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WELCOMES TO Z882!

This Open Source version 288 for UNIX and Windows is protected by the GNU General
Public License, see next pages.

Z88 is compact and fast and was developed for PCs initially. Today, Z88& properly on
PCs withWindows starting with Windows95 t@indowslO, LINUX, UNIX and macOS
computers however. Simple to compile and to install. Handling is simple? Z&8nes with
onlinehelp and a usdriendly command processor. Successfully provsd countless
Windows, UNIX and LINUX installations worldwide. For static calculations in mechanical
engineering and building & construction industries. Absolutely transparent for the user as
input and output are handled by text files. Z8&s deliberatelppeen designed as a compact
and fast system. Thus, its use is restricted to static calculation$. &% not want to
compete with professional FEA programs for workstation or mainframes wich can do really
everything, but are hardly payable and compligdte operate. While you are still puzzling
about installation and start of some programs of this genre also in the PC class, you have
already calculated the first examples with Z88he Z88 system may operate with English
or German language depending gaur setting (ENGLISH or GERMAN) in the file
Z88.DYN. The edition 15iffers from the former editioi4 in these topics:

1 The sources are modified for Windows10 amaetOS Sierra 10.12.3.

1 The LINUX andMacOS sources come with my own vector font syst€hus, the

former used GtkGLEXt lib (always causing trouble!) is skipped.

1 Newis theBernouilli/Timoshenko beam elemezi.
Z88 for Windows comes readyp-run for 32 bitWindowsand for 64 bit Windowshowever
For LINUX and macOS you are to install some additl free softwareYou may compile
Z88 for otherUNIX versiors on your own computer
If you already have FEA experiences, you can start at once. If you are a beginner in this area, i
would recommend secondary literature. Here are a few choices:

| Zienkiewcz, O.C.; Taylor, R.L.: The Finite Element Method, Volumasa' edition,

Butterworth Heinemann and John Wiley & Sons, 2000
Bathe,K.J.: Finite Elemente Procedures. Prentice Hall, 1995
Rieg,F.; Hackenschmidt, RAlberLaukant, B.: Finite Elememnalysis for Engineers
Carl Hanser Verlag, Minchen Wien 20 ISBN 9781-56990487-9,
www.hanserpublications.com
| f youo!l | 2 pleagergiver me yaus f8edback. If you want to compile?ZR8
LINUX the GCCcompiler along withthe GTK+ andthe OpenGLlibrary Mesashould work
fine. If you want to compile Z88for macOS loadXCode, XQuartandMacPortswith gtk2,
pkgconfig, glwandlibGLU. If you want to compile Z88for Windows any kind of C or C++
compiler should work finé i've testedvisual Studio 201%rom Microsoft
And because Z88is bound to the GNU General Public License you are to present your
improvements and modifications to the public including the source icdldat's a point of
honor. Promote the idea of the free software according to-GRU Please seevww.z88.de
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And if you want to get a really powerfull, full-featured and up-to-date FEA system:
Load our Z88Aurora? at no charge which is developed by my team and me.

Professor Dring. Frank Rieg Bayreuth,April 2017
Lehrstuhl Konstruktionslehre und CAD

University of Bayreuth, Germany

frank.rieg@unibayreuth.de
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GNU GENERAL PUBLIC LICENSE

Version 2, June 1991

Copyright (C) 1989, 1991 Fregoftware Foundation, Inc.

675 Mass Ave, Cambridge, MA 02139, USA
Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not
alowed.

Preamble

The licenses for mosbftware are designed to take away your freedom to share and change it. By contrast, the
GNU General Public License is intended to guarantee your freedom to share and change free-wofivake

sure the software is free for all its users. This Gerfeudllic License applies to most of the Free Software
Foundation's software and to any other program whose authors commit to using it. (Some other Free Software
Foundation software is covered by the GNU Library General Public License instead.) You cait &pgbur
programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public Licenses are

designed to make sure that you have the freedom to distribute copies of free software (and charge for this service
if you wish), that you receive source code or can get it if you want it, that you can change the software or use

pieces of it in new free programs; and that you know you can do these things.

To protect your rights, we need to make restrictions that forbid angodeny you these rights or to ask you to
surrender the rights. These restrictions translate to certain responsibilities for you if you distribute copies of the
software, or if you modify it.

For example, if you distribute copies of such a program, venegratis or for a fee, you must give the recipients
all the rights that you have. You must make sure that they, too, receive or can get the source code. And you must
show them these terms so they know their rights.

We protect your rights with two step(1) copyright the software, and (2) offer you this license which gives you
legal permission to copy, distribute and/or modify the software.

Also, for each author's protection and ours, we want to make certain that everyone understands that there is no
warranty for this free software. If the software is modified by someone else and passed on, we want its recipients
to know that what they have is not the original, so that any problems introduced by others will not reflect on the
original authors' reputiains.

Finally, any free program is threatened constantly by software patents. We wish to avoid the danger that
redistributors of a free program will individually obtain patent licenses, in effect making the program proprietary.
To prevent this, we havaade it clear that any patent must be licensed for everyone's free use or not licensed at
all.

The precise terms and conditions for copying, distribution and modification follow.

GNU GENERAL PUBLIC LICENSE
TERMS AND CONDITIONS FOR COPYING, DISTIBUTION AND MODIFICATION

0. This License applies to any program or other work which contains a notice placed by the copyright holder
saying it may be distributed under the terms of this General Public License. The "Program”, below, refers to any
such pogram or work, and a "work based on the Program" means either the Program or any derivative work
under copyright law: that is to say, a work containing the Program or a portion of it, either verbatim or with
modifications and/or translated into anothergiaage. (Hereinafter, translation is included without limitation in

the term "modification".) Each licensee is addressed as "you".

Activities other than copying, distribution and modification are not covered by this License; they are outside its
scope. Te act of running the Program is not restricted, and the output from the Program is covered only if its
contents constitute a work based on the Program (independent of having been made by running the Program).
Whether that is true depends on what the Rrogioes.
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1. You may copy and distribute verbatim copies of the Program's source code as you receive it, in any medium,
provided that you conspicuously and appropriately publish on each copy an appropriate copyright notice and
disclaimer of warranty; keemtact all the notices that refer to this License and to the absence of any warranty;
and give any other recipients of the Program a copy of this License along with the Program.

You may charge a fee for the physical act of transferring a copy, and yoatrmgayr option offer warranty
protection in exchange for a fee.

2. You may modify your copy or copies of the Program or any portion of it, thus forming a work based on the
Program, and copy and distribute such modifications or work under the termsiohSeabove, provided that

you also meet all of these conditions:

a) You must cause the modified files to carry prominent notices stating that you changed the files and the date of
any change.

b) You must cause any work that you distribute or publish,nhahole or in part contains or is derived from the
Program or any part thereof, to be licensed as a whole at no charge to all third parties under the terms of this
License.

c¢) If the modified program normally reads commands interactively when run, ysucause it, when started

running for such interactive use in the most ordinary way, to print or display an announcement including an
appropriate copyright notice and a notice that there is no warranty (or else, saying that you provide a warranty)
and thatusers may redistribute the program under these conditions, and telling the user how to view a copy of
this License. (Exception: if the Program itself is interactive but does not normally print such an announcement,
your work based on the Program is required to print an announcement.)

These requirements apply to the modified work as a whole. If identifiable sections of that work are not derived
from the Program, and can be reasonably considered independent and separate works in themselves, then this
License, and its terms, do not apply to those sections when you distribute them as separate works. But when you
distribute the same sections as part of a whole which is a work based on the Program, the distribution of the
whole must be on the terms of thisense, whose permissions for other licensees extend to the entire whole, and
thus to each and every part regardless of who wrote it.

Thus, it is not the intent of this section to claim rights or contest your rights to work written entirely by you;
rather, the intent is to exercise the right to control the distribution of derivative or collective works based on the
Program.

In addition, mere aggregation of another work not based on the Program with the Program (or with a work based
on the Program) on aolume of a storage or distribution medium does not bring the other work under the scope
of this License.

3. You may copy and distribute the Program (or a work based on it, under Section 2) in object code or executable
form under the terms of Sections Idghabove provided that you also do one of the following:

a) Accompany it with the complete corresponding machaéaglable source code, which must be distributed
under the terms of Sections 1 and 2 above on a medium customarily used for software irdgeahang

b) Accompany it with a written offer, valid for at least three years, to give any third party, for a charge no more
than your cost of physically performing source distribution, a complete madddable copy of the
correspoding source code, to kistributed under the terms of Sections 1 and 2 above on a medium customarily
used for software interchange; or,

c) Accompany it with the information you received as to the offer to distribute corresponding source code. (This
alternative is allowed onlior noncommercial distribution and only if you received the program in object code or
executable form with such an offer, in accord with Subsection b above.)

The source code for a work means the preferred form of the work for making modifications tor ian F
exeatable work, complete source code means all the source code for all modules it contains, plus any associated
interface definition files, plus the scripts used to control compilation and installation of the executable. However,
as a special excépn, the source code distributed need not include anything that is normally distributed (in either
source or binary form) with the major components (compiler, kernel, and so on) of the operating system on which
the executable runs, unless that comporieelfiaccompanies the executable.

If distribution of executable or object code is made by offering access to copy from a designated place, then
offering equivalent access to copy the source code from the same place counts as distribution of the spurce code
even though third parties are not compelled to copy the source along with the object code.

4. You may not copy, modify, sublicense, or distribute the Program except as expressly provided under this
License. Any attempt otherwise to copy, modify, suige or distribute the Program is void, and will
automaitcally terminate your rights under this License. However, parties who have received copies, or rights,



from you under this License will not have their licenses terminated so long as such parties inefoli
compliance.

5. You are not required to accept this License, since you have not signed it. However, nothing else grants you
permission to modify or distribute the Program or its derivative works. These actions are prohibited by law if
you do no accept this License. Therefore, by modifying or distributing the Program (or any work based on the
Program), you indicate your acceptance of this License to do so, and all its terms and conditions for copying,
distributing or modifying the Program or wiks based on it.

6. Each time you redistribute the Program (or any work based on the Program), the recipient automatically
receives a license from the original licensor to copy, distribute or modify the Program subject to these terms and
conditions. Youmay not impose any further restrictions on the recipients' exercise of the rights granted herein.
You are not responsible for enforcing compliance by third parties to this License.

7. If, as a consequence of a court judgment or allegation of patengérframt or for any other reason (not
limited to patent issues), conditions are imposed on you (whether by court order, agreement or otherwise) that
contradict the conditions of this License, they do not excuse you from the conditions of this License. If yo
cannot distribute so as to satisfy simultaneously your obligations under this License and any other pertinent
obligations, then as a consequence you may not distribute the Program at all. For example, if a patent license
would not pemit royalty-free ralistribution of the Program by all those who receive copies directly or indirectly
through you, then the only way you could satisfy both it and this License would be to refrain entirely from
distribution of the Program.

If any portion of this section is hkinvalid or unenforceable under any particular circumstance, the balance of
the section is intended to apply and the section as a whole is intended to apply in other circumstances.

It is not the purpose of this section to induce you to infringe any tsaterother property right claims or to
contest validity of any such claims; this section has the sole purpose of protecting the integrity of the free
software distribution system, which is implemented by public license practices. Many people have made
generous contbutions to the wide range of software distributed through that system in reliance on consistent
application of that system; it is up to the author/donor to decide if he or she is willing to distribute software
through any other sfem and a tiensee cannot impose that choice.

This section is intended to make thoroughly clear what is believed to be a consequence of the rest of this License.

8. If the distribution and/or use of the Program is restricted in certain countries either by patbgts or
copyrighted interfaces, the original copyright holder who places the Program under this License may add an
explicit geographical distribution limitation excluding those countries, so that distribution is permitted only in or
among countries not thus éxded. In such case, this License incorporates the limitation as if written in the body
of this License.

9. The Free Software Foundation may publish revised and/or new versions of the General Public License from
time to time. Such new versions will biendar in spirit to the present version, but may differ in detail to address
new problems or concerns.

Each version is given a distinguishing version number. If the Program specifies a version number of this License
which applies to it and "any later vams", you have the option of following the terms and conditions either of

that version or of any later version published by the Free Software Foundation. If the Program does not specify a
version number of this License, you may choose any version evistaabby the Free Software Foundation.

10. If you wish to incorporate parts of the Program into other free programs whose distribution conditions are
different, write to the author to ask for permission. For software which is copyrighted by the RvemreSof
Founddtion, write to the Free Software Foundation; we sometimes make exceptions for this. Our decision will be
guided by the two goals of preserving the free status of all derivatives of our free software and of promoting the
sharing and reuse offbware generally.

NO WARRANTY

11. BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO WARRANTY FOR THE
PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE
STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIE®ROVIDE THE
PROGRAM "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND



PERFORMANCE OF THEPROGRAM IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE,
YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

12. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING WILL
ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAYODIFY AND/OR REDISTRIBUTE
THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY
GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR
INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF DAT/OR DATA
BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A
FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCH
HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

END OF TERMS ANDCONDITIONS
Appendix; How to Apply These Terms to Your New Programs

If you develop a new program, and you want it to be of the greatest possible use to the public, the best way to
achieve this is to make it free software which everyone can redistabdtehange under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the start of each source file to
most effectively convey the exclusion of warranty; and each file should have at least the "copyegatitlia

pointer to where the full notice is found.

<one line to give the program’'s name and a brief idea of what it does.>

Copyright (C) 19yy <name of author>

This program is free software; you can redistribute it and/or modify it under the term&GMith&eneral Public
License as published by the Free Software Foundation; either version 2 of the License, or (at your option) any
later version.

This program is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY without even
the inplied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU
General Public License for more details.

You should have received a copy of the GNU General Public License along with this program; if not, write to the
Free Software Foulation, Inc., 675 Mass Ave, Cambridge, MA 02139, USA.

Also add information on how to contact you by electronic and paper mail.
If the program is interactive, make it output a short notice like this when it starts in an interactive mode:

Gnomovision velign 69, Copyright (C) 19yy name of author
Gnomovision comes with ABSOLUTELY NO WARRANTY; for details type “show w'.
This is free software, and you are welcome to redistribute it under certain conditions; type “show c' for details.

The hypothetical commasd show w' and “show c¢' should show the appropriate parts of the General Public
License. Of course, the commands you use may be called something other than “show w' and “show c'; they could
even be mouselicks or menu itemswhatever suits your program.

You should also get your employer (if you work as a programmer) or your school, if any, to sign a "copyright
disclaimer" for the program, if necessary. Here is a sample; alter the names:

Yoyodyne, Inc., hereby disclaims all copyright interest in thg o
“Gnomovision' (which makes passes at compilers) written by James Hacker.

<signature of Ty Coon>, 1 April 1989
Ty Coon, President of Vice

This General Public License does not permit incorporating your program into proprietary programs. If your
program is a subroutine library, you may consider it more useful to permit linking proprietary applications with
the library. If this is what you want to do, use the GNU Library General Public License instead of this License.
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1 THE FINITE ELEMENTS PROGRAM Z88

1.1 GENERAL OVERVIEWOF FEA PROGRAM Z88
The Z88 philosopy:

+ Fast and compact: Developed for PC, no ported mainframe system

+ Flexible and transparent: Controlled by text files

+ "Small is beautiful* a modular system vs. monolithic monsters

+ nativeWindows LINUX andMacOSprograms, no emulation

+ Windows andUNIX programs use the same computamgl graphidkernels
+ Full data exchange from and to CAD systems with E¢Erface

+ mesh import frocfNASTRAN, COSMOS and ANSYS (via Z88ASY.PL)
+ onlinehelp under Windows and UNIX

+ Simplest installation: No &dlirectories, no change of system files

+ Under UNIX: Automatic control and cumulative runs possible

Always compare FE calculations with analytical rough calculations, results of
experiments, plausibility considerations and other tests without exception!

In this manual, UNIX always means UNIX and LINUX andMacOS.

Keep in mind that sign definitions of Z88 (and also other FEA programs) differ from the usual
definitions of the analytical technical mechanics from time to time .

Z88 is a complex computergaram. How Z88 deals with other programs and utilities etc. is
not predictable. | cannot give any advice and support here! You should switch off at first all
other programs and utilities. Run Z88 "purely" and then start further programisyssegp.

Z88 wses only documented operating system calls of Windows and UNIX!
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1.1.1 SUMMARY OF THE Z88 ELEMENT LIBRARY:
(You will find the exact description of the element library in chapter 4.)

Twodimensinal problems: Plane stress, plates, beams, trusses

Plane Stress Triangle Element No. 3

- Shape functions quadratic

- Quality of displacements very good

- Quality of stresses in theentreof gravity good
- Computing effort: average

- Size of element stiffness matrix: 1212

Plane Stress Isoparametric Element No7

- Quadratic Isoparametric Serendipity element

- Quality of displacements very good

- Quality of stresses in the Gauss points very good
- Quality of stresses in the corner nodes good

- Computing effort: High

- Size of element stiffness matrix: 16L6

Truss No. 9

- Linear function

- Quality of displacements exact (Hooke 's law)
- Quality of stresses exact (Hooke ' s law)

- Computing effort: Minimal

- Size of element stiffness matrix344

2
Y
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Plane Stress Isoparametric Element No. 11

- Cubic Isoparameit Serendipity element

- Quality of displacements excellent

- Quality of stresses in the Gauss points excellent
- Quiality of stresses in the corner nodes good

- Computing effort: Very high

- Size of element stiffness matrix: 2424

Beam No. 13

- Linearfunction for tensile stress, cubic function for bending stress
- Quality of displacements exact (Hooke 's law)

- Quality of stresses exact (Hooke ' s law)

- Computing effort: Low

- Size of element stiffness matrix38

Y,ue Y signs
P i
Up Up
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Plane Stress Isoparametric Elemet No. 14

- Quadratic Isoparametric Serendipity element

- Quality of displacements very good

- Quality of stresses in the Gauss points very good
- Quality of stresses in the corner nodes good

- Computing effort: medium

- Size of element stiffness matrix2 1 12

3
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| soparametric Plate Element No. 18

- Quadratic Isoparametric Serendipity element following Reisdierdlin's theory
- Quality of displacements very good

- Quality of stresses in the Gauss points good

- Quality of stresses in the corner nodeseptable

- Computing effort: medium

- Size of element stiffness matrix: 18.8

Isoparametric Plate Element No. 19

- Cubic Isoparametric Lagrange element following Reissfiedlin's theory
- Quality of displacements very good

- Quality of stressesiithe Gauss points very good

- Quality of stresses in the corner nodes good

- Computing effort: High

- Size of element stiffness matrix: 488

Isoparametric Plate Element No. 20

- Quadratic Isoparametric Serendipity element following Reiskhiedlin's theory
- Quality of displacements very good

- Quality of stresses in the Gayssints good

- Quality of stresses in the corner nodes quite good

- Computing effort: medium

- Size of element stiffness matrix: 24824
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Axisymmetric problems:

Torus No. 6

- Linear function

- Quality of displacements average

- Quality of stresses in the corner nodes inaccurate
- Computing effort: Low

- Size of element stiffness matrix3&

A Z(=Y)

= R(=X)

Torus No. 8

- Quadratic Isoparametric Serendipity element

- Quality of displacemestvery good

- Quality of stresses in the Gauss points very good
- Quality of stresses in the corner nodes good

- Computing effort: High

- Size of element stiffness matrix: 16L6

Nz (

Y)

— =R (= X) 2

Torus No. 12

- Cubic Isoparametric Serendipity element

- Quality of displ@ements excellent

- Quality of stresses in the Gauss points excellent
- Quality of stresses in the corner nodes good

- Computing effort: Very high

- Size of element stiffness matrix: 244

Nz (=)
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Torus No. 15

- Quadratic Isoparametric Serendipity element

- Quality of displacements very good

- Quality of stresses in the Gauss points very good
- Quiality of stresses in the corner nodes good

- Computing effort: High

- Size of element stiffness matrix: 1212

A

Cam No. 5

- Linear function for torsion and tenssgress, cubic function for bending stress
- Quality of displacements exact (Hooke 's law)

- Quality of stresses exact (Hooke ' s law)

- Computing effort: Low

- Size of element stiffness matrix: 1212

VAUN) Y, U2

ue

U4

Shell problems

Shell No.21

- curvilinear, isopaametric Serendipity volume shell element

- isoparametric transformation

- arbitrary curvature of element possible

- good calculation of both displacements and stresses

- Stresses in the corner nodes (good for an overview) or in the Gauss points (slllgstanti
more exact)

- Computing effort: high

- Size of element stiffness matrix: 443
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Shell No.22

- curvilinear, isoparametric Serendipity volume shell element

- isoparametric transformation

- arbitrary curvature of element possible

- good calculatiorof both displacements and stresses

- Stresses in the corner nodes (good for an overview) or in the Gauss points (substantially
more exact)

- Computing effort: average

- Size of element stiffness matrix: 3386

Shell No.23

- curvilinear, isoparametriSerendipity shell element

- Shape functions quadratic

- isoparametric transformation

- all nodes in one plane

- good calculation of both displacements and stresses

- Stresses in the corner nodes (good for an overview) or in the Gauss points (substantially
more exact)

- Computing effort: high

- Size of element stiffness matrix: 448

Shell No.24
- curvilinear, isoparametric Serendipity shell element
- Shape functions quadratic
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- isoparametric transformation

- all nodes in one plane

- good calculation of both displacements and stresses

- Stresses in the corner nodes (goadaio overview) or in the Gauss points (substantially
more exact)

- Computing effort: average

- Size of element stiffness matrix: 3386

Spadal problems:

Truss No. 4

- Linear function

- Quality of displacements exact (Hooke 's law)
- Quiality of stresss exact (Hooke ' s law)

- Computing effort: Minimal

- Size of element stiffness matrix3 65

2
Z Y

.

Beam No. 2

- Linear function for tensile stress, cubic function for bending stress
- Quality of displacements exact (Hooke 's law)

- Quality of stresses exafiooke ' s law)

- Computing effort: Low

- Size of element stiffness matrix: 1212

A Z£,U3

Y,ue

&
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/ X=Y plane

T = % Ul
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Beam No. 25

- Linear function for tensile stress, cubic function for bending stress

- Quality of displacements exact (Hooke's law)

- Quality of stresses exact (Hookedsv)

- Computing effort: Low

- Size of element stiffness matrix: 1212

- Arbitrary definition of the orientationf the cross section in 3D possible
- Control point for defining the orientation

- Theory of Bernoulli and theory ofimoshenko can be used

control point for
defining the z-axis

Y U, U

X e

Ul’/
U X, Y, z: local coordinates (right hand system)
/ X, Y, Z: global coordinates (right hand system)
U,, U,, Uz, Uy, Ug, Ug: degrees of freedom

Hexahedron No. 1

- Linear shape functions

- Quality of displacements average

- Stresses in the Gauss points useable
- Stresses in corner nodes inaccurate
- Computing effort: very high

- Size of element stiffness matrix: 244

Hexahedron No. 10

- Quadatic Isoparametric Serendipity element
- Quality of displacements very good

- Stresses in the Gauss points very good

- Stresses in corner nodes good

- Computing effort: extremely high

- Size of element stiffness matrix: 630
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Tetrahedron No. 17

- Linear shape functions

- Quiality of displacements bad

- Stresses in the Gauss points inaccurate
- Stresses in corner nodes very inaccurate
- Computing effort: medium

- Size of element stiffness matrix: 1212

Tetrahedron No. 16

- Quadratic Isoparametric Sedipity element
- Quality of displacements very good

- Stresses in the Gauss points very good

- Stresses in corner nodes good

- Computing effort: very high

- Size of element stiffness matrix: 30
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1.1.2 THE Z88 EXECUTABLES:

Overview:

Z88 always exasively works at the tasks required at the moment. Thus, Z88 is no gigantic,
monolithic program, but consists of several separate running modules according to the UNIX
philosophy "Small Is Beautiful". They are loaded into the main memory according to you
requirements, execute their tasks and release the main memory again. In this way Z88's
achieves its enormous speed and faultlessness beating many other FE programs! The Z88
modules communicate by files, cf. ChapteR@mark: UNIX = LINUX, UNIX & MacOS

Short description of the modules:
I. The Solver

The linear solver Z88R is the heart of any FEA system. It reads the general structure data
Z88I1.TXT, the boundary conditions Z88I2.TXT and the file for surface andspre loads
Z88I5.TXT along with theintegration order file Z88INT.TXT, the elements parameter file
Z88ELP.TXT and the material definitions file ZBBMAT.TXT with associated *. TXT material

data files For the @eration of the solver, the file ZBBMAN.TXT is processBdsically, the

Z88 input fles can be created by CAD converter Z88X, by-Qihverter Z88G, by mesh
generator Z88N, by editor or word processor system or by a mixed procedure, e.g. by CAD
and editor. The solver generates prepared structure data Z8800.TXT and processed boundary
conditions Z8801.TXT, calculates the element stiffness matrices, compiles the total stiffness
matrix, scales the system of equations, solves the (huge) system of equations and stores the
displacements in Z8802.TXT. TR the main task of every FEA system, ttedcalation of
displacements, is solved. Thereupon the stresses are calculatstbr@adn Z8803.TXT;
afteewards the nodal forces are calculated staledin Z8804.TXT. Furthermore, the solver
generates two files Z8805.TXT and Z8808.TXT, which are usedHfe communication with

Z88 Aurora.

Z88 featureswvio different solvers:

1 A so-calledCholesky solver without filh. It is easy to handle and very fast for small
and medium structures. However, like any direct solver Z88F reacts badly on ill
numbered ndes but you may improve the situation with the CuillitKee program
Z88H. It is your choice for small and medium structures, up to 20,000 ... 30,000
degrees of freedom.

1 A so-called sparse matrix iteration solvelt solves the system of equations by the
method of conjugate gradients featuring S@conditioning or preconditioning by
an incomplete Cholesky decomposition depending on your choice. This solver deals
with structures with more than 100,000 DOF at nearly the same speed as the solvers of
the large and expensive commercial FEA programs as our tests showed. In addition, a
minimum of storage is needed. This solver is your choice for large structures with
more than 150, 000 -stactuz®d With 6 G Onillidoh WPF areFre
problem for it if youuse a 64 bit operation system (Windows or LINUXMeaicOS
along with the 64 bit version of Z88 and about 6 GByte of menTdris very stable
and approved solver works always, thus, you may use it as your standard solver.

II. The link to CAD programs

The CAD converter Z88X converts DXF files from CAD systems into Z88 input files (mesh
generator input file Z88NI.TXT, general structure data Z88I1.TXT, boundary conditions
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Z88I2.TXT, surface and pressure loads Z88I5.TXT) or, and this is the real goodie, also
converts Z88 input files into DXF files. Yomay not only produce input data in the CAD
system and then use in Z88, but you can also complete Z88 entry files which are always
simple ASCII files, e.g. by text editor, by word processing, by EXCEL or e.gobly own

special programs and then convert the data sets back into the CAD system by CAD converters
Z88X. In the CAD system you can add more informations, then push the data again to Z88.
This flexibility is unique!

The 3D converter Z88G reads FEA inputiles following the COSMOS or the NASTRAN
format and generates the Z88 input files Z88I1.TXT, Z88I2.Tdmd Z88I5.TXT
automatically. You may produce COSMOS or NASTRAN data files by various CAD
programs. However, Z88G is properly tested WREO by Parametc Technology, USA.
Thus, you may directly useREO3D models with Z88In addition, you may convert ANSYS
PREPY7 files by my Perl converter Z88ASY .Rthich is very easy to modifyhto Z88 files.

The Cuthill -McKee program Z88H was mainly designed for useith Z88G. It allows the
re-numbering of finite elements meshes and may heavily decrease the memory needs for
meshes generated by automesher€REQ

[ll. The mesh generator for ordered meshes

The mesh generator Z88Nreads the super structure dataBXBTXT and computes the
general structure data Z88I1.TXT. In principle, the mesh generator file Z88NI.TXT has the
same construction as the file of the general structure data Z88I1.TXT. It can also be generated
by CAD converters Z88X, by editor or word pessor system or with a mixed procedure.

IV. The postprocessors

The plot program Z880 plots deflections and stressé@perating in 3D mode, you may use
wireframe or hidden line scenes or scenes with lighting.

All modules of Z88 request Memory dynamicdy:

The user can define this in the file Z88.DYN. Z88 is delivered with default values which you
may and also should change if necessary. This is possible at any time. The Z88 modules are
genuine 32 bit or 64 bit programs and request their memory bytimgesystem calls via

calloc. The header file Z88.DYN provides how much memory shall be requested. You can
request all virtual memory (virtual memory = main memory + swap area), which is provided
by the operating systeritherefore there is no limit for the size of the Z88 finite element
structures! You can also fix the language for Z88 in the file Z88.DYN: keywdb&sLISH

or GERMAN

Multitasking of Z88:

Absolute multitasking is possible under Windows and UNIX, i. e. several Z88 modules or
other genuine \Mdows programs can run parallel. Make sure that you do not overlap the
windows (put them side by side), as if the Z88 modules have once started they are not
evaluating WM_PAINT signals for speed reasons. This means, that, although the Z88
programs are pperly working, displays and window images can be destroyed if you enlarge,
reduce, move or cover Z88 windows by other programs. This does not have any influence on
the computing results and only by this trick the outstanding speed of Z88 can be gaiped. Kee
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in mind that big space structures, e.g. with 20 nodes hexahedrons, can put very heavy load on
your computer which can slow down the machine totally. Thus, let Z88 run alone and do not
start any memory eaters like the various office programs.

Hints for the start of Z88:

Windows:

All Z88 modules can be started directly via Explorer, from a group which contains the various
Z88 modules or viaStart > Run It suffices to call the Z8&ommander Z88COM for
launching all other modules.

LINUX/ UNIX:

Launch the rmadules directly from a UNIX shell, from the Z&ommander Z88COM, or, as

an extended possibility, e.g. for large night runs, from a-skelbt €h, bash, ksktc.). You

have all the unlimited liberties of the UNIX operating system. All modules except
Z88COM and Z8® can be started in text mode from consoles, but naturally also in an X
window. AsGKT+ programs the Z8&ommander Z88COM and the plot program Z880 are
to start from an Xerm. LINUX : For a convenient use of Z88, fire up yourVWindow-
manager, pen an Xterm and launch Z88COMJacOS: Start theTerminal (Finder > Go >
Utilities > Terminal) and launch Z88COMPut Z88COM andhe Terminal which started
Z88COM, sideby-side or overandunder to see both.

The Input and Output of Z88:

The input and otput files are generated either by an editor (e.g.ethtor or notepadof
Windows, UNIX tools likevi, emacs, jog word processor program (e.WinWord etc.),
spreadsheet program (elgxce) or via CAD converter Z88X directly in a CAD program,
which @an read and write DXF files (e.AutoCAD. Or import ANSYS, COSMOS or
NASTRAN data files produced bZREO into Z88 by use of the8D converter Z838G
(NASTRAN and COSMOS)r the standhlonePerl program Z88ASY.PL for ANSYS

For the user this means maximulexibility and transparency, as the input and output files of
Z88 are quite simple ASCII text files. You can fill the files by arbitrary tools or by hand, and
also by seHwritten programs, of course. Only make sure to meet the Z88 conventions for the
resgective file structure cf. Chapter 3.

You can modify output files as you like, enlarge them with your own comments, reduce them
to the essential or use them as input for other programs.

Dimensions, i. e. measurement units, are not used explicitly. Youwoak in optional
measurement systems, e.g. in the Metric or Imperial measurement system. Use inches,
Newtons, pounds, tons, millimeters, meters, yarddatever you prefer. But make sure to
keep the one chosen measurement units throughout all compsitatiothis structure.
Example: You want to work with mm and N so Young's modulus must be used iPN/mm

Note:
The Z88 input files readlways

+ Z88G.COS COSMOS data file from 3BCAD system fo3D-converter Z88G
+ Z88G.NAS NASTRAN data file from 3BCAD system fo3D-converter Z88G
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+ Z8BASY.ANS ANSYS PREP7 data file for Perl program Z88ASY.PL

+ Z88X.DXF Exchange file for CAD programs and for CAD converter Z88X
+ Z88NIL.TXT Input file for themeshgenerator Z88N

+ Z88I1.TXT Input file (general streture data) for theolverZ88R

+ Z882.TXT Input file (boundary conditions) for themlverZ88R

+ Z88I5.TXT Input file (surfaceandpressurdoadg for the solveiZ88R

+ Z88MAN.TXT Input file: parameterfor the ®lver Z88R

+ Z8BELP.TXT Input file: elementparametesfor thesolver Z88R
+ Z8BINT.TXT Input file: integrationordersfor the solver Z88R
+ Z8BMAT.TXT Input file: materialgroupsfir den Solver Z88R
+ (numbe). TXT  Input file: materialdata for the solver Z88R

The Z88output files readlways

+ Z8800.TXT Prepared structure data for documentation purposes

+ Z8801.TXT Prepared boundary conditions for documentation purposes
+ Z8802.TXT Computed displacements

+ Z8803.TXT Computed stresses

+ Z8804.TXT Computed noddbrces

These file names are expected from the Z88 modules and they must reside in the same
Directory as the Z88 modules. You cannot allocate your own names for data sets. Of course,
you may rename the Z88*.* files after all calculations have been donsasedhem in other
directories.

Making:

You may allways create thraeshgenerator file Z88NI.TXT, the general structure data file
Z88I1.TXT, the boundary conditions file Z88I12.TXdnd the file for surface and pressure
loads Z88I5.TXT by hand using an aibr the like.

Using automatic generation consider the following possibilities:

CAD systen| creates converter creates mesh creates
generator
CREO Z88G.COS |Z88G Z88I1.TXT, files
Z88G.NAS Z88I2.TXT, |not necessary still
Z88I5.TXT exist
CREO Z88ASY.ANS|Z88ASY.PL Z88I1.TXT, files
Z88I2.TXT, |not necessary still
Z88I5.TXT exist
AutoCAD |Z88X.DXF Z88X Z88NI.TXT |Z88N Z88I1.TXT
AutoCAD |Z88X.DXF Z88X Z88I1.TXT, files
Z88I12.TXT, |not necessary still
Z88I5.TXT exist

Z88 protocol files:

The Z88 modules alwaystore protocol files .LOG, e.g. ZB8.OG documents the steps or
errors of the calculation of Z88 Look at the various .LOG files in case of doubt. They also
document the current memory needNIX: If different users work in the same Z88
directory, makesure to have the proper permissions for the .LOG files, tooukssk
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Printing of Z88 files

Is not supported by the Z8ommanders. You print them by the ExploreMghdows or by
an editor or word processing prograMake a screen dump Bhifti Print and paste it
anywhere.

Use the printing routines of thRdNUX operating systeror print by using an editor likgedit
or OpenOfficeMake screen dumps l&yIMP.

On MacOS computers you may print the Z88 files bgxtEdif use the utilityscreencapture
or make a screen dump @mdi Shifti 3.
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Which Z88 finite Element types can be produced automatically

element type function COSMOS |DXF [super elemer]creates FE
NASTRAN |(Z88X)|(Z88N) (Z88N)
ANSYS
(Z88G and
Z88ASY.PL)
Hexahedron No.1 |linear No Yes Yes Hexa No.1
Hexahedron No.1( quadratic |No Yes Yes Hexa N0.10 & No.1
Tetrahedron No.1€ quadratic |Yes Yes No -
Tetrahedron No.17 linear Yes Yes No -
Plane stress No.3 |quadratic |No Yes No -
Plane stress No.7 |quadratic |Yes Yes Yes Plane stress N@.
Plane stress No.1] cubic No Yes Yes Plane stress No.7
Plane stress No.14 quadratic |Yes Yes No -
Torus No.6 linear No Yes No -
Torus No.8 quadratic |Yes Yes Yes Torus No.8
Torus No.12 cubic No Yes Yes Torus No.8
Torus No.15 quadratic |Yes Yes No -
Plate N0.18 quadratic |Yes Yes No -
Plate N0.19 cubic No Yes No -
Plate No.20 quadratic |Yes Yes Yes Plate N0.19 & No.2(
Shell No.21 quadratic |[No Yes Yes Shell No.21
Shell No.22 quadratic |No Yes No -
Shell No.23 quadratic |Yes Yes No -
Shell No.24 quadratic |Yes Yes No -
Truss No.4 exact No Yes No -
Truss No.9 exact No Yes No -
Beam No.2 exact No Yes No -
Cam No.5 exact No Yes No -
Beam No0.13 exact No Yes No -
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All Z88 files:

Name Type |Direction |Purpose change, MS- |UNIX
modify Win
Z88.DYN ASCII |Input Memory & Language header fil{ Yes,Recom|Yes |Yes
Z88G.COS ASCII |Input COSMOS to Z88 Yes, 1) Yes |Yes
Z88G.NAS ASCII |Input NASTRAN to Z88 Yes, 1) Yes |Yes
Z88ASY.ANS | ASCII |Input ANSYSPREP7o 7288 Yes, ) Yes |Yes
Z88X.DXF ASCII |In/Output | DXF from and to Z88 Yes, 1) Yes |Yes
Z88NI.TXT ASCII |Input meshgenerator input file Yes Yes |Yes
Z88I1.TXT ASCII |Input general structure data Yes Yes |Yes
Z8812.TXT ASCII |Input constraints Yes Yes |Yes
Z88I5.TXT ASCII |Input surface and pressure loads Yes Yes |Yes
Z88MAN.TXT |ASCII |Input parameters$or solver Z88R Yes Yes |Yes
Z88ELP.TXT |ASCII |Input elementparametes for Z88R Yes Yes |Yes
Z88INT.TXT |ASCII |Input integrationorders for Z88R Yes Yes |Yes
Z88MAT.TXT |ASCII |Input materialgroups for Z88R Yes Yes |Yes
(numbe). TXT |ASCII |Input materialdat for Z88R Yes Yes |Yes
Z8800.TXT |ASCII |Output processed structure data Possible Yes |Yes
Z8801.TXT |ASCII |Output processed constraints Possible Yes |Yes
Z8802.TXT |ASCII |Output |computed displacements Possible Yes |Yes
Z8803.TXT |ASCIlI |Output |computed stresses Possible Yes |Yes
Z8804.TXT |ASCIlI |Output |computed nodal forces Possible Yes |Yes
Z8805.TXT |ASCII |Output |for internal use of Z880 No 1) Yes |Yes
Z8808.TXT  |ASCII |Output |for internal use of Z880 No 1) Yes |Yes
Z880.0GL ASCII |Input Color header file Z880 MSVin | Possible |Yes |No
Z88.FCD ASCIl |Input Fonts, Colors, Dimen&JNIX for | Possible No |Yes
Z88COM and 7880
Z88COM.CFG|ASCII |Input configurationfile ZBBCOM No 2) Yes |No

(1) in principle yes, but not necessary, automatically produced
(2) only if needed

Remark: UNIX = LINUX, UNIX and MacOS
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1.2 HOW TO INSTALL Z88 FOR WINDOWS

Remark: We could of course use the standard installation routineadyto-run installation
tools for Z88, but as there are no hidden .DLL files, no .INI files are to be modified and no
subdirectories are created, we leave it alone. You will see, Z88 installs quite simply:

Windows in five steps:
Please note: These exealies will run properly under Window&a1 and 10Tip: Load the
free Classic Shelfrom http://www.classicshell.netb get areallynice Start button.

1st step:Extract the Z88zip file to C:
Assumng that youhave extractedthe file Z88V150SZIP from the Internetto C. . Then
you'll see these subdirectories:

C:/288V150S
/BIN
/WIN32 Z88 readyto-run 32 Bit Windows
/WING4 Z88 readyto-run 32 Bit Windows
JUNIX64 Z88 readyto-run 64 Bit LINUX
IMAC Z88 readyto-run 64 BitMacOS
/DOCU
this manual in GermaandEnglish
IMAKE
IMAKE_WIN_32 nmakefiles for MS Visual Studio Windows 32 Bit
IMAKE_WIN_64 nmakefiles for MS Visual Studio Windows 64 Bit
IMAKE_UNIX_64 makefiles for GCC64 Bit LINUX
IMAKE_MAC makefiles for XCODE 64 Bit MacOS
ISRC
/name_of_executable.g. Z88R
/COMMON sources needed by Windows and UNIX
JUNIX sources for UNIX only
/WIN sources for Windows only
IEXAMPLES
/name_of _sample
/PERL

some support Perl scripts, see chp. 2.7

" If you have installed the necessesary Tibmore for testing purposes. | recommend that
youol I the soungeselv &om scratchwhich is fairly easypy the Make files. If you
want agreatreadyto-run FEA system: Better install our Z88Aurora!

2nd step: Make Z88 ready to run:

Create a link on the Windows Deskt®ffindows key, right mouse button > neiw)
C:\z88V1503BIN\WIN64\Z88COM.EXE or
C:\z88V1503BIN\WIN32\Z88COM.EXE

3rd step: Enter your favourite editor in Z88

You may produce all input files either by a CAD program which can read and generate DXF
files in cooperation with the CAD converter Z88X or also write by ediecauseZ88
operates with ASCII files, however. An editor for looking at the3 Z8sults is also very
useful. So you should define iBuitable editors are under Windowslitor from Start >
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Programs > Accessories

Launch the Z88 commander, chodsée > Define Editor Assume you want to work with
Notepad: enter in textfield&Editor Name any text, e.g. MYNOTEPAD, enter in textfield
Editor Call, if nes. Paththe program nameotepad Further example: Word for Windows.
You must find out where Word for Windows is located. Go ahest@rt > Find > Files or
Folders : winword.exe Let's @asume WinWord is located in \MSOfficeWinword. Thus
you could enter in Z88COMWord4Windowsand C:\MSOfficéWinwordwinword . Make
sure when using Winword that you work and save in plain text mode!

4th step: Add an Internet Browseror PDF Viewer for Z88's OnLine help:

Integrate your favourite Internet Browser into Z88. This malkibefox, MS Internet Explorer
or Chrome Or use a PDF Viewer lik&crobat Reademote: The help file$Z88MANE.PDF
for English, ZBBMANG.PDF for Germamre stored on your hdudisk. Thus, you don't need
any internet connection when running Z88.

(1) The next step is very important: Z88 must be able to start the Browser! Either you must
put it into the PATH or enter the PATH in Z88COM or copy the whole Browser into the Z88
directory. State at first where your Internbtowser is located. Us8tart > Find > Files or
Folders The Microsoft InterneExplorer is calledexplore.exeFirefox is calledfirefox.exe

Note down the found path.

1st possibility Type in path into the PATHariable: Start > Settings > Control Panel >
System > Advanced > Environmefixample: The InterndExplorer is located in Windows:
c:\Program File$Iinternet Explorer Let usassume your previous PATH variable looks as
follows: H:\ VisualStudio6  \ Tools \ WinNT;C: \ Hugo;

Separate the items by semicoloAad now:
H:\ VisualStudio6  \ Tools \ WIinNT;C: \ Hugo; c: \ Program Files \InternetE  xplorer;

Logoff and login again.

2nd possibility Enter path in ZB8COM directlyf the path contains blaskhen put the path

into doubk quotesFor example:
"C: \ Program Files \ Mozilla Firefox \ firefox.exe"
fi C\: Program Files (X86) \ Adobe\ Reader 9.0 \Reader\Acr oRd32. exeo0

(2) Take into account that most Interri&towsers immediatelly try to contact the Internet.
Now they are to load a loc#DF file. Thus, various file prefixes depending on the used
Browser must be fixed. For Microsoft Internet Exploeerd Firefoxthe prefix isfile:Z88
path

See for examplethe entries for Adobe Acrobat Reader

Define HTML Browser
File Prefix for Acrobat: |c: 4288v1doshbin\winB4%
Acrobat Call, if nes. Path: |"C: “Program Files (%86)\adobetacrobat 8.0hacrobat\acrobat.exe’
0K Cancel ’

5th step: Launch Z88:
Z88 is ready to runYou may fire away immediatelly blaunching the Z8&ommander
Z88COM and using the OnLine help system. Proceed with example 5.1.
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# 788-Commander Z88COM V1405 (o |[E =
File Edit

Ze s Eewa g

/88 /458

Awaiting Your Commands

&/

Notes for the Z88Commander Z88COM

It starts all Z88 modules, provided that you don't want to start them-akamel (whch is
possible any time and without any restrictions), permits the immediate editing of all input and
output files and calls the onlirreelp.

Z88COM files your entries for the InterABtowser and editor in a file ZBBCOM.CFG. If this
file should be desbyed accidentally, you can edit ZBBCOM.CFG by hand:
1stline: Editor name

2nd line: Editor call

3rd line:  Browser prefix

4th line:  Browser call

Example:

Word4Windows

C:\MSOfficaWinwordWinword

File:c:\288Vv150&iocu

C:\Program FilesInternet ExploreYiexplore.exe

... And how do you remove Z88 ?

Simply delete all files in the directory containing Z88. Then delete the directory if necessary.
You should delete the links we made for Windows in chapter 1.2. That's all !

And how to compile Z88 for Windows?

If you want to add improvements to Z88 you will need to compile the package. Every
Windows C or C++ compiler should work properly. | tried tt@mpiler from Microsoft
(Visual Studio 2@5). For MS Msual Studio see the directoriesakémake win_64and
maké&make win_32or readyto-go nmakefiles. You may run them, for example, bynake-f
z88r.nmin a Visual Studio cmmandprompt.

Make sure to have the fileg88.DYN Z88COM.CFGand Z880.0GLin the same directory
were you did the compilation i.e. whereuycexecutables are located. Otherwise, you don't
need to wonder about fancy error massages. And the proper input files should exist here, too.

Use the following compiler defines to define the number of bytes for every operating system
and anyprecision
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Numbertype Win32 Win64 LINUX32 LINUX64
MacOS
Operatingsystem A FR_WIN FR_WIN FR_UNIX FR_UNIX
FR_XWIN32 FR_XWING64 FR_LINUX FR_LINUX
Pointer 4 8 4 8
FR_XINT Integer 4 4 4 4
FR_XLONG Integer 4 4 4 8
FR_XLOLO Integer 4 8 8 8
FR_XDOUB Float 8 8 8 8
FR_XQUAD Float 8 8/16" 12/16 12 /16

You may choose any precision by using the FR_ compiler defioesexampleYou want to
compile the sources fdfista 64 Bit Theinteges should hold8 Bytesmemoryeachand the
floatsshould hold8 Bytes memoryeach toa

FR_WIN FR_XWIN64 FR_XLOLO FR_XDOUB
Hint ¥ : dependingn yourcompiler you mayive furthercompilerflags

1.3 HOW TO INSTALL Z88 FOR.INUX, UNIX AND MACOS

Assuming that you have extracted the #@8V150SZIP from the Interet to your home
directory. Then you'll see these subdirectories:

~/Z88V150S
/BIN
/WIN32 Z88 readyto-run 32 Bit Windows
/WING4 Z88 readyto-run 32 Bit Windows
JUNIX64 Z88 readyto-run 64 Bit LINUX
IMAC Z88 readyto-run 64 Bit MacOS
/DOCU
this manual in GermaandEnglish
IMAKE
IMAKE_WIN_32 nmakefiles for MS Visual Studio Windows 32 Bit
IMAKE_WIN_64 nmakefiles for MS Visual Studio Windows 64 Bit
IMAKE_UNIX_ 64 makefiles for GCC 64 Bit LINUX
IMAKE_MAC makefiles for XCODE 64 Bit MacOS
ISRC
/name_of executahle.g. Z88R
/COMMON sources needed by Windows and UNIX
JUNIX sources for UNIX only
/WIN sources for Windows only
IEXAMPLES
/name_of _sample
/PERL

some support Perl scripts, sdgpc2.7
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" If you have installed the necessesary Tibsore for testing purposes. | recommend that
youol | the soungedelv &om scratchwhich is fairly easy by the Make files. If you
want a great readyo-run FEA system: Better install our Z88Aurbra

| suggest to set the file access rights to 77Ghmod 777 *

Now you maycompile Z88 at firstor MacOS, LINUX or UNIX This is fairly easy as you
will see below.

MacOS, LINUX or UNIX installation in 6 steps:

1st Step: Switch to the proper makedirectory:
1 Go to/z88V1508nake/make_unix_62r /Z88V1508nake/makemac Take care to
do this asanormal user and that you have read/write/execute permissions. This should
be true for your home directory or an underlying subdirectory. Of coursel it's al
possible asoot, too, but then paths must be adjusted. Again: Make sure that all
permissions are properly set. Ugsaaskf necessary.

2nd Step: Compile Z88 for MacOS, UNIX or LINUX:

You need: C compiler, make, X11, GTE+OpenGL Any UNIX-C or C++ ompiler should
wor k. | &Keode 8.2.F with MatOS Sierra 10.12éhd the GNU gcc compilerwith
Ubuntu 16.04 and @nSuSe 13.1

1 ForMacOS runthemakefiles, for examplanake-f z88r.mk.gcmac
Make sure that Xcode along with its conmddine tools is properly installed.
These or similar libraries must be installed on your system:

- XQuartz (www.xquartz.orgd for an X11 subsystem on MacpS
- MacPorts (www.macports.org to install GTK+ and OpenGL
- then run thgort command:

sudo port install gtk2

sudo port install pkgconfig

sudo port install glw

sudo port install libGLU

1 For LINUX: run themakefiles, for examplenake-f zZ88.mk.gcc64
These or similar libraries must be installed on your system:

- x11-devel (X11 development library)
- mesadevel (OpenGL development libraryGL and GLU
- gtk+-devel (GTK+ development libraryGTK+ 2.0

1 UNIX systems: modify the Ma#files ¢.mk.*) if necessary

1
1 The following Makefiledor LINUX are included:

for the solver other modils GTK+ modils
MacOS64-Bit | z8&.mk.gccmac z88.mk.gccmac z8&ommk.gccmac
z88hmk.gccmac z88omk.gccmac

z88nmk.gccmac

z88&.mk.gccmac
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LINUX 64-Bit | z8&.mk.gcc64 z88).mk.gcc64 z8&ommk.gcc64

z88h.mk.gcc64 z880.mk.gcc64

z88n.mk.gcc64

z88x.mk.gcc64

3rd step: Enter your favourite Internet Browser or PDF Viewer and Editor into Z88:

Y ou should havenstalled ebrowseror PDF readeon your system in order to display the Z88
online help. Use any internet browser d-gefox: Edit the header filZ88.FCD Be sure to
enter the proper browser prefix (keyword CPREFIX) matching your browser. The prisfix tel
the browser to load a speciffeDF file from your machine rather fromhé Internet. For
example Firefox file:///homefrank/Z88V150®&locu, assuming that the Z8®DF files
(Z8BMANE.PDF for English, Z8BMANG.PDF for Germamye located in the directory
/hometrank/z88V1508&locu

You may use any ASCII editor. like gedit Edit Z88.FCD if necessaryrhe Apple editor
TextEdit(Finder > Go > Application > TextEdit) is predefined in Z88.FCe shure to
operateTextEditin plain text modd TextEdit > Preferergs > Plain Text)! The Apple browser
Safarifor the online help is predefined in Z88.FCD. You may change later both the editor and
browser in the filez88.FCDto, for example emacsand Firefox (if installed). Be shure to put
commands with more than orekénasopeni a safariin *: *openTi a safari*

4th step: Adjust system variables:
Allow the Z88 programs to start in your fawde directory.Modify your file .bash_profile

1 exportPATH=$PATH.. (mind thedot after thecolon)
| f youOGERMAND or aomangldareericarINUX or MacOSthen adjust the
systemvariable LANGIn every casén .bash_profileto:

1 exportLANG=C

1 export LC_NUMERIC=C
Otherwise, the dots in the Z88 files are wrong interpreted and the plot program Z880 prints
fancy wrong colairs i typically a red backgroundWhy? Because ththousands in Great
Britain and the USA are delimited by comnaasl the decimal point is the dmit in Germany
and othelEuropean countrieghethousandsre delimited by dotand the deciml point is the
commal!
LANG=C or LANG=en: 1.000 reads 1. (correct!)
LANG=de : 1.000 reads 1000. (wrong!)
To make the variable LANG work, log off and log on again.

Sthstep: Adj ust Z886s | anguage:
Enter into the file Z88.DX either the keyword ENGLISH or GERMANENGLISH is
default, thus, you may skip this step.

6th step: Run Z88:

LINUX: Start an Xterm and lanch Z88COM.

MacOS: Start Terminal.app and launch Z88COM.

Put Z88COM and the Xermor Terminal.appwhich started88COM, sideby-side or over
andunder to see both. The-térm or Terminal.apgs used for console input/output for the
textmode programs Z&8 Z88\, Z88X, Z88G, Z88H.
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The Z88 Commander Version 140S
About | Bt || Hep 788.DYN 788.FCD
Edit the Input Files
zesNITXT || zssiLTXT  zesTXT | [ zesisTXT
Z8BMAN.TXT | Z8BMAT.TXT T | Z8BELPTXT ~ Z8BINTTXT

Pre- and Postprocessors

Z88N | 2880
CAD Converters
288G | [ Z88H
| 28811>DXF | | z88I*>DxF | | z88NI>DXF| | DXF>z8811| | DXF>z8si* | |DXF>zssNI
Modes of the Solvers
® Computation () Test Mode

The Solvers

CHOLESKY s SICCG 1 SORCG

Edit the Output Files

78800.TXT | | zssorTxT || zsso2txT || zssozixT | | zssoarxT

If you are not pleased with my choice of ast®and fonts, then edit the headés #88.FCD
Be sure to store the origindB8.FCDfile in order to have a readg-run file if something
goes wrong as Z88COM and Z8&annot run without a correZ88.FCD

... And how do you remove Z88?
Simply delete all files in the directory containid88. Then delete the directory if necessary.
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1.4 DYNAMIC MEMORY Z88
HEADER FILE Z88.DYN

All Z88 modules allocate memory dynamically. Although Z88 is delivered with default values
in Z88.DYN the user may and should modify the values for best opeitig@8. The file
Z88.DYN is there to be modified .

The language is defined also in Z88.DYNEnter into a line, best located between
DYNAMIC START and NET START, the key worNGLISH or GERMAN .

Z88.DYN starts with the key DYNAMIC START and ends with RXMIC END. There is a

section for thaneshgenerator (NET START, NET END), a common section for all modules
(COMMON START, COMMON END) and an additional section for the Cuthill McKee
program (CUTKEE START, CUTKEE END). Blank lines or comments are optiondl,the
uppercased keywords are recognized. After the keyword follows an integer value, separated by
at least one blank. The order of the keywords is optional.

A proper modification of Z88.DYN is definitely a good idea.

However, do not request unnecdy much memory since this causes speed losses,
especially when using virtual memory.

Test the memory needs for large structures. Proceed as follows depending on the solver:
[) Test run- II) modify Z88.DYN,if necessasyll) solverrun

1) Test run:

Windows: Z88R >Mode: Testmode > Solver: Cholesky | SICCG |
SORCG >Compute Run
UNIX: z88r-t -choly |-siccg |-sorcg

@ The linear Z88 Solver Z88R Open Source o[ &[]

File Mode Solver Compute

¥ ke ofo ol 8|9

= test mode + SICCG Solver

Reading Z8EMAT. TXT: Reading coordinates

>=>> Start Z8SAIL: Pass 1 <<<

Program allocated 127 MB statically

program allocated 5 MB dvnamic memory

still 133 steps, pointer IEZ = 5138605

>>> All pointers assembled <<< Writing Z8800.TXT

GS needs 5165922 elements KOI needs 265120 elements

See the necessary memory MAXGS and MAXKOI, Windows. Looks similar on UNIX systems.
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For the Cholesky solver, MAXGS and MAXKQuill do. However, the procedure for the
sparse matribsolver SICCG and SORC® quite tricky because you must defineaddition
memoryfor MAX IEZ for the assembly of the sparse matrix. There is no way tdgiegmine
the needed memory but ZB&ells yau if MAXIEZ was too small. Then, increase MR in
Z88.DYN and run Z8RB again. Thus proceed for large structures for Z88 in 3 or more steps:
1)

1: run Z8®R in test mode

2: if ZB8R completed properlproceed with step

3: if Z88R stopped because of kaof MAXIEZ increase MAXEZ in Z88.DYN and run Z8R
again. Repeat this step until ZB8ompletes properlin test mode

II) Modify Z88.DYN: read off the values for MAXGS and MAXKOI and adjust Z88.DYN, if
necessary. Now memory is proper adjusted for Z88Romputation modeOf course, the
other entries for MAXK (max. number of nodes), MAXE (max. number of elements) must fit

properly.

Attention: For safety reasons, please add always 3 to each minimum value.
) Run Z88R in computation mode. Be suretotudee s ame mode youbve uUsS
Windows: Z88R > Mode: Computation > Solver: Cholesky | SICCG |
SORCG > Compute: Run
UNIX: z88r-c -choly |-siccg |-sorcg

Make sure that your swap space is sufficient. Adjust if necessary:

Windows: Start > Settings > Control Panel > System > Performance > Virtual Memory >
Change UNIX: Depending on the various UNIX operating systems the swap partition can be
easily extended dynamically or an additional swap file must be created or the swap area must
be deletd and a new swap area created with extended size.

There are no limits for the size of the structures for Z88. The maximum size is limited only by
virtual memory of your computer and your imaginatibtdwever, for very large structures

you mayuseZ88 wih 64 Bit integers and pointers.e. the 64 Bit Z88 versions for Windows
Server or Vista 64 bit or LINUX 6Bit or MacOS to avoid overflows of internal loop
counters etc.

The 288 modules check whether the predefined memory is sufficient for the cuoielep
or if limits are reached and stop if necessatycommentless breakdown of a Z88 module
check the accompanying .LOG file. Often the value for MAXKOI was too sr@allition
UNIX: If Z88 modules refuse to start, check the permissions of the .L@&&Tie .LOG files
record the memory needs. Some more memory is needed for the program, local arrays and
stack which one can neglect for Windows or UNIX.
Thez88 32 Bit versions for Windowsleal with

1 Floating point numbers with Doubles= 8 bytes

1 Integersand pointersvith Longs = 4 bytes.
The Z88 64 Bit versions for Windows and LINUX deal with

1 Floating point numbers with Doubles= 8 bytes

1 Integers and pointers with Longs = 8 bytes.
However, onseveralUNIX machines you may compilecgmpiler switchesand compiler
directive FR_XQUAD the solver modules using

1 Floating point numbers with long Doubles = 16 byek28 bit

1 Integers with long Longs = 8 bytes64 bit
Attention: 64 Bit Integers are usefull for very large structures i.e. > 2 ~ 3 mio. off@OF
avoiding internal overflows. However, using 128 Bit flosmuch more timeconsuming

35



than 64 Bit floatsTest runs with a SUN FIRE V890 with quad precision at my institute at the
University of Bayreuth Germany,caused five to ten times more CPU tinten double
precision! Thus, | recommend using 64 bit integers and 64 bit floats on larger computers.
The generatlescription follows for Z88.DYN:
DYNAMIC start

Adjusting Language:

ENGLISH or GERMAN. If nothing is entered or the entry is wrong,
English language is used automatically.

SectionMeshGenerator:

NET START

MAXSE Maximum number of internal nodes for Rieshgeneration. Must
be clearly higher than produced FE nodes.

MAXESS Maximum number of super elements

MAXKSS Maximum numbeof super nodes

MAXAN  Maximum number of nodes which can meet a super element.
The default of 15 has proven well even for complex space
structures with Hexahedrons No.10. May be increased in case of
doubt.

NET END
Common Data:
COMMON START

MAXGS Maximum number of entries in the the total stiffness matrix.
Actual number GS is recorded by Z88F and Z88I1.

MAXKOI Maximum number of entries in the coincidence vector = number
nodes per element * number of finite elements. Example: 200
finite elements No.10 = 20 nodes per element * 200 = 4000. At
mixed structures take the element type with most nodes and multiply
by the number of elements. Required number of NKOI is recorded by
Z88R.

MAXK Maximum number of nodes in the structure.

MAXE Maximum number of elements in the structure.

MAXNFG Maximum number of degrees of freedom in the structure.

MAXMAT Maximum number of material entrigsthe structure

MAXJINT Maximum number of integration order groupghe structure

MAXP EL Maximum number of element parameter grounpthe structure

MAXPR Maximum number of surface and pressure loads

MAXRBD Maximum number of boundary conditions (used only by Z880)

MAX IEZ For thesparse matrisolverSICCG and SORC@nly. Z8&R uses a
vector with the size of MAXEZ. There is no way to
pre-determine the needed memory but R88lls you if
MAX IEZ was too small. In this case you must increase
MAXIEZ and launch Z8R again.

MAX GP Maximum number of Gauss points (used only by Z880)

COMMON END
For the CuthilMcKee program:
CUTKEE START

MAXGRA maximum degree of nodes
MAXNDL steps of the algorithm
CUTKEE END
DYNAMIC END
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2 THE 288 MODULES

2.1 THE SOLVERZ88R

2.1.1 Z88R: THE CHOLESKY SOLVER

NOTE: Always compare FEA calculatizs with analytical rough calculations, results of
experiments, plausibility considerations and other tests without exeption!

The sacalled Cholesky solvewith so-called Jennings storage easy to handle and very fast
for small and medium structures. Hewver, like any direct solver Z83in Cholesky mode
reacts badly on Hhumbered nodes but you may improve the situation with the GivtbKlee
program Z88H. Z8R in Cholesky modés your choice for small and medium structures, up to
20,000 ... 30,000 degre of freedom. Typical application: truss and beam mogkdsie

continuum elements.

B8 The linear Z88 Solver Z88R Open Source
File Mode Solver Compute

¥ [eeloolo| 8|4

E=3{oH =<7

Reading Z8SMAT.TXT:
>>> Start Z88A: Pass 1 <<<
Program allocated 65 MB statically

GS needs 14847 elements
>>> Start Z88BR: Pass 2 <<<

>>> Start Z8SCR: Pass 3 <<<

Incorporating constraints pass 2
Writing Z8801.TXT

Start of Cholesky Solver

498 x 498 = size of system of equations

Writing Z8802.TXT
>>> Start Z88DR: Pass 4 <<<

element: no. 66 type 7

>>> Start Z§SER: Pass 5 <<<
Computing & Writing Nodal Forces:
element: no. 60 type 7

Z88R= computation +  Cholesky Solver

Reading coordinates
Sformatting: no. 66 type 7

Writing Z8800.TXT
KOI needs 540 elements
compilation: no. 60 type 7

Reading BC file Z88I2.TXT
constraint no. 16 type 2
Start SCALSS

498

Computing and Writing Stresses, v.Mises Stresses

Note: The files Z88I1.TXT1Z88I2.TXTand Z885.TXT mentioned here are described more

precisely in chapter 3.
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(1) Test Mode
Windows: Z88R > Mode Test Mode> Solve: Cholesky> Compute >Run
UNIX: z88fi t i choly or via Z88COM

Input files:
See (2) Compute Mode

Output files:
Z8800.TXT processed structure data for documentation
Only the file Z88OO0.TXT (processed structure data for documentation) is producedvdtong
the memory needs for total stiffness matrix and coincidence vector plotted on the screen. Use
this mode for
1 Checking the memory needs for MAXGS and MAXKOI.
1 Checking if Z8R interprets Z88I1.TXT correctly and, as requested, puts the data in
Z8800.TXT.

(2) Compute Mode

Windows: Z88R > Mode Computation > Solver: Cholesky >Compute Run
UNIX: z88fi ci choly or via Z88COM

Input files:
1 Z88I1.TXT general structure data
1 Z88I2.TXT  boundary conditions, constraints
1 Z88I5.TXT  surface and pressure I&dif needed
1 Z8BMAT.TXT material definitionsandone or moranaterial filesin .TXT format
1 Z8BELP.TXT element parameters
1 Z8BINT.TXT integration orders
1 Z8BMAN.TXT solver parameters
)l
Output files:
1 Z8BO0.TXT processed structure data for documentation
1 Z880O1.TXT processed boundary conditions for documentation
1 Z880O2.TXT deflections
1 Z8803.TXT stresses
1 Z8804.TXT nodal forces

2.1.2 Z788R: THE SPARSE MATRIX ITERATION SOLVER

NOTE: Always compare FEA calculations with analytical rough calculationgsults of
experiments, plausibility considerations and other tests without exeption !

Z88R, when in sparse matrix modsglves the system of equations by the method of
conjugate gradients featuring SOR preconditioning or preconditioning by an incomplete
Cholesky decomposition depending on your choice. This solver needs a minimum of storage.
It is your choice for structures with more th2d,000~ 30,000 DOF.On 64 Bit machines,
structures with millions of DOF are no problem. However, its use is moreuttifhan Z88R

in Cholesky mode. It computes the deflections, stresses and nodal forces.
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(1) Test Mode
Windows: Z88R > Mode Test Mode> Solver: SICCG or SORCG Xompute >Run
UNIX: z88fitisiccg or isorcg or via Z88COM

Input files:
See (2) Compie Mode

Output files:
Z8800.TXT processed structure data for documentation
Only the file Z880OO0.TXT (processed structure data for documentation) is produced along with
the memory needs for total stiffness matrix and coincidence vector plotted on time Ssee
this mode for
1 Checking the memory needs for MAXGS and MAXKOI.
1 Checking if Z88R interprets Z88I1.TXT correctly and, as requested, puts the data in
Z8800.TXT.

An iteration solver uses only the-salled norzero element$ which results in an abkite
minimum of storage requirements. It builds the following pointers for the lower part of the
total stiffness matrix GS:

1 Pointer vetor IP points to the diagonal elements GS(i, i)
1 Pointer vetor IEZ points to the column index GS(X, j)
Example (ref. Schwar H.R: Methode der finiten Elemente) : Let the lower part of GS be:

GS(1,1)

GS(2,1)

GS(2,2)

GS(3,2)

GS(3,3)

GS(4,1)

GS(4,4)

GS(5,1)

GS(5,3)

GS(5,5)

GS(6,2)

GS(6,9

GS(6,6)

GS results in the following vector of n@ero elemats:

GS(3,3)|GS(4,1)
GS(6,4)| GS(6,6)

1Gs@,1)lGs(2,1)
1Gs(5,1)[GS(5,3)

GS(2,2)
GS(5,5)

GS(3,2)
GS(6,2)

GS(4,4)

IEZ will result in:

31 )4

113 ]5

24]s |

7 J10]13]

The pointer IEZholds MAXIEZ elemens, ref. Memory definition fileZ88.DYN. You must
allocate memory MAXEZ for the assembly of the sparse matrix. There is no way to pre
determine the needed memory but R88lls you if MAXIEZ was too small. Then, increase
MAXIEZ in Z88.DYN and run Z8R again
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a The linear Z88 Solver Z88R Open Source =x|ch =
File Mode Solver Compute

#| v|® ojo ol 8|4
= test mode + SICCG Solver
Reading Z8SMAT. TXT: Reading coordinates

>>> Start Z§SAIL: Pass I <<<

Program allocated 127 MB statically

program allocated 0 MB dvnamic memory

still 47 steps, pointer IEZ = 5492

>=> All pointers assembled <<< Writing Z8800.TXT

GS needs 6835 elements KOI needs 540 elements

Z88R tells you how mule memory for GS (= MAXGS) and for KOI (= MAXKOI) you must
allocate; adjust this in Z88.DYN. See an example of Z88.DYN:

COMMON START

MAXGS 5 200000 a adjust before running Z88R Comp mode
MAXKOI 270000 a adjust before running Z88R Comp. mode
MAXK 46000
MAXE 27000

MAXNFG 137000
MAXMAT 32
MAXPEL 32
MAXJINT 32

MAXEZ 5200000 & adjust before running Z88R Test mode
COMMON END

Thus proceed for large structures for Z88 in 3 or more steps:

1: run Z8R in Test mode

2: if Z88R completed properly, read off the values for MAXGS and MAXKOI and adjust
Z88.DYN, if necessary.Now the memory is propdy adjusted forrunning Z88R in
Computation mode

3: if Z88R in Test modetopped because of lack of MAEZ increase MAXEZ in Z88.DYN

and run Z8® in Test mod@&gain. Repeat this step until ZB8ompletes properly.

(2) Compute Mode

Windows: Z88R > Mode Compuéation > Solver: SICCG or SORCG €ompute Run
UNIX: z88fi c 1 siccg ori sorcg or via Z88COM

Input files:
1 Z88I1.TXT general structure data
1 Z88I2.TXT boundary conditions, constraints
1 Z88I5.TXT  surface and pressure loads), if needed
1 Z8BMAT.TXT material definitions@andone or morematerial filesin .TXT format
1 Z88ELP.TXT element parameters
1 Z88INT.TXT integration orders
1 Z8BMAN.TXT solver parameters
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Output files:

1 Z8800.TXT
Z8801.TXT
Z8802.TXT
Z8803.TXT

1
1
1
1 Z8804.TXT

processed structure data for documentation
processed boundary conditions for documentation
deflections

stresses

nodal forces

The Sparse Matrixlteration Solver Z88R in Computation modeomputes the element
stiffness matrices, compiles the total stiffness matrix, incorporates the boundary conditions,

scales the system
gradient algorithm.

of equations and solves the (huge) system of equationsdnjubate
Preconditioning is done for better convergence. Choose younitéavo

pre-conditioner: Either &ORstep or a sa@alled incomplete Cholesky decompositi@hiftet
incomplete Cholesky decomposition SlDefault isSIC precondtioning because the main

parameter, the scal

led #ift factor a is easy to handlélhe SORpreconditioning needs only

~ 2/3 of the memory of SIC but the SOR parameteannot be determinesdpriori.

#l[w e ofc of

E The linear Z88 Solver Z88R Open Source [} =[] [

File Mode Solver Compute

=)0

Writing Z8801.TXT

52 Iteration

Writing Z8802.TXT

element: no. 66 type 7

element: no. 606 type 7

Z88R= computation + SICCG Solver

Reading Z8SMAT. TXT: Reading coordinates
>=> Start Z88AIL: Pass 1 <<<

Program allocated 127 MB statically

program allocated 0 MB dynamic memory

still 47 steps, pointer IEZ = 5492

=>> All pointers assembled <<< Writing Z8800.TXT
GS needs 6835 elements KOI needs 540 elements
>>> Start Z88BR: Pass 2 <<< compilation: no. 60 type 7

>=> Start Z8ECR: Pass 3 <<<
Incorporating constraints pass 2

>=> Start of Solver SICCG <<=< inc. Cholesky deco. no.6
498 x 498 = size of system of equations

Limit Eps reached, sounds good!

=== Start Z8SDR: Pass 4 <<<
Computing and Writing Stresses, v.Mises Stresses

>>> Start Z§SER: Pass 5 <<<
Computing & Writing Nodal Forces:

Reading BC file Z8812.TXT

Start SCALSS

In addition you must suppi entries in thesolver parametefile ZBBMAN . TXT:

SOLVER START

MAXIT 10000
EPS le - 007
RALPHA 0.0001
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ROMEGA
SOLVER END

1.1

1 termination criterion: maximum count of iterations(for example 10000) reached

1 termination criterionresidual vector < limiEpsilon(for example 1€7)

1 parameter for th8IC convergence acceleratiobhift factorAlpha(from 0 to 1, good
values may vary from 0.0001 to 0.1). For further information consult the literature)

1 parameter for the SOR convergemceeleration. Relaxation fact@mega(from 0 to 2,
good values may vary from 0.8 to 1.2).

Note: The files Z88I1.TXT, Z88IZ88I5.TXT, Z88MAN.TXT, Z88MAT.TXT, Z88INT.TXT
and Z8BELP.TX&re described more precisely in chapter 3.

2.1.3 WHICH SOLVER SHOULD | USE?

Roughly spoken:Use the simpleand reliable Cholesky solver Z88 icholy for small
structuresThe sparse matrix iteration solvEB88R i siccg orisorcgworks alwayseven for
very large structures.

Solver Type Number of DOF Memory Notes
needs
Z88R S Cholesky Solver _ mediumto running Z88H
t/c - without Eilkin up to ~ 30.000 hiah firstis
choly 9 recommended
Z88R $ Conjugated no limits (tested an a very stable and
t/c gradients solver | with more than 12 absolute reliable solver
-siccg or with pre- Mio. DOF on a sty for very large
-sorcg conditioning normal PC) structures

2.1.4 SOME NOTES ON STRESSES CALCULATION
The results are presented in the file Z8803.TXT. The stress calculation is controlled via the
file ZBBMAN.TXT, see chapter 3. It definemnong other things:
1 Calculation of the stresses at the Gauss points or at the corner nodes
71 Additional calculation of radial and tangential stresses for elements No. 3, 7, 8, 11, 12,
14 and 15.
{1 Calculation of von Mises stresses for continuum elements N&.6l 7, 10, 11, 12,
14,15 ~ 24.

2.1.5 SOME NOTES IN NODAL FORCES CALCULATION

The results are presented in Z8804.TXT. The nodal forces are calculated separately for each
element. If several elements meet a node, one gets the complete nodal foriserfodéhby

adding the nodal forces of all accessing elements. These results are prestr@eddwn in

the nodal force file Z8804.TXT.
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2.2 THE MESH GENERATOR Z88N

The mesh generator Z88N can produadirBensional and-8imensional meshes. Z88N reads
the mesh generator input file Z88NI.TXT and writes the general structure data file
Z88I1.TXT.

For the description of Z88NI.TXT see chapter 3.

A mesh generation is sensible and permitted only for continuum elements:

Super structure Finite element structure
Plane stress element No.7q Plane stress element No
Torus No.8 Torus No.8

Plane stress element No.J Plane stress element No
Torus No.12 Torus No.8

Hexahedron No.10 Hexahedron No.10
Hexahedron No.10 Hexahedron No.1
Hexahedron No.1 Hexahedron Nd.

Plate No.20 Plate No.20

Plate No.20 Plate No.19

Shell No.21 Shell No.21

Mixed structures e.g. containing Plane Stress Elements No.7 and Trusses No.9, cannot be
processed.

In such a case let the mesh generator process a super structure cont®nilgnenStress
Elements No.7 without any Trusses No0.9. Run Z88N. Then convert with the CAD converter
Z88X the file Z88I1.TXT generated by the mesh generator Z88N to the DXF file Z88X.DXF.
Start your CAD programm, import Z88X.DXF and insert the trusseasjdition you can also
define the constraints on the fly. Export the drawing to Z88X.DXF, run Z88X again and
generate Z88I1.TXT (general structure data) and optionally Z88I12.TXT (boundary
conditions).

Mode of operation of the mesh generator:

The generatio of FE meshes proceeds as follows: The continuum is described by super
elements (short SE), which practically corresponds to a quite rough FE structure. Super
elements can be: Hexahedrons No.10, Plane Stress Element No.7 and Plane Stress Element
No.11 aswell as Toruses No0.8 and Toruses No.12 and Plates No.20.

The super structure then will be subdivided. This is done super element wise, starting with SE
1, SE 2 up to the last SE. SE 1 produces the finite elements (short FE) 1 to j, SE 2 the FE j+1
to k, & 3 the FE k+1 to m and so on. Within the SE the direction of the local coordinates
determines the nodal numbers and the element numbers of the FE structure. Definition:

9 Local x axis runs in direction of local nodes 1 and 2

1 Local y axis runs in directionf¢ocal nodes 1 and 4

9 Local z axis runs in direction of local nodes 1 and 5

Super structures in space are subdivided first in z, then in y and for the end in x direction i. e.
the FE element numbers start along the z direction. To plane and axially sigvstnettures
applies analogously: The numbering starts along the y axis or for axially symmetric elements
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along the z axis (cylinder coordinates!).

Along the localaxescan be subdivided as follows:
1 Equidistant
1 Increasing geometrically from node 1 to®5: Mesh becomes rougher
1 Decreasing geometrically from node 1 to 4 or 5: Mesh becomes finer

It is obvious, that for lines or areas, which two super elements share, the super elements must
be subdivided exactly the same! The mesh generator doesn't thieeeind then generates
useless or totally mad FE meshiggample:

@

Wrong: Subdivision Correct: Subdivision
local y dif ferent | local y identical

Because the localxesx, y and z are defined by the location of the local nodes 1, 4 and 5, it is
possible to generate almost arbitrary numberings for nodes and elements of the G struct
by corresponding construction of the coincidence list in the mesh generator input file
Z88NI.TXT.

Example for the generation of a FE structure with 8 FE Plane Stress Elements No.7 from a
super structure with 2 Plane Stress Elements No.7 (looks theevgémToruses No.8):

10 12 25 27 31 33 37

& w0

24 FEE 0° FES ¢ 3P

22 - 128 34

4 7 3 ﬁ: 5 8 13 16 21

8 SE1 6

FE1 FE3
1 5 2 1 6 9 14 17

Coincidence of 1st superelement: 1-2-3-4-5-6-7-8
Coincidence of 2nd superelement: 4-3-9-10-7-11-12-13
Specials:

The mesh generator checks which nodes are already known at the production of new FE
nodes. It needs for this check a trap radius (a computer cannot meet a floating point number
exactly). This trap radius is provided fot 8laxesper default 0.01. Modify the trap radiuses
when processing very small or very large numerical values.

In addition the mesh generator determines for each super element, which other super elements
meet this super element. For Plane Stress Elendm{s and No.11 or Toruses No.8 and
No.12 this can be at the most 8 other SE. This maximum number MAXAN is provided in
Z88.DYN per default 15. Theoretically, Hexahedrons No.10 can meet 26 other elements (6
areas, 8 corners, 12 edges). Practice has prtvatdeven complicated space structures with
MAXAN = 15 worked fine. If in doubt increase MAXAN in Z88.DYN.
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Attention mesh generator Z88N:The generator can generate input fiéasilywhich blast
all limits of the FEsolver Generate therefore at firstugher FE structures, check thesults
then refine if necessary. A good starting point: Produce apprex1® times more finite

elements than super elements.

Note mesh generator Z88Nif the coordinate flag KFLAGSS is set in the mesh gatoer

input files Z88NLTXT, i.e. input values are polar or cylindrical coordinates, then the mesh
generator output files Z88I1.TXT normally have Cartesian coordinates and KFLAG is set to 0.

If you set thecoordinate flag output KFLAG to 1, however, then the coordirategolar or

cylindrical in the output file Z88I1.TXT and KFLAG is setto 1 in Z88I1.TXT.

2.3 THE OPENGL PLOT PROGRAM Z88®

You may illuminate a structure with three different light sources or plot with hidden lines,
both the undeflected and the defettstructure. You may plot stresses and X, Y and Z
deflections with a color range. You may plot a limited range of nodal or element nunabers
nice feature especially for large structures. A printer or plotter feature is not included into

Z880 - and why- just do a screen shably ShiftPrint into the clipboardand proceed with
program. Pai nt

Wi

ndows 0

or

Cor el

Pai nt

Z880 uses OpenGL so your computer must be able to deal with OpenGL graphics. This is

true for all newer Windows machines and a quite chegphgra card will do well. Anyway,
i d e-asontetonescyoumtay tarh on OperGL S y st

it 6s

al ways

a

good

hardware acceleratio®n LINUX systems you should install the genuine NVIDIA graphics

driver fromwww.nvidia.comi f

heavily in contrast to the standard LIXUX graphics driver.

youdve got

a

TNHé kpedd Avill igareasp h'i ¢ s

Of course, you may define your choice of colors, the light features, material properties, the
polygon offset in he parameter files Z880.0GL (for Windows) and Z88.FCD (for
LINUX/UNIX andMacO9§. Be careful with changes in Z880.0GL (Windows) or Z88.FCD
(UNIX/LINUX andMacOS9: You should have some proper knowledge about OpenGL if you
want to change light effects etcth@rwise you may pull a long face because nothing will
work as you wish. Some hints are included into Z880.0GL and Z88.FCD, however, i cannot

gi ve
Gui den

her e

an
and

ntroducti on

nto OpenGL.

A Oxp eMaGLu aRleff efifestee Addi s on

Cons

Start of Rendering: When Z880 was launched the OpenGL subsystem is started and

prepared

t o

go.

Y o uwverly first Ruhpugshhutton.e nder i ng

wi t h

Needed Files: Super undeflected FE Struktures deflected FE Struktures
Struktures

Z88NI.TXT yes no no

Z88I1.TXT no yes yes

Z88I12.TXT no yes for displaying the boundary yes for displaying the boundary
conditions conditions

Z88I15.TXT no yes for displaying the surface and yes for displaying the surface and
pressure loads pressure loads

Z8802.TXT no no yes

Z8805.TXT no yes for displaying the stresses in the no
Gauss points

Z8808.TXT no yes for displaying the stresses in the yes for displaying the stresses in the

corner nodes or the average element
stresses

corner nodes or the average element
stresses

Z88 deals with these files
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Rendering with Z880: For fastest operation Z880 connects the nodal peiatsl only the

corner pointswith straight lines, although for Serendipity elements the edges of the elements
are square ocubic curves. However, especially illuminated scenes need a huge amount of
computational power. Please keep in mind: If a part renders pretty fast in your CAD system,
CREOfor example, and the same part renders quite slowly in Z88@3 is normal busines
because CAD systems are Adrawingfi only some
to renderevery finite element i.e. compute the normal vectors for any element surface,
compute light effects for every tetrahedron etc. Hidden line scenes putesary load on the

CPU, too.

What can i plot with Z8807? Nearly everything ithe solver Z8& was run which stored the

deflection file Z8802.TXTand the three stress files Z8803.TXT (for you to check the
stresses), Z880O5.TXT and Z8808.TXT (for Z880). Evenf t russes you may

Mi sesfi stresses (i .e. tensile stresses) wit
cams No.5 allow only the plotting of deflections and nothing more. Why? Because you must
compute for beams and cams also stres concentration factowhich is impossible for a

FEA system which deals withahole structure of beam®f couse, you may compute the

stresses in a chamfer by putting a FE mesh around it. But this needs either plane stress
elements or 3D elements but heit beam elements nor cam elements.

Plot of stresses:The kind of plotting the stresses within FEA programs is truly of
philosophical character. As a matter of fact, numerous experiments and computer studies at
the Institute of Engineering Design and CA@f the University of Bayreuth, Germany,
showed, that some very expensive and ketiwn professional FEA programs produced
incorrect stress ploté some situations! The best way is the computation of stresses directly
in the Gauss points. However, thisadd for OpenGLin some modeso i decided for the
following way after a lot of experiments:

1 von Misefprincipla/Trescastresses in corner nodeln fact, the stresses are computed
not really in the corner nodes which would lead to very wrong resultsiaipéor very
tapered elements but in Gauss points laying in the near of the current corner nodes.
Stresses are computed for just the same number of Gauss points like the number of corner
points. Because often a node is linked to more than one elereesitébses are computed
to a mean value from the Acorner nodef st
pretty balanced stress shadings which are mostly somewhat lower than the maximum
stresse#n the Gauss pointhowever. The value of the orddrintegration INTCS in the
integration orderfile Z88INT.TXT has no meaning but INT®should be greater than 0.

1 von Mises/principla/Trescatresses as a mean value for each elenmidr. stresses are
computed in the Gauss points of the current elemengdaddd then divided by the
current number of Gauss points. This results in a mean value forvdhe
Mises/principla/Trescatressper element. The value of the order of integration 1IS$Ti©
theintegration orders file Z88INT.TXTs important and INTG mustbe greater than O.

1 von Mises/principla/Tresca stresses in Gauss poifitss is most accurate but delivers
not always very pretty picturedNTOS must be greater than 0.

Z880 may show these stresses after a run oRZ8aut only one type of stress:
- von Mises stresses
- Rankine or principal stresses
- Tresca stresses

Thus, if you have computed tlven Misesstressesvith a Z8&R run Z880 will show thezon
Mises stresseslIf you want to see now th@rescastresses you must leave Z3838BEdit
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Z88MAN.TXT, erter the proper parametand rerun Z8&R. Then start Z880 agairlhis
| ooks awkwar d but stdringtitetFE coraputations which tigpe 6f stresses
is suitableand corrector your task?

Plot of deflections:You may plot the undeflected dre deflected structure. The enlargement
factor is adjustable, with 100 as the default value for X, Y and Z. In addition, you may plot the
deflections for X, for Y or for Z with color shading. This is a pretty nice feature for large
spatial structuresYou may plot the shaded colors for stresses or for the defleabiotise
hidden line display or the wire frame disphaith the deflected structur@he display of the
stresses in Gauss points in only possible for undeflected structures.

3D | 2D BC undef. | deflec. | nodes elem.
Light + + + + + - -
Hidden Line + - + + ¥ p -
Wire Frame + + + + + + +
Stresses in corner nodes + + - + + - ;
Stresses aver. elements + + - + + i -
Stresses in Gauss points + + - + - _ T
Deflections X + + - + + - ;
Deflections Y + + - + + - _
Deflections Z + + - + + - ;

combination of the different modes of Z880

Hints for the user for Zooming, Panning and Rotating:

1. You may work without limitation with the special keys for Windows (see below) or the
pushbuttons for UNIX. You shodiluse the special keys or the pushbuttons for precise
zooming, panning and rotating. This is the default mode. Mouse navigation is turned off.

2. With Z880 you may use mouse havigation: Under Windows, press the mouse icon. Under
UNIX, press the pushbuttdteyboard/Mouse Now you can

1 zoom with the left mouse button pressed
1 pan with the middle mouse button pressed
1 rotate with the right mouse button pressed

This option fits well for limited zoomingand panning ranges and for fast but quite unprecise

rotating. You may in addition use the special keys or pushbuttons but this mixed mode is not a

real feature and may lead to unpredictable results because Z880 uses different calculations for

both modes.

Special key strokes for WindowsLINUX and MacOS:

Key Windows & LINUX Key MacOS Function

PRIOR fn+ = increase zoom
NEXT fn+® decrease zoom
CURSOR LEFT « panning X
CURSOR RIGHT - panning X
CURSOR UP - panning Y
CURSOR DOWN ® panning Y

HOME panning Z

END panning Z

F2 fn+ F2 rotate around X axis
F3 fn + F3 rotate around X axis
F4 fn+F4 rotate around Y axis
F5 fn + F5 rotate around Y axis
F6 fn + F6 rotate around Z axis
F7 fn + F7 rotate around Z axis
F8 fn + F8 reset all rotations to 0

Special hints for MacBook:

Start ZB8COM. Goto X11 >Preferans > | nput: activate Aemul at €
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I Zoom in/out: move with touchpad pressed
1 Panning: alt + move with touchpad pressed
1 Rotating: cmd+ move with touchpad pressed
USB-plugged three button mice operate just like the Windows version, seelmanua

The Acoor di roaen@L wsrissvithedltifping Volumei.e. with a kind of cube,
defined byXminandXmaxin horizontal direction, by minandYmaxin vertical direction and

Zmin (points towards the user) a@inax(points away from the user). ybu use a todarge

zoom factor or if you are panning the structure too near to you then the rad@ganof
exceeded and parts of the structure are laying outside the viewing volume. This offers a nice
chance to look into a structure. Otherwise, chahgevalue of Zin (default entry i 100) to

lower values, e.g:1000: useFactors > Z limit towards youThe following screenshots are
showing the situation:

© 7880
File Labels Zoom Factors Boundary Conditions Size Gausspt. Coordinate System Mesh over Stresses

¥[8+ || [ x| [ @l@alal 8527 |2] A ®]8]

Windows: piston of a BMW engine (motorcycle F650GS) Zlimit: default value $100.

® 7880
File Labels Zoom Factors Boundary Conditions Size Gausspt. Coordinate System Mesh over Stresses

2|+ 6 [= | [F elaalanzv|z] & 88

Windows: piston of a BMW engine (motorcycle F650GS) Zlimit is $10, piston has slash cut.

48



The menu itemsof Z880:

Name of Structure File: Windows:the diskette icon. UNIXthe File pushbutton

Choose the structure file here. Enter name, if necessary with pathewhstutture is loaded.
Youol | st art r eGodraithithe Runpushitutton Thi$ reode eristsronly for

a first entry control of an undeflected structure. Please keep in mind: Talludisplay
modes, Z880 needs the files Z88I1.TXT (structaga), Z88I12.TXT (boundary conditions),
Z88I5.TXT (surface and pressure loads, if given), Z8802.TXT (the computed deflections),
Z880O5.TXT (stresses from Z88D) and Z8808.TXT (stresses from Z88D).

Deformation Modes of the Structure:theproper icons or pubuttons

Plots the undeflected structure or the deflected structure. You may do all other rendering
operations with the undeflected structure or the deflected struBixgeption: displaying the
Gauss stresses irdaflectedstructure is not possible.

Caution Deflected: The user must have executed a calculation of displacements before using
this function. Do a FEA run with Z&8 before using Z880. Otherwise, some old files
Z8802.TXT (displacements) from earlier Z88 runs are opened causing totally wroltgf res

Choice of the 3D effectstheproper icons or pushbuttons

1. Light on. The structure is illuminated with three light sources. You may modify the
features of the light sources by editing the header files Z880.0GL (Windows) and
Z88.FCD (UNIX).

2. Hidden Lines For spatial structures the finite elements mesh is rendered with hidden
lines. For 2D struktures the pure finite elements mesh is drawn (there is nothing to hide).
In this mode you camot seeall desired nodal and elements labe#sause some labelsar
hidden The polygon offset can be edited in the header files Z880.0GL (Windows) and
Z88.FCD (UNIX).

3. Wire Frame. All lines are plotted, thus, this is the proper mode for 2D struktures and very
simple 3D structures. Only in this mode you canalkedesiral nodal and elements labels.

4. The von Misegprincipla/Trescastresses of the corner nodeare plotted. In fact, the
stresses are computed not really in the corner nodes which would lead to very wrong
results especially for very tapered elements but in §pomts laying in the near of the
current corner nodes. Stresses are computed for just the same number of Gauss points like
the number of corner points. Because often a node is linked to more than one element the
stresses are computed to a mean value frome Acor ner nodefA stre
elements. This results in pretty balanced stress shadings which are mostly somewhat lower
than the maximum stressesGauss pointshowever. The value of the order of integration
INTOSIn the file ZBBNT.TXT has m meaning but INTS should be greater than 0.

5. Thevon Misegprincipal/Trescastresses as a mean value for each elememé plotted
The stresses are computed in the Gauss points of the current element, added and then
divided by the current number of Gayssints. This results in a mean value for thoa
Misegprincipal/Trescastressper element. The value of the order of integration I$T©
the file ZBBNT.TXT is important and INTG must be greater than O.

6. Thevon Misegprincipal/Trescastressesn the Gauss pointsare plotted. This is the most

accurate mode but leads not always to very nice pictures. You may change the size of the

Gauss points in the menu. The value of the order of integration 3N @e header file

Z88INT.TXT is important and INT@ mustbe greater than O.

Plot of the displacements for X with color shading

Plot of the displacements for Y with color shading

Plot of the displacements for Z with color shading

© N
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For pos.4. to 9. the color range may be edited in the header files Z880.0GL (Ws)dand
Z88.FCD (UNIX).

Windows: Hidden line plot of the BMW piston.

LINUX and MacOS: Hidden line plot of the BMW piston.
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