AD-755 393

SLAMCODE: FINITE ELEMENT STRESS WAVE
ANALYSIS

D. W. McCowan

Teledyne Geotech

Prepared for:
Air Force Office of Scientific Research

14 September 1972

DISTRIBUTED BY:

National Technical Information Sarvice
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151




BEST
AVAILABLE COPY



AL-72-1

contributiog te mon's 3 1 O C T ]972

waderstonding of the anvireament warid

AD755398

SLAMCODE . FINITE
ELEMENT STRESS WAVE ANALYSIS

14 y _
D.W. McCOWAN R X

SPONSDREQ BY
AOVANCED RESEARCH PROJECTS AGENCY

__ MONITORED BY
“AIR FORCE OFFICE OF SCIENTIFIC RESEARCH

«APA OROER ND. 1357

14 SEPTEMBER 1972

4¢TELEDYNE GEOTECH

ALEXANDRIA LABORATORIES
.Ir

Reproduced by

| : 0
NATIONAL TECHNICAL ' Approved for public release; (0 ﬂ
'NFUOSEMA,‘T'Ou EER"WCE distribution unlimited, #
Siinghals YA SHTS sl K :
. \~ §



B e WAl el o de AN A

Security Classification

DOCUMERT CONTROL DATA - RAD

(Security cluseification of titla, body of abetrect r.nd indzxing snnotetion muet be entered when the oversil report (e cleestiied)

1. ORIGINATIN G ACTIVITY (Corperate suthor)

Teledyne Geotech
Alexandria, Virginic

2e. REPOPY SECURITY C LASSITICATION

Unclassified

2> GmouP

3 REPOMT TITLE

SLAMCODE: FINITE ELEMENT<STRESS WAVE ANALYSIS

4. DESCRIPTYIVE NOTES (Type of report and inclurive detes)
SClentlflC vesecsssdiicerim
$. AUTHOR(S) (Leal nama, firel name, Initiel)

McCowan, D.W.

6. REPORT DATE 78. TOYAL NO. OF PAGES 7b6. NO. OF REFS
_ 14 September 1972 -
e CONTRACT OR GRANT MO. 90 ORIGINATOR'S REPORT NUMBER(S)
F44620-69-C-0082 AL-72-1
5. PROJECT NO.
AO0 1357

B 62701D e 1 'Y a:.urg;:o"}l'onr NO(S) (Any other numbers thet may he ssaigned
¢ | - AFPSR-TR-73-0120

to. AVAILABILITV/LIMIYATION NOTICES
Approved for public release; distribution unlimited.

2. SPONSORING MI Y ACTIVITY o o o

KiYForct " oY ee oY scientific Res.

1400 Wilson Boulevard Npg
Arlington, Virginia

11. SUPFLEMENTAIY NOTES

TECH, OTHER

t3 ABSTRACT

The program SLAMCODE-developed in this study and described in this Volume
~is a large Finite Element Method (FEM) code capable of dynamic analysis of
transient problems. It was adapted from the origindl SLAMCODE written by
C. J. Costantino (Costantino, 1968) by incorporating the implicit Newmark

B-integration (Newmark, 1959) and by constraining the free surface to be
stress free., The present code also differs from the original by not permitting
plastic elements. It calculates solutions for axisymmetric, plane stress or
plane strain problems, as in the original code. It is designed to run on the
IBM 360 family of computers uader @S/360. -Beifly writfen in Fortran, it can
be easily adapted to other computer 3ystems. Id“fact, it was written with
this requirement in mind by minimizing the number of system-dependent Fortran
peculiarities.

14 KEY WORDS

Finite Element
Etress Waves

b

i

Unclassified
Serurity Classification




SLAMCODE: FINITE ELEMENT STRESS WAVE ANALYSIS

ALEXANDRIA LABORATORIES REPORT NO. AL-72-1

Effective Date of Contract:

Contract Expiration Date:

Amount of Contract Dollars:

Program Code:

Contract Number:

ARPA Order No.:
Principal Investigator:

Period Covered:

Approved for public r

1 March 1969

31 March 1972

$ 590,572

1F10
F-34620-69-C-0082
1357

Carl A. Newton

1 March 1969
through
31 March 1972

elease §

distribution unlimited.



TABLE OF CONTENTS

Page No.
SLAMCODE Computer Program

[or

REFERENCES
APPENDICES
APPENDIX A
SLAMCODE SOURCE LISTING
ATPENDIX Al
(MINBND) SOURCE LISTING

APPENDIX B
$S/360 SLAMCODE LINK EDITOR CONTROL CARDS
APPENDIX C

$#S/360 FORTRAN H SLAMCODE JOB CONTROL
LANGUAGE CARDS

a. Requires two 9-track tape drives
b. Requires four 9-track tape drives



LIST OF TABLES

Table Title Table No.
Stress-Coustrained SLAMCODE Parameter

Limits 1

360 Stress-Constrained SLAMCODE Run Chart 2

Card Input Chart for 360 Stress-Constrained
SLAMCODE 3

Data Set Clart for 360 Stress-Constrained
SLAMCODE 4



FIGURE TITLE

Figure Title Page lio.

SLAMCODE overlay siructure, Brackets
indicate subroutines. 2



SLAMCODE Computer Program

The program SLAMCODE developed in this study and
described in this Volume is a large Finite Element Method
(FEM) code capable of dynamic analysis of transient problems.
It was adapted from the original SLAMCODE written by C. J.
Costantino (Costantino, 1968) by incorporating the implicit
Newmark B-integration (Newmark, 1959) and by constraining
the free surface to be stress free. The present code also
differs from the original by not permitting plastic elements.
It calculates solutions for axisymmetric, plane stress or
plane strain problems, as in the original code. It is designed
to run on the IBM 360 family of computers under f#S/360, Being
W?itten in Fortran, it can be easily adapted to other com-
pﬁter systems. In fact, it was written with this requirement in
miﬁd by minimizing the number of system-dependent Fortran
peculiarities.

The Fortran source cards are listed in Appendix A. The
Link Editor control cards are listed in Appendix B. These
control cards are appended to the object module for execution
of the program. Appendix C contains examples of Job Control
Language cards for the Fortran H computer using ecither two or
four 9-track tape drives. Tables 1-4 describe the operation of
the program and Figure 1 is a block diagram of the overlay
structure. Finally, detailed descriptions of the'input para-
‘meters and operation of the program can be gleaned by reading

the comments in the source listing. All input data is described
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where it is read in the program listing.

The bandwidths of the diagonal matrices are cortrolled
by the numbering of the nodal points. The bandwidth minimiza-
tion algorithms listed in Appendix A are those used by
Costantino, (PATH) and (MINI). A third algorithn written by
Rosen (1968) and adapted for SLAMC@DE is listed in Appendix Al,
(MINBND). The listing of the original Rosen algorithm con-
tained some typographical errors which were corrected for
(MINBND), but the comment cards which We uave not reproduced
in Appendix Al are very useful. (PATH) is much faster than
(MINBND) but its effectiveness depends upon the selection of
starting node points. (MINI) has not decreased the bandwidth
for any of our element arrays.

In general, large problems are solved by several runs of
the program, all output being saved on magretic tape or
cataloged disk files. A wide range in input/output (1/9)
flexibility is available with #S/360 and this should be exploited
to maximize program efficiency. For example, tape units should
only be used in preference to disks when the time reduction made
possible by saving intermediate results exceeds the time lost by
the tape drives.

The program in its present form is I/® bound, i.e., a large
amount of the computer time is spent spinning tapes and disks.
In a typical 360/67 run there are approximately the same number

of I/P seconds as there are CPU seconds. This performance



might be improved on larger machines where I/@ buffers and
program dimensions could be increased. The 360/67 version
runs in a 280K byte region of core memory.

The number of I/@ devices required depends on the
operating system. The 360/67 system can assign many files to
one device. A general rule of thumb for a system with 280K
bytes of available core memory is that the program requires at
least four tape drives and a hundred cylinders of disk file

space.
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