00,2955409E+05
ST e e - CTUT 7T OTHIS 1S INCHEMENT . - 4 OF o - T
THE APPLIED (04D IS 25540,9322THE INC. L0AD 1S 19,6976 .
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