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ABSTRACT
Parallel computing studies are presented for a variety of structural
analysis problems. Included are the substructure planar analysis of
rectangular panels with and without a hole, the static analysis of space
mast, using NICE/SPAR and FORCE, and substructure analysis of plane
rigid-jointed frames using FORCE. The computations are carried out on the
Flex/32 MultiComputer wusing one to eighteen processors. The NICE/SPAR
runstream samples are documented for the panel problem. For the
substructure analysis of plane frames, a computer program is developed to
demonstrate the effectiveness of a substructuring technique when FORCE is
enforced. On-going research activities for an elasto—-plastic stability
analysis problem using FORCE, and stability analysis of the focus problem
using NICE/SPAR are briefly summarized. Speedup curves for the panel, the
mast, and the frame problems provide a basic understanding of the
effectiveness of parallel computing procedures utilized or developed,
within the domain of the parameters considered. Although the speedup
curves obtained exhibit various levels of computational efficiency, they
clearly demonstrate the excellent promise which parallel éomputing ho lds

for the structural analysis problems.
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1. SUBSTRUCTURE ANALYSIS OF RECTANGULAR PANEL WITH HOLE

USING NICE/SPAR AND FORCE

1.1 Problem Description

A two-dimensional elastic stress analysis of a rectangular panel with
é central hole 1is conducted using NICE/SPAR while invoking concurrent
processing with the wuse of FORCE. References 1 through 5 represent the
relevant documents on NICE/SPAR and FORCE. Figure 1 shows the rectangular
panel dimensions and the applied uniform compressive loading. The Young’s
modulus and the Poisson”s ratio of the panel material are, respectively
10,000 ksi, and 0.3, which represent a typical aluminum alloy. The panel
thickness is taken as 0.1 in. Initially, the panel is analyzed in the
absence of a central hole using substructuring. The analysis of panel
including the hole is then conducted using two substructures representing

the regions around and away from the lhole.

1.2 Finite Element Discretization and Substructuring

Figures 2 through 4 show the various types of discretizations
investigated using E41 quadrilateral elements of NICE/SPAR. Figure 2(a)
shows the rectangular panel divided into four elements as well as the
boundary simulations. Figure 2(b) shows substructures 1 and 2 with
revised element and node numbering at the substructure level, Similarly
Figure 3 shows an eight-element discretization and the corresponding
substructures, Figure 4 shows the finite element discretization of the
rectangular panel with hole. Figure 4(a) shows the node numbering scheme
commencing from the inner region around the hole for nodes 1 through 24,

and continues at the bottom left corner of the panel with nodes 25




through 78, Figure 4(b) shows the element numbering scheme commencing

from the inner region around the hole for elements 1 through 16, and for
the remainder of the panel for elements 1 through 44 starting at the
bottom 1left corner. The common element numbering from 1 to 16 can be used
as long as the outer and the inner regions of the panel are modelled as

separate substructures as shown in Figures 5(a), and 5(b), respectively.

1.3 Solution Procedure and Parallel Computations

is given‘ in this section. The relevant SPAR processors and CLAMP
procedures. |The steps of the procedure are as follows:

1. The AUS subprocessor TABLE 1is created to input the number of
substructures, the number of nodes per element, and the number of
elements in each substructure.

2. Interface nodes are entered using subprocessor TABLE. These are
stored in the NICE/SPAR library in the form of data sets.

3. Steps 1 and 2 are stored in a procedure called SUB_TABLE.

4. An external file PRESERVE 1is introduced into the main runstream.
This file consists of CLAMP procedures END SUB and GLOB_DAT.

5. The 1individual substructure data such as the number of nodes in the
substructure, material properties, joint locations, boundary
conditions, and element connectivity are entered. At the end of each
substructure data, procedure END SUB is calied to store the data set
sequence number,

6. Procedure GLOB_ DAT is called for generating the data sets required

for the assembled structure, from the data obtained from each




substructure.

7. Processor K is executed to obtain the final stiffness matrix.

8. subroutine getrow 1is used to extract the K matrix from the NICE/SPAR
data 1library, and stored by rows in the upper triangular part of the
matrix.

9. The FORCE subroutine SGEFA is called to perform the decomposition of
the square matrix using gaussian elimination with partial pivoting.

10. Subroutine SGESL 1is called to solve the system of equations for the
static displacements by back substitution.
11. The FORCE subroutines in steps 9 to 10 are run on several processors

for speedup study.

1.4 Numerical Results and Discussion

In this section as well as sections 2 and 4 of this report, the
following definitions of speedup and efficiency are used. Speedup is
defined as the execution time on a uniprocessor divided by execution time
on n processors. Parallel efficiency is defined as the speedup divided by
the number of processors times 100. Table 1 presents the speedup and
efficiencies for the four element rectangular panel shown in Figure 2.
The corresponding speedup versus the number of processors relafionship is
shown 1in Figure 6, involving a 27 x 27 stiffness matrix. The maximum
speedup factor is 3.7 for 8 processors. The efficiency reduces
continuously with an increase in the number of processors.

Table 2 presents the speedup and efficiencies for thé eight-element
rectangular panel shown in Figure 3. The corresponding speedup versus
number of processors relationship is shown in Figure 7, involving a 45 x

45 stiffness matrix. The wmaximum speedup factor is 5.14 for 8 and 12



processors, The efficiency reduces continuwously with an increase in the
number of processors, though at a lower rate than that for the four
element panel.

Table 3 presents the speedup and efficiencies for the rectangular
panel with a central hole shown in Figure 4. The corresponding speedup
versus the number of processors relationship is in Figure 8, involQing a
234 x 234 stiffness matrix. The maximum speedup factor is 13.2 for 18
processors. Here the speedup increases continuously with an increase in

the number of processors while the efficiency decreases gradually.



2. CONCURRENT STATIC ANALYSIS OF MAST USING FORCE

2.1 The Mast Problem

Figure 9 shows the mast problem. The mast is a 60-meter high truss
divided into 55 platforms with three nodes at each platform level. Each
node has three degrees of freedom, that is, displacements in x, y, and z
directions. The mast consists of horizontal batten members, inclined
diagonal members, and vertical longeron members. The bottom platform with
first three ncdes
load of 100 tons 1is applied at the upper most node in the global x
direction. The datasets were stored in the NICE/SPAR library named

MASTM3.LO1. The problem is to determine the static nodal deflections

using NICE/SPAR and FORCE.

2.2 Results and Discussion

The stiffness matrix generated by NICE/SPAR is of the order 495 X
495, including the support nodes. The linear system of equations is
solved using FORCE. Table 4 presents the speedup and efficiencies when 1,
2, 4, 8, 12, 16, and 18, processors are used to solve the system of
equations., The highest speedup is obtained when 18 processors are used,
and is 15.71. The computational efficiency decreases slightly with an
increase in number of processors. The results are shown by the dashed
curve in Figure 10, in which the theoretical ideal relationship is also
shown for a direct comparison. In comparison to the results presented in
Section 1 for the rectangular panel problem of the order 234 X 234, the
speedups for the mast show better promise due to an increase of the

stiffness matrix size to 495 X 495.



3. ELASTO-PLASTIC STABILITY ANALYSIS USING FORCE

3.1 Biaxially Restrained Imperfect Column

In a study reported in Reference 6 by Darbhamulla, Razzaq, and
Storaasli, a concurrent elasto-plastic solution for the stability analysis
of biaxially restrained imperfect column was presented which employed the
Finite Element Machine. Appendix C presents the 1listing of the

corresponding computer program in PASCAL. This program is being converted

studied using FORCE developed by Jordan and Norbert (Reference 5) and
implemented on FLEX/32. As described in Reference 6, the problem
involves solving three coupled nonlinear differential equations whose
coefficients vary with the applied loads and spatial coordinates. ’In that
sense, the concepts developed are of general use in various types of
materially nonlinear structural problems. A brief outline of the algorithm

utilizing FORCE is given in the following section.

3.2 Concurrent Elasto-Plastic Algorithm Using FORCE

The computer program given 1in Appendix C 1s being converted to

CONCURRENT FORTRAN based on the following algorithm:

1. Read initial data and compute required cross—-sectional properties.

2. Assemble a global stiffness matrix and a force vector concurrently
uing FORCE.

3. Compute initial displacement vector using the FORCE simultaneous
equation solver.

4, Synchronize all processors.

5. Compute elasto-plastic cross-sectional properties at various



locations along the 1length concurrently using the procedure
presented in Reference 8.

6. Reassemble the global stiffness matrix and the new force vector
concurrently, and update the displacement vector using, again, the
FORCE simultaneous equation solver,

7. Check convergence and proceed to Step 8 if convergence is

achieved. Otherwise, go to Step 4.

8. Increment the external load and go to Step 4 if the member
collapse has not occurred.

The program 1is being implemented on the FLEX/32 MMOS computer.

3.3 Publication
Reference 8 1is scheduled to appear in Engineering with Computers, An

International Journal for Computer—aided Mechanical and Structural

Engineering this year. The proof-copy of this paper is given in

Appendix D,



4., SUBSTRUCTURE ANALYSIS OF PLANE FRAMES USING FORCE

4,1 Problem Definition and Goals

The problem 1is to develop a concurrent algorithm for the linear
load-deflection analysis of rigid-jointed plane frames |using
substructuring. Figure 11 (a) shows an example of a three story frame
ABCDEFGH with a span L and story height h, Figure 11 (b) shows one way of
dividing the structure into two substructures, CDEF and ABCFGH. The main
goal of this study 1is to evaluate the computational efficiency of the
concurrent algorithm developed while employing FORCE when substructures
of the type shown in Figure 11 are adopted. For the present, a special
purpose matrix stiffness substructure analysis program has been developed
and implemented on FLEX/32 parallel computer for a direct investigation of
the effectiveness of FORCE, as the main objective. The concurrent
substructuring technique being considered may be generalized for arbitrary

frames for implementation on NICE/SPAR later.

4.2 Substructuring Technique

The substructuring technique adopted for the analysis of the frame
considered here 1is given 1in Reference 9 and summarized in Appendix E of
this report. A number of equations presented in Appendix E are used in a
concurrent algorithm outlined in Section 4.3. The following is a brief
summary of the applicable equations. The various terms are defined in
Appendix E.

The static joint equilibrium matrix equation for the k-th

substructure is given by Equation E.l as follows:

[s]1{a} = {P} + {R} . ‘ (1)



Equation E.4 for the k-th substructure can be written as:

for k=1, 2, 3,..., n. The reactions at the restrained nodes can be found

using Equation E.5:
(3)
{Rr}k = [Sru]kgsu}k’
since {Pr} = {0} for the substructures shown in Figure 11 (b) owing to

the fact that the nodes C, F, A and H, are completely restrained.

The substructure stiffness matrix given by Equation E.12 can be

-1
[Ss]k = [Srr]k-[sru]k[suu]k [Sur]k (4)

If a concurrent inversion subroutine is unavailable, the matrix

product [Suu]k-l[sur]k can be obtained as follows:
=~

LAur]k B [Suu]k[sur]k (5)
which may be expressed as:

[Suu]k[Ahr]k = [Sur]k (6)
where:

[’\ur]k = [{Aul} {7\u2}000{)\ur}]k (7)

5ol = [{5,y} {Syptee {8y Hy (8)

and {} are column vectors of the order u x 1. Thus, Equation 6 can be
written as a series of matrix equations as follows:

={S

SuulePur e a1tk

[SpulieAua e w2tk

@000 OOGELIEOLSIOSEOEOEBNNOEOINOGSIOSEDS ' (9)

[Suu]k{Aur}k = {Sur}k

Solving the system of Equation 9 for {Aul}k’ {Auz}k"‘ {Aur}k

by means of a simultaneous equations solver, the matrix [ A in

ur]k

Equation 6 can be formed. This clearly provides the matrix product



indicated in Eq. 4 without inverting the matrix [Suu]k' Equation 4
can now be written as:
[Ss]k = [Srr]k-[sru]k[’hr]k (10)

The static equilibrium equation for the nodes linking the various

substructures is given by Equation E.13 as follows:

[s,]6_} = {P_} + [R ], (11)
in which the various terms of [Sa] and {Pa} are obtained as explained
in Section E.3 of Appendix E,

The true deflection vector, {A _,}, for the nodes 1linking the

LU
various substructures is found using Equation E.16 in the following form:
= [2Y

{Prd}, [311]{ rd} (12)

The deflections of the wunrestrained nodes for the k-th substructure is

found using Equation E.19.

#Aun}k = (ﬂ§u}-[sur]{Ard})k (13)
The procedure described in this section can be readily applied to any
type of framed structures behaving in a 1linear elastic manner. A

concurrent algorithm wutilizing this technique is given in the following

section.

4.3 Concurrent Algorithm

Based on the substructuring technique outlined in Section 3.2, the
following concurrent algorithm has been developed on FLEX/32 parallel
computer,

1. Formulate the stiffness matrix [S] given in Equation 1 for the
substructures k = 1, 2, 3,..., m, on n processors concurrently.
2. Extract .[Suu]k appearing in Equation 2, from the [S] matrices,

concurrently, for all k values,

10



3.

4.

S.

10.

11.

12.

Solve Equation 2 for {a with k = 1, to determine the

u}k
deflections of Substructure 1 by invoking FORCE simultaneous
equations solver SOLVE, concurrently using n processors. Similarly,
solve Equation 2 for {a u}k with k = 2, 3,..., m, corresponding
to Substructures 2, 3,..., m, using FORCE,

Extract [Sru]k appearing in Equation 3, from the ([S] matrices,
concurrently for all k values.

Compute the vectors {Rr}k with k = 1 to determine the reactions

in Substructure 1 by invoking FORCE matrix multiplication subroutine

called MATMP, concurrently. Similarly, determine {Rr}k for
k = 2, 3,..., m, corresponding to Substructures 2, 3,..., m, using
FORCE.

For k = 1, determine {Aank with v = 1 as represented 1in

Equations 9 wusing SOLVE, concurrently on n processors. Repeat the
process of finding { Auv}k for v =2, 3,..., T, respectively, to
generate the matrix (A ur]k as 1indicated in Equation 7. Obtain
[Ss]k using Equation 10 concurrently on n processors.

Repeat Step 6 for k = 2, 3,.¢., MW

Assemble the global matrix [Sa] and the vector {Pa} appearing in
Equation 11, on a single processor wusing the [Ss]k matrices
generated in Steps 6 and 7; {Rr}k generated in Step 5, while
employing Equations E.14 and E.16 given in Appendix E.

From [Sa] and {Pa} obtained in Step 8, formulate Equation 12.

Solve Equation 12 concurrently, using SOLVE, on n procéssors.

For k = 1, determine the true deflection {& of the

un}k
unrestrained nodes, using Equation 13, concurrently on n processors.

Repeat Step 11 for k = 2, 3,..., m.

11



The algorithm outlined above is coded in CONCURRENT FORTRAN for the
problem shown in Figure 11, A listing of the program is given in Appendix
F with a sample input/output. The computational efficiency of the

algorithm is explained in the following section.

4,4 Numerical Results for 3-Story Frame

With three degrees—of-freedom per joint (vertical and horizontal
displacements, and a rotation), the frame stiffness matrix is of the order
18 x 18. Table 5 presents the computational time t, speedup factor s, and
efficiency for 1 to 5 parallel processors for a concurrent analysis of the
3-story frame. The time t is measured in rtick units, One rtick equals
1/50th of a second. For solving the 18 simultaneous equations
concurrently, Subroutine SOLVE developed by Jordan and his research
associates from the University of Colorado, was utilized. A complete
listing of the subroutine appears as a part of the computer program
presented in Appendix F. The speedup factor versus the number of
processors data given in Table 5 1is used to plot the “actual” curve in
Figure 12 in which the theoritical ideal relationship is also given for a
comparison. The maximum speedup 1s 2,60 and is obtained when a total of 4
processors are used corresponding to a computational efficiency of 65%.
The use of 2 processors, however, results in an efficiency of 81%.

Table 6 presents the computational times T, through T,, defined

1 4

as follows:

T1 = time taken to assemble the stiffness matrices [S] given in

Equation 1, for Substructures 1 and 2 shown in Figure 11,

TZ = time taken for solving Equations 2, 3 and 4 for Substructure 1

with each of the matrices Suu’ S and Ss of order 6 x 6

ru

12




3
]

3 time taken for solving Equations 2, 3 and 4 for Substructure

2, with the matrices Suu, S_ and SS of the order 6 x 6,

ru

12 x 6 and 12 x 12 respectively,

T

4 time taken for solving Equation 12 for the complete system;
the speedup factor, s, based on the total time T, given by:

T, = Ty + T, + Ty +T,;
and efficiency n based on s; for 1 to 5 parallel processors for a
concurrent substructure analysis of the 3-story frame. The FORCE
subroutine SOLVE was used concurrently for the two substructures for
obtaining solutions to a pair of six simultaneous equations. It is noted
here that there are two levels of computational parallelization involved
in this solution scheme:
Level 1: parallel generation of the tw substructure stiffness matrices

on two different processors, and

Level 2: parallel solution of two sets of six simultaﬁeous equations
using SOLVE on up to five processors.

The parallel processors work on one set of equations at a time.

The value of T, ranges from 3 to 5 rticks. The T, value is in the

1 2
range from 3 t 4 rticks, whereas T3 is in the range from 5 to 10
rticks. One may expect to obtain nearly identical values for T, and

2
T3 since they represent the couwputational times for handling the two

substructures with equal number of free nodes. That this is not indeed
the case can be understood by realizing that the orders of Sru and SS
matrices for Substructures 1 and 2 are not equal, as described above in
the definitions for ’1‘2 and T3. The value of T4 is halved when 2 to 5
processors are used instead of just one, The total time Tt varies

between 12 and 21 rticks, the latter being the time taken by one

13



processor. For 2, 3 and 4 processors, Tt value is nearly constant, For
5 proéessors it 1is greater than for 2, 3 or 4 processors. The maximum
speedup is 1,75 and 1is obtained when a total of 3 or 4 processors are
used. However, the efficiency with 3 processors is greater than that with
4 processors, The maximum efficiency is obtained with 2 processors and is
80.5%, of course excluding the case of one processor.

The reason for the relatively low speedups obtained is that the
matrix sizes for the problem considered are relatively small., As the
the overhead time (for example,
executing the Barrier, End Barrier and Join statements) becomes
significant as compared to the time consumed by arithmatical operatiouns

required for the simultaneous equations,

14



5. BUCKLING ANALYSIS OF FOCUS PROBLEM USING NICE/SPAR

The buckling solution to the CSM Focus Problem 1 outlined in
Reference 2 1is being run for various discretizations. The finite element
meshes are generated using CSMl with NICE/SPAR E43 finite elements.
Presently, all computations are being carried out on a single FLEX/32
processor, The implementation of concurrent buckling and postbuckling
solution procedures will be carried out once rigorous study of these

problems is completed on a single processor.

15



Table 1. Speedup and efficiencies for four-element rectangular panel

Number Computational
of time Speedup Efficiency
Processors (secs)
1 0.96 - -
2 0.54 1.78 89.0
4 0.28 3.43 85.7
8 0.26 3.70 46.2
12 0.30 3.20 26.7
16 0.42 2.29 14.3
18 0.48 2.00 12.0

16




Table 2.

Speedup and efficiencies for eight-element rectangular panel

Number Computational
of time Speedup Efficiency
Processors (secs)
1 3.60 - -
2 1.88 1.91 95.7
4 1.06 2.25 56.2
8 0.70 5.14 64.3
12 0.70 5.14 42.8
16 0.84 4.30 27.0
18 0.92 3.91 21.7

17



Table 3. Speedup and efficiencies for rectangular panel with central hole

Number Computational
of time Speedup Efficiency
Processors (secs)
1 474.62 - -
2 248.74 1.90 95.4
4 128.82 3.69 92.1
8 66.80 7.10 88.8
12 47.50 9.99 83.3
16 38.56 12.31 77.0
18 35.96 13.20 73.3

18



Table 4.

Speedup and efficiencies for the mast problem

Number Computational
of time Speedup Efficiency
Processors (secs)
1 4530.02 - -
2 2388.80 1.90 94.8
4 1228.10 3.69 92.3
8 610.00 7.43 93.0
12 417.38 10.85 90.5
16 320.60 14.13 88.3
18 288.30 15.71 87.3

19



Table 5. Computational time measurements, speedup factors
and efficiencies for concurrent analysis of
3-story frame

Number of Execution time Speedup Efficiency
Processors t (rticks) factor Y|

i i3 1.00 100.0

2 8 1.62 80.5

3 6 2.16 58.3

4 5 2.60 43.7

5 6 2.16 28.0




Table 6. Computational time measurements, speedup factors, and

effciencies for concurrent substructure analysis of
3-story frame

Number of Execution time t (rticks) Total | Speedup | Efficiency
Processors T 1 T, '1’3 T, |Time | Factor n

1 5 4 10 2 21 1.00 100.0

2 3 3 6 1 13 1.62 80.5

3 3 3 5 1 12 1.75 58.3

4 3 3 5 1 12 1.75 43.7

5 4 4 6 1 15 1.40 28.0

21




11.5 in.

*UT/y 0°1

2.0 in. dia. -

30.0 in,

Figure 1. Rectangular panel with hole and uniform compression
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Figure 2. Substructuring of panel with four elements
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Figure 3.

Substructuring of pénel with eight elements
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Figure 4. Finite element discretization of panel with hole



Figure 5.

(a) Substructure 1

(b) Substructure 2

Substructuring of panel with hole and sixty elements
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Figure 12. Speedup factor versus the number of processors for
3-story frame using FORCE Subroutine SOLVE
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APPENDIX A

RELEVANT SPAR PROCESSORS AND CLAMP PROCEDURES

A.1 Relevant SPAR Processors

A number of SPAR processors are described in Reference 3 some of
which are used in the solution procedure presented in section 1.3 of this
report. A brief description of the relevant SPAR processors is given in
this secfion. The corresponding page numbers from volume 1 of reference 3
are indicated in the parentheses following the SPAR processor names.

l. Processor TAB (3.1-1)

The function of this processor is to define the finite element model
of the structure. The following subprocessors of TAB are utilized:

JLOC defines the joint locations in a structure;

MATC defines the material constants of the structure;

JREF defines the orientation of reference frame associated with the

joints;

CON 1is used in defining constraints and applied loading; and

SA generates a table of shell (or panel) section properties to

which reference is made during the definition of SPAR element
E41.
All the subprocessors generate thelr respective data sets which are

stored in a data library.

2. Processor ELD (3.2-1)
This processor produces datasets containing element definitions such
as the connecting joints, the type of SPAR element used, and the integers

pointing to applicable lines in the table of section properties.
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3. Processor AUS (5.1-1)

This processor 1is comprised of an array of subprocessors which are
data set constructors. The subprocessors are summarized in tab 5-1 (page
5.1-2,reference3) according to their functional categories. The
functional categories include matrix arithmetic and modification of data
tables. The following subprocessors of AUS are utilized:

TABLE (2.5.1) creates the data sets which details the number of

interface nodes, the number of substructures, and the number of

elements in a substructure; and

SYSVEC (5.1.3) 1is used primarily to represent either the joint

displacements and rotations, or the applied forces and moments.

4., Processor E (3.3-1)

This processor generates in a skeletal form an element information
packet for each element in the structure, and supplies general information
such as the connecting joint numbers, material constants, and section

properties data previously identified by processor ELD.

5. Processor EKS (3.4-1)

This processor reads data sets created by processor E and generates
the element stiffness matrices.
6. Processor TOPO (4.1-1)

This processor analyzes element interconnection topology and creates
data sets (KMAP and AMAP), Reference 4) for the assembly of the system

stiffness matrix in SPAR standard sparse-matrix format.

7. Processor K (4.2-1)
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This processor assembles unconstrained system stiffness matrix in a
SPAR standard sparse-matrix format. The input for K comes from the
processors EKS, TOPO and partly from TAB. The output is a data set named K

SPAR containing the unconstrained system stiffness matrix

8. Processor INV (4.5-1)
This processor factors assembled system matrix in the SPAR standard
sparse-matrix format. It requires the unconstrained system matrix, the

constraint definitions, and the topological information in AMAP.

9. Processor SSOL (6.3-1)
This processor computes the displacements and reactions due to applied

loading at the joints.

10. Processor GSF (7.1-1)

This processor generates data sets containing element stresses. The
input data sets are structural deformations from SSOL. The output data
sets are named STRS.

11. Processor PSF (7.2-1)
This processor prints the element stresses and stress resultants from

the data sets generated by GSF.

12, Processor VPRT (5.3-1)
This processor is used to edit and display information in SYSVEC
format, such as the static displacements and reactions. It is also called

the Vector Printer.
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A.2 CLAMP Procedures

The substructure analysis using NICE/SPAR requires the use of MACRO
subprocessors and CLAMP procedures described below.
1. MACRO Subprocessor

This 1is a subprocessor within the processor AUS, and is used to define
a macrosymbol. The macrosymbols are used to establish variable like items
which can perform arithmetic manipulations, access built-in functions, and

rename directives.

2. PROCEDURES

The substructure CLAMP procedures END SUB and GLOB DAT are used to
minimize the wuser input data. These two procedures are stored in a data
file named PRESERVE in the runstream presented in Appendix B. The
procedures are described briefly as follows:

Procedure END_SUB scans through the table of contents and stores the
sequence number of data sets. Later, the sequence numbers are used for
global topology generation. The data sets are then renamed to make them
distinct in order to avoid disability of the existing data set,

Procedure GLOB_ DAT consists of a number of intermediate procedurés
such as Inter, Glob_ Jloc, Glob_ Matc. Procedure Inter searches the
interface table for interface joints and separates it. procedure Glob_Jloc
translates the substructure joint numbers to global joint numbers, and
sets up global joint location data set. Procedure Glob Matc creates the

data set of material constants for the assembled structure.
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APPENDIX B

NICE/SPAR RUNSTREAM SAMPLES

The runstreams for the eight-element rectangular panel with hole are
presented in this appendix including the outputs. The attached computer
listings include:

l. Runstream for eight-element rectangular panel.

2. Output for eight-—element rectangular panel.

3. Runstream for rectangular panel with hole.

4. Output for rectangular panel with hole.

A 1listing of the FORCE program for concurrent solution of simultaneous
equations developed by Jordan and his research associates, from the

University of Colorado, is also contained in item 3 mentioned above.
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rmproct

rm SUB_TABLE

m 551,101

nicespar {{\endinput
*set echo=off

*open 1 =51.101 /new

DUMY START CARD
[xqt tab
start 1000

*procedure SUR TARLE

. SET UP TABLES

[xqt aus

TABLE(NI=3,NJ=1,ITYPE=0)
J=1: 241 . nsubs nnp

. NO. OF ELEMENTS IN SuB

TABLE(NI=2 NJ=1,1TYPE=0)
J=1: 4 4 « N0, 0

. SUBSTRUCTURE INTERFACE

. syntax:
« Jd=me 31 sl 32 <2

-

ABLE(NI=4 ,NJ=3,ITYPE=0)
J=1: 2112

J=2: 6122

d=3: 9132

*end

*call SUB_TABLE
*add precerye

. DEFINE 3UBSTRUCTURE -1
{xat ta3b

start 9,4,3,6
matcsl 14660 9.3

RUNSTREAM FOR EIGHT-ELEMENT RECTANGULAR PANEL

1 SUBS PARA 11
e iopt

STR.

T SUBS ELEM 1%

f elements per sub. (for n subs)
S

m=1,no0. of interface nodes

: SUBS SUBI 11
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ORIGINAL PAGE IS
online=0 OF POOR QUALITY
iloc: format=l '
10.00,00,015.00.06.0313
30.0 11,5 0.0 15.0 11.5 0.0
sa{l):1 0.1
con=l
zero 3:1,9
[xgqt eld
online={
edl
1254122
online=l
[xqt topo
{xqt e
[xqt eks
stop
*call end_sub

DEFINE SUBSTRUCTURE -2

[xqt tab

start 9,4,5.4
matc: 1 10009 0.3
jloc: format=l
online={

11 .31
42250.00.,030.00.00,0213
2 22,5 11.56.0 30,0 11.3 0.0
ca(ly:l 0.1

con=1

zere 3:1,°
zero 1:5,9,2
zerp 2:9

{xqt eld
online={

edl; 1 462
26813
4376112
snline=]

Txqt tope
[xat e

[xqt eks

stop

*zall end_sub
*zall glob

.
Tat &
LAGt iav
TXGt aus
aipha



case titles

1 external load
sysvec

applied forces
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oy
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deu
asf
vprt
torint stat disp
tprint stat reac
ixgt exit
endinput
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RUNSTREAM FOR RECTANGULAR PANEL WITH HOLE
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ORIGINAL PAGE IS
OF POOR QUALITY

L P link with Jusr/ul/elp/lib/nsiib.g il

Force LUD of NP ident ME
C.....Test program for parallel PLU decomposition using Force versions
Cevsuvonf *Linpack® routines.
C.....Thic program calis a (single stream) routine to rvead in 3 matrix
C......and vector, then SGEFA is called to facter the matrix inte a PLU form,
Cuvveeathen SGESL is called to solve the system. The computation is timed,
C.vvv..and then a (single stream) routine is called to output the results.

Shared INTEGER N, IPVT(300), INFO

Shared DOUBLE PRECISION A(S00,300) ,B(500)
shared INTEGER ITM1, ITM2, ITM3

shared REAL DELTAL, DELTAZ2, RATEL, RATE2
Private integer amax,numjnt,dof,ierr,rmax,bw
Private intager rowptr(1060), rowlen(1000)
Private doubla precision amat(50000),x(1008)
Private integer i, j

End declarations

Barrier
amax = 10060
rmax = 1000

call getrow(amat,amax,rowptr,rowlen,rmax,
‘/usr/ul/venkatesh/panel/MAS.L017,

H X,b,numint,dof ,bw,ierr)
if {ierr.ne.0) write(%,3) ierr
3 format(’error return code = /,i2)

N = numjntkdef
printk,‘starts to print matrix’

doli=1,N
write(*,2} i,rowptr{i},rowlen{i),amat{rowptr(i))
1 continue .
2 format(‘row ‘,i3,” start /,i6,’lth= /,i3,’diag= ’,315.5)
Cicvnsenn Code to transfer from vector to symetric array, a

printk,’starts symmetric array’
do 20 irow = 1,N
ip = rowptr(irow)
£ ilen = rowlen(irow)
ilen = (irow-1} + rowlen(irow)
de 10 jcol = irow,ilen
a(irowyicol) = amat{ip)
ip=iptl
10 continue
Ceevsvenraazere out the remainder of the array
do 15 icol = ilenti, N
alirow,icel) = 0,
13 continue
20 sontinue
srintk,’o K 3y 3°
de 40 icol =i, N
do 30 irsw = icol, N
a{irsw,icel) = a{icol,irow)
3 continue

46 continue
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c

400

401

Ein
<
(oS

CALL PRNTB2(A, B, N)
CALL CFrtic(ITML)
End barrier

Forcecall SGEFA(A, 500, N, IPVT, INFO)

IF (INFQ .NE. ) THEN
matrix is sinqular...
if (me .eq. 1) print %, ‘matrix is sinqular’
Join

END IF

printx,’0 k ay 4

IF (M .EQ. 1) CALL CPreic(ITM2)

Forcecall 5GESL(A, 300, N, IPVT, B, 0)

Barrier

printk,’0 k ay 9
CALL CFrtic(ITM3)
CALL PRINTB(A, B, N)

DELTAL = (ITH2 - ITM1)/50.0
DELTAZ = (ITM3 - ITM2)/30.0
OPEN(8,FILE="/usr/ul/venkatesh/time.dat" ,CPU=1)
IF (DELTA1l .NE. 0) THEN
RATEL = (2.0kNKNIN/3,0)%1.0E-6/DELTAL
WRITE (8, 400) NP, N, ME, DELTAl, RATEl
ELSE
WRITE (8, 408) NP, N, ME, DELTA1, 0.0
WRITE {8, 402)
ENDIF
IF (DELTA2 .NE. 0) THEN
RATEZ = (NkN)*1,0E-6/DELTA2
- WRITE (8, 401) ME, DELTA2, RATEZ2
ELSE
WRITE (8, 401) ME, DELTAZ, 8.0
WRITE (8, 402)
ENDIF
printk,’o k ay 6’
FORMAT(”  Number of processes =',13, Matrix order =/,i4,/
* matrix decomposition: /,F12.4,’ seconds (’,F5.3,” MFLOPS)‘)
FORMATY{
¢ Fwd/back subst: ‘,F12.4,’ seconds (‘,F5.3,” MFLOPS)")
FORMAT(’ Mo elapsed time measured.’)
End barrier
Join
END
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22
20

42
40

Forcesub SGESL{A, LDA, N, IPVT, B, JOB) of NP ident me

SGESL: Force parallel version of LINPACK’s SGESL which solves
Ax=b, using (column orientated) foward/backward subst,
A call to SGEFA must precede the call to SGESL.
SGEFA provides the PLU factorization of A.

H the working matrix
LDA: the declared dimension of A
N: the working dimension of A
IPVT:  the pivet array
: the input/output vector (solved in place)

B is the only argqument altered by SGESL.
JoB: job selector: job=0: solves Ax=b
job=1: solves Transpose(&)x=b, net implemented
All arqument MUST be declared *Shared® in the calling moduls!
integer LDA, N, IPVT(LDA), JOB
double precision A(LDA,LDA), B(LDA)
Private integer I, K, L
Shared real TEM
End declarations

first solve: LxY =B

do 20 K =1, N-1
Barrier
L = IVTK)
TEM = B(LY
B(L) = B(K)
B(K) = TEM

End barrier
Presched-de 22 | = K1, N
B{I} = B(I) + TEM % A(I,K)
End presched do
continue

then solve: U =Y
do 40 K =N, 1, -1

Barrier
B(K) = B(K)/A(K,K)
TEM = -B(K)

End barrier
Presched do 42 1 =1, k-1
B(I) = B(I} + TEM % A(I,K)

End presched do

continue

Barrier

End barrier _

RETURN

END
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Forcesub SGEFA{A, LDA, N, IPVT, INFO) of NP ident ME

INTEGER LD&, N, IPVT(LDA), INFO
DOUBLE PRECISION A(LDA, LA}

Private REAL ABSMAX

Private REAL T

Private INTEGER KK, I, #aX!, J, KP1
Shared INTEGER IALL

Shared REAL PIV, ALLMAX

Shared logical ILOCK

End declarations

Barrier
INFO =1
ALLMAX = 0.0
End barrier

CovennadFor each row of the matrix
DO 1000 KK = 1, N-1
IF(INFO.NE.O) GOTO 2000

C.vvssesReset local maxima

ABSMAX = 0.0

Covveas Find the pivet row

Presched D0 100 I = KK, N
T = ABS( A(I, KK} )
IF (ABSMAX .L7. T) THEN
Maxl = |
ABSMAX = T
ENDIF
100 End Presched DO

C.......Update the Shared Information if necessary

Critical ILOCK

IF {ALLMAX .LT. ABSMAX) THEN
TALL = MAXI '
ALLMAX = ABSMAX

ENDIF

End critical

Barrier
[F {(ALLMAX .EQ. 9.0) THEN
INFG = KK
TRPUT{KK) =KK
ELSE
IPVT(XK)=1ALL
ENDIF
End Barrier
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Covveved If the matrix is singular then pass the information

IF (INFC .EQ. KK) GOTO 1000
MAXT = IALL
IF {MAXI .NE. KK) THEN

CeveeneioBuap Tows if necessary

Presched D0 110 J = KK, N
TEMP = A(MAXT, 0)
AMAXT, ) = A(KK, &)
A(KK, J) = TBMP
110 End Presched DO
ENDIF

Ceesnssodelf schedule row reductions

KPL=KK +1
Barrier

PIV = -1.0/A(KK, KK)
End Barrier

Selfsched Do 130 I = KPL, N
TEMP = PIVAA(CT, KK)
A(1,KK) = TEMP
D0 120 J =KPL, N
AT, J) = ACL, J) + TEMPRACKK, J)

120 CONTINUE
130 End Selfsched DO
Barrier
ALLMAX=0

End barrier
1009 CONTINUE

2000  RETURN
END
ik T kAR AR o
Tokckokiokinkoocddocodakodckk 1/0 routines {replacable)diodcacidnboccicoioariicek
Tercniciiccoonioonkdodok oo ko ioonionkok e ooiokncidoicekiokkdodocodicoioociodoccdoook
subroutine printb{a, b, n)
C......this routine prints B{N) & A(N,N)
C......where B(N) is the solution vector, and A(N,N) is the working matrix.
C..vouothe user may replace this single stream subroutine.
double precision b(l), a(530,3080)
open{8,FILE="/usr/ul/venkatesh/panel/venk .dat",CPU=1)
rewind (8)
de 10 i=l,n
10 write(8,980) ‘b(’,i,’}=",b(i)
close {8)
i} format{a,i3,a,el4.7)
return
end
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16

0

subroutine pratb2(a, b, n)

«eseasthis routine prints B(N) & A(N,N)
veaasawhiere B{N) is the solution vector, and A(N,N) is the working matrix.

«o...the user may replace this singie stream subroutine.

double precision b{1), a(500,300)
open(8,FILE="/usr/ul/venkatesh/panel/venk ,predat®,CPU=1)
rewind (8)

do 10 i=i,n

write(8,90) ‘b(’,i,")=/,b(i),(a(i,1), j=l;n)

ciose (8)

format(a,i3,a,300e14.7)

return

end
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OUTPUT FOR RECTANGULAR PANEL WITH HOLE

{CL} PUT_message,Commnt>

{CL) $root,L0001,C00001)%set echo=off

(DM> OPEN, Ldi: 1, File: PANL,LO1 , Attr: new, Block 1/0
k% BEGIN TAB %  DATA SPACE= 200000 WORDS

1000 JOINTS.
OACTIVE JOINT MOTION COMPONENTS= 123456

§LIB READ ERROR, Nu,L,KORE,IERR,i0P= 1 0 158988 -1
NAME= MASK BTAB 2 3

0k ERRORS IN INPUT PREVENT CALCULATION OF QJ(3,3,4T)

EXIT TAB CPUTIME= 7.5 I/G¢DIR,BUF)= 0 0

ik BEGIN AUS o« DATA SPACE= 200000 WORDS
TABL COMPLETED.
TABL COMPLETED,
TABL COMPLETED.
EXIT AUS CPUTIME= 3.7 I/0(DIR,BUF)= 0 0
xk BEGIN AUS %«  DATA SPACE= 200000 WORDS
MACR COMPLETED.
MACR COMPLETED.,
MACR COMPLETED.
EXIT AUS CPUTIME= 1.8 I/0(DIR,BUF)= 0 0

24 JOINTS.
OACTIVE JOINT MOTION COMPONENTS= 1 2 3
EXIT TAB CPUTIME= 50.0 I/0(DIR,BUF)= 0 0
LREC= 1280

“k BEGIN ELD ** DATA SPACE= 200000 WORDS
EXIT ELD CPUTIME= 8.8 1/0(DIR,BUF)= 0 0
*k BEGIN TOPO +x  DATA SPACE= 200000 WORDS
{DM> OPEN, Ldi: 235, File: NS.L25 , Attr: scratch, Block 1/0
(DH> OPEN, Ldi: 26, File: N5.L26 , Attr: scratch, Block 1/0
ND. OF 4-NODE ELEMENTS= 16
OTOTAL NO. OF ELEMENTS= 18
OMAXCON, MAXSUB, IiMAX= 1872 1400 52
OKSIZE,NRS,LRI= 28 1 8%
OMAXCON, MAXSUB, IlMAX= 1864 1400 52
0SIZE INDEX= g6, IC1, IC2= 967 191, NR4= 1
<DM> CLOSE, Ldi: 29, File: NS.L25
{DM> CLOSE, Ldi: 26, File: NS.L26
EXIT TOPO CPUTIME= 7.2 1/0(DIR,BUF)= ] 0
*k BEGIN E  *%  DATA SPACE= 200000 WORDS
T= 0.16000E-19-0.10000E-02 0.10000E-04 0,10000E-04
0.20000E+02 0.10000E-03 0.10000E-03 0.10000E-03
ERROR LEVELS=2202222 2
)
0
L, VOL OR  STRUCTURAL  NON~STRUCTURAL
TYPE GROUP  AREA 5M WEIGHT WEIGHT
E41 1 0.131716E402 0.000000E+00 0.000000E+00

11
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0
TOTAL 0.000000E+00 0.000000E400

TOTAL 4-NODE®  0.1317158E402
EXITE  CPUTIME= 6.7 I/0(DIR,BUF)= 0 0
*k BEGIN EKS *%  DATA SPACE= 200000 WORDS
E41 COMPLETED .
EXIT EKS CPUTIME= 6.7 1/0(DIR,BUF)= 0 0
OKAY 1
*k BEGIN AUS *k  DATA SPACE= 200000 WORDS
MACR COMPLETED.
MACR COMPLETED.
MACR COMPLETED,
MACR COMPLETED.
OKAY 1.2
OKAYY 1.4
njsect = 43
nsect{l] =1
MACR COMPLETED.
EXIT AUS CPUTIME= 9.0 I1/0(DIR,BUF)= 0 ]

(CL) lv:0 t:615.8 SECTL[1] 10.000000

OkaY 2 22

OKAYY 333

EXIT TAB CPUTIME=  42.4 1/0(DIR,BUF)= 0 0
k% BEGIN ELD ** DATA SPACE= 200000 WORDS

EXIT ELD CPUTIME= 13.8 I/0(DIR,BUF)= 0 0

*k BEGIN TOPO ¥  DATA SPACE= 200000 WORDS
<DM> OPEN, Ldi: 25, File: NS.L25 , Attr: scratch, Block 1/0
{DM> OPEN, Ldi: 26, File: NS.L26 , Attr: scratch, Block I/0
ND. OF 4-NODE ELEMENTS= 44
OTOTAL NO. OF ELEMENTS= 44
OMAXCON, MAXSUB, ILMAX= 1872 1400 32
OKSIZE,NRI,LRS= 52 2 8%
OMAXCON, MAXSUB, ILMAX= 1863 1400 52
OSIZE INDEX= 210, 1IC1, IC2= 4305 702, NR4= 4
{DM» CLOSE, Ldi: 25, File: N5.L23
{DM> CLOSE, Ldi: 26, File: NS.L26
EXIT TOPO CPUTIME=  14.9 I/0(DIR,BUF)= 0 g
*k BEGIN £ s DATA SPACE= 200000 WORDS
T= 0.10000E-19-0.10000E-02 0.10000E-04 §.10000E-04
0.20000E+02 0.10000E-03 0.10000E~03 0.10000E-03

ERROR LEVELS=22022222
]
]

L, VOL OR  STRUCTURAL  NON-STRUCTURAL
TYPE GROUP  AREA SM WEIGHT WEIGHT
E41 1 0.329000£403 0.080000E+00 0.000000ET0D

0
TOTAL 0.D00GOOE+00 0.000000E+00



TOTAL 4-NODE@  0.3290000E403
EXITE  CPUTIME= 11.7 I/0(DIR,BUF)= 0 0
%k BEGIN EXKS %k DATA SPACE= 200000 WORDS
E41 COMPLETED
EXIT EXS CPUTIME= 15.9 [/0(DIR,BUF)= 0 0
OKAY 1
%k BEGIN AUS *x  DATA SPACE= 200000 WORDS
. MACR COMPLETED.

MACR COMPLETED.

MACR COMPLETED.

MACR COMPLETED.
OKAY 1.2
OKAYY 1.4
njsect = 43
nsect{2] = 1

MACR COMPLETED.
EXIT AUS CPUTIME= 12.1 I/0(DIR,BUF)= 0 0
{CL> lv:0 t:615.8 SECTL[1] 10.000000
Okay 2 2 2
OKAYY 333 ’
*k BEGIN AUS +*k DATA SPACE= 2006000 WORDS

MACR COMPLETED.

MACR COMPLETED.

MACR COMPLETED.

MACR COMPLETED.
EXIT AUS CPUTIME= 954.2 1/0(DIR,BUF)= 0 0
*k BEGIN AUS +*x DATA SPACE= 2000060 WORDS

TABL COMPLETED.

TABL COMPLETED,

TABL COMPLETED.
EXIT AUS CPUTIME= 214.2 1/0(DIR,BUF)= 0 0
“k BEGIN AUS +x  DATA SPACE= 200000 WORDS

DEFI COMPLETED.

DEFI COMPLETED.

TABL COMPLETED.
EXIT AUS CPUTIME=  25.3 1/0(DIR,BUF)= 0 ]
START 78 4,5,6

78 JOINTS.
OACTIVE JOINT MOTION COMPONENTS= 1 2 3
EXIT TAB CPUTIME= 10.7 1/0(DIR,BUF)= 0 0

*k BEGIN AUS *x  DATA SPACE= 200000 WORDS

MACR COMPLETED,
% of elements in substructure 1 - 1o
NJ of DEF dataset is 80

MACR COMPLETED.

% of elements of substructure 2 - 44
Tk BEGIN ELD %%  DATA SPACE= 200000 WORDS
EXIT ELD CPUTIME=  20.7 I/0(DIR,BUF)= g j
xk BEGIN AUS & DATA SPACE= 200000 WORDS

TABL COMPLETED.

]
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EXIT AUS CPUTIME= 4.2 1/0(DIR,BUF)= ] 0
*k BEGIN TOPD *x  DATA SPACE= 200000 WORDS
{DM> OPEN, Ldi: 25, File: N5.L25 , Attr; scratch, Block 1/0
(DM} OPEN, Ldi: 26, File: NS.L26 , Attr: scratch, Block /0
NO. OF 4-NODE ELEMENTS= 60
OTOTAL NO. OF ELEMENTS= 60
SMAXCON, MAXSUB, IlMaX= 1872 1400 b4
OKSIZE,NRS,LRD= 52 3 8%
OMAXCON, MAXSUB, IlMAX= 1863 1400 52
0SIZE INDEX= 210, IC1, IC2= 95923 872, NR4= 4
{DM> CLOSE, Ldi: 23, File: NS.L25
{DM> CLOSE, Ldi: 26, File: NS.L26
EXIT TOPO CPUTIME=  21.2 1/0(DIR,BUF)= 0 ]
ik BEGIN AUS *k  DATA SPACE= 200000 WORDS
DEFT COMPLETED,
DEFT COMPLETED,

INIO COMDE OTER
MUY WU kil

EXIT AUS CPUTIME= 15.1 I/0(DIR,BUF)= ] 1]
ik BEGIN K %k DATA SPACE= 200000 WORDS
EXIT K CPUTIME=  28.0 1/0(DIR,BUF)= 0 ]
ik BEGIN INV %% DATA SPACE= 200000 WORDS
ONSING,NNEG= 0 0
EXIT I\ CPUTIME= 20.7 I/0(DIR,BUF)= ] 0
*k BEGIN AUS ** DATA SPACE= 200000 WORDS

SYSV COMPLETED,
EXIT AUS CPUTIME= 3.5 1/0(DIR,BUF)= ] ]
ik BEGIN SSOL *%  DATA SPACE= 200000 WORDS
(D> OPEN, Ldi: 26, File: NS.L26 , Attr: scratch, Block 1/0

0 CASE F*U KU ERR

1 0.3532554E400 0.3532554E+00 -0.1687295E-06
{DM) CLOSE, Ldi: 26, File: N5.L26
EXIT S50L CPUTIME= 18.1 1/0(DIR,BUF)= 0 ]
*k BEGIN DCU %  DATA SPACE= 200000 WORDS
0
EXIT DCU CPUTIME= 0.2 I/0(DIR,BUF)= 0 ]
*k BEGIN VUPRT Jk  DATA SPACE= 200000 WORDS

OLIB READ ERROR, NU,L,KORE,IERR,IOP= 1 0 0 -1 10
NAME= CASE TITL 11263747405

1STATIC DISPLACEMENTS. = /17 1

0JGINT 1 2 3

1 0.1238-01 -0.173E-02 0.000E+00%
2 0.134E-01 -0.107E-02 0.000E+H00*
3 0.132E-01 -0.716E-03  0.000E+00%
4 0.174E-01 -0.115E-02 0.000E+00%
5 0.184E-01 -0.173E-02 0.000E+00%
6 0.174E-01 -0.232E-02 0.000E+00%
7 0.152E-01 -0.27%5E-02  0.000E+Q0%
8 0.134E-01 -0.240E-02 0.000EHDD*
9 0.123;E-01 -0.173g-02  0.000E+00%
0 0.13eE-01 -0.134E-02 0.000E+00*
1 0.154E-01 -0.478E-03  0.000E+00*
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0.170-01
0.136E-01
0.170E-01
0.134E-01
0.136E-01
0.122e-01
0.130e-01
0.154E-01
0.177e-01
0.185E-01
0.177e~01
0.154E-01
0.130E-01
0.307e-01
0.264E-01
0.219E-01
0.174e-01
8.154E-01
0.134E-01
0.882E-02
0.430E-02
0.000E+00%
0.307E-01
0.264E-01
0.220e-01
0.174E-01
0,154E-01
0.133E-01
0.873e-02
0.433E-02
0.000E+00%
0.307E-01

0.264E-01
0.222E-01
0.853E-02
0.435E-02
0.000E+00%
0.307E-01
0.264E-01
0.221E-01
0.867E-02
0.430£-02
0.000E+00%
0.307e-01
0.264E-01
§.222e-01
0.833E-02
0.435E-02
0.000E+00%

~0.133e-02
~0.1738-02
~0.214E-02
-0.299E-02
~0.213E-02
~0.173E-02
-0.110E-02
-0.584E-03
-0.109E-02
=0.173E-02
-0.238E-02
-0.288E-02
=0.237e-02
-0,348E-02
-0.340E-02
-0.340E-02
-0.371E-02
=0.379E-02
~0.371E-02
-0.3408-02
-0.341E-02
=0.347E-02
-0.311E-02
-0.303e-02
-0.300E-02
-0.332E-02
-0.343e-02
-0.332E-02
-0.300E-02
=0.303E-02
-0.310E-02
=0.233t-02

-0.232E-02
-0.226E-02
~0.226E-02
-0.232E-02
-0.233E-02
-0.173E-02
-0.173E-02
-0.173E-02
-0.173€-02
-0.173e-02
-0.173E-02
-0.113e-02
-0.113E-02
-0.121E-02
-0.121E-02
-0.115E-02
-0.114E-02
-0.362E-03
-0.438E-03
-0.4963E-03
-0.151E-03

0.000E+00%
0.500E+00%
0.000E+00%
0.000E+00%
0.000E+00%
0.000E+00%
0.000E+00x
0.300E700%
0.000E+00%
0.000E+00%*
0.000E+00%
0.000E+00%
0.000E+00%
0.000E+00%
0.000E+00%
0.000E+00%
0.000E+00%
0.800E+00%
0.000E+00%
0.000E+00%
0.000E+00*
0.000E+00%
0.000E+00%
0.000E+00%
0.000E+00%
0.000E+00%
0.000E+00%
0.000E+00%
0.000E+00%
0.000E+00%
0.000E+00%
0.000E+00

0.000E+00%
0.000E+00%
0.000E+00%
0.000E+00*
0.000E+00%
0.000E+00%
0.000e+00%
§.000E+00%
0.000E+00%
0.000E+00%
0.000E+00%
0.000E+00*
0.GOGE+O0%
.300E+00%
0.000E+00%
0.000E+00%
8.006ET00*
0.000E+00*
. 300E+H30x
0.000E+00%
0.000E+00%
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63 0.154E-01 -0.341E-04  0.000E+00%
66 0.133E-61 -0.153E-03  0.000E+00%
87 0.873E-02 -0.469E-03  0.000E+00%
68 0.433E-02 -0.433E-03  0.000E+00%
63 0.000E+00% -0.372E-03  0.DO0E+00%
70 0.307E-01 0.125E-04  0.000E+00%
71 0.264E-01 -0.640E-04  0.000E+00%
72 0.213E-01 -0.701E-04  0.000E+00%
73 0.174E-01  0.243E-03  0.000E+00%
74 0.154E-01 0.325E-03  0.000E+00%
75 0.134E-01 §.242E-03  §.000EH00%
76 0.882E-02 -0.701E-04 0.000E+00%
77 0.430E-02 -0.596E-04  0.000E+00%
78 0.000E+00* 0.000E+00* 0.0O0E+00%
OLIB READ ERROR, NU,L,KORE,IERR,IOP= 1 ] 0 -1 10
NAME= CASE TITL 11263747405
1STATIC REACTIONS, FORCE ERRORS. = 1/ 1
B8JOINT 1 2 3
.100E-06 0.109E-06 0.000E+00%
»083E-06 -0.224E-06  0.000E+H00%
.982E-06  0.220E-06  0.000E+00%
-0.384E-06  0.000E+00%
.984E-06 0.113E-05  0.000E+00%
JA77e-06  0.668E-06  0.000EH00%
.695E-06 -0.108E-06 0.000E+00*
0.352e-06 -0.740E-06  0.000E+00%
9 0.140E-05 -0.858E-07  0.000E+00%
10 -0.967E-06 -0.56%9E-06  0.000E+00%
11 -0.231E-05 -0.168E-06  0.000E+00%
12 -0.2526-05 -0.122E-05  0.000E+00%
13 -0.177e-05  0.186E-05  0.000E+00%
14 -0.456E-05 -0.245E-08  0.000E+00%
15 -0.491E-06 -0.823E-06  0.000E+00%
16 0.240E-05 0.284E-06  0.000E+00%
17 -0.113E-05 -0.833t-06  0.000E+00*
18 0.318E-05 -0.154E-06  0.000E+00%
19 0.867E-06 O0.le2E-06  0.000E+00%
20 0.411E-05 -0.230E-06  0.000E+00x
21 0.488E-05 -0.138E-05  0.000E+00x
22 0.213E-05 0.139e-05  0.000E+00%
23 0.370E-06 -0.750E-06  O.000E+00*
24 -0.923t-06  0.103E-05  0.000E+00%
23 0.954E-06  0.149E-06  0.000E+00%
26 0.197E-06 -0.454E-06 0.00CE+00
27 0.974e-06  0.388E-06  D.0OQEH00*
28 0.414E-06  0.415E-06  0.0GOE400%
29 -0.474E-06  0.488£-06  0.000E+00%
30 0.525E-06 0.123t-06  0.000E+00%
31 -0,307E-0¢  0.436E-06  0.000E+H00*
32 -0.588E-07 0.813E-07  0.000E+00%
33 -0.020E+00% -0.303E-07  0.000EHDO%
34 -0.238E-06  0.453E-06  0.000E+00*
35 0.128E-05 -0.149E-06  0.000E+HD0*
36 0.350E-05 -0.867E-06  0.0OOE+0O*
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37 0.240E-05 -0.118€-95  0.000E+00%
38 -0.346E-05 -0.531E-06  0.000E+00x
39 0.134E-05 -0.723E-07  0.000E+00%
40 -0.751E-0o  0.330E-06  0.000E+00%
41 -0.955E-07 -0.841E-06  0.000E+00%
42 -0.187E+01% -0.146E-66 0.000E+00%
43 -0.238E-05 0.464E-06  0.000E+00%

44 0.275E-03 0.106E-85  0.000E+00%
43 -0,655E-09 -0.220E-06  0.000E+00%
46 0.746E-06 -0.305E-06  0.000E+00%
47 0.9811E-06 0.415E-06  0.000E+00%
48 -0.225E+01% 0.295E-06  0.000E+00%
49 -0,238E-05  0.104E-0S 0.000E+00*
30 -0.330E-03 -0.576E-0f 0 .0NOE+A0k
31 -0.697E-06 -0.187E-05  0.000E+Q0%
52 -0.4776-06  0.201E-06  0.000E+00%
33 -0.100E-065 0.341E-06 0.000E+00x
34 -0.202E+01% 0.592E-07  0.000E+00%
35 0,334e-05 -0.133c-06 0.000E+00%
36 -0.287E-05 0.136E-05 0.000E+00%
37 -0.159e-05 0.958E-0¢  0.000E400*
38 -0.104E-05 -0.367E-06  0.00GE+00%
99 -0.202e-06 -0.314E-06  0.000E+00%
60 -0.225E+01*% -0.458E-07  0.000E+00%
el 0.715E-06 -0.646E-06 0.0DOE+00%
62 0.139E-05 -0.162E-05 0.000E+00%
53 0.291E-05 0.101E-05 0.000EHO0%
64 -0.752E-06 0.B4%E-06  0.000E+00*
63 -0.190E-07 0.553E-06  0.00CE+00*
o6 0.436E-06 -0,145E-056 0.COCE+CO*
6/ 0.716E-07 -0.438E-06 0.000E+00%
68 -0.106E-06 0.946E-07 0.000E+00%
63 -0.187E+01% -0,121E-06 0,000E+00%
70 -0.119E-06 0.276E-07  0.000E+00*
71 -0,133E-05 0.967E-06 - 0.000E400*
72 -0,175E-05  0.204E-06  0.000E+00%
73 0.854E-06 -0.544E-06  0.000E+00*
74 -0.754E-06 -0.336E-07  0.000E+00*
79 -0.101E-05 -0.187E-06  0.000E+00%
76 -0,411E-06 -0.285E-06  0.00OE+00%
77 -0,190E-06 -0.155E-06  0.000E+00%
78 -0.520E+00% 0,493E-05% (,000E+00%

EXIT VPRT CPUTIME= 8.3 I/0{DIR,BUF)= g

{DM) CLOSE, Ldi: 1, File: PANL.LOY

{CL’ (S5 exhausted

ENDRUN called by CLIP



APPENDIX C

PROGRAM FOR ELASTO-PLASTIC STABILITY PROBLEM

The program written in PASCAL is divided into two parts. Part I is
called PROGRAM COLUMN. This part of the program is down-loaded onto one
of the NPR number of processors and this processor is designated as
""Master Processor', Part II of the program is named PROGRAM TANGENT.
This program is down-loaded onto the rest of the processors of the NPR
number of processors. These (NPR-1) number of processors are called
"Assistant Processors", The assistant processors are utilized to compute
elastic-plastic cross-sectinal properties of various cross sections along
the length of the member which are communicated td the master processor.
The master processor assembles the global stiffness matrix upon receipt of
the cross sectional properties form assistants. The lateral displacement
vector 1is computed on the master processor. Thus. the operation is
sequential between the assembly of global stiffness values and evaluation
of the 1lateral displacements of the ﬁember. A detailed flow chart of the
algorithm wused and the concurrent computational procedure is outlined in
Reference 6.

The input to the program consists of the member length, material
constants, end rotational stiffness characteristics, initial out-of-
straightness midspan amplitudes, cross-sectional dimensions, and residual
stresses. The output £from the program consists of axial load level,
corresponding converged lateral displacements of the member,
nondimensionalized determinant of the global stiffness matrix at each load

level, and the computational times of each processor.
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ORIGINAL PAGE IS
OF POOR QUALITY,

PROGRAM FOR ELASTO-PLASTIC STABILITY PROBLEM

(ERTITELIST MO ASSERTS, NO TRACERACKE #)
(% BELLOBSLOFT #)

FPROGRAM  COLLIMNS

CONST  MAXIDX=255 {(#MAX NER T/0 INDEX TAG %)
MeXRED 3 (=MAX RED LEMGTH FOR NBROTAD w9
MAXNMOD Tald (#MAX NODE  NUIMBERDS %)
MaXTA=3 (#MAX TIATA ARES NUMBER #)
MAXTINT=22747 (#MAY INTEGER #)
EYEFLAGE=LS (HEYITEM FLAG %)

TR MODE=1, MOXNODE:
ThOX=1.,.MAXTIIXS
FECLEN=1., MAXREL?
DiapUM=1. (MAXTDAS
FLALG=O, .73
AOTR=TNTEGER S
FOSINT=1. .MAXINT:

(¥ FASLTE EXTERNAL FROCEDURES AND FUNDTIONS FOlL oW &0
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(s e TIMER PROCEILRES = oo e o e o
FUNCTTON XTIME:LOMGINT 3 EXTERNAL 3
FROCEDURE TETART (T:FOSINT ) s EXTERNAL

- REATE _ONGTNT 3 EXTERNAL 3

TEXT OUTRUT FROCEDURES oo e et )
MEG CETRING: FACKED ARRAYL1. . 71 OF CHARD 1 EXTERNAL
ROGCETIIRE MEGLN CETRING: PACKED ARRAYL L. 71 OF CHAR 18X 1 LRMNAL Y
FROCETRE NXTLN3 EXTERNAL 3

FROCETURE MEGT T INTEGER) $ EXTERNAL 3
FROCETLIRE MEGR (X REAL ) 3 EXTERNAL 3
FROCEDIRE MSGL (T LONGTNT) 3 EXTERNAL 3
FROCEDLIRE ENOUN (N2 POETNT) 3 EXTERNAL 3
I £.10 1 =(=7=Vinx th KV 0 NI I S ————
FREOCEDURE QUERY 3 EXTERNAL S
FUNIT [OM ROT: INTEGER$ EXTERNAL
FIMCTION ROR: REAL S EXTERMALS

o
~

T T M W & T2 Y ] o s X LT T T U —— i
ST IO AP TRODA: DANLIM ) : A0D0R EXTERNAL
o v oo (T T UG CHPERAT NG e i e

FURITTTON SDDOY, YiREAL ) T REALEXTERNMNALS

1
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FUNCTTON
FUNCTION
FLUNCTION
FUNCTION
FUNCTION
FLINCTION
FUNCT ION
(%

FUNCTION
FUNCTION
FLINCTION
FLNCTION

o R T T
[ LW | Ll il‘l

FUNCTION

PROCEDURE
FROCEDUIRE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDIUIRE
FROCEDLURE
FUNCTION

FROCEDURE

CONST

EDIM=23

TYPE

[A7=ARRAYL1. .31
DAZ=ARRAYL1..4] OF REAL:3

VAR
FE:REA

NEW. I,

DETILDET,PINC, TOL1, TOLZ, TOLZ

FROCEDURE

SUB (X, YIREAL)Y :REALIEXTERMALS
MUILT (X, Y:REAL) : REAL s EXTERNAL 3
RIVIDOX, Y:REAL)YIREALS EXTERNAL S
NEG (X2 REAL) :REAL S EXTERNALS
ARSYS (X REAL) *REAL S EXTERNAL S
CMF (X, Y:REAL) : REALSEXTERNAL ;
SERTYS(XIREAL) *REAL EXTERNAL S

*)
—— FLOATING POINT CONSTANTS - - #*)
MAX?S: REAL s EXTERNAL S
MIN?S:REAL S EXTERNALS
—-— FLOATING POINT CONVERSIONS — *)

IFIX(X:REAL): INTEGERS EXTERNALS
FLOATI(I: INTEGER):REALIEXTERNALS

SANTIES 4 T S M e T A) Y s T AL s TR AL
LYFIlZVATREML ] s oMLY CA T CMINMHL )

VDP(N POSINT: VAR A:ARRAYL1..71 OF REALS
VAR B:ARRAYL1..7?] OF REAL):REALSEXTERNALS
NBR COMMUNICAT IONG
SENDZ (N:NODES INDEX:® IDXS
SENDZALL (INDEX: IDX3 LOC:
RECVZ2(N:NODES INDEX: IDX3
FLAG ROUTINES--
FLGEN(F:FLAG) s EXTERNALS
FLGSET(F:FLAG)SEXTERNALS
FLGRES(F:FLAG)SEXTERNAL S
BAR(F:FLAG) s EXTERNAL
ANY (F:FLAG) : BOOLEANS EXTERNAL S
FROCESSOR IDENTIFICATION

LOC:ADDR: NWIRDS: RECLEN) s EXTERNAL 3
ADDRS NWORDS: RECLEN) s EXTERNAL 3

LOC: ADDRS NWORDS:RECLEN) s EXTERNAL 3
- ——3%)

—— — e g s o T ot ot

PSCLE6s

OF INTEGERS

L3 NENTRY: INTEGERS
NFR, NSEC, NPROB, N> MDIM
ELASTIC

ZERD, ONE, TWi

DATA:ARRAY [1..41 OF
: INTEGERS
: BOOLEANS
tREALS
tREALS
12DA73  DALLZ : RDA3S
CLEL.CLES fLONGINTS
GLORAL (M, MDIM, NPROE, NSEC: INTREGER) 3

REAL S

DALLY
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LABEL 10,203

TYFE
VECTOR=ARRAYL1..N1 OF REAL;
MATRIX=ARRAYL1l..N,1..N] 0OF REAL:
VAR
TIMATRIX; DIS,DI.0,F:VECTORS
UV:ARRAYL1. .MDIM] OF REALS
COEF:ARRAYL1..141 OF REALS IDSEC, ITER. TANIDX: INTEGERS
COUNT,CNTR.NITER, ISEC: INTEGERS
READY: ARRAYL1..NFR, 1. .NFROBI OF BOOLEANS

ICNT: INTEGERS
(33030 M I 3 I3 30 30 30 0 33030 3 0 I I S I R R RN RRNRR)

FROCEDURE  MATINV(VAR A:MATRIX3 N:INTEGER; VAR LDET:REAL):
{(# MATRIX INVERSION PROCEDURE #)

(¥ METHOD - JOHNSONM(1) METHOD #)
(# A4 IZ N X N SYMMETRIC MATRIX#)

VAR
IPVEARRAY[1..N>1..21 OF INTEGER:
NSWAP, L, I, 1200, JCOL, IROW, JROW : INTEGERS
TEMP, T.PIV,SWAP, AMAX tREALS
BEGIN

DET:=0NEs TEMP:=AL[1,11]3
FOR Jdi=1 TO N DI IPVLJ,321:=03
I:=13
REFEAT (# UNTIL DET=0 OR I>N #)
AMAX: =ZEROS
FOR J:=t TO N DO

BEGIN
IF IPVL.J,3314>1 THEN
BEGIN
FOR KK:=1 TO N DO
BEGIN

IF IPVIEK,Z21<>1 THEN
IF CMP(AMAX,ABSYS{(ALJ, KK1))<0O THEN
BEGIN
IROW: =05 (¥ SAVE ROW 2 COLUMN #)
Tl =kKs
AMAX: =ABSYS (AL KED) S
ENDs (# IF AMAX *#)
ENDs (# FOR Kk #)
ENID (# IF IPVLJI. 321 #)
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ENTIs (¥ FOR A %)

(% IF PIVOT ELEMENT I3 ERQ O - DET = 0 #)
IF CMP(AMAX, TOL2)<O THEN DET:=ZERO

ELSE
BEGIN
IPVIICOL,21:=IPVLICOL,3]+1s
IPVLI, 1]1:=TIROWS
IPVII,21:=1I0C00s
(% INTERCHANGE ROWS TO FUT PIVOT ELEMENT ON DIAGONAL #)
IF IROWCHIZOL THEN
FOR Jd:=1 TO N DO
BEGIN
SWAP: =ALIROW. .17
ACIROW, J12=ACICO.,.1]3
ALICOL, J] 2 =SWAF
END3 (3 FOR J 1 TON #)

(¥ DIVIDE PIVOT ROW BY PIVOT ELEMENT )
FIVi=ACTICOL, ICOL1s
DET:=MULT(DET, DIVI(FIV, TEMP));
ACTCO., TCOL T =0NES
FOR KK:=1 TO N DO
ACTCOL, KK I =DIVO(ALICOL, KKI,FPIV) 3
(# REDUCE THE NON-PIVOT ROW BY SUBTRACTION %)
FOR L1:=1 TOON DO
IF L1<>IC0L THEN (# AVOID DIAGONAL #)
BEGIN
:=ACL1, ICOL]s
ACLL, ICOLI:=ZERDS
FOR KE:=1 TO N DO
ACLL BRI =SURB(ALLL > KKIMULTC(ACICOL, KK, T))
END3 (# IF L1 <3 ICOL #)
[ i=T+13 (% GOON TO NEXT #)
ENDIs (# ELSE IF AMAXSTOL =)
LINTIL (IXN) OR CMP(DET.ZERDO)=03%

{(# INTERCHANGE THE COLUMNS AND MODIFY DET #)
NZWAF: =03 {(# THIS IS SIGN FLAG #)
IF CMP(DET,ZERO) <0 THEN BEGIN (% DO ONLY IF DET.NE.O.O 3#)
FOR Jr=1 TO N DO '
BEGIN
I=N-d4+13
IF IPYVIL,11<3IRPVIL.Z21 THEN
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BEGIN
SROW:=IPVIL, 113
Ao r=IPVIL, 213
NSWAP: =NZWAP+13 (% COUNT SWAPS #)
FOR KKE:=1 TO N Ind
BEGIN
SWAP: =ALKE, JROWIS
ACKE, JROWIs=ACKE, JCOL 13
ALKE, . JCIL ] s =SWAPS
END3S (# FOR Kk #)
END (# IF IFV =)
ENIs (# FOR J #)

IF ODDHNSWAF) THEN SWAF:=NEG (ONE)
ELZE SWAF:=0NE3
ENDs (% IF DET<20.0 #)
DET:=MULT(DET.,SWAF)
END: (¢ MATINV FROCEDURE #)
(33038 330 30 30 3 3030 30 30 20 30 30 40 30 30 30 40 2030 30 30 23020 30 30 M 3 30030 30 30 30 30 30 H SR AN HH N R )
PROCEDURE SOLVE( N: INTEGER: VAR X:MATRIX: VAR SOLNS: VECTORS
SUMS:VECTORS VAR DET:REAL)S

BEGIN {(# MAIN PROGRAM #)
MATINV(X,N,DET)s (% CALL MATINV FROCEDURE )
IF CMP(DET, ZERO)=0 THEN
MEGLN("MATRIX IS SINGLULART)
ELSE
BEGIN
FOR Js=1 TO N DO
BEGIN
SOLNSCA]:=ZEROs (% INITIALIZE #)
SOLNSL AT =VDP (N, X[.11, SLIM3) 5
ENDs (¥ FOR 4 #)
ENDs (% ELSE i.e. DET .NE. 0.0 #)
ENDS

FROCEDURE AZSSEMBLE (IDSEC: INTEGER) 3
VAR Tie: INTEGERS

BEGIN

(%% NO OPTIMIZE #)

IF IDSECI=2 THEN

BEGIN
IF IDEEC=1 THEN
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REGIN
KL1,11:=A0MCOEFL1],COEFLS1) S
BL1.21e=COEFL2TS
KL1,32):=SURB(COEFL1],COEFLS))
kK[1,41:=COEFL3];
KL1.N—-13:=NEG(COEFL[&1)3
KL1,MN-31:=COEFLA]s
FL1J:=COEFL71s
KL2,11:=COEFL3]s
KL2,21:=A00(COEFL101, COEFL1Z2]) s
L2, 31:=COEFL{3]s
KILZ,41:=SUB(COEFL10], COEFL12]) s
L2 NIt =NEG(DOEFL13Y)
KL2.N=-2]:=C0EFL13]s
FL21:=COEFL1413 '

END

EL=E
IF IDSEC=Z THEN
BEGIN

KL2,11:=COEFL[S];3
KL3,31:=SUR(COEFCL2], COEF[S1)
K[2,41:=C0OEFL4]s
KL2,S51:=COEFL113
KLZ.411=COEFL&]S
KL3,.N-11:=NEG(ZOEFL&1) 3
KL3.N=-21:=COEFLATS
FL33:=COEFL713
KL4,21:=COEFL1273
KL4,31:=COEFLY]s
KC4,41:=SUB(COEFC111,COEFLLIZ])
KL4,51:=COEFL=]s
KIL4,41:=COEFL10];
EL4,.N1:=NEG(COEFL1:3])3
KL4,N-21:=C0EFL13]s
FL41:=COEFL141s
END
ELSE
BEGIN
KILS.11:=C0OEFLS];
KLS,311=SUR(COEFL1], COEFLS1) s
KIS, 41:=COEFL3]S
ELS,S1t=COEFLZ]S
KIS, &1:=COEFL4];
KLS,71:=COEFL1];s
KIS, 21:=C0EFL3];
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ELS,N—-13:=NES(ZOEFLAT);
KIS, N=-2]:=C0EFLADS
FLS1:=C0OEFL7 15
WEA,2]:=C0OEFLL12]s
VILA,2]1:=C0OEFL2]s
KLA,4]:=CSUB(COEFL101.COEFL12])3
KLA.S1:t=COEFL?]s

kL&, £1:=COEFL11]s
KLA,7]:=COEFL3]s

L&A, 21:=COEFL101]3
KLASNIt=NEG(ZOEFL121) ;s
FLASN-2]:=00EFLLIZ]s
FLAli=COEFL14]

ENDs (# IDSEC=3 #*)
END {# IDSEC<C=3 THEN #®)
ELZE

IF IDSEC>=NZSECZ-2 THEN

REGIN
IK:=(EDIM~1)#IDSECS
IF IDSEC=NSEC-2 THEN
BEGIN

KEIK-1,1):=COEFL[S]3

KLIK-1,31:=NEG(ZOEFLS1)3

KLIK—-1,N-71:=COEFL11;:

KLIK~1.N~-Al:=COEFL31s

KLIK-1,N-S):=C0EFL2]s

KLIK~1,N=-41:=C0EF(4];5

KOIK~1,N-2]1:=A0D(COEFLL1], COEFLAT) 5

KLIK=1,N-21e=COEFC2];

ELIK=1,N=-11:=NEG(COEFLA&]) S

FLIK-11:=C0OEFL7 13

KLIK.N=-71:=COEFLE]S

KLIK,N-&1:=C0EFCLI0]S

KLIK.N=-S51:=C0EFLY]S

KEIK,N-41:=CDOEFL111s

KLIK,N=-231:=COEFL3]3

KLITKN~-21:=A0D(COEFLLIO],COEFL12]) s

KLIK.NI:=NEG(COEFL121)

KLIK,21:=COEFC12]s

KLIK.4):=NEG(COEFL121)3

FOIKI:=2OEFLC1473

END

ELSE
IF IOSEC=NSEC~1 THEN
BEGIN
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END
ELSE

ELIK=-1.N-512=COEFL115

KLIK~-1,.N-43:=COEF{3]3

KLIK-1,N-31:=A0D(COEFL2]), COEFL&]) 5

KLIK-1,N-21:=0C0EFL4]5

KEIK-1,N-11:=NEG(COEFL4]) s

KLIK=-1,11:=CREFLS]S

KLIK=-1,21t=NEG(COEFLS]);

FLIK-11:=COEFL713

ELIK,.N-S]:=CO0EFL23s

KLIKN-41:=C0EFL10]13

LI, N-21:=C0EFL?]35

KOIRN=-21:=ADD(COEFT 111, 20EFC133) s

FLIR,NISs=NEG(COEFL1IZ])s

ROIK,231:=C0OEFCLL12];

KLIK,41:=NEG(ZOEFL121);

FLIKI1:=COEFL1413

NI
ELSE

BEGIN
KLIK=-1,N-31:=ADD(COEFL1],COEFLAD) S
KIIK~-1,N=-11:=5UR(COEFL11,COEF[&])3
KOIK=1,N1:=COEFL3]3s
KLIK=-1,13:=COEFLS]s
KOIk=1,33:=NEG(ZOEFLS])
FLIK—-11:=COEFL71;
KLIK:N-31:=C0EFL2]
KOIK,N=-21:=A0D(COEFL10], COEFL13]) %
KLIK,N=-11:=COEFCS]s
FLOIE, NIt =SURB(COEFL10], COEFL13]) 3
KOIK,21:=COEFLC12]s
KLIK:41:=NES(COEFL121) 5
FLIKI:=CNEFL[141]3

ENDs
(¥ IDSEC>=NZEC-Z THEN #)

BEGIN

IK:=(EDIM-1)*ID3EC;
KLOIK-1,112=C0EFLS]S
FLIK-1,Z2]1:=NESG(CZOEFLS]);
KEIE=~1,N-21:=C0EFLATS
KOTE=-1,N=-13:=NEG(ZOEFL&])s
KOIK-1, 2% (IDSEC-1)-11e=0C0EFC1 T3
FLIE~1,2%(ISEC-1) 1 =COEFLZ2]s
RLOIK=1,2#I0SEC-13:=C0EFL2]}
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KLIk=-1, 2#IDSEC]:=00EFL4]
KLIK-1,2#(IDSEC+1)—-11:=COEFL1 ]
MLIE—-1,2#(IDSEC+1) I =C0EFL2]
FLIK=-11:=COEFL7]s
KLOIK.21:=C0EFL12]s
KLIK,4]:=NEG(COEFL121)
KLIK,N=-2]):=C0EFL12]5
KLIK.NIs=NEG(ZOIEFL132])3
FLIK, 2#(IDSEC—-1)—-1]:=CO0EFL 2]
MLOIK, 2#(IDSEC—-1) Js=C0EFL10Q]
FKLOIE, 2#IDSEC-11:=C0OEFL 2]
FLIR,, 2#IDSEC]i=C0OEFI11 ]
FLIW, 2% (IDSEC+1)-1]:=C0EFL2];
FLIK,2#%(IDSEC+H1) J:=COEFL10]s
FLIKI:=COEFL143]3 '
ENII3 (3 IDSEC other than (<=3 (=NZEC~-2)
ENDs (# Assemble end #)

REGIN
NENTRY : =03 ICNT:=03 LCNTRi=035 CLKZ:=03
ELAZTIC: =TRUES
FOR I:= 1 TO N 0O
BEGIN :
FOR Jd:="1 TO N DO KLI., l:=ZERQS
OCIls=ZERD;
ODICI]:=ZERDS
FLIli=ZERD;
LI, 1):=0NE
ENDs
FOR I:=1 TO MDIM D UVLI1:=ZEROS
REPEAT (# SMALL PINC #)
REFEAT (# LINTIL CAPACITY #)
PR:=AOD(PHE, PINC)
NITER: =03
REFEAT (% UNTIL UV  CONVERGES #)
DATAL1 1:=201R(DC41.D02])
DATALZ]:=SUR(DIN-21,DIND1) S
DATALZ1:=2UR(DC2],0011)

¥*)

DATAL43:=SUB(OIN~-21,DIN-11);5 (# Terms to aet Mbx,Mtx,..ete. #)
CLEL s =TREAD: SENDZALL (1, LOCATION(PR) » 1 1) 3 CLES =CLES+TREAD-CLE L S

NEW: =13
IZEC I =03
FOOR T:= 1 TO NPR IO
BESIN
FOR Ji= 1 TO MDIM DO VDAY =DLISEC+1]s
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ISEC:=T3EC+MDIMsCILE L =TREADS
SENMDZ(I, 2. LOCATION(UN Y , 2#MDIM) s CLEZ: =CLEZ+TREAD-CLEL
ENDs
CLE1:=TREAD;
BAR(Z) S
CLEZ:=CLEZ2+TREAD-CLELS
FOR I:=1 TON DO FOR Ji=1 TO N D3 KLI,Jls=ZERD;
FOrR T:=1 TO NFR O3 FOR Ji=1 T0O NFROB DO READYLI, J1:=FALZES
COLNT s =03
WHILE (COUNTENSEC) DO (% Aswvnchronous Communication 3#)

FOR I:= 1 T NPR DO
FOR Jd:= 1 TO NPROEB D0
IF NOT READVII,JD THEN
BREGIN

CLE1:=TREA;

RECVZ2(T,, JH LOCATION(COEF) , 21) s CLKZ s =CL K2+ TREAD-CLEL 3
IF ITERZICNT THEN
BEGIN
IF TANIDX=1 THEN GOTO 203
READYL{I,J]1:=TRUE}
COUNT: =C0OUNT+1 5
IF I0<=5% THEN MSGI(IDSEC)S
ASSEMBLE(IDSED)
ENDs
ENDs
IF I0<=2 AND ANY(5) THEN
BEGIN
NXTLNS
FOR I:=1 TO N DN BEGIN
FOR Ji=1 TO N DO BEGIN MSGR(KLI,JI)ZMEG(T )  END3
ENDLN(2) 3 END3
ENDs
IF NENTRY=0 THEN
BEGIN
SOLVE(NLE.D.F,DET)S
DETI:=DET; DET:=D0IVI(DET.DETI);
NENTRY: =13
FOR I:=1 TO N DO DICIJ:=FLCI]3
END
ELZE
HEGIN
SHVE(N, K. OLF,DET) S
DET:=DIVI(DET.DETI)S
IF I0<=4 THEN BEGIN NXTLNsMSGR(DET) sNXTLNS END3
IF CMPC(DET, TOL2) <=0 THEN GOTO 203
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CNTR: =0

FOR 1 ;1 TN DO

BEGIN
IF CMP(ABRSYT(SURC(FLII.DICIIN) »TAL1) <=0 THEN CNTR:=CNTR+1:3
ENIDs
ENLis

IF (CNTR<HN) THEN FOR I:=1 TON DD DICIJd:=FLI]s
IF NOT ANY(S) THEN NEW:=0 EL3E IF CNTR=N THEN NEW:=0 ELIZE NEW:=1;
CLE L =TREADS SENDZALL (2, LOCATION(NEW) - 1) 5 BAR(7) s CLEZ: =CLEZ+TREAD-CLE L
ICNTs=TICNT+15
NITER:=NITER+13
LINTIL (CNTR=N) DR (NITER=2) 3
IF NITERZ=2 THEN BEGIN MSG( N0 GLOBAL CONVERGENCE-)Ss GOTO 20 ENDs
IF ID<C=5% THEN
BEGIN
NXTLNIMIG("AXIAL LIJAD=")3$MIGR(FE)
NXTLM: MIGLNC " DISPLACEMENT VECTOR” )
FOR I:=1 TO N DO BEGIN MSGR(DLI)SMIG(” “YSENDS NXTLNS
ENDs
FOR I:=1 TO N DO DISTII:=DLI]S
IF Ix=7 THEN BEGIN M3G( "AXIAL LOAD=")sMIGR(FB)SNXTLNS END3
MEG( " Determinant of Global Stiffrness Matrix =) iMSGR(DET) s NXTLN;
UNTIL CMP(DET, TOLZ2) <=03
203 3 '
IF TANIDX=1 OR CMP(DET,.TOLZ2)<=0 THEN ICNT:=ICNT+13
IF NITER<Z THEN
IF NEW=1 THEN BEGIN CLK1:=TREAD;
SENDZALL(Z, LOCATION(NEW) » 1) BAR(7) S
CLEK3:=CLK3+TREAD-CLEKL1s END3
FOR I:=1 TO N DO DCI1e=DISCITS
FE: =SUB(FR,PINC) (# Retain nonincremented FB %)
FINC:=DIVO(PING, TWO) s
LINTIL CMP(RPING, TOL2) <=0
103 FLGSET(4)
BAR(2) s

NXTLN3
ENDS (# PROCETDUIRE GLOBAL #*)
REGIN {(# MAIN PROGRAM *)

FLGEN(2)SFLGEN(S) s FLGEN (&) SFLGEN(7) 3

FLORES () SFLGRES(S) s FLGRES (&) SFLGRES(7) s BAR (SYSFLAG) 5
ZERO:=CVIS1Z2(0.0)5 ONE:=CVPSI2(1.0)5 TWO:=CV2S12(2.005
DALL7: : ADOR: =DAPTR(7)3 DALL2:tADDR:=DAPTR(2)
NZEC:=DALL7@C115 NFR:=DALL7@LZ]1; I0:=DALL7@L[=1;
TOLI:=0CV9S12(DALLERC1T) s TOLZ:=CV9S1Z2(DALLRRLZ2])
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TOLZ2: =CV@S1 2(DALLERIZ]) 3
PINCI=CV9S12(DALLRRL4]) s PR:I=ZERD;
TSTART (1) 3

MIZG (T CROZS SECTIONS=")3iMEGI (NSECD) 3

MG PROCESSORS=")SMSGI (NFR+1)35 MXTLNS
NFROB:=NSEC DIV NPRS

MOIM: =NPROBE#(EDIM~1)3

N =NISEC#(EDIM-1)3

GLOBAL (N, MDIM, NPROB, NSELC) 3

TETOPS

ENDLLN(2) s MEG("PROCESSING TIME =) sMSGL(TREAD) sNXTLNS

MXTLNSMSGO EXECUTION TIME =")sMIGL(TREAD-CLEZR) INXTLNS

END;

BEGIN (#&NO ORJECT*)
ENII.
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(x$WIDELIST. NO ASSERTS, ND TRACERACK*)
{# BGLOBALORPT #)

FROGRAM TANGENT

CONST  MAXIDX=2553  (#MAX NER I/ INDEX TAG #)
MAXREC=2553 (#MAX REC LENGTH FOR NBR I/ %)
MAXNODE=245  (#MAX NODE NUMBERES #)

MAXDA=313 (#MAX DATA AREA NUMBER #*)

MAXINT=227475 (#MAX INTEGER 3#)

SYESFLAG=13 (#3YSTEM FLAG #)
TYFE NODE=1. . MAXNODE S

IOX=1..MAXIDXS

RECLEN=1_ . MAXREC:

DANUIM=1. . MAXDAS

FLAG=0..73

ADDR=INTEGERS

FOSINT=1..MAXINT;

(# PASLIEB EXTERNAL PROCEDURES AND FUNCTIONS FOLLOW *#)

(fmmmmmmm e TIMER PROCEDURES ————————————— e #)
FUNCTION XTIME:LONGINT: EXTERNAL

PROCEDIRE TSTART(T:POSINT) $EXTERNALS

FUNCTION TREAD:LONGINT3 EXTERNALS

PROCEDVRE TSTOP3EXTERNAL 3

FROCETLRE
FROCEDUIRE
PROCETDIIRE
FROCEDURE
FROCEDURE
FROCEDURE
FROCEDLIRE

TEXT QUTPUT PROCEDURES
MSG(STRING: PACKED ARRAYL1..7%1 OF CHAR) $EXTERNALS
MEGLN(STRING: PACKED ARRAYL1..71 OF CHAR)jEXTERNALS
NXTLN: EXTERNALS
MEGI(I: INTEGER) ; EXTERNALS
MSGR(X:REAL) s EXTERNALS
MEGL (T T LONGINT) s EXTERNALS
ENDLN(N:POSINT) s EXTERNAL S

€ #)
(#— e e e o INTERACTIVE INPUT e e e e %)
{ % #*)
FROCEDURE CHIERY: EXTERNALS

FUNCTION ROI: INTEGER:EXTERNALS

FUNCTION RDR:REALEXTERNALS

(% . ¥*)

{ 3o o e e e DATA AREAS —-——————— e e e ¥*)

FIINCTION DAPTR (DA DANLIM) t ADDRS EXTERNALS

(% *)

{ 3 o e e e e FLOATING DFPERATIONZ ~—— e e e e e e *)

FLNCTION ADD(X, Y:REAL) TREALSEXTERNAL?
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FUNCTION
FUMCTION
FUNCTION
FUNCTION
FIINCTION
FLUNCZCTION
FLINCTION
(%

FUNCTION
FUNCTION
FLUNCTION
FUNCTION
FUNCTION
FUNCTION

FLINCTTON
PROCEDURE
FROCEDURE
FROCETLIRE
FROCEDLRE
FROCEDURE
FROCEDURE
FROCEDURE
FUNCTION
FRIOCEDURE
FUNCTION
FLINCTION

FROCEDURE

CONST
EDI
TYFE
TAND
TANM
VEIZT
DA4=
DAS=

VaR

SUROX, YIREAL) 1 REAL I EXTERNAL S
MULT (X YSREAL ) : REALSEXTERNAL S
DIVD(X, YIREAL ) t REAL EXTERNALS
NEG(X:REAL) : REALSEXTERNAL
ABRSPS (X REAL ) tREAL : EXTERNALS
CMP (X, Y:REAL) : REAL s EXTERNAL 3
SRRT?S(XtREAL)Y t REAL S EXTERNALS
#)
———————————— #)

——

FLOATING POINT CONSTANTS
MAX?5: REAL S EXTERNALS

MINYS: REAL s EXTERNALS
FLOATING POINT CONVERSIONS -————————— *)
IFIX(X:REAL) : INTEGER;EXTERNAL

FLOATI(I: INTEGER) : REAL: EXTERNAL S

CVRE1I2(XIREAL)Y tREALSEXTERNAL
VIOF (N: POSINTS VAR A:ARRAYL1..71 OF REALS

VAR B:ARRAYL1..7?]1 OF REAL):REALSEXTERNALS
SINE(X:REAL) : REALS EXTERNALS

————— NER COMMUNICATIONSG ——m—— et )
SENDZ(N:NODE3 INDEX:IDX; LOC:ADDR; NWORDS:RECLEN) s EXTERNALS
SENDZALL ( INDEX: IDX3 LOC:ADDR: NWORDNE: RECLEN) s EXTERNAL 3
RECV(N:NODES LOC:ADDR3 NWORDS: RECLEN) s EXTERNAL 3
RECVZ(N:NODEs INDEX:IDX3 LOC:ADDRS NWORDS:RECLEN) s EXTERNALS
————— FLAG ROUTINES———————————— e — et )
FLGEN(F:FLAG) s EXTERNAL 3

FLGSET (F:FLAG) s EXTERNAL 3

FLGRES (F:FLAG) s EXTERNAL

ANY (F:FLAG) : BODLEANS EXTERNAL 3

BAR (F:FLAG) § EXTERNALS

~—— PROCESSOR IDENTIFICATION ——m———————m #)

PSELF:MODES EXTERNALS
LSELF s NODE S EXTERNALS

PSCL$%s

M ~"|-

IM=1..EDIMS
AT=ARRAYLTANLOIM, TANDIM] OF
DORZ=ARRAYLTANDIMI F REALS
ARRAYL1..9]1 OF INTEGER:
ARRAYL1..14]1 OF REALS

REAL:
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=t TANMATS EL:BOIOLEANS
FB:REALS NENTRY: INTEGER: DATASARRAYL1..41 OF REALS ZBAR:REALS
NEW, I, MOIM, NDIM, NZEC,NPR @ INTEGERS
CLESZ, CLE? LONGINTS
STRES, LOAD, LINC, LJADE, DEL :VECTOR2S
FF, PR, MXFP,MYP, MXRE, MYRE :REALS
ZERD, ONE, TWd, FOUR, TWLVE. SIXTN.FI sREALS
AR, ARNL, IX, IXNDG IY, IYND, ZX, ZXND, ZY, ZYNDL, RXNID, RYND s REAL S
EBW,ERT, EDW, EAR. EALLEDNT, XRTR, XRTO, YRCH., YRCD 1 REALS
I0OX1,.IDX2, IFR, NFROB, NCNTR, NS, NR. NO NTEs NTH, CNTR, CNTZ 2 INTEGERS
B.D,T-,E,3IGY,SIGRC,SIGRT,SIGRTM, SIGR.ER REALS
OET.RC.RT :REAL:
HINT, VINT, LENGTH, KEX, KRY, ETX, KTY, SEGL :REALS
€ Spring canstants #) CBX.CBY.CTX,CTY.(C1,02 :REALS
pDaALL4:eDA4s DALLS :elind;
TOLL, TOLZ, TOLZ, TG4 REALS
{(# SITSGRTM MODIFIED TO a/c FOR o/c CALCULATIONS )
FROCEDURE PROPERTYS

VAR
B_ZT,B_T,D_2T, DT, BS@, BCU, T8R, TOU, DEG,. DCU: REAL 3
FNE, FNTE, FND, FNTD REAL 3

BEGIN

(# #)
(st m e CALCULATION OF GEOMETRIC FROPERTIES ————————=—————— %)
(s mm e ——————— CALCULATION OF AREA % AREA NI ————=———m—mmemeee *)

AR:=ADD(MULT(TWO, MULT (D, T) ) MULTCTWO, MULT( T SUB(B MULT(T, TWI) ) ) ) ) s

ARND: =MULT(FOUR, DIVIH{AR, MULT (B, D) 1)) 3
(#MIG("AREA OF CROSS-SECTION AR=7)3
MISGR(AR)Y sMSGLNCT  IN##27) 3

MEG NON-DIMENSIONAL AREA  ARND=")3
MZGR(ARND) sENDLN(2)Y 5 %) .

B 2T:=SUR(B, MULT(TWO,T)) s
B.T:=SUB(R.T)}

D_Z2T:=SUB(D. MULT(TWI,T))
D_T:=SB(0I,T)3

TS =MINLT(T,.T)3

TCL e =MUILT (TSR, T) s

BEi=MULT (B, B

BCLL:=MULT (R, BS@) 3

DEQe=MULT(O, N

DO =MULT (D, DSm) 3
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(e e CALCULATION OF IX % IXND ———— e #)
IX =D IVD(MULT (B 2T, MULT( T MULT(D_T-0_T)) ), FOUR) 3
IX:=ADD(IX . MULT(B_ 2T, DIVD(TCU, TWLVE) ) ) 3
IX:=ADDCIX MULT(T, DIVD(DCU, TWLVE)Y ) )3
IX:=MULT(IX,TWD);

(#M3G("MOMENT OF INERTIA IX= )3

SORCIX)SMIGLNCY  IN##47)3 %)

IXND:=MULT (R, DNCU) 3

IXND: =MULT (SZIXTN,DIVD(IX, IXND))
(#M3GECNON-DIMENSIONAL MOMENT OF INERTIA IXND= )3
MSGROIXNID SENDUN(Z) 5 %)
RXND: =Z0RTPS(DIVIDCIXND, ARND) ) 3

(e e e e CALCULATION OF IY % IYND ————e—— ——— #*)
IY i =MULT (D 2T MULT (T, MULT(B_T.DIVI(B_T.FOUR) ) ) )
IV:=ADD(IY, MULT(D 2T, DIVD(TCU, TWLVE) ) ) 3
IY:=ADDCLY, MULT(BCU, DIVDC(T, TWLVE) ) ) 3
IVe=MULT(TWI, 1Y)

IVND: =MULT(SIXTN,DIVDLIY, MULT(RCU, D)) )3
(#MSG("MOMENT OF INERTIA IY= “)3
MEGROIY)SMSGLN(”  IN%*#47)3

M3SG(“NON-DIMENSIONAL MOMENT OF INERTIA IYND= )3
MEGR(IYND) sENDLN(Z2) 3 #)

RYND: =50RT2S(DIVD(IYND, ARND) )3

T PLASTIC MODULT ZX» ZXND, ZY, ZYND = mem e e *)
ZX:=ADD (MULT (B, MULT (T, DIVD(D_T, TWO) ) ) » MULT (T MULT(D_ZT,
DIVD(O_ZT, FOUR) ) )
ZXe=MULT (TWD, ZX) 3
(*MBG(FLASTIC MODULUS  ZX= 7);
MSGROZX) SMSGLN(S  IN##37)35%)
ZXND2 =MULT (FOUR, MULT (TWO, DIVINZ X, MULT (B, DSED ) ) ) 3
(#M3G(“NON-DIMENSIONAL PLASTIC MODULUS  ZXND=")3
MSGR (ZXND) 5 ENDLN(2) 5 %)
ZY: =ADD (MULT (0, MULT (T, DIVD(E_T, TWO) ) ),
MULT (T, MULT (B_2T, DIVI(E_2T, FOUR) ) ) ) 3
ZY:=MULT (TWO, ZY) 3
(¥MSG(CPLASTIC MODULUS  ZYs “);
MEGROZY) SMSGLNCY  IN#%3<) 3 %)
ZYND: =MULT (FOUR, MULT (TWO, DIVIZY, MULT (0, BSG) ) ) ) 3
(#M3G( NON-DIMENSIONAL PLASTIC MODULLME  ZYND= < )3
MEGR (ZYND) $ ENDLN(Z) 5 %)

T - ELEMENTAL FROFERTIES —=———m———— e e e *)
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(Fmm e — e ALL DUANTITIES ARE NON~DIMENSIONAL

FNE:=FLOATI(NE)
FNTBR:=FLOATI(NTER)
FND:=FLOATI(ND)
FNTD:=FLOATI(NTD)
EBW: =DIVO(TWO, FNB) 3

EBT:=MULT(TWO, DIVD(T-MULT(D,FNTB)) )3
EOW: =MULT (TWO, DIVD( T, MULT (B, FNTD) ) ) 3
EDT:=DIVD(D_2T,FND) SEDT:=DIVD(MULT (TWO, EOT), D) 3
(*MSGLN( “MAJDR AXIS — HORIZONTAL” )3
MSGLN("ELEMENTAL PROPERTIES — NONDIMENSIONAL®)S

MEGLN( ¢~ m e m e —_——

MIG( WIDTH OF ELEMENT IN FLANGES
MEZGR(ERBW) s NXTLN3
MZG("DEPTH OF ELEMENT -IN FLANGES
MIGR(EBT) s NXTLN3
SG(7WIDTH OF ELEMENT IN WER
MIGROEDW) s NXTLNS
MG DEFPTH OF ELEMENT IN WEB
MSGR(EDT)SENDLN(3) 5 %)
IF CMP(RT, ZERD) =0
THEN
BEGIN
XRTE: =ZERD;
XRTD:=ZERO;S
YRCB: =ZERUOS
YRCD: =ZERO3
END
ELSE
BEGIN
XRTE: =A0OD(EB,D_2T)3
XRTRI=MULT(MULT(RC,RT), XRTB)3

EBW= -

ERT= -

EDW= -

EDT=

-3

XRTE: =DIVD(XRTE, MULT (MULT (TWO, ADD(RC,RT) ) » ADD(RC, RT) ) ) 3

XRTD:=MULT(TWI, DIVD(XRTE, D))}
XRTR: =MULT (TWO, DIVD(XRTR, B} )3
YRCB:=MULT(DIVD(RZ,RT), XRTB)3
YRCDE =MULT(DIVI{(RC,RT), XRTI) 3

SIGRTM:=DIVD(MULT(RT, T) > MULT(D, XRTD) )3

SIGRTM: =A0D(RT, SIGRTM) 3

(#  MIGCSIGRTM= “)sMSGROSIGRTM) $ NXTLN3
MSG( SIGRO= ) sMIGR(SIGRC) SENDLN(3) 3

ENDs

(#MIGLN( RESIDUAL STRESS DISTRIBUTION DIMENSIONS )3

MIGCTIN FLANGES XRTB= ) 3MSGROXRTE) ;MG
MZG( IN WER XRTD= ") sMIGROXRTO) s MG

YRCR=
YRCD=

TYIMIGROYROE) SNXTLNS
TYIMIGROYRIODD S NXTLNS #)
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(% CALCULATE CONSTANTS #)
SEGL:=FLOATI(NSEC-1);
SEGL:=DIVO(LENGTH, SEGL) 3
CLe=MULT(DSG, DIVD(E, STGY) )3

C1:=DIVD(CL, MULT(MULT (SEGL, SEGL),FIJUR) ) (# Relates phi-ubar,vhar

C2:=MULT(BZ0, DIVD(E, 3T15Y) ) 3
CRe=DIVI(CZ, MULT(MULT(SEGL, SEGL) , FOUIR) ) 3

{(# CBX,CBY.LTX.CTY ~ Caonstants of Restrints #)
CRX =M. TMULT(TWO, FOUR)Y . MULT(IX, SIGY)Y ) s
CEX:=MULT(CEX,SEGL) CRY::=CEXs

CRX:=0DIVD(DOS6, CBX) S
CRY:=DIVD({ESD, ZBY) S
CTX:=MILT(CEBX,KTX) 3
CBX:=MULT(CRBX.KBX)3
CTY: =MULT(CRY.KTY)3
CBY:=MULT(CBY,KBY)3
NXTLN MEG(CBX,CTX, CBY,CTY.C1,C2 are 73
SEROCEX) s MSGROCTX) s MIGR(CBY ) sMSGR(CTY) s MSGR(CT) sMSGR(C2) sNXTLNS
END, { $#——m FROCEDURE FROPERTIES ———#%)

{*
FROCEDURE ROUTINE(N,M: INTEGER)S

LAEBEL 103

VAR
COEFSARRAYL1..14] OF REAL: IDSEC, ITER. TANIOX: INTEGERS
STORED, 3TOREL: ARRAYL1..N] OF REALS
VCTRO, VOCTRL:ARRAYL1..N]J OF REALS
UV:ARRAYLL1..M] OF REAL:
Uo, VO REAL S
ITR:ARRAYL1..NPR,1..NPROB] OF INTEGERS
(e FROCEDURE T CALCULATE RESIDUAL STRESSES —————m——e—eee e
PROCEDIIRE RESY (VAR SIGR,EFPSR:IREAL: Y:REAL)S :
VAR
Y. FNE, FNTB, XRDi: REAL 3
BEGIN

ARD:=ATNO(XRTOLOIVI(T, D)) 3 (# a/c FOR CORNER DEDUCTION 3#)
YO =ARS75(Y) 3
IF CMP(OYD, SUB(ONE, ADDCXRD, YRCDD ) ) <=0 THEN
BEGIN
SIGR: =2 IGRCS
EPSRI=5IGRS
END (# IF - THEN #)
EL=E
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(%

ENID3

BEGIN
FNR: =SUR (ONE, YT 3
FNTB: =ABS?S (SIGRC) S
IF CMP(RT,ZERO) <30
THEN
BEGIN

SIGR:=DIVOD(ADD(FNTR, SIGRTM) . ADDCXRD, YRCD) )3

SIGRI=SUB(SIGRTM. MULT(SIGR. FNB) ) S
END
ELSE SIGR:=ZERDS
EPSR:=51GRS
ENDS (¥ IF - ELZE )
MSG{"RESY ") s MSGR (SIGR) s M3GR(EPSR) S NXTLNS

(% --~- PROCEDURE END —-—-  3#)

FROCEDUIRE RESX(VAR SIGR.EPSR:REALS X:REAL)S

VAR

XRB. XB,TT,T1:REALS

BEGIN

XRE: =AOD(XRTER, DIVIKT,.B))s (% a/c FOR CORNER
XB:=ABSYS(X) 3
IF CMP(XE,SUR(ONE, ADD(XRE, YRCR) ) }<<=0 THEN

BEGIN
SIGR: =S IGROS
EPSR:=31IGR3
END (# IF - THEN #)
ELSE
BEGIN

{3
ENDS

TTe=SUB(ONE, XB)Y 3
T1:=ABS?S(SIGRI) S
IF CMP(RT,ZERD) <20
THEN

BEGIN

#)

#)

SIGR:=DIVD(ADD(TL, SIGRTM)  ADD(XRE, YRCE) )3

SIGRI=3LB(SIGRTM.MULT(TT,SIGR)) S
END
ELSE SIGR:=ZEROS
EFPSR:=ZIGRS
END¢% (# IF — ELEE *)
MG RESX ) IMIGRASIGR) IMIGRIEPSR) s NXTLNS
(% = FROCEDIJRE ENO ————  #)

FROCEDURE CHECK (VAR ELIBOOLEAN) s FORWARDS
FROCEDURE ESTIFF(VAR =:TANMAT: VAR EL:BOOLEAN:

#)

DEL:VECTORZS
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ARND, IXNDO, IYND:REALS VAR PP,FR.MXP,MYP,MXRE.MYRE: REAL) s FORWARDS
FROCEDUIRE SOLVE(X:TANMAT: SUMS:VECTORZ: VAR SOLNS:VECTORZS
VAR DET:REAL) ;s FORWARDS
FROCEDURE TANGNT (LD, LOADB:VECTORZS VAR DEL:VECTORZS VAR S:TANMATS
VAR ICNTZ: INTEGER: U0O,VO:REAL)S
LABEL 103

VAR
LD, SOUNS, DELL: VECTORZS
CNT: INTEGERS
CLEL, CLEZ2:LONGINTS
BEGIN

CNTZ: =03
CHECK (EL) 3
IF (EL) THEN
BEGIN
SOLVE (S, LOADE, SOLNS, DET) 3
FOR I:=1 TO EDIM DD DELLIJ:=S0LNSLIS
END (% —-— IF - THEN -- #)
ELSE
BEGIN
FOR I:=1 TQ EDIM 0O DELICII:=0ELLI]s
REFPEAT (% —— UNTIL LDC1,2,%3] < ToOL —— #)
CNT2 =03
CNTZ2:=CNT24+13
FOrR I:=1 TGO EDIM DO LOCI):=SUB(LOADRBLI].LOCTIT)
FOR I:=1 TO EDIM DO

TKE PMESCATDCODE ] TIFTTY T 4V 5™ THIFRD SRIT e kT s 4 -
- - ea e ram e S wr v emeam tm sk wf 2 0 A b 7w N EE el RN R TN P 4Y
IF CNT<EDIM THEN
BEGIN

SOLVE(S, LD, SOLNS, DET) $
IF CMP(DET,. TOL2)<=0 THEN GOTQ 103
FOR I:=1 TO EDIM DO DELICIJ:=ADD(DELILI],SOLNSLIT) S
{(#-———— CALCULATE STRESSES F1 —=—— %)
ESTIFF (S, EL, DELL, ARND, IXND, IYND, PR, PR, MXFP . MYF, MXRE, MYRE) 3
FOR I:=1 T2 EDIM D2 LDICIJ:=VDP(EDIM,S[IJ1,DEL1)s
LOIC13:=ADD(LDIC13, ADD(FF,FR) )3
LOICZ2I:=ADD(LDO1C2T, ADD(MXFP. MXRE) )
LOMEZ):s=SURLDIC3T, ADD(MYP, MYRE) ) 3
FOR I:=1 TO EDIM DO LDCIZs=LDI1CITs
END3 (3 oo ELSE CNVRGS>TRUE —=———-— #)
IF CENT=EDIM THEN
FOR I:=1 TO EDIM DD DELLIJ:=DELICII:
IF ONT2Z=1% THEN MIGLM(ND CONVERGENCE IN 15 [TERATIONZS)
INTIL (CNT=EDIM) OR (CNT2Z=135)
ENDS (# ——— ELZE ——— #)
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(* MIGLNC CONVERGED  VALUES OF LOAD AND DISPLACEMENT 73

MISHLN {7 e e e e e e e )3
MEGE( “YISMIGCTLOAD VECTORT) S
MG <) S MSGLN( “DISPLACEMENT )3
FOR Is=1 T EDRDIM DD
BEGIN
NXTLNIMSGI(I)sMIG(T  “)IMIGROLOADRBIII)SMEG(” CYIMEGR(DELLITI ) S
END3 #*)

10: ENDs (% ——— PROCEDURE TANGNT ———— 3#)

(#F e ——————— PROCEDIRE ESTIFF ————m—mrm e e e e #* )
FROCEDUURE EZTIFFS {(# —-— (VAR Z:TANMAT; VAR EL:BOOLEANS
ARND, TXND, IYND:REAL; VAR PP, PR,MXP,MYFP,MXRE,. MYRE: REAL)— *)
VAR
CNT1.,CNTZ.MB,MD: INTEGERS
SLIM, ASLIM, BSUIM, 22UM, DSIUML ESUM, TXS TY, X Y. TMRIREAL S
DELZ.DELZ, B:REALS
FROCEDURE STIFFS
(#% NO OPTIMIZE. #)
BEGIN
SL1,1]:=DIVO(SUM, ARND) 3
SC1,2:=DIVO(ASLIM, ARND) $
PP:=DIVD(PP, ARND)
FR:=0IVD(FPR, ARND) 3
MXP:=DIVD(MXP, IXNI) 5
MYP:=DIVO(MYP, IYND) 3
MXRE: =DIVO(MXRE, IXND)3
MYRE:=DIVD(MYRE., IYND)3
SL1,.23:=NEG(DIVINBSLIM, ARNLD) ) 35
SL3,13:=NEG(DIVD(BSLIM, IYND) )3
SL32,21:=NEG(DIVD(CSUM, TYND)Y ) 3
SL3,3F:=DIVOCIELM, IYND) S
S22, 31:=NEG(DIVI(CSUM, IXND) )3
S02,21:=DIVD(ESUM, IXNID 3
SL2,10:=01VvI0ASLIM, IXND) 3
END3
PROCEDLURE STIFCAL (ME,NTB, IDX: INTEGERS
_ EBT,EEW.EAEB.DELZ, DELZ:REAL)S
LARBEL. 20,303

BEGIN
(% IDX=0 LZESZ RESX IDX=1 USEZ REZY *)
CNT1:=13
20s FidR Tt=1 TO NTE IO
BEGIN
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1Y

o)

Ye=FLOATI(2#*I-1)3
1=CSUB(ONE, MULTCY, DIVO(ERT, TW) ) ) 3
IF CNT1Z>=2 THEN Yi=NEG(Y)}3
TY:=MILT(Y,DELZ)S
CNTZ:=13
FOR Ji=1 Ta MB OO
BEGIN
Xe=FLOATI(2%.1-1)3
Xe=MULT (X, DIVD(ERW, TWI) ) 3
IF CNTZ2Z=2 THEN X:=NEG(X)3
IF IDX=0 THEN RE3SX{53IGR,ER,X)
ELZE RESY(SIGR.ER,X)}
TX:=MULT(DEL3, X) 3
IF IDX=0 THEN TX:=ADO(SUB(DELL11,TX).ADOD(TY.ER))
ELSE TX:=AOD(SUB(DELL13,TY),ADD(TX.ER) )3
IF CMP(ABRS¥S(TX), INE)>=0 THEN
BEGIN
IF CMP{(TX,ZERDO) LD
THEN
BEGIN
FP:=ADD(FF, NEG(EAR) ) 3
IF IDX=0 THEM
BEGIN .
MXP 2 =ADD(MXP . MULT(Y . NEG(EAR) ) ) 3
MYP: =ADODMYP, MULT (X, NEG(EAB) ) )3
ENTI :

ELSE BEGIN
MXP:=A0D(MXF, MULT (X, NEG(EAE) ) )3
MYP:=A0D(MYP,. MULT(Y,.NEG(EAE) ) )
END:

END

ELSE
BEGIN

FF:=A0D(FF,.EABR);

IF IDX=0 THEN

BEGIN

MXP:=ADDMXF,MUILT(Y,EAR) )3

MYP:=ADD(MYF,MULT (X, EAR) )}

END
ELSE BEGIN
MXP:=A00O(MXP, MULT(X,EAE) )
MYPi=QADRO(MYPF, MULT (Y. EAR)Y ) 3
ENII3
ENILis (# —— IF ELSE ~—— #)

END (% IF TXx1.0 #)
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ELZ

E

BEGIN

END3

END3

CNT2:=C
IF ONTZ2<=

ENDs (%

SLIM: =A0OD(SIIM, EAR ) 3
PR: =A00O(PR, MUILT(SIGR, EARBR) ) 3
IF IDX=0 THEN
BEGIN
ASLIM: =ATDO(ASIIM, MULT(Y, EAR) ) 3
BSUM: =ADD(BSLUM. MULT(X . EAB) ) 3
CEIMe =AD0DCSUM, MULT(MULT (X, Y) . EAR)Y ) 3
DSUMI =ADD(DSIM, MULT (ML T (X, X) . EAR) ) 3
ESUM: =ADDESUM, MULT (MULTC(Y, YY) EAR) )
MXRE: =ADD{(MXRE, MULT{(SIGR-MULT(Y,.EAR) )
MYRE:=ADO(MYRE . MULT (SIGR.MULT (X, EARB) ) )
END
ELSE BEGIN
ASIIM: =A00O(ASUM, MULT (X, EAR) ) 3
BZUM: =A0O0{RSUM, MULT(Y.EAB) )3
CSUM: =A0D(CSUM, MOLT (MULT(X, Y)Y . EARB)Y ) 3
OSUM: =A0D (DM, MULT (MULT (Y, Y) - EAB) ) 3
ESUM: =ADD(ESUM, MULT(MULT (X, X) - EAB) ) 5
MXRE: =A0DO{MXRE, MULT(SIGR, MULT(X.EAB) ))
MYRE: =ADD(MYRE-MULT(SIGR, MULT(Y.EAR)))
END3 _
(# —— ELSE —— #)
{#% ——— FOR #)
NTZ+13
2 THEN GOTO 203
- FOR 1 —=—— #)

CNT1:=CNT1+13

IF CNT1<=2
END3
BEGIN
FOR I:=1 TO EDIM
BEGIN
FOR
END;3
CHECK (EL) 3
IF NOT (EL)
BEGIN
ME:=NE DIV
MO =ND DIV
PR:=ZERM3
FP:=FR;
MXF:=FP3
MYP:=FP3

Ji=1 TO EDIM DO

(# ——m—
THEN

THEN GOTO 203

Do
SLI,Jd]l:=ZERD

CHECK YIELDIING OF CROSS~-SECTION ——— #)

23

w3

90

-
?
L]
k4



MXRE: =FP3
MYRE: =PP;

{ % note! P -VE, MX +VE, amd MY -VE
rphiY BE PO3. VALUE % phiX BE POS. VALLUE #)
EAB: =MULT(EEW,ERT)
EAD:=MLILT(EDW, ENT) s
SM:=ZERDS
ASLIM: =51LIM;
BSILM: =31 iM3
CSUMe: =51LIMs
DM =SLiMs
ESLIM: =SiMy
STIFCAL(MB,NTR,0,ERT,ERBW,.EAR.DELL2].DELLZ])
STIFCAL(MD, NTD, 1, EOW. EDT, EAD. DELL21,. DELLS]) 5
STIFFS
END
ELSE (% IF ELASTIC %)
BEGIN i
FOR I:=1 TO EDIM DO
BEGIN
FOR WJ:=1 TO EDIM DO
BEGIN
IF I<>J THEN SCI,Jd1:=ZERCO
‘ ELSE SCI,J]l:=0NES
END;s
END;
FR:=ZERUO;S
FPF:=FR3
MXP:=FP3
MYF:=FF;5
MXRE: =FP;
MYRE: =FF;
END3 (3% —~— ELSE —-=- %)
ENIs {(# —— FROZCEDURE ESTIFF —- #)

(% ————mm PROCEDURE TO CHECK YIELDING OF CROSS-SECTION ———————m

FROCEDIRE CHECKS (¥ ——(VAR EL:BOOLEAN)-— #)
VAR

X:Y, XRE, XRO:REAL
I: INTEGERS
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BEGIN

XRE:=AOD(XRTR. DIVO(T.B) )3
XRO:=ADD(XRTOL, DIVDC(T,.0) ) 3
:=ADD(XRR, YRCR) 3
X:=SUR(ONE, X) 3
Xe=DIVD(X,EBW)3
I:=IFIX(X);3
f=2dR(I-1)+13
Xe=FLOATI(I)}
F=MULT O DIVRGERW, TWOD) )3
IF CMP(DELC21, ZERD) <O THEN X:=NEG(X)3
RESX(SIGR.ER. X) 3
Ri=MULT(X,DELLZ]) 5
t=SURBR(ONE, DIVO(ERT, TW3) ) 3
IF CMP(DELLZ21,ZERD)>0 THEN Y:=NEG(Y)3
Ye=MULT(Y,DELLZ1)
X:=ADD(SUR(DELL1], X)»ADD(Y.ER) ) 3
IF CMP(ARS?S(X),0ONE) =0
THEN EL:=FALSE
ELSE
BEGIN
t=ADD(XRD, YRCO) 5
T=SUB(ONE.Y) S
Y:=DIVO(Y,EDT);
i=IFIX(Y)S
Ie=2#(1-1)+13
Y:=FLOATI(I)S
Yi=sMULTCY. DIVOCEDT, TWO) ) 5
IF CMP(DELL2],ZERD)>0 THEN Y:=NEG(Y)}3
RESY(SIGR,ER.Y) S
Ye=MIWIT(Y,DELL2])S
X:=8SURBR(ONE, DIVI(EDW, TWO) ) 3
IF CMP(DELL21,ZERO)<CO THEN X:=NEG(X)S3
Xe=MULT(X,DELLZ2])3
Y:=ADD(SUB(DELL1], X),ADDCY-ER) )3
IF CMF(ABS9S(Y),0ONE) =0
THEN EL:=FALSE
ELSE
BEGIN
:=SLUR(ONE, DIVD(ERW, TW) ) 3
IF CMP(DELL2], ZERM 0O THEN X:=NEG(X)3
Y:=SUR(ONE. DIVO(EDT, TWOD ) 3
IF CMP(DBELLZ23, ZERD) <0 THEN Y:i=NEG(Y):3
Xe=MULT(X,DELL21);
T=MULT(Y.DELEZ2T) S

C -
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X=ADD(SUR(DELDLI, XD ADDCY, SIGRT) ) 3
IF CMP(ARSPS(X)0ONE) =0
THEN EL:=FALZE
ELSE EL:=TRLES
END3 (# —— ELSE ——3#)
END3 (% —— ELSE —-—%)
IF NOT EL THEN FLGSET(S) s
ENDS (% ——— PROCEDURE ——- 3#)

(# MATRIX INVERZION SUITABLE FOR FEM #)
(B33 33 I I 2 3 3 30 3 IE T H 3E 30 303 3030 03 30 30 3 B B I S 30 3 3 3 S R R H A H R R )

PROCEDURE MATINV(VAR A TANMATS N:TANDIM) 3
(¥ MATRIX INVERSION PROCEDURE #)
(¥ METHOD -~ JOHNSON(1) METHOD #)
(# A IS5 N X N SYMMETRIC MATRIX#)

VAR :
NSWAF: INTEGER: IPV:ARRAYLTANDIM,1..21 OF INTEGER:
Lo I, TC0OL,JCOL, IROW, JROWS TANDIIMS
T.PIV,SWAP, AMAX:REAL;

BEGIN

DET: =0ONE3

FOR J:=1 T N D IPVLJ,21:=03

I:=13

REPEAT (3 UNTIL DET=0 OR I>N #)
AMAX:=ZERD3
FOR l:=1 TO N L[

BEGIN
IF IPVL.L,214>1 THEN
BEGIN
FOR Ki=1 TO N D0
BEGIN

IF IPVIK,2]<>1 THEN
IF CMP(AMAX,ABS?S (ALY, KI YO THEN
BEGIN
IRQW:=.5 (# SAVE ROW % COLUMN #)
ICOL: =K3
AMAX: =ABSYS (AT, K1)
ENDs (% IF AMAX #)
ENDs (% FOR K ¥)
ENIs (# IF IPVL.A,31 )
ENDS (% FOR J #)
(¥ IF PIVOT ELEMENT IS ER © - DET = 0 #)
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IF CMP(AMAX, TOLLZ) <=0 THEN DET:=ZERD
EL=SE
BEGIN
TRPYLICOL, , 2] =IPVLICOL, 27+1;
IFVEI,1]:=IROWS
IPVLI.2]e=IC0LS
(# INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL #)
IF IROW<Z-ICOL THEN
FOR J:=1 TO N DO
BEGIN
SWAFP:=ALIROW, J15
ACIROW, J1s=ALIZ0L, 133
ACICOL, 1] =ZWAFS
ENDS (% FOR 1 TON  #)
(% DIVIDE PIVOT ROW BY FIVOT ELEMENT #)
PIVI=QALTIOOL, TCOLTs
DET:=MILT(DET,FIV)s
ALTICOL, ICOL ) =0ONES
FOR Ki=1 TO N DO
ALICOL.K1:=DIVD(ACICOL,KI-.PIV) S
(3% REDWNCE THE NON-PIVAOT ROW BY SUBTRACTION #)
FOR Li:=1 T N DO
IF L1<<>IC0OL THEN (# AVOID DIAGONAL #)
BEGIN
t=ACL1,ICOL 3]s
ACLL, IS 1 =ZERODS
FOR kK:=1 TO N I
ACLLKI:=5UR(ALLL, K1, MILT(ACICOL K3, T))
ENDs (%  IF L1 <> ICoL #)
ITe=T+1; (% GO ON TO NEXT )
ENIIs (# ELSE IF AMAXSTOL #)
LINTIL (IZN) OR CMP(LET,ZERO)=03
(% INTERCHANGE THE COLUMNS AND MODIFY DET #)
NZWAF: =03 (# THIS IS SIGN FLAG %)
IF CMP(DET, ZERO) <20 THEN BEGIN (% DO ONLY IF DET.NE.Q.O 3#)
FOR Ji=31 TO N DD
BEGIN
Ls=N-+13
IF IPVIL,13<IPVIL,23 THEN
BEGIN
JROW:=TIPVEL, 1D
JODNL s =IPYIL, 2]
NSWAFP: =NSWAF+13 (¥ COUNT SWARS #)
FOR Ki=1 TO N il
BEGIN
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ZWAP: =ATE, JRIW];
ALK, JROWI:=ALK, JCOL 13
ALK, JCOL D =2WAFS
END; (% FOR K %)
END (% IF IFV #)
END3 (% FOR J #)

IF QDD(NSWAP) THEN SWAP: =NEG (ONE)
ELSE SWAP:=IONE;

END: (% IF DET<S:0.0 #)

DET:=MILT(DET, SWAP )

END (% MATINV PROCEDURE %)

FROCEDURE S0OLVES
VAR SIZE: INTEGERS

BEGIN (# MAIN PROGRAM #)
SIZE:=EDIM;
MATINV(X,SIZE): (% CALL MATINV PROCEDURE *)
IF CMP(DET, TOL2) <=0
THEN MEGLN("MATRIX IS SINGLULAR®)
ELSE
BEGIN
FOR Ji=1 TO SIZE DO
BEGIN
SOLNSC A =7ZEROS (% INITIALIZE )
SOLNSTJI]:=VOP(3IZE, XL[.J1,5LIMS) 3
ENDZ  (# FOR %)
END3 (# ELSE i.e. DET .NE. 0.0 %)

NI
( *======================= ____ =-—-=—.-._.==============================* )
REGIN (¥ Routine“s main body starts here #).

ITER:=03FOR I:=1 TO NPR DO FOR Ji=1 TO NPROEB D0 ITRCI.JJ:=03
LINT:=DIVD(MUILT (UINT, LENGTH) , DIVD(E, TWO) )3
VINT:: =D IVO(MULT (VINT, LENGTH) , DIVD(D, TWO) ) 3

REFPEAT { ntil failure of column ¥*)
IFR: =03 IOX1:=035 IDX2:=03
TANIDX =03

CLES:=TREADS

BAR(2);

LK =0 Ko+ TREAD~-CLESS

IF AMY(A)Y THEN GOTI 103

CLER: =TREAD:

RECVZ(NFR+1, 1, LOCATIONCFR) . 11)3 (#Recieve FE to DATAC413DATA=M coefs)
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RECVZ(NPR+1, 2, LOCATIONCLV) , 2#MDIM) 5 (#Recieve UBARs % VBARs  #)
CLE: =CLEY+TREAD-CLESS
FOrR T:=1 TO MDIM DO
IF(QDDCIY Y THEN IVII):z=MULT(DIVD(PE, MULT(RYNLO, RYNIN ), UVLTI 1)
ELSE UVEI1:=MILT(DIVD(PR, MULT(RXND,RXNIN)IWETIT)s
DATALL 1:=MULT(ZEX. DATAL11) s DATALZ2I:=MULT(CTX,.DATALZ2])
DATAL21:=MILT(CZRBY.DATAL31)s DATAL41:=MULT(CTY,.DATAL41)
REFEAT (% Until NFROB are completed %)
IPR:=IPR+1}
ITER:=ITRLLSELF, IFR];
IF(NENTRY=0) (# NENTRY=0 for start of GLOBAL PROBLEM #)
THEN FOR I:=1 TO EDOIM D0
BEGIN DELLI]:=ZERD:; LOADCIJ:2=ZERO END
ELSE FOR I:=1 TO EDIM DO
BEGIN DELLIJ:=STOREDLI+IDX1J5LOANDCI] :=STORELLCI+INDX1] ENDs
ESTIFF(3,EL, DEL . ARND, IXND, IYND, FP, PR: MXF. MYP, MXRE, MYRE)
INSEC: =NFROB* (LSELF-1)+IPR}
IF IDSEC=1 THEN BEGIN UVL1l:=ZERDO: UVLZ1:=ZERDS END3
IF IDSEC=NSEC THEN BEGIN UVIMDIMI:=ZERDOs UWVIMDIM-11:=ZERO: END3
ZBAR:=DIVD(FLOATI(IDSEC-1) . FLOATI(NSEC—-1))}
HO:=MULT(SINE(MUILT(PI, ZBAR) ), UINT)
VOI=MULT(SINE{(MULT(PI.,ZBAR) )Y, VINT);
LOADBL1):=NEG(PRE)
LOADOBLZ2]:=MULT(SUIB(ZBAR,INE) ., DATAL1]1)3
LOADBLZ ) =CSUB(ADD(LOADBLZ I UV IDX2+2 D) . MULT(ZRAR,, DATAL 21 ) ) 3
LOADBLZ1:=ADD(MULT(DIVD(FPE, MULT (RXND, RXND) ), VO) . LOADRLZ21) 3
LOADRLZ2]:=MULT(SLUB(ONE, ZBAR) . DATAL2]) 5
LOADBRCZ Y :=A0D(SUR(LOADBLZI. WL IDX2+11) - MULT( ZRBAR. DATAL41) )3
LOADBLZI: =SUB(LOADBL 2. MULT(DIVI(PE, MULT (RYND, RYND)Y ), 140 ) ) 3
TANGNT (LOAaD, LOADR, DEL . 3, CNT2, 10O, VO )
TANIDX: =03
ITRILSELF, IPRI:=ITRILSELF, IPRI+13 ITER: =ITRILZELF, IFPR];
IF I0:I=3 AND ANY(S) THEN
BEGIN NXTLN: FOR I:=1 TO EDIM DO
BEGIN FOR J:=1 TO EDIM DO MSGR(ZCI,JI)SNXTLNS END3 END3
IF I0<=4 AND ANY(S) THEN
BEGIN MEG( LOAD=")3sMSGR(FPB)IMIG(~ DET=")sMIGR(DET) s NXTLN3  ENDs
IF CMP(RET.TOLZ)C=0 0OR CNT2=15 THEN TANIDOX:=1}
FOR I:=1 TO 14 DD COEFCI]:=ZERDS
IF  TANIDX< 1 THEN
BREGIN .
COEFLEle=CUR(SLZ, 23 MALT(SL2, 13- DIVID(S01,.33,501,1230) )3
COEFC2]1 =ML T(2Z, COEFL21) 3
COEFC2) i =MULT(NEG(TWI) ,COEFL2]1) s
COEFI1O] =2 B (MULT(S02Z,1]-DIVD(S01.,22,301-11)) 5022103
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COEFLIOT:=MULT (DL, COEFL10]) 3
COEFCIL 1 =SUR (MULT(NEG(TWE) , COEFL101) , DIVDOFE, MULT CRXNL, RXNID O ) 3
COEFCL23:=MULT (CBX, 5UB (ZBAR, ONE) ) 3
COEFCL12]:=MULT(CTX, NEG(ZBAR) ) 3
COEFL141:=A00(PR. ADD(FF,.PB) )3
COEFC141:=A00(MULT (PR, DIVD(VO, MULT (RXND, RXNDD ) ),
DIVD(MULT(COEFL143,502,11),5015,11))5
COEFL141:=SUB(COEFL14], ADDIMXRE, MXP) )3
FOR I:=S T 14 DO COEFCII:=NEG(COEFLII)S (3% Consistant with tan#)
COEFCL):=SURBCSIZ, 33 MULT(S02, 11, DIVD(E0L,321.501,10)) )3
COEFCLIe=MULT(CZ, COEFL11)3
COEFLZ21:=A0D(MULT(NESG(TWD) , COEFLL1 1) DIVO(PE, MULT (RYND, RYNID ) ) 3
COEFL21:=5UB(MULT(S03,11,0IVD(S01,23,501,101)),5032,21)3
COEFLZ]e=MULT(C1, COEFL2])S '
COEFLA1:=MULT(NEG(TWD) , COEFC3]) 3
COEFLS Y =MULT (CRY., SUBC(ONE, ZBAR) ) 5
COEFLAY:=MULT(CTY, ZBAR) S
COEFC73:=MULT(DIVD(SL3,13,501,10),ADDCADON(FR, FPF)-FE)) S
COEFC71:=ADD(ADD(COEFL7 ], MYRE) » SUUB(MYP, MULT (PE,
DIVO(UO, MULT (RYND, RYNDN ) ) ) ) 3
FOR I:=1 TO EDNIM DO
BEGIN VCTRDCIDX1+I1:=DELLTI1: VCTRLEIDX1+I1:=LOADRLIIS END;
END3
CLKES: =TREADS SENDZ (NFR+1, IFR, LOCATION(COEF ) » 21) 3
CLEZ: =CLE?+TREAD-CLESS
IODX1:=IDOX1+EDIMS
IOX2:=IDX2+(EDIM-1)3
LNTIL (IFR=NFROEB) OR TANIDX=13

ClLE2:=TREAD; BAR(7)3 RECVZ(NPR+1,3,LOCATION(NEW),1)3

CLE: =CLK?+TREAD-CLESS

IF  NEW=0 THEN

FOR I:=1 TO N DO

BEGIN STOREDCIJ:=VCTROCIISSTORELCII:=VCTRLII1 END;

PINTIL  ANY(4&)3 (¥ Failure of column *)
10 NXTLNS

ENIDs (# Routine Ends Here #)

(# ———m—— MAIN PROGRAM BEGINS -————- #*)
BEGIN

FLGEN(2)sFLGEN(S) sFLGEN(7) s FLGEN(L) 3

FLIGRES(2) $FLGRES(S) sFLGRES(7)3FLGRES (&) s BAR(SYSFLAG) 3
CEROE=CVPS12{0.0)5

ONE:=CV2512(1.0)3

TWOE=CV2S12(2.0)3

FIRs =CVeS12(4.0) 3

TWLVE:=CYeE12(12.003
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SIXTNI=CVYRS1IZ2(146.0)3
PIi=CVoS12(32,141592454)
(% SET DATA AREAS *#)
DALl 4: : ADDR: =DAPTR(4) 3
NFROB:=DALL4@C1]s NONTR:=DALL4@LZ]s
NE: =DALL4RL2]s NI =0ALLARLA] S
NTR:=DALL4RLS]1s NTD:=DALL4R[61]3
NSEC:=DALLA4RL7]: NFR:=DALLA4CLZI: Il:=DALL4RL®Is (#¥*NIEC—No.of Sections
NFR —-No. of Processors used less one #)
DALLS: tADDR:=DAPTR(S) s
Be=CVoSiz(DALLSRI1])s Di=CVoSi2(DALLS@LZ])s T
RT:=CVoS12(DALLSRC41)s RI:=CVYS12(DALLSELST)
TOLZ2: =CV2S12(DALLSRIAT ) S
LENGTH: =CV?S1 2(DALLSRLT7 1)
KBX:=CV2S12(DALLSRIZ])s ERY:=CVUYS12{(DALLS@L®]1)3
ETX:=CV9S12(0ALLSRI101)Ys  KTYi=CVUPS12(DALLSE@L111)
UINT: =CVS12(DALLSCL12]1) 5 VINT:=CV?S12(DALLSRL13]) s
E:=CV9S512(DALLSRC14]) 3 SIGY:=CVI9312(0DALLSRL1S5]) 5
TOL1:=CVOS12(DALLSRL14]) s
SIGRC:=NEG(RC) S
SIGRT: =RT3 NXTLNS
"IF CMP(RT, ZERDQ)=0 THEN MSGLN{( "MEMBER WITHOUT RESIDUAL STRESSESY)
ELSE MSGLN("MEMEBER WITH REIIDUAL STRESZES )3
(#IF CMP(KBX, ZERO)=0 AND CMP(KTX,ZERI)=0 THEN
MSGLNC("NO PARTIAL RESTRAINT AGAINST X AXIZ )3
IF CMP(CRY, ZERO) =0 AND CMP(CTY, ZERD) =0 THEN
MSGLN(“ND PARTIAL RESTRAINT AGAINST Y AXIZ ); #)
START(1)3 CLK?:=0;3
PROPERTYS
DET: =0ONES
NPROB: =NSEC DIV NFPRs
NDOIM: =EDIM#NPROBS
MOIM:=(EDIM=-1)#NFROB: (% NDIM-MOIM - Variable lenaths of STORE,LIV #)
ROUTINE (NDIM, MDNIM) 3
TSTOPS
ENDULN(Z)Y SMESG(PROCESSING TIME =) sMEGL(TREAD) SNXTLNS
NXTLNSMSG( EXECUTION TIME =7)sM3GL(TREAD-CLE?) 5 NXTLN3
ENDs (# End of the main Prosram #)

=CVRSIZ(DALLS@IEZ]) s

=
.
"
?

REGIN (#$MNI JRJIECT*)
END.
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APPENDIX D
PROOF-COPY OF THE CONCURRENT PROCESSING PAPER FROM

ENGINNERING WITH COMPUTERS JOURNAL

A proof-copy of the paper mentioned in Section 3.3 is given in this

appendix.

PAGES 100 THROUGH 108 INTENTIONALLY OMITTED
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APPENDIX E

FRAME SUBSTRUCTURING

E.1 Introduction

The substructuring technique applied for the study presented in
Section 4 of this report is given in Reference 9. This appendix presents a
summary of the technique.

If a structure such as the-one shown in Figure 11 (a) is partitioned
into substructures, a restrained structure can be defined by assuming just
those joints at the boundaries of the specified substructure to be
restrained. Defining the restrained structure in this manner, the various
substructures shown 1in Figure 11 (b) become the basic components to be
used in the analysis of the structural system. The advantage of
substructuring is that the number of unknown components of joint
displacements to be evaluated at any one time in the analysis of the total
system 1is less than the number of unknowns generated by a direct
procedure, thus‘a considerable reduction in CPU time may be realized.

A substructure can be defined as an element or a group of elements
that forms a portion of a structural system. The analysis of the
substructure with its boundaries fixed can be carried out using the direct
procedure as if it were a complete systeﬁ in 1itself. Froum such an
analysis, the fixed boundary actions, which are analogous to the fixed end
actions for a beam element and the displacements of the unrestrained
joints of the substructure stiffness matrix can also be evaluated.
Obviously, the joint displacements determined from the analysis will not
be true true displacements of the unrestrained joints of the substructure

due to the fact that some of the boundaries of the substructure are
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artificially constrained in the basic model, i.e., the restrained
structure. Therefore, these displacements must be corrected to account for
the response of the substructure to the displacement of its artificially
restrained boundaries, which will be determined from the analysis of the
total structure. Once the actual displacements of all of the unrestrained
joints of the total structure have been evaluated, the final end actions

can be determined for each element of the structure.

E.2 Analysis of the Substructure

For the analysis of 'the k-th substructure, the static joint
equilibrium equations can be expressed as follows:

[sl{a} = {P} + {R} E.l
The various terms in Equation E.l are defined as follows:

[s]

stiffness matrix,

{86} = displacement vector,
{P} = joint load vector, and
{R} = boundary reaction vector.

For substructure k, Equation E.l can be partitioned relative to the
unrestrained (u) and restrained (r) boundary displacements of the

substructure,as follows:

15400 (S {Au}} {{Pu}}+{{0}} .
(AP B eitad Al nfindibel ol iningieie E.2
(s, Jits, 1 lor)  Lee Y Liry}

The true response of a substructure, as part of the total system, is
the sum of: (i) the response of the substructure, with its boundaries
restrained, to the external loads; and (ii) the response of the system to
the actual boundary displacements. The equilibrium equation for the

response of the substructure due to the displacement of the "restrained"
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nodes alone can be written as follows:

ESW]‘E (S]] feuat] _ {{ 0 }} ,
S S IR A R SR E.3)
Sru]= [Spr hﬁrd} {Rpq}

in which {a ud}, and {a rd} are, respectivly, the displacements of the
unrestrained, and restrained nodes of the substructure due to the
boundary action vector {er}, required to maintain equilibrium when the
boundries are subjected to the displacement ¢3rd}.

Equation E.2 can be expanded as follows:

A )} =
[s, @8} = {2}, )

s @&, = {P} + {R}. (E.S5)

Solving Equation E.4 gives:
-1

{a )= (s, (2} 6

substituting which into Equation E.5 leads to:
- -1 -

{R_} = [s_ S, ] "{B,} - {P} (E.7)
Similarly, expamnding Equation E.3 gives:

[s 04 4} + [5,.]1{A,} = {0}, (E.8)

A =

[Srulbﬁud} + [Srr]{ rd} {er} (E.9)

From Equation E.S8,
- -1

&3ud} - [Suu] [sur]pbrd} (E.10)
substituting which into Equation E.9 leads to:

{R_;} = [s a4} (E.11)
in which [SS] is the substructure stiffness matrix given by:

-1
(s 1 = [s .1 - 8,108, 1 "[S,.] (E.12)

E.3 Deflection of Nodes Linking Various Substructures

The static equilibrium of the nodes linking the various substructures

k=1, 2, 3,0.., n, and the real boundries can be expressed as follows:
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[s 1ia,} = {P;} + (R} (E.13)

in which the various elements of [Sa] are found as follows:

where ¢ is over k, with k =1, 2, 3,..., n. Also, {Pa} is the extermnal
applied load vector for the nodes linking the various substuctures, and
{Z}a} is the true deflection vector for the same nodes. {Ra} is the

nodal reaction vector.

Equation E.13 can be written in the following form:

[s,, 040850 4] _ [l f£ 0N
Es—ul [Szzl-l E‘;}- \{Pb}}'i{kb }} (E.15)

N

'I
L

in which { rd} has been defined in Section E.2. The terms of {Prd} are
generated using the following equation.

where again, € 1is over k, with k =1, 2, 3,..., n; and {Pb} is the
external load vector corresponding to the actual boundaries of the
structure. With { b} = {0} Equation E,15 can be expanded to give:
_ -1
-1 .
Ry } = [s,,1[5,,1 "{P 4} - {p,}. (1..18)

E.4 Deflection of Unrestrained Nodes

The true deflection of the unrestrained nodes is obtained as follows:

Bt = o b + 84D (E.19)

for all k values. Substituting Equation E.10 into Equation E.19 provides:
-1

B b = oyt = 15,17 (s 1a_gb), - (E.20)
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APPENDIX F
FORCE PROGRAM LISTING WITH SAMPLE INPUT/OUTPUT

FOR SUBSTRUCTURE ANALYSIS OF 3-STORY FRAME

The information regarding each substructure, the corresponding member
properties, and the nodal numbering related to the various members are
read from an input file named SSR.IN6. The input variables for this file

are SSN, NOM, NOD, NOF, TOR, M, N, MM, NN, L, A, X, where:

SSN = substructure number,

NOM = number of members,

NOD = total number of nodes times the degree of freedom related to
each node,

NOF = number of unrestrained nodes times the degree of freedom related
to each node,

TOR = type of member (100 for vertical, and 200 for horizantal),

M, N = identification numbers for end 1 of the member,

MM, NN = identification numbers for end 2 of the member,

L = member length,
A = member cross-—sectional area,
X =

cross—sectional moment of inertia.
The identification numbers for the substructures shown in Figure 11 are as

follows. For the upper substructure , the identification numbers M, N, or

MM, NN, are:
-1, 3 for D,
4, 6 for E,

7, 9 for C, and

10, 12 for F.
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The identification numbers for the lower substructure are:
1, 3 for B,
4, 6 for G,
7, 9 for C,
10, 12 for F,
13, 15 for A, and
16, 18 for H.

All members have been assumed to be elastic I-sections, with a Young’s

modulus of 29,000 kei, and the following properties
L = 180.0 in.,
A = 10.3 in.?,
X = 127.4 in.%,

The external nodal loads and the connectivity information about the
nodes linking the various substructures are read from an input file named
SSR.IN7. The input variables for this file are:

LV = the external load vector,

NODD

the number of boundary nodes in the substructure,
NS = node connectivity integer between various substructures (0 if
unconnected, and a non-zero integer if connected).
The output of the program is directed to a file named SSR.OPT which
stores the degrees of freedom at the global level, and the corresponding

deflections.,
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ORIGINAL PAGE IS
OF POOR QUALITY

T T A

COUEL IM(EE, 25, DF {428,

DOUEL CISION SRUCIE, 18),DUF(L

DOLEL CISION RRR(1E, 18),55(15, 1
DOUBLE CISION §83(2 , RRF3 (22
DOUBLE CISION SURR( », 5355 (=
DOUBLE CISION SSURC 18), 5L
DOUBLE SRECISION S55RR 187, SR

TTR¥AT F

Z7Tid SO LAarart ioans

coenid, file=? /fusr/ul/ravi/sssrS. ind? , cpu=i)
coen (i, file=! Jusr/ui/ravi/esrd. in??, CPL=1)
oper{Z, file='/usr/ul/ravi/ssrS.oot? , CRU=1)
CALL CFreic (TIMEL)

S53(I,J)=d.¢
1@ CONTINUE
9 CONTINUE
Zmd sarvier

\ivi=" Susr/al /ravi/ssrS. ina

frd - = i —_—ee P s e i
FMii, 4, 128,5,58ul,B5UR, 38BRU, 38RR, FILENM)

wEECT

FlLEN="/yar/ul/ravi/sserd, ing"

ChLi. FM(E,S,18,6,SSUU,SSUR,SSRU,SSRR,FILENM)%
Ird poase -

* Ixterral nodal locads are read for variouws saassruciures oy
# giffersnt Irocessors

Rarrier
arirvt#, " OK?
NCD=12

P
C

]

1]
|

o I - -7 o - - e, B Ean BN B ]
- WS LMD s I2RTaL .2 TAL ZYMTOLUT LR S WD
o AT
- SN K
oo B R . b PR
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Ty aresones oo . ORIGINAL PAGE IS
Zrescnsd oo 23 I=i, MEF OF POOR QUALITY

2]
-~

.
{0

&
{

b
-~ m@

[ 5

[ Y]

'HCDUJ

*
* ofF

;__x

~t

SLU(I,J)=88LU (B8N, 1,4
Znd oresched do
“resoned oo ZU8 I=i, ¢
DG 2@7 J=il,7F
SRR{I,J)=8BRR(85Nn, I,.0)
CONTINUE

Zrmo orescheo DO

Toveecall SOLVEL
sracones o0 7L =1
ODLE (I, BENY=DLF (D
ANTALLLSBNY =RV (DD
Znd prescned do
Forcecall MATME(SRU, DUF, RRF, F, NOF, 1)
Foarcecall SEESE(5UU, SUR, 855, NGF, 7, V)
Torcecall MATMR(SRU, 858, RRR, F,NOF, M)

Fresched oo 117 I=1, NGF
DO 118 J=i,F

5555 (85N, I, Jr=855(1,.J)
COnNT InUE

Znd oresched oo

fresched DD 81 I=i,F

DO Bz J=1,~

S8{(I, J)=8RR{I,J)~RRR{I, 5
CDN.*NU

Zrnd oresched da

crming SRR effective for every sudstructure and placing

FUuosSTructura
Harriar
READ (&, ¥) NJIDD
~RINT®*, NODD, ¥ NOGDD CH7
REQD (£, *) (NS(I), I=1,n0DD)
SRINT*, NSINDDDY, ' NG D047
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GCT3 L4
Tarriar

S8N=3

it}
&5
[ el
R "L
135 CONTINUE

arirnt*, * Jal?

Znd ocarrier

Foarcecall SOLVE(SUU, LV, DUF, NOF, &)
Forcecall MATME (5885, DUF, DUFF, NOF, F, 1)
Harrier

orint®, P OK TILL SERE?

* Balilvimg ecuaton & for subpstructure ruambéer 1

DO &9 I=7,12

DUF(T)=DDUF(I-6, 1) -DUFF{I-&)

CONTINUE

Zrd barrier

Forececall MATME (8885, DUF, DUFF, NOF, F, 2

Harrier

print*, * OK?

# Boiving eguation & for shstructure rumoer 2
D3 79 I=13,18
DUF{I)=DDUF{I—-12, 8) =DUFF(I-12)

79 CONTINUE
CELL CRvtic (TIMED
orivg*, TOK?
grivew, TIMEZ, TIMEL

(1))
w

¥ writing deflections for commorn nodes uwsing single arocessar
WRITE (2,78)

A T,

g b : =Y
Y il g Py
- ; - [P
R ’ 1) i s
;
e Y
= 3
i 7
—_
i
* - — RN Dol
P .- ey
iohd i~



*

it

£

773 1,DUF{Z}
) ¥
= ieetions of woces of gsuassructure 15 using
T (/S SX, TDEFLEDTIONS TOF NODES OF SLERSTARUSTY LIS
T {E, il
RITE (2,73
DG 1279 1=:13,18
WRITE (2,77 I4DUF(D)

ARITE (2, %)
1903 CONTINUE
Zmd Harrier

Joiw

ZND

BUBROUTINE =M (85N, nOm, NOD, NGF, SSUL, §5iA, 35%L, BE3R, 57 _Inm)
REAL L.%ll(u,u),u;;(u,a),HEl 3, 3 HKEZL(Z, 3

INTEGER TOR, 55N, 7, Z
DOUBLE ~RECISION V18, Lviiig)
LDOUBRLZ PRECISION SS8ULI(E, 18, 18), S5UR{(E, 168, 18),8m{18, 13)
DOUBLE PRECISION SBRU(Z, 18, 18), 85RR (&, 18, 18)
CHARACTZR*43 FILENM
OREN (4, FILE=FILENM, CPU=1)
Z=ETRan., @
Sub-structure stiffrmess matrix formation starts.
NOD-Total deorees of freedom iv the substructure, MOF-total rumoer of irmteric
nades, NOM=rumber of memnbers, SSN—rumber of the substructure
DO 1 I=1i,nNOD ‘

DO 12 J=i,NOD )
SMeI, JY=2. 0

12 CONTINUE

i1 CONTINUGE

Rfeads imdivigual wmember oroperties, lL—lengtn,A-area of cross—-section
X—inertia of the sectionm
Reads M, N—leftside DOF riumberinmg, Miv, NN—-right side DOF rumbering,
TOR is 12@ feor vertical members, 0@ for morz. members
OO 1438 Z=1,NCMm
READ {4, %) .M, X
HEQAD (4, ®¥) M, N, MM, NN, TOR
orinmt e, M, N, OK?
1

[RERNY
R .

]

I

li
(SRS A
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AL, Ey=KLL 2,3
RLli3, Z)=a%p*X/ o
HIZ(l, iy=KH1i{t, Li%{=~1)
CE{L, @y =Rl 2
ALEZ{ly 3 =K11¢1, 3
L1 IE,y )= LL L, &2
ALEA(E, @) =11 {2, 2y *{~-1)
Hig(Z, 3)=mii(Z, 3’
Hig{3, 1) =K12(1,3) % (-1
KiZ (3, 3)=Z*E*xX/L
DGO 19 I=1,3
DO 2@ =1, 3
AT, Jy=K12(J, I>
=i CONT INUE
b= CONTINLE
ASZE(1l, 1) =1ERTNX /L83
KEZ {1, 3) =6#E%K/L*&Z
AEEL(E, 2)=Z=%R/1L
AEE (3, 1) =0RE*RX/ L %*2
RE2(3, 3) =4%E%X /1
=45 KK =@
L=
DO =1 I=mi, NN
HKH=KK+1
DO &2 J=m, N
Ll=Li+1
SN, J)=8M(I, J)+KE1 (KK, L)
Z2 CONT INUE
Li=@
21 CONT INUE

CONT INUE

KK =&

LL=@&

DO 23 I=Nd, NN

HKHE=KK+1

DG =4 J=mm, NN

=il +1

[H(L, JrY=8M{L1, J) +H4IZ2 (K4, L)
CONT INUE

Li =@

i3
+

=3 CONT INUE
LEAAS, L

il

- DRIGINAL PAGE IS
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=y N TE PR DITALITY
=S, 44l (A L)
=8 =
=7 =
SOTD 13
Li@ Lil(i, Ly=E=*xA/L
H11{2,2)=12%E%N/_%%3
HK11(2, 3)=C*E*X/L*%Z
1143, 2)=+11 (&, 3)
K1i(3, 3)=4%E*X/1
ALE{i, iy =X11 (L, D) ®{=1)
Miz{2,2y=HK11 (3,2 %{~-1)
D2, 3y =ALL{E, 3
(2, )=K11(2,3)*{(-1)
(T, 3 =CREFA /L
29 I=1.3
3z J=1,3
KRt (I, I =K12(J3, 1)

3 CONTINUE
CONT INUE

i [
[0y

HEE (1, 1y=K1ii (1, 1)
HEE(E, 2)=K11 (2, 2)
MEE(E,3)=K184(3, &
K223, 2)=K12(3, 2)
HEE(3,3)=K11(3,3)

24l HK=D

SMT, Jy=EM(I, J)+AXQ(HK,LL)
CONT INUE

a3
So! Lo

-
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L=

DO 37 I=ev, N

A=+ L

D0 38 J=M, v

LL=LL+1

SMCT, JY=SMT, J) +KE1 (KK, LL)
38 CONT INUE

L I .

148 CONTINUE

* Syo structure gtiffress gatrix formation encs For varLaous
* suh structures.

* Matrix Tor varicous sun sructures is divided according

#* to wmumber of interior and exterior noces

S =NGD-NOF
DO i1 I=1i,NOF
DO & J=1, NOF

S5UU (88N, 1,J)=8M(I, )

CONT INUE

CONT INUE

DO 3 I=1,F

DO 4 J=1,F

SSRR{88N, I, .0 =8SM({I+NGF, J+NOF)

CONTINUE

CONT INUE

DO S I=1,NDF

DO & JI=1,F

SSUR (8GN, 1, .J)=8M(I, J+NOM

CONTINUE

CONT INUE

DO 7 I=1,F

DO &8 J=1, NOF

SSRUSEN, I, J)=8Mm(I+NOF, )

CONTINUE *

CONT INUE

RETLRN

=nND

#* Suorcutirne for inversiorm of matrix (sequetial)
SUBRCUTINE INVAR,ND
CoOuRLZ SRIDISION 4

g i T, - = 4o
DIMENSION B113. 15

[ 1]

TR

ui &

~ o

RN
B, Ny =1
——
i
R En s

s =
™
S O,
st ir

P -~ s FEEN [

A 2 i L A L b
=
£ g

o = Ca - o B o FRE -
.- L -
g Sh L= LN
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i DN, Ly = Ny
RETLIRN
=D

& Suorooatinme Tar mane K U lT 3
e e I Y =T - T
SUBROUTING MU (2, Bl Ca My

"
DOURLE TRECIBION A(1&, 13) ,B(iB).uiiS)

Do 3@ L=1,N

e A =CLIY+A(T, L) *BL )
RETURN
ZND

% Suhroutive Tor matrix mulitioiication {gecuertial’
SQERDSTINF MULTE (R “-C-Ns* M)

DOUBLE ZoISION A _a,za>.d<1a,:a>,c<za,:s>
DO 22 :=1 N

Do 3@ I=1i,M

SuM=@. @

DO 4@ =1,

SUM=SUM+A (I, L) *B L, J)

4z CONTINUE
Ct(1,.J)=8UM

a2 CONTINUE

Zp CONTINUE
RETLRN
END
SUEROUTINE MULT3 (R, B, C, M, My Ny TI)
DOURLE FRECISICN (e, 18,183, 8(2,18,183,6(18,18)
DO 2@ J=1,N
DO 3@ I=i.M
S5UM=8. @
DO 4@ l.=1,%
EUM=SUM+Q(IE,E,L)*B(IK,L,J)

4t CONT INUE

cer, J)=58uUM

@ CONTINUE -
Zp  CONTINUE
TURN
ZND

% Feoyoe subroudting Fop matriX multinlication iy maraliel

- PR =
Lesve Yz
. iLE, LED
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Sc_‘ff=S|_’f/+‘:‘ ¢ -: 6 43 *E ("'(, \:)
LS CONTINDE
{1, ) =5ur
@@ CONTINUE
et Trg orescned oo

Harrisr

e darvier
RETLIRN

END

* Forece subroutine Tor solvirg equaticor # 7
Forcesun MATME(A,B,C, M, Ny, I1) of NE igent mo
o0Uupis SREZCISION A{E, 18,18),B{18),0015)
INTEGER m, N, I1
Sravate INTEGER I,H
Frivate DOGUBLE ZRECISION Sum
Znc Declarations

Barrier
Zrnd Barrier
“resched DO 309 I=1, M
SUM=@, &
DO 188 K=1,N
SUM=8UM+0 (I, I, H) *E (L)
1 CONTINUE
C(i)=5Um
338 Ernd oreschned do
Harrier
Evra HRarrier
RETURN
ZND : )
#* Sorce suoroutive for solvirmg [RAIIXNI=I0] in paraliel

Forcesus SOLVE (A, B, X, N, IEVT) of NE idert ™S
“esnasTEst oragram for parallel PLU cecomposition Usimg Force versiorns
Ceannes@f Mlimpack! routires.
ceaees TRLs ovogram calls a (sirngle siream) routire To vread 1vm & matrix

—xese..@NC Vector, thern BBEFA is called ta factor the matrix into a 5Ly Fovem,
Ceaeseatnem SGEE5L is called to solve the system, The comoutation 1s: Timec.
Sesees.and thenm a (Single stream) routine is called o cubtaut the resulia.

INTEGER N, IDVT(18&)
Shared INTEGER INFD
DOUBLE SRECISION A(18,18), B(i8),X(18)

TTME, ITM3

o oy e e e
3 a A =
BEarrigr
SR CFrTio(ITAL)
G SATT LS
N L= NS

12 3Erane m, Tmaneix
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Ivp IR
STOAYE LER. 1y ZALL CFebas(zome
= g ont = BT IS

Farmian
DS 44 I=i,mn
44 X{Iy=RI)
CARLL CFrtic(ITma)
o oL QRINTB(Q, B, WN)
z do 23 i=i,
ZE5 :riht*,(a(i,J),J=1,ﬂ),a(i),x(i)

DELTOL = (ITME - 1Tw) smg. g
DELTRE = (ITM3 - ITwg) /o o
IF UDELTA1 L NE. @) Taen

RATE: = (E.@*N*N*N/B.Q}*i.@E~6/DELTQ1
™ WRITE (%, 4280 N3, A, DELTAL, z87Z:

]
5
i
- 13

~ TE (%, a2y np, g, DELTAL, 0.a
- WRITE (%, 4p2)

LTAz .nE. &) THEN

= (N*N)*l.@E—S/DELTQE
2 WRITE (%, &@1) DELTAZ, RoTEz
ELSE .
= WRITE (%, 4@1) DELTRE, 2.¢
o WRITE (%, agz)
INDIF
A FORMOT (1 Numher of Processes =7, (3,9 MALTrix order =, 14,/
+ ' matrix CRCompositicom: TyFlE. 4, secornds (*,FE. 3, MELODG) ¥
L@ FORMABT ¢
+ 7 Fwd/bactk Subst P FlE. 4,0 seconds (4, 75,3, AELORSGy
4z FORMAT (* No elapsed time neasured. ¥ )
Erd harrisy
RETURN &
ZND

X KR *t\'—**************************'K‘***-}%**********%*****%*'?-('*-**-*%r‘t’-%*%’--k‘-@-%'ﬁ'-:'ﬁ

¥ %
Forcesuh SGESL (A, LDR, N, IRVT, B, JOE) of NT idernt me
S‘-‘.

o GE8 . oroe Paralliel version @F LINFACK? o SEESL whicn STives
= Rx=n, HSImg (oolume criertateg) frward/backware Susst,
= | eall to 8G5IZFg MUST Jvecede trne -ail To B35,

z SEEZTL srovicaeg St T 5actorizat1¢ﬁ oFoa,

z S LLTD ATy iN

Z Ty R0 Simernsicn oFf o

= A g giversiom of o

-, SEYTY = SILVIT array

R
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Zme cEclarations

= Tirst solves _¥Y = T
co 2R 4 o= 1, -

- = IAVT{(H)
TEM = B
B(L) = B
B(K) = TiEmMm

Zrd Darrier
resched do E2 0 1 = K+1,
B(I) = B(I) + TEM % 2(i,KX)
Znd Iresconed oo
cornt 1miue

o Then salve: U*xX = v
cgo 4@ X = Ny i, =i
Harrier
B(A)Y = B(K)Y/R{4, 1)
TEM = —R {4
End parrier
Frescrned do 42 1 = 1, HK-i
B {

B(IdY = B(I) + TEM % Q¢I,KXK)
L Zrd nresched do
4 cot inue
Barrier
Zrd barrier
RETURN
END

R R 2 R S S L R T R R R R R R R R R R R E L T
Fovecesubh SGEFA(A, LDA, N, IRVT, INFD) of NP ident ME
INTEGER LDA, N, IRVT(LDR), INFOG
DOUBLE FRECISION A(LDA, LDA)

C
“rivate DOURILE FPRECISION ARSMGX .
“rivate DOURBLE PREDISION T
“rivate INTZBER 44, I, #AXI, J, «~1
Shnared INTEGER ILfl.
Shared DOUBLZ =RICISION ~IV, ALLMAX
Sharec logical ILOCHK
=g cecLlaratiorns
Pl .
= J.
L2
L e re s s SO BAOS SOW QT TME MST LM
POTIN L= 1, N=—L
IF{INT DL NZ )y BRODTED DO
. wOLTOR AR TR
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SESMAX = 2,0

s assse il ThE@ 2ivar row

“regeneg DO 1@ Io= 4K, N
T o= ABS{ ACI, KK )
LEOAARSHMAXY L LT. T THEN

MAXI = I
ARSmAx = 7T
ENDIF
1@ Zvd Preschead DO

Ceananasddata the Sharec (rnformaticrw if recessary

Critical ITL0CK
(RALLMAX .i.7T. SESWMAX) THENM
IGLL = mAXI
ALLMAX = ARSMAX
ENDIF
Erd critical

Barrier
IF (ALLmMBX EQ. 2.2) THEN
INFO = KK
IAVT (KK =HK
ELSE
ISVT (K =IALL
ENDIF
Ermg Barrier

CiveneeeaIf the matrix is singular themn pass the irnfovrmal ion
IF (INFDO .ER. HKH)Y GOTO 102@
MAXI = IALL
IF (MAXI NE. KK}  THEN v
Craresns.3wan rows 1f recessary
Fresched DO 1184 J = HK, N

TEME = A(MAXI, J)
AMAXI, J) = A<, I

. ;e -y —_ ™
Ay ."\:"5\, -2 = ol
Ll Ind Sresconec DO
ZNDIT
CrnsaaasB@lT soomcule wow PRCLUCT 1oNS

. o \
RS N L0400
Sl Yz mvme - R =
o L I S =47 A TR — b - 3 \
e - s ™
o M = R ] a -
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= - <
ot Vi - hi
{ G TEMRES (AL, D
LI CONT I
L3 v Falfgeo
ZHarriar
RLLYRX=3
g sarrierv
i CONT INLE
B lvivi|
GZ50 oot NS igens rE
. ~FVT
DOCRLE SRECISION Q(iB,iS){B(lB,iB),X(lB,lB)

“rivate intecer I,XK,L,J
Snared DCUBLE
Evid declarations
0C 3z J=1i,m
*¥First solve L*yY=R
DO 2@ #=1, N—1
Harrier
L= OVT (X))
TM=R(_, J)
BlL, =B {K,
(A, T =Tm
Ermd barrier
Sfresched go 32 IsK+l, N
EAL, JI=B(I, D +TH*A (I, )

T

=& =Zrd oresched do
=g Comt inue
* ther solve UekX=y
DO 4@ HK=N, 1, -1 .
Barrier
Bk, J7=B( (X, 1) /0 (&, %)
TH=~B (K, J)
Zng Darrier
Fresched do 42 Is=L, M1
E{I, ) =BlI,J)+Tm*a(1, )
4= Erc mresched do
4 d
=5
2@
[P VI 2 F N Lomer o vI
(L3, 25, JCE
ey e
STy L LG L BL 1By, D B LA
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SmareS BOPBLE SRICIEION TN
Irnd catbaR&Tionms
5O 3@ J=IEmas
% TIRST BSOLVEI SI*y3E
DO 20 A=ty Nt
Barrigr ~

L=IANVTEA, IDD
ThN=B(II,L,.J)
B{Il, L, J)=B(ITl, 4,0
B(II,H4,J)=TN
Zrnd barrier
“resched RO 22 I=K+1l,M
H(II, I, I0=B{l1I, I, +TN*Q{I11,I,X)
Evd Frescned oo
= CONTINUE
*#NOW SOLVE L#*X=Y
DO 4@ K=N, 1, -1
Barrier
BOII. A, J=B{1I,A, 00 /R{TI,4, ¥
TiN=—B(II1.K,J)
Enmd barrier
resched do 42 I=1,HK-1
BCIT,I,J)=B(I1,I,J)+TN*Q(IT,I,H)

[X]
(1]

42 End Frescheo co
4 CONTINUE

DO =@ I=i,N
C(I,NN=E(II,1I,.D

S@ CONT INUE

3@ CONT INUE
RETURMN
END

128



JUE O NANMIZ = ossr. in

B5 . 6

TEL B, 4.1

138 @y 1D G, 157D
Le e b, B, 200

152, 2, 1@. 3, 127. @
7.9, 1@, 12, 20
$8@.2, 12.3, 1E7.2
7.3, 1,3, 10
180.@, 1@.3, 127.D
18, 12, 4,6, 120

Lo

I, 3, 4,5,68,8, 2, 8,2, @,
18.8,5, 2

189, @, 1@. 3, 187.@

1y 3. b, &, 200

180,99, 12.3, 187. 2

1y 30743, 130

4,8, 18, 12, 120
180, @, 1@.3, 127. @
13,15,1,3, 10@
18@. @, 1@.3, 187.2
16,18, 4,5, 123

12

1,2,3,4,5,6,7,8,9, 18,11, 1&

7 L3
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HHT . 20T '

NET_ICTIONS OF NODIS CD¥mON TO SUBSTRLUCTLRES & 1T
DEZ. OF FREZDOM nITLZCTTON
i 11.72159
2 Q. RES37
3 I =
a 11, 71558
3 ~. 2EITY
& —f. DELAS
DEFLECTIONS OF NODES OF SUBSTRUCTURE 1
DEG. OF FREEDOM . DEFLECTION
7 15. BBEE3
a @. 87696
e -Q. 21028
1@ 15. 87420
11 -, Q76386
1 ~ 3. DDA )

DEFLECTIONG OF NODES DF SUBSTRUCTURE 11

DEG. OF FREEDDCM DEFLECTION
3 G, 3FELSL
L4 T s T

131



APPENDIX G

TITLES OF ABSTRACTS FOR 29TH AIAA/SDM CONFERENCE

The following abstracts are submitted for the 29th AIAA/SDM
Conference to be held in Williamsburg, Virginia, April 18-20, 1988:
l. Prasad, V., Razzaq, Z., and Storaasli, 0.0., " Two-Dimensional
Concurrent Finite Element Analysis of Rectangular Panel with Hole."

2. Bhati, R., Razzaq, Z., and Storaasli, 0.0., "Concurrent Substructure
Analysis of Plane Frames."
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