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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or implied, of assumes any legal liabihty of re-
sponsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report. or represents that its use by such third party would
not infringe privately owned rights.

NOTICE

Availabihty of Reference Materials Cited in NRC Publications

Most documents cited in N RC publications will be available from one of the following sources:

1. The NRC Pubhc Document Room,1717 H Street, N.W.
Washington, DC 20555

2 The NRC/GPO Sales Program, U.S. Nuclear Regulatory Commission,
Washington, DC 20555

3. The National Technical Information Servica. Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be ezhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and internal NRC memoranda; NRC Of fice of inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notkes;
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and
licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC sponsored conference proceedings, and
NRC booklets and brochures. Also avadable are Regulatory Guides, NRC regulations in the Code of

; Federal Regulations, and Nuclear Regulatory Commission issuances.

Documents available from the National Technical Infnrmation Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from pubhc and special technical hbraries include all open literature items,
such as books, journal and periodical articles, and transactic,ns. Federal Register notices, federal and
state 'egislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draf t reports are available free, to the extent of supply, upon written request
to the Division of Texhnical Information and Document Control, U S. Nuclear Regtdatory Com
mission, Washmqton. DC 20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the pubhc. Codes and standards are usually copyrighted and may be
purchased from the originating organitation or, if they are American National Standards, from the
American National Standards Institute,1430 Broadway, New York, NY 10018.

GPO Pnnted copy once: .$6,50_
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WIPS - COMPUTER CODE FOR WHIP AND IMPACT |
'

ANALYSIS OF PIPING SYSTEMS

PART A

USER'S MANUAL
1

ABSTRACT
|

WIPS consists of a series of sixteen computational modules, executed
under the control of the WIPS-EXEC executive program. Twelve of the
modules are used for specification of piping system properties and analysis con-
trol information. These modules constitute the WIPS-INPT package. They are
executed interactively, in an appropriate sequence, in order to produce an input
data file for the WIPS-ANAL structural analysis module. WIPS-ANAL is typi-
cally executed in batch mode, and produces certain output files. The remaining
three modules can then be executed interactively to produce tabular and graphi-
cal results from the WIPS ANAL output.

'

Sections Al through A10 of this manual present instructions and exam-
pies on the use of the WIPS modules. In addition, it is possible to prepare an
input data file for WIPS-ANAL without using the WIPS-INPT package, and to
run WIPS ANAL as a stand-clone code. Instructions for direct preparation of
WIPS-ANAL input data are presented in Section Al1.

-)1
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A1. FEATURES AND LIMITATIONS

SUMMARY

l

This section describes the general features and limitations of the WIPS code.

CONTENTS

A1.1 GENERAL FEATURES

j A1.2 SPECIFIC FEATURES

A1.2.1 USER FEATURES

A1.2.2 TECHNICAL FEATURES

A1.2.3 LIMITATIONS

i
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A1.1 GENERAL FEATURES
;

WIPS is a special purpose computer code for analysis of the nonlinear dynamic response
of piping systems subjected to strong jet forces. The code can be used to determine: (1) the
overall motions of a piping system; (2) the detailed deformations of individual piping com-
ponents; and/or O) the impact forces and local deformations at points of pipe-to-pipe or pipe-
to-wall impact.

Figure Al.1 illustrates problems which might be solved using WIPS. Figure Al.la shows
the pipe centerlines for a small piping system, in which a guillotine break is postulated in the
branch pipe at C.

Figure Al.lb shows a mathematical model which might be used to analyze the overall
response of the piping system. The piping components are idealized using one dimensional
beam type elements. The model allows for interconnection between the two sides of the break
through pipe run EOPJ, and includes a pipe whip restraint at M.

Figure Al.lc shows a simpler model, ignoring interconnection through EOPJ, and assum-
ing a virtual anchor at I. With this type of model, it is assumed that the whip restraint controls
the motion of the pipe, so that significant deformations occur only in run CMNI.

Figure Al.ld shows a model in which the elbow at N is divided into finite elements in
order to obtain detailed information on the elbow behavior.

Figure Al.le shows a similar model, but with the elbow at M divided into fmite elements,
and with a rigid wall located some distance from the elbow. With this model, an analysis can
be made of the impact forces and local pipe deformations following impact with the wall.

Figure Al.lf shows a model in which straight lengths of pipe in run CMNI and a run of
'

an adjacent piping system are both divided into finite elements. This type of model can be used
to determine impact forces, local deformations, and overall deformations in both pipe runs fol-
lowing pipe-to-pipe impact. This impact analysis capability is one of the most important
features of the WIPS code.

1
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A1.2 SPECIFIC FEATURES

A1.2.1 USER FEATURES
From a user's viewpoint, WIPS has the following major features:

(1) Input data is accepted interactively in free form, typically through a CRT terminal. The
code prompts the user and provides help messages if needed. The data is subjected to
extensive error checking.

(2) Geometric data can first be specified for an entire piping system and saved on permanent
file. Any part of the system can then be extracted for analysis, with a minimum of addi-
tional input data. Any number of different analyses can be carried out on parts of a single
system. The system geometric data can be modified at any time to change the geometry,
enlarge the system, or correct errors.

(3) Piping components can be modeled by beam-type elemeitts (i.e. essentially ID elements)
or by meshes of 3D shell elements. The shell element meshes can be generated with a
small amount of input data.

(4) Strain rate effects can be included when the elements yield. Large displacement effects
can be considered for both beam and shell elements.

(5) If piping components are modeled using meshes of shell elements, analyses of pipe to-
pipe impact may be carried out. The impact analysis takes into account large local defor-
mations at the impact location and allows for sliding of the pipes relative to each other4

during impact. Analyses of pipe impact on either rigid or deformable walls or slabs can be
carried out. Deformable walls and slabs are modeled using shell elements.

(6) The dynamic response is calculated by step-by step integration through time. The solu-
tion algorithm automatically varies the time step, using large steps when possible and
small steps when necessary.

(7) The analysis may be stopped and restarted if desired.

(8) The analysis results are saved on permanent file and may be post processed in a variety of
ways. Both time-history graphs and drawings of deflected shapes may be obtained.

A1.2.2 TECHNICAL FEATURES
WIPS has the following major technical features:

(1) The code is structured as a central analysis module, linked by a data base to input pre-
processors and results post processors. The data base consists of a series of files, each
with a well-defined structure, which are generated by the various code modules. New pre-
and post processor modules can be developed relatively easily.

(2) The analysis module is t,ased on the displacement method, with multilevel substructure
capability. Piping components which are modeled as meshes of shell elements are treated
as substructures. The module consists of a series of base subroutines, which control the
solution logic and manage the data, linked to a library of nonlinear finite elements. The
logic for the finite element computations has been largely standardized, so that new ele-
ments can be added relatively easily.

(3) The analysis module makes use of a sophisticated data base manager developed
specifically for structural analysis applications. The pre and post processing modules
make use of subroutine packages for free form input, management of simple data bases,'

and file management. The programming language is FORTRAN 77. The pre and post-
processing modules execute in single precision, and the analysis module in double preci-
sion.

5
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(4) The analysis moJule incorporates a substantially automatic, implicit step-by-step algorithm
for dynamic response calculation. Equilibrium errors at the end of any step are controlled
by en event-to-event strategy, in which the stiffness matrix is modified each time a

,

significant nonlinearity occurs. Time step selection is based on an estimate of the mid-
step equilibrium error. If this error exceeds a user specified upper tolerance, the time
step is reduced. If the error is less than a lower tolerance, the time step is increased.

;

; A1.2.3 LIMITATIONS
j WIPS has the following major limitations;

(1) The material model used in the analysis of steel components accounts for nonlinear strain
; hardening and strain rate effects in a quite general way, but nevertheless has limited capa-
- bilities. In particular, the model assumes unlimited ductility and has no direct capability

to predict when fracture may occur.

{ (2) The element library enables pipe components and restraints to be modeled in a number of
different ways. However, the elements all have limitations and may not provide all of the'

features required by a particular analyst. In p6rticular, although both elbows and straighti

pipe segments may be modeled with finite element meshes using shell elements, there is
;

currently no provision for such detailed modeling of branch connections.

(3) For analysis of walls and slabs, there is currently no provision for a concrete material;

i model, and the slab can be idealized using only thin shell elements. Hence, analyses of
: detailed damage to concrete walls cannot be carried out.
' (4) Contact analysis can currently be carried out readily only for straight pipe, elbow and slab

geometries (other geometries can be considered, but the amount of data preparation effort
increases greatly). The contact analysis algorithm may also have difficulty if the impacting

] pipes become very severely distorted (i.e. nearly flattened).

(5) Analyses can be carried out only for predetermined jet force magnitudes. There is no
1 provision to consider fluid structure interaction.

i
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A2. COMPUTATIONAL MODULES AND INPUT DATA SEQUENCE

SUMMARY )
!

The chapters in this section provide an overview of the structure of the WIPS code and
the steps to be followed in using the code. Detailed user instructions are presented in Sections
A3 through A10.

CONTENTS

A2.1 WIPS-EXEC

A2.1.1 GENERAL

A2.1.2 WIPS MODULES

A2.1.3 DATA FILES
A2.1.3.1 File Types

A2.1.3.2 File Identification

A2.1.4 WIPSLOG AND WIPSCAT FILES

A2.2 COMPUTATIONAL MODULES

A2.2.1 GEOM: SPECIFICATION OF SYSTEM GEOMETRY

A2.2.2 PIPE COMPONENT AND SUPPORT PROPERTIES

A2.2.3 SUBSTRUCTURE PROPERTIES

A2.2.4 FREC: SPECIFICATION OF FORCE RECORDS

A2.2.5 MODL: SPECIFICATION OF ANALYSIS MODEL

A2.2.6 DATA: PREPARATION OF INPUT DATA FILE
A2.2.7 OTHER FILES SET UP BY WIPS DATA

A2.2.8 ANAL: STLP-BY STEP DYNAMIC ANALYSIS
A2.2.9 PAUSE AND RESTART

A2.2.10 RSLT: RESULTS POST-PROCESSING

A2.2.ll UNITS
A2.3 FREE FORM INPUT

A2.3.1 GENERAL
A2.3.1.1 Prompting

A2.3.1.2 On Line Help
i A2.3.2 FORM OF INPUT LINE

A2.3.2.1 Cases Without Option Identifiers

A2.3.2.2 Option Identifiers

A2.3.2.3 Error Messages

f
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A2.1 WIPS-EXEC

A2.1.1 GENERAL
WIPS consists of a number of separate computational modules, which share a common

data base and are linked through an executive program.

A WIPS user controls the computation through the WIPS-EXEC executive program.
WIPS EXEC maintains contret over the data base, and grants access to the computational
modules which make up the WIPS system. After the execution in any module is complete, or
if a fatal error is detected, control is returned to WIPS EXEC.

WIPS accepts piping system data and analysis control commands interactively. A problem
can be set up and run in a single computer session, or can be defmed over a period of time in
several separate sessions. Typically, data on the system geometry, pipe component properties,
jet force time-histories, etc. will first be input and stored in the data base. When sufficient data
is available, commands will be input to construct a specific mathematical model and to analyze
this model. If desired, several different mathematical models can be constructed from one set
of system data, to consider different break locations or to explore the effects of changing the
modeling assumptions.

A2.1.2 WIPS MODULES
The following computational modules may be called from WIPS-EXEC.

GEOM: accept data on spatial layout of piping system, calculate node coordinates, and
plot pipe centerlines.

MATL: accept data on material properties.

PIPE: accept data on properties of pipe type elements.

BEAM: accept data on properties of beamtype elements.

UBAR: accept data on properties of U bar (ubar)clements.

GAPF: accept data on properties of gap-friction fgapf) elements.

ELBO: generate finite element meshes for elbow substructures.

STRP: generate finite element meshes for straight pipe substructures.

SLAB: generate finite element meshes for flat slab substructures.

FREC: accept jet force time histories.

MODL: create a marhematicalmodello be analyzed.

DATA: create an input data file for the WIPS ANAL module.

ANAL: perform step-by-step nonlinear dynamic analysis.

RSLT: process results, in either tabular or graphical form.
'

MERG: read results from a formatted results file and write to an unformatted file.

| PURG: purge unwanted results from a results file.

|

A2.1.3 DATA FILES

A2.1.3.1 File Types
For any given pipe whip problem, data files of various types are produced by the WIPS

computational modules and stored in the data base. Files of the following types may be pro-
duced.

GEOM: geometry data as input.
I

!

13



. - . . - - - --- =- ._ - . _- --

t

1

'

COOR: nodal coordinates.
'

MATL: material properties.

PIPE: properties of straight or curved pipe type elements.

BEAM: properties of beam type elements. |

UBAR: properties of U bar (ubar) elements.'

GAPF: properties of gap-friction (gapf) elements.
"

i ELBO: properties of elbow substructures.

STRP: properties of straight pipe substructures.

SLAB: properties of Rat slab substructures.
# FREC: jet force time. histories.

! MODL: data defining analysis model. ;

DATA: input data for WIPS ANAL analysis module. !
,

i
! RSLT: time-history results from WIPS ANAL.

1

ECHO: echo of WIPS ANAL input data.

SLOG: log of WIPS ANAL solution steps.

PAUS: optional pause file for restart.

! PAUZ: optional pause file for restart.
4

'

A2.1.3.2 File identi8 cation
Each data file is identified by an eight character identifier of the form TTITPPSS, where

TTTT - file type, PP - problem number, and SS - sequence number. For example, file
GEOM 0204 is a GEOM file cataloged under problem number 2 and is the 4th GEOM file to be-

created under this problem.

For the MATL, PIPE, BEAM, UBAR, GAPF, ELBO, STRP, SLAB and FR2C files, only
| one file is created for any problem, and a sequence number of zero is used (e.g. MATLO200).

- Within any problem, Ales with zero sequence numbers are identified 'by file type only, and

| files with sequence numbers by file type and sequence number.

| Each file is automatically cataloged by WIPS EXEC, with its type, problem number,

! sequence number, date and time of creation, and an optional comment provided by the user.
| The Ale catalog can be listed at any time, and obsolete A!es can be deleted.

A2.1.4 WIPSLOG AND WIPSCAT FILES
During any WIPS session, all data displayed on the CRT terminal is automatically written

i

i to a formatted Ale named WIPSLOG, to provide a los of the session. A hard copy of the ses-
sion los can be obtained, if desired, by routing WIPSLOG to a lineprinter. At the beginning of'

each new session, any existing WIPSLOG data may be deleted or, alternatively, it may be
retained. If it is retained, new data is added at the end of the file so that WIPSLOG contains a
los of two or more sessions. Note that WIPSLOG is not automatically routed to a lineprinter.
This must be done using computer operating system commands, not under WIPS. WIPSLOG
may also be d; splayed on the terminal, if desired, using operating system commands.

WIPS EXEC also produces a Ale named WIPSCAT. This Ale contains the catalog of the .

Ales created for the piping system, with their sequence numbers, dates of creation, etc.
WIPSCAT is unformatted and cannot be printed or displayed.

i
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A2.2 COMPUTATIONA L MODULES

A2.2.1 GEOM: SPECIFICATION OF SYSTEM GEOMETRY
WIPS-GEOM accepts data on the spatial layout of the piping system. Data files of two

types may be produced, namely GEOM and COOR.

GEOM files contain " raw" data on the pipe system layout, before the data is processed to
produce X, Y, Z spatial coordinates. GEOM files can be added to and/or changed as desired
to add further data or to change incorrect data. Several different GEOM files can be set up for
a single problem if desired.

A COOR file can be produced on command from any GEOM file. COOR files contain X,
Y, Z coordinates of all points in the piping system, plus other geometrical data.

A2.2.2 PIPE COMPONENT AND SUPPORT PROPERTIES
Tables of stiffness and strength properties for a number of different pipe component and

support elements may be specified using a different WIPS module for each element type. For
example, WIPS-PIPE accepts properties for straight or curved pipe elements, and WIPS UBAR
accepts properties for pipe whip restraints of U bar type. Data files of corresponding type are
produced by each module. WIPS-MATL accepts data on material properties for use by other
modules. Previously created files can be recalled as desired, and new properties added. The
new file then replaces the previous one.

A2.2.3 SUBSTRUCTURE PROPERTIES
For detailed analysis of pipe components, lengths of pipe may be subdivided into finite

element meshes and modeled using shell elements. Each such length of pipe constitutes a sub-
structure for analysis. Substructures made out of shell elements can also be defined to
represent walls and slabs for analysis of pipe impact.

The dimensions and properties of each different substructure type are accepted using a
different WIPS module for each type and stored in files with corresponding names. Modules
are currently available for straight pipe (WIPS STRP), pipe elbows (WIPS ELBO), and walls or
slabs (WIPS SLAB). It is anticipated that modules for other substructure types will be added in
future versions of WIPS.

STRP and ELBO substructures are specified in a local coordinate system. Substructures
may then be positioned with arbitrary locations and orientations when an analysis model of the
piping system is defined.

A2.2.4 FREC: SPECIFICATION OF FORCE RECORDS
WIPS FREC accepts data on jet force time histories, as force time pairs, and produces a

file of FREC type. Only one FREC file is produced. This file can be recalled at any time and
new records can be added. The new file then replaces the previous file.

A2.2.$ MODL: SPECIFICATION OF ANALYSIS MODEL
WIPS MODL accepts data defining a mathematical model for analysis. An analysis model

can consist of all or part of the piping system. Typically, an analysis model will begin at a pos-
tulated pipe break and include sufficient adjacent piping to ensure that an accurate analysis is
obtained. The model may include adjacent walls or slabs for impact analysis.

WIPS MODL makes use of a COOR file from WIPS GEOM, files of pipe component and
support l'roperties, and flies of substructure properties. The analyst defines the parts of the
complete system to be considered in the analysis model, the pipe component and support pro-
perties (referring to previously defined property tables), boundary conditions, and other data, in
a series of commands. The commands are processed to produce a MODL file, which consti-
tutes part of the input data for the WIPS ANAL analysis module. Any number of diffuent
analysis models can be set up for a single piping system, to consider different parts of the
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system or different Anite element models for a single part.

A2.2.6 DATA: PREPARATION OF INPUT DATA FILE
The MODL Ale contains information on the geometry and physical properties of the

analysis model but does not contain information on the loading, the duration of the dynamic
response, etc. The WIPS DATA module adds this information to an existing MODL file to
produce a DATA Ale containing complete input data for the WIPS ANAL module. A single
MODL Ale can be used to produce several different DATA Ales, as, for example, when the
effects of several different jet force histories are to be considered for a single model.

A2.2.7 OTHER FILES SET UP BY WIPS DATA
WIPS DATA also sets up and initializes other files used by WIPS ANAL. These are as

follows:
(1) ECHO, for echoing of the input data by WIPS ANAL. Because a WIPS user will not nor-4

mally see the WIPS ANAL input data, the ECHO fde will usually be ignored. The file is
intended for use in debugging, if WIPS DATA should prepare a DATA file which con-
tains errors and is not accepted by WIPS ANAL.

(2) SLOO, for saving a los of the solution sequence followed by WIPS ANAL during the
step by step dynamic analysis. Each time WIPS ANAL performs a computational step, a
descriptive line is written on the SLOG Ale. A typical user will ignore the SLOG file it
is intended mainly for debugging, in the event that numerical difficulties develop in the
step-by step solution.

(3) RSLT, for saving histories of the structure displacements and finite element responses by
WIPS ANAL during the step by step analysis. The RSLT file can be processed by the
WIPS RSLT module to produce tabulated and plotted results.

(4) Two ' pause * files, of PAUS and PAUZ types, for saving the complete current state if a
" pause" command is given to WIPS ANAL. These files are optional and are set up only if
it is desired to pause in the analysis and then restart in a later computer run.

A2.2.s ANALt STEP BY STEP DYNAMIC ANALYSIS
WIPS ANAL makes use of an existing DATA Ale, together with associated ECilO,

SLOO, and RSLT files. For restart, the PAUS and PAUZ flies are also used. WIPS ANAL
reads input data from the DATA file, performs the execution, and writes information on the
ECHO, SLOO, RSLT, PAUS, and PAUZ files.

Because the execution times are likely to be long, WIPS .' NAL will typically be executed
in background or batch mode. The other modules all run in interactive (foreground) mode.

A2.2.9 PAUSE AND RESTART
If the duration of significant dynamic response for a given model and loading is not

known in advance, it can be specified that WIPS ANAL consider a specified time period, then
pause. The analysis may then be restarted to run for one or more additional time periods.

The time period to be considered and the pause requirement are specified in the WIPS-
DATA phase. if a pause is specified, WIPS ANAL saves the state at the end of the analysis on
the PAUS and PAUZ files (by copying the WIPS ANAL data base), if an additional time
period is to be considered, WIPS DATA can be used to create a modilled DATA file, instruct-
ins WIPS ANAL to restart from the saved state.

A2.2.lg RSLT: RESULTS POST. PROCESSING

WIPS RSLT post processes any RSLT Ale from WIPS ANAL to produce final tabulated
and/or plotted results. Tables can be produced showing variations with time of any response
quantities (displacements or Anite element results), time histories of any response quantitles
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may be plotted, and deflected shapes at any specified times during the response may be drawn.

A2.2.11 MERG: COPY FORMATTED RESULTS DATA TO RSLT FILE
The RSLT file is unformatted for computational efficiency. This creates no problems

when all phases of WIPS are executed on a single computer. For large problems, however, it
may be desirable to prepare the DATA, ECHO, SLOG and RSLT files on e minicomputer,
transfer the DATA, ECHO and SLOG files to a mainframe computer for execution, and return
the results to the minicomputer for post processing. In such cases it may be necessary to
transfer the results as a formatted file, because unformatted files produced on different comput-
ers will generally not be compatible. Hence, it is not possible to transfer the RSLT file directly.
The WIPS MERO module allows formatted results data to be copied to an unformatted RSLT
file in the form required by WIPS RSLT.

A2.2.12 PURG: PURGE UNWANTED DATA FROM RESULTS FILE
'

Occasionally WIPS ANAL will fail to execute properly and unwanted data may be present
on a RSLT file. WIPS PURG allows the unwanted data to be purged.

A2.2.13 UNITS
Data may be specified in a number of different length and force units. At the beginning

of execution in any module, the units must be specified, and these units must be used during
the execution of that module. If desired, the units may be different in different modules, or
during different computer runs using a single module. For example, if both U.S. and metric
pipe sizes are to be considered, WIPS PIPE may be executed using inch units for the U.S. sizes,
then executed a second time with centimeter units for the metric sizes.

.
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A2.3. FREE FORM INPUT

A2.3.1 GENERAL
i

A2.3.1.1 Prompting '

Data is always input in response to a prompt from WIPS A colon (:) always indicates
that data is to be input.

If the colon is preceded by a question (i.e.?:), a "yes" or "no" answer is always required.
In this case, "Y" or "YES* constitute a "yes" response and "N", "NO*, or blank constitute a "no"
response,

if the colon is not preceded by a question, a list of required data will be indicated. This
list will usually be self explanatory. In some cases (particularly for WIPS MODL), however,
the user will need to study the User's Guide in advance and have it at hand when entering data.

A2.3.1.2 On Line Help

If the word ' HELP" is typed as the Srst item following the colon, a message is displayed
to clarify what is required.

A2.3.2 FORM OF INPUT LINE
f

A2.3.2.1 Cases Without Option Identi8ers

in general, an input line can consist of any mixture of integer, real, and alpha data items.
In most cases, the data items must be entered in a specinc sequence, in some cases, however,
option identuiers may be used, and the affected data can be entered in any sequence.

For an input line without option identiners, the following rules apply.
(1) Data items must be separated by either a blank or a comma.

(2) Integer items must consist of numbers only, with no decimal point or other characters.

(3) Real items can be in FORTRAN F or E form. For example,1.234 may be entered as
1.234, .1234El,1234.E 03, etc. There must be no blanks. If the number is an intag.er,
the decimal point may be omitted.

(4) Alpha items can consist of any alpha numeric characters, up to a maximum of 4. Charac-
ters in excess of 4 are ignored. If fewer than 4 characters are entered, trailing blanks are
added.

(5) If the number of items entered is less than the number requested, the missing items are
read as zero or blank.

(6) If two successive commas (,,) are entered, the corresponding item is read as zero or
blank. The corresponding items are also read as zero or blank for three or more succe .
sive commas (e.g. ",,,," = 3 zero or blank items).

(7) If the Arst entry in the line is a comma, the Arst item is read as zero nr blank.
(3) An input line must consist of no more than 80 characters.

(9) If desired, an optional comment can be added at the end of the line. This comment is
printed in the session los but is otherwise ignored. To use this option, leave 3 blanks
after the last data item, then add the comment.

A2.3.2.2 Optlen Identleets

in some cases a data line may contain optional items, which may or may not be specined.
In this case each optional llem must be preceded by an option identiner, and the items may be
entered in any convenient sequence. Consider, for example, the following line:

5,4.6E3, PROP =3, WFAC-1.5 THIS=YES
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| In this line the nrst two items are required, and the remainder are optional. The words
j " PROP", "WFAC", and "THIS" are option identiners. The " " symbol relates each identiner to

its associated data and must always follow the identiner. Any optional items not specined are
undenned. The WIPS modules are written to default unde 6ned items to predetermined values ).,

where possible, or else to display an error message.
i Option identiners are currently used only in the WIPS MODL phase.

I . A2.3.2.3 Error Messages

if improper data is entered in any line (e.g. decimal point for an integer item), the
improper data is flassed, and the data line must be re entered.
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A3. WIPS-EXEC USER GUIDE

SUMMARY

Maintenance of WIPS files and execution of the WIPS modules are controlled through
WIPS EXEC. This section contains a user's guide for WIPS EXEC. User guides for the other
WIPS modules are contained in Sections A4 through A10.

Section A3.1 describes the procedures for using WIPS EXEC under the VAX UNIX
operating system. A new section raust be added for each different operating system.

CONTENTS

A3.1 WIPS EXEC USER GUIDE: VAX UNIX SYSTEM
A3.1.1 BEGIN EXECUTION

A3.1.1.1 Upper and Lower Case

A3.1.1.2 Problem Directory

A3.1.1.3 Initiation of WIPS EXEC

A3.1.1.4 Problem Number
A3.1.1.5 Purging of WIPSLOG

A3.1.1.6 Next Command

A3.1.1.7 Problem Number

A3.1.2 WIPS EXEC COMMANDS

A3.1.3 CATALOG COMMAND
A3.1.3.1 Purpose

A3.1.3.2 Procedure

I
l

|

4

21

o
_ - - _- __ - - - - ,_ _ - - - - _ _ .



... -- , - - ~ .(
|

.

i

A3.1 WIPS EXEC USER GUIDE: VAX-UNIX SYSTEM

'

A3.1.1 BEGIN EXECUTION

A3.1.1.1 Upper and Lower Case

The VAX UNIX operating system allows either upper or lower case alpha characters. For
WIPS execution under VAX UNIX, use lower case for all input data exceptforfle names (which
are upper case).

A3.1.1.2 Problem Directory

A separate UNIX directory should be established for WIPS problems. Several different
problems may be rim from a single directory or, if it is preferred, a new directory can be esta-
blished for each prcblem.

A3.1.1.3 Initiation of WIPS-EXEC
To begin execution, type "wips". The message " EXEC WIPS EXECUTIVE" will be

displayed.

A3.1.1.4 Problem Number

If this is the first problem in the directory, a problem description will be requested. If this
is not the first problem in the directory, problem number 1 is assumed. The problem number
may be changed using the " problem" command (see Section A3.1.1.7).

A3.1.1.5 Purging of WIPSLOG

The question " Purge WIPSLOG tile?:" is displayed next. If the response is "yes", any data
currently in WIPSLOG is deleted. If the response is "no", any data in WIPSLOG is retained,
and the data for the current session is added at the end of the file. This allows session logs for
several sessions to be accumulated, if desired.

A3.1.1.6 Next Command

The message "NEXT WIPS EXEC COMMAND" is displayed next ( and also each time a
WIPS EXEC command is completed). The available commands are listed in Section A3.1.2.

A3.1.1.7 Problem Number,

The default problem is problem number 1. To select a different problem, specify the
WI.''S. EXEC command " problem". The problem number will then be requested. If there is no
existing problem with this number, a problem description will be requested.

A3.1.2 WIPS EXEC COMMANDS

The WIPS. EXEC commands are as follows.
heln: Display WIPS-EXEC commands.

list: Display names, dates, and descriptions of all " active" Ales in the current problem.
A Ale becomes " inactive" if it is deleted.

delete: Delete one or more Ales. Following this command, requests for the type and
sequence number (if needed) of the Ale (s) to be deleted will be displayed. To
stop, return a blank Ale type, if a Ale is deleted, it is removed from the Ale set and

: cannot be recovered. However, a reference to the Ale remains in the WIPSCAT
catalog.

!

23

'
. _- _ _ _ __



_ _ - . _ _ _ ___ __ __ _ __ _ _ __ . . _ _ _ _ . _ _ _.. __-. _ __

- listprob: Display the descriptions of all problems.
,

: listall: Display names, etc. for all Ales, both active and inactive, in the current problem.
I

listcat: Display names, etc. for all active files in all problems.

catalog: Catalog a Ale not produced by WIPS for the current problem. See Section A3.1.3.

I problem: Change to a different problem. See Section A3.1.1.7.

geom: Execute WIPS-GEOM. See section A4.

matt: Execute Wl?S-MATL. See Section AS.I.4

frec: Execute WIPS FREC. See Section AS.2.
,

pipe: Execute WIPS PIPE. See Section A6.1.

beam: Execute WIPS BEAM. See Section A6.2. ,

ubar: Execute WIPS UBAR. See Section A6.3.

gapf: Execute WIPS GAPF. See Section A6.4.'

strp: Execute WIPS-STRP. See Section A7.1.

]
elbo: Execute WIPS ELBO. See Section A7.2.

slab: Execute WIPS-SLAB. See Section A7.3.
;

! modi: Execute WIPS MODL. See Section A8.

data: Execute WIPS-DATA. See Section A9.1.,

anal: Execute WIPS ANAL. See Section A9.2.

i rsit: Execute WIPS RSLT. See Section A10.

i quit: End execution of WIPS.
The commands may be executed in any sequence, subject to the restriction that certain WIPS

|
modules depend on Ales produced by other modules. If any improper sequence is specined,
sooner or later it will be detected and control returned to WIPS EXEC.

"

4

A3.1.3 CATALOG COMMAND

A3.1.3.1 Purpose
Files produced for any problem by WIPS are automatically cataloged in the WIPSCAT Ale

! and are available for use by any WIPS module. It is also possible to transfer Ales from one i

problem to another using the catalog command. For example, it might be desirable to setup a'

MATL Ale under one problem and then catalog copies of this Ase under one or more other
.

problems.
I

A3.1.3.2 Precedure

i The " catalog" command must be used carefully because WIPS EXEC does not check for

| consistency. The procedure is as follows.

| (1) Enter WIPS EXEC and give the " catalog" command. The Ale type is requested. WIPS-
EXEC assigns a Ale name, using the Ale type, the current problem number, and the next

'

available sequence number for the Ale type (if needed). WIPS. EXEC then displays the
i assigned name.

(2) Exit from WIPS and, using operating system commands (e.g. UNIX " copy" command),
;
' create a Ale with the assigned Ale name (e.g. copy MATL0100 MATLO200; copy

GEOM 0103 GEOM 0302).

(3) To exit from the " catalog" command, return a blank Als type. ,

:.
!

i
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A4. WIPS-GEOM USER GUIDE |

SUMMARY ;

'

This section describes the geometrical deAnition of a piping system and presents instruc-
tions and an example for data input to the WIPS GEOM module.

CONTENTS

A4.1 GEOMETRICAL DEFINITION OF PIPING SYSTEM

A4.1.1 PIPE RUNS

A4.1.2 CONTROL POINTS
A4.1.2.1 Control Points Along Pipe Runs

A4.1.2.2 Other Control Points

A4.1.3 SPECIFICATION OF CONTROL POINT COORDINATES
A4.1.3.1 Coordinate Specification Options

A4.1.3.2 On Line llelp

A4.1.3.3 Correction of Errors

A4.1.4 GEOM AND COOR FILES

A4.1.5 MODIFICATION OF AN EXISTING GEOM FILE

A4.1.6 GEOMETRY PLOTTING

A4.2 EXAMPLE

|

1

.
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A4.1 GEOMETRICAL DEFINITION OF PIPING SYSTEM

A4.1.1 PIPE RUNS

For the purpose of de8ning a piping system to WIPS, the system is regarded as an assem-
blage of pipe runs, each consisting of a continuous sequence of piping components. For exam-
plc, the system shown in Fig. A4.1.1 can be regarded as an assemblage of pipe runs, as follows:

Run1: Point A to Point F
Run 2: Point G to Point L

Run 3: Point C to Point I

Run 4: Point E to Point J

This is not the only possibic breakdown of the system into runs, but it is the most n tural, and
is the one which would probably be used. If, however, the run from, say, Point G to Point L
was particularly long, it could be divided into two or more runs (for example, from Point U to
Point I and from Point I to Point L). The only restriction in dividing pipe runs in this way is
that if an elbow or straight pipe suostructure is de6ned, it must lie entirely within a single r.m.
Hence, runs should not be subdivided at points where substructures may possibly be located in
subsequent analyses.

A single pipe run could also be specined to run, for example, through Points A, B, C, M,,

N, I, II, and O in Fig. A4.1.1. However, this is not a natural way to describe a piping system
and is not recommended.

A sinsic pipe run may, if desired, form a closed loop. However, it is generally recom-
mended that loops be divided into two or more runs.

A4.1.2 CONTROL POINTS

A4.1.2.1 Control Points Along Pipe Runs

Each pipe run is denned by a sequence of controlpoints. A control point must be placed at
every discontinuity in the pipe run, as follows:

(1) At the two ends of the run.|

(2) At all branch points in the run.

(3) At all tangent points where straight pipe connects to an elbow or curved pipe.

(4) At all points where the pipe cross section or material properties change.

(5) At all points where elbow or straight pipe substructures begin or end.
(6) At all support points or points with pipe whip restraints.

(7) At all points where substantial lumped masses are !ocated (e.g. valves, flanges).

These control points automatically 5ecome node points for the subsequent structural analysis.
Control points may be placed at other locations in the run, if desired. However, it is not neces-
sary to place a control point at every point which is to be a node for the structural analysis.
Node points along straight and curved segments of pipe can be generated automatically without
being denned as control points.

A4.1.2.2 Other Centrol Points

in addition to control points along the pipe runs, a control point must be denned at each
sensent intersect /on point, where the two tangents to a curved segment intersect. Further, tr/cr.
ence points, which do not lie on the pipe run, may be speci6ed if desired. Reference points will
typically 1,e used to assist in specifying the geometry of the piping system. Tangent intersection
points and reference points are not nodes for the subsequent structural analysis.
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A4.1.3 SPECIFICATION OF CONTROL POINT COORDINATES

A4.1.3.1 Coordinate Specification Options

The spatial layout of the pipe run is defined by the control point coordinates along the
run. In the WIPS GEOM module, a WIPS user is required to define the global X,Y,Z coordi-
nates of all control points. Note, however, that it is not necessary to input the X,Y,Z coordi-
nates directly for each control point, because generation options are available to simplify the
procedure. Only the spatial layout is defined in the WIPS-GEOM phase. The structural ele-
ments and/or substructures along the pipe runs are defined in the WIPS MODL phase.

The WIPS GEOM module requests data for each pipe run in turn and for each control
point in turn along the pipe run. The information requested on a control point is as follows:

(1) The control point name or nt.mber (a unique identifier, maximum 4 characters).

(2) The control point type, as follows.
(a) DF or blank - default point, having no special characteristics.

(b) TN - tangent point, where a tangent meets a bend or elbow.
(c) Ti - tangent intersection point, where the two tangents defining a bend intersect.

A Ti point must be specified between each pair of TN points.

(d) RF - reference point.
(e) BR - branch point, at a tee or branch connection. In the present version of WIPS,

BR points are not given special treatment and may be treated as DF points if
desired. It is anticipated that the BR distinction may be needed in future versions.

(3) The coordinate specification option to be used, as follows.

(a) DI: direct input of X,Y,Z coordinates.
(b) OF or blank: AX, A Y, AZ offsets from another control point. This is the default

option (i c. blank - OF) for all except tangent points.
(c) TN: automatic calculation of tangent point coordinates. This is the default option

for a tangent point (i.e. blank - TN).

(d) ST: generation along the straight line joining two other control points.

(c) CU: generation along the curve joining two successive tangent points.

In addition, if a control point is repeated (as, for example, at a branch point where two
runs meet), the coordinate specification DU must be used to indicate a * duplicate" point.

(4) The number of additional (unnamed) node points to be inserted between this control
point and the preceding point. Node points are equally spaced between control points.
Nodes may be inserted in either straight or curved segments.

(5) Tiie coordinate data, as follows, depending on the coordinate specification option.

(a) Di option: X; Y; Z.
(b) OF option: name of control point from which offsets are measured (default -

preceding control point); and AX, A Y, AZ from the offset point.

(c) TN option: no data required.
(d) ST option: name of control point at beginning of line (default - pieceding point);

name of point at end of line (default = following point); and proportion of length
to new control point.

I:) CU option: as for ST, but beginning and end points must be successive TN points.
The default is to the immediately preceding and immediately following TN points.
This default will almost always apply.

I
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A4.1.3.2 On Line Help
When WIPS-GEOM requests data, the questions are usually self. explanatory. If not, type

* HELP". A description of the required data will be displayed, and the question repeated.

A4.1.3.3 Cerroetlen of Errors
if unacceptable data is entered, an error message is printed and the question is repeated.

A4.1.4 GEOM AND COOR FILES
The data for each control point becomes (after some processing) a line of GEOM data.

These lines can be displayed on the CRT screen and/or printed in the session log. If errors
have been made, they may be corrected by modifying the OEOM data. The modi 6 cation
options available are:

(a) Change the data for a control point.

(b) Delete a control point.

(c) Insert one or more control points.

In addition, any GEOM data may be extended by adding more pipe runs.

When sumcient GEOM data has been entered, it may be processed to produce COOR
data. In the COOR data, each line dennes the X, Y, Z coordinates of a control point or a gen.
ersted (unnamed) node. If it is not possible to calculate all coordinates (because of errors or
missing information in the OEOM data), a message is displayed, and those points for which the

|
coordinates could not be calculated are marked by an asterisk in the COOR data. The COOR

'

data can be displayed and/or printed in the session log. If all coordinates can be calculated, the
COOR data is " complete *. If not, corrections must be made to the OEOM data, and new
COOR data produced.

At the end of the WIPS OEOM phase, the OEOM and COOR data can be saved per.
manently in the WIPS. EXEC data base, as GEOM and COOR Ales. The COOR data can be
saved only if it is complete.

An option to save the OEOM data is also available before the COOR data is produced. It

( is generally wise to save the OEOM data at that stage,in case a fatal arithmetic error is detected
by the operating system during the coordinate calculation. Under the UNIX system, if a fatal
error is detected, execution of WIPS.OEOM is terminated and control returned to WIPS.
EXEC. The OEOM Ale is then cataloged. Under other operating systems control may not be
returned to WIPS. EXEC, In this case the OEOM Ale will exist but will not have been
catalosed. The WIPS. EXEC 'catalos' command must then be used.

A4.1.5 MODIFICATION OF AN EXISTING GEOM FILE
| If any GEOM Ales exist on entry to WIPS.OEOM, the question " MODIFY EXISTING

OEOM FILEh* is asked. If the response is 'NO*, a new set of GEOM data is begun. If the
response is "YES*, a OEOM Ale sequence number is requested and that Ale becomes the
OEOM data. The data may then be modined or extended as desired.

A4.1.6 GEOMETRY PLOTTING
If a ' complete" set of COOR data is generated in the current WIPS OEOM session, all or

any part of the piping system may be plotted. Plotting may be performed on a Tektronix 4662
pen plotter or on Tektronix 4013,4015, and 4027 graphics terminals. The procedure is similar
to that for the DRAW option in WIPS.RSLT (see Section A10).

29
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A4.2 EXAMPLE

IThe coordinate specincation sequence is shown in Table A4.2.1 for the small piping sys.
Item in Fig. A4.2.1. Table A4.2.1 is a listing of the session log. A number of * help" requests

have been entered to show the type of help messages provided. Errors have been made deli.
'

berately to illustrate the procedure for correcting mistakes.
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TABLE A4.2.1
............

WIPS-GEOM EXAMPLE
..... .......

!
EXEC - WIPS EXECUTIVE |

Creating problem no. 1
Prettom description: 111ustrative Esample. Fig. A4.2.1

NEXT WIPS-EXEC COMMAND : 3eem

GEOM - SPECIFICATION OF SYSTE.M GEOMETRY

Define units
Length (f te ine me es) : in
Force (k.16ekgfekN) : k

Specify neu OEOM data
'

ETART RUN NO. 1

Enter c.p. data in seguence along run

c. p. narse and type : help

Identify c.p.ieby name er numbere ma n . 4 charactersC. p. type = d tie tne tre er rf. Default . di

c. p. nano and type : al
coord option : help

i Options are: die efe tne due s t. and cu
coord option : di
se ge s :
Any changes? :

i c. p. nano and type : 41a in
no. of estra nodes : 3
coord option *i

l in generated autenatically
Any changes? :

;

c. p. name and type : til
no, of estra nodes :
coord option :

,

c. p. e dnedy,da :
effset point defaults to preceding c.p.
Any changes? : y DID NOT DECLARE TO DE "tt"
reenter data for this c.p.

c. p. aane and type til ti
bend radius : 13
coord option :
c. p. , dsedyeda : at 20 0 -40
Any changes? :

33
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|

c. p. name and type : t1b' in
no. of estra nodes : 1

; coord option :
.

| tn generated autonatically

| Any changes? :
1
l c. p. nace and type : b1 be
[ no. of ertra nodes :
! coord option :
i c. p. , dan dge d: : til 40

Any changes? :

c. p. name and %gpe : b2 br
no. of extra nodes : 1
coord option :
c.p., dan dge d: : ,20 NOTE DEFAULT ON OFFSET POINT
offset point defaults to preceding c.p.
Any changes? :

c. p. name and type : 42a tn
no. of extra nodes : 1
coord option :
tn generated automatically
Any changes? :

c. p. nano and type : t12 ti
bend radius : 10
coord option :
c.p., dandy,dz : 62,30
Any changes? :

c. p. nano and type : t2b tn
no. of extra nodes :
coord option :
tn generated automatically
Any changes? :

c. p. name and type a2-

no. of extra nodes :
coord option :
c.p., dandy,dz : ti2.,20

| Any changes? :

c. p. nane and type :
Last c.p. in this run? : y
Display GEON data for this run? :

START RUN NO. 2
Enter c.p. data in seguence along run

c. p. name and type : b2 he
coord option :

*** error - c.p. name used before - must use "du" option

c. p. name and type : b2 br
,

34 \
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coord option : du
Any changes? :

c. p. nano and type : 44a tn
no. of estra nodes :
coord option :
tn generated automatically
Any changes? :

1
'

c. p. name and type : 414 ti
bend radius : 10
coord option :
c.p., dredy,dr : b2 0 -20
Any changes? :

,

c. p. nano and type : b3
no. of extra nodes : 1
coord option :
c.p., da,dy,dz : a3, -10 NOTE CAN OFFSET FROM A LATER C. P.
Any changes? :

c. p. name and type : a3
no. of extra nodes :
coord option :
c. p . , d ,dges : ti4 0 0 40
Any changes?

c. p. nane and typs :'

Loot c.p. in this run? : y
Dicplay OEOM data for this run? :

START RUN NO. 3
Enter c.p. data in seguence along run

c. p. name and type
Lost run? : y

Display neu OFON data? : y

NEW OEOM DATA

run c. p. c. p. band stra coord c. p. c. p. coordinate data
no. name type radius nods opt i J un dze p ge dy ze d |

1

at O di O. O. O.
tia tn 3 tn O. O. O.
t11 %i 15.000 O of al 20.000 O. -40.00
41h tn 1 tn O. O. O.
b1 br O of til 40.000 O. O.
b2 br 1 of b1 20.000 O. O. -
t2a tn 1 in O. O. O.

| t12 %i 10.000 O of h2 30.000 O. O.
42b tn O tn O. O. O.
a2 O of t12 O. 20.000 O.

Hit R7.1 URN for more

35
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2

b2 br O du O. O. -O.
44a tn O tn O. O. O.
t14 %i 10.000 O of 62 O. -20.000 O.
63 1 of a3 0. -10.000 O.
a3 O of ti4 O. O. 40.00*

END OF DATA

M d if y OEOM da ta? : y CORRECT RADIUS AT ti4
Cpocify modifications,

Change data for a c.p.? : y )
c. p. nane : 414 I

onter revised data
c. p. type : ti
bend radius : 5
coord option :
c. p . , da,dy dz : b2,.-20
Any changes? :

M3ro changes? :

Dicplay modified CFOM data? :
l'g? : y NOT DISPLAYED ON SCREENWrito in session o

MODIFIFD OEOM DATA

run c. p. c. p. bend stra coord c. p. c. p. coordinate data
no, name type radius nods opt i J x. d x, p ge dy z, d

1

at O di O. O. O.
tia tn 3 tn O. O. O_
t11 ti 15.000 O of al 20.000 O. -40.00
t1b tn 1 tn O. O. O.
b1 br O of til ,40.000. O. O.
b2 br 1 of b1 20.000 O. O.
42a tn 1 tn O. O. O.
ti? ti 10.000 O of b2 30.000 O. O.
42b tn O in O. O. O.
a2 O of ti2 O. 20.000 O.

2
62 br O du O. O. O.
44a tn O tn O. O. O.
414 ti 5.000 O of 62 O. -20.000 O.
b3 1 of a3 O. -10.000 O.
a3 0 of 414 0. O. 40.00

Savo current GEON data? : y SAVE FOR SAFETY IN CASE OF CRASH
Ccevnsnt for file catalog :
GEOM DATA SAVED. FILE NAPE = GEOr10101

Produce COOR date? : no PRODUCE WHEN FULL SYSTEM DEFINED

M:dif y OEOM data? : no ADD THIRD RUN IN A LATER SESSION

DATA COMPLFTE FOR THIS SESSION

36

. _ . ..- . . . - . . - .-. . . . - - . . . - . -



._. -. _
_._

Table A4.2.1 (page 5)

Save final OFON data? : y ADD FILE COMMENT
Comment for file catalog : Example. Fig.A4.2.1. First 2 runs.
GEOM DATA SAVED. FILE NAME = GEOM 0101

EXEC - WIPS EXECUTIVE

NEXT WIPS EXEC COMtMND : list

Problem 1: Illustrative Example, Fig. A4.2.1

file seguence date description
type number
OEON 1 Wed Dec 9 17:57:29 1981 Example. Fig.A4.2.1. First 2 runs.

NEXT WIPS -EXEC CONMAND : gutt

- --.----- ------.- ----- ------- ----- -----------------------------

EXEC - WIPS EXECUTIVE

Purge WIPSLOO file? : n

NEXT WIPS EXEC COMMAND : geom ADD THIRD RUN

GEOM - SPECIFICATION OF SYSTEM OEOMETRY

Define units
Length (fteinem,mu) : in
Force (kelb,kgf,kN) : k

Modify existing OEOM file? : y OEONO101 TO BE CHANOED
'

Seguence no. : 1

Display existing GEOM data? :
Write in session log? :

Modify GEOM data? : g
Specify modifications
Change data for a c.p.? :
Insert new c.p's? :
Delete a c.p.? :
Add more pipe runs? : y

START RUN NO. 3
Enter c.p. data in seguence along run

c. p. name and type : h1 be
coord option : du

! Any changes? :

c. p. nane and type : t3a tn
no. of extra nodes :
coord option :
tn generated automatically
Any changes? :

37

. _ . . - . -. . _ _ . - . - _ _ _ _ _ _ ._-



__

Table A4.2.1 (page 6)

c. p. name and type : 413 ti
band radius : 10
coord option :
c.p., dandy,dz : blee,20
Any changes? :

c. p. nanc and type : 43b tn
no. of ertra nodes :
coord option :
tn generated automatically
Any changes? :

|

c. p. nano and type : b3 br
no. of extra nodes : 1
coord option : du
Any changes? :

c. p. name and type :
Lost c.p. in this run? : y
Display OEOM data for this run? :

OTART RUti t40. 4 |

Entor c.p. data in seguence along run

c. p. name end type :
Loot run? : y

Haro changes? :

Dicplay modified QFOM data? :
Wiite in cession log? : y

MODIFIED OEOM DATA

run c. p. c. p. bend stra coord c. p. c. p. coordinate data
no. name type radius nods opt i J x, d x, p ge dy re d

1

a1 O di O. O. O.
tia tn 3 tn O. O. O.
til ti 15.000 O of al 20.000 O. -40.OC
t1b tn 1 tn O. O. O.
61 br O of til 40.000 O. O.
b2 br 1 of b1 20.000 O. O.
42a tn 1 tn O. O. O.
t17 %i 10.000 O of b2 30.000 O. O.
42b tn O tn O. O. O.
a2 O of ti2 O. 20.000 O.

2
b2 br O du O. O. O.
t4a tn O tn O. O. O.
414 ti 5.000 O of b2 0. -20.000 O.
b3 1 of a3 0. -10.000 O.
a3 0 of t14 O. O. 40.OC

3
bi br O du O. O. O.

38
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43a tn O tn O. O. O.

t13 ti 10.000 O of b1 O. O. 20.000

43b in O tn O. O. O.

b3 br 1 du O. O. O.

SAVE FOR SAFE 1Y IN CASE OF CRASHSava current CEOM data? : y
Cemment for file catalog :
OEOM DATA SAVED. FILE NAME = OEOM0102

Produce COOR data? : y

ooo error - no following tn, t1 = ti4

M2dify CEON data? : y CORRECT ERROR
Cpocify modifications
Chcnge data for a c.p.? : y

c. p. name : t4b
oco error - no c.p. with this name - reenter

:

c. p. nane : ,

CONTROL POINT t4b WAS OMITTED iChange data for a c.p.? : no
|Incert neu c. p's? : y

ncme of preceding c.p. : 414
onter data for new c.p's

i

c. p. nane and type : 44b tn
no. of attra nodes :
coord option :
in generated automatically
Any changes? :

c. p. nano and type :
i

Mare changes? :

Dioplay modified GEOM data? :
Write in session log? : y

MODIFIEn OEOM DATA ,

run c. p. c. p. bend stra coord c. p. c. p. coordinate data

no. name type radius nods opt i J re dx, p y,dy zd

1

a1 O di O. O. O.

tia tn 3 tn O. O. O.

t11 ti 15.000 O of a1 20.000 O. -40. OOC

tib tn 1 tn O. O. O.

b1 br O of til 40.000 O. O.

b2 br 1 of b1 20.000 O. O.

42a tn 1 tn O. O. O.

t!? ti 10.000 O of b2 30.000 O. O.

42b tn O tn O. O. O.

a2 O of 412 0. 20.000 O.

2
62 br O du O. O. O.

44a in O tn O. O. O.

39
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414 ti 5.000 0 of b2 0. -20.000 0.
44b tn O in O. O. O.
b3 1 of a3 O. -10.000 0. la3 0 of 414 O. O. 40.000 '

3
61 br O du O. O. O.
43a tn O in O. O. O.
t13 %i 10.000 0 of b1 0. O. 20.000
436 in O tn O. O. O.
63 br 1 du O. O. O.

Save current GEOM data? : y SAVE FOR SAFETY IN CASE OF CRASH
Cecient for file catalog :
GEON DATA SAVt.D. FILE NAME = GEOM 0102

Produce COOR data? : y

Dicplay COOR data? : y

,

-| COOR DATA

run c. p. c. p. bend node a y z
no. r.ans typs radius no. coord coord cocrd.,

,

1

al 1 O. O. O.
2 3.964 O. -7.927
3 7.927 0. -15.854
4 it.891 0. -20. "/81

tia tn 5 15.854 0. -31.708
til ti 15.000 20.000 0. -40.000

center 29.271 0. -25.000
6 21,385 O. -37.760

tib tn 7 29.271 0. -40.000
b1 6r 8 60.000 0. -40.000

Hit REIURid for more
9 70.000 O. -40.000

t2 br 10 80.000 0. -40.000,

'

11 90.000 O. -40.000
42a tn 12 100.000 O. -40.000
t12 %i 10.000 110.000 0. -40.000

centee 100.000 10.000 -40.000
426 tn 13 110.000 10.000 -40.000
m2 14 110.000 20.000 -40.000

2
62 br 10 80.000 C. -40.000
%4a tn 15 80.000 -15.000 -40.000

Hit RETURN for more
t14 41 5.000 80.000 -20.000 -40.000

center 80.000 -15.000 -35.000
446 in 16 80.000 -20.000 -35.000

17 80.000 -25.000 -17.500
b3 18 80.000 -30.000 O.
a3 19 80.000 -20,000 O.

3

40
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b1 br 8 60.000 O. -40.000

t3a tn 20 60.000 O. -25.888

t13 ti 10.000 60.000 O. -20.000

center 65.547 -8.320 -25.888

Hit RE1URid for more
t3h tn 21 62.856 -4.284 -17.144

22 71.428 -17.142 -0.572

b3 br 18 80.000 -30.000 O.

END OF DATA

Plot geometry? : no NO PLOTTER ON THIS TERMINAL . PLOT LATER

Modify OEOM data? : g CORRECT DATA FOR 63
Specify modifications
Change data for a c.p.? : y

c. p. nane : b3
ontes revised data
c. p. type : br
no. of artra nodes : 1
coord option :
c.p., dxedy dz : 43 0 0 -10 PREVIOUSLY HAD O -10 0
Any changes? :

; Moro changes? :

Display modified OFOM data? :
Wiite in sessian log? : y

I MODIFIEI) OEOM DA1 A
-

run c. p . c. p. bend stra coord c. p. c. p. coordinate data

no. name type ordius nods opt i J x, d se p gedy re dt

.

1

at O di O. O. O.

tia in 3 tn O. O. O.

t11 ti 15.000 O of al 20.000 O. -40.000

t1b tn 1 tn O. O. O.

b1 br O of til 40.000- 0.- O.

b2 br 1 of b1 20.000 O. O.

t2a tn 1 tn O. O. O.

t17 ti 10.000 O of b2 30.000 O. O."

42b tn O in O. O. O.

a2 O of t12 O. 20.000 O.

2 '

b2 br O _du O. O. O.

t4a tn O tn O. O. O.

t14 ti 5.000 O of b2 O. -20.000 - O.

t4b in O tn O. O. O.

b3 br 1 of a3 O. O. -10.000

a3 0 of t14 O. O. 40.000

3
b1 br O du O. O. O.

t3a tn O tn O. O. O.

t13 ti 10.000 O of b1 O. O. 20.000

43b in O in O. O. O.

41

- - _ _. - - - - _. _. - _ _ . . _ . - - _ .-,



.

i

. Table A4.2.1 (page 10)
|

|
|

63 br 1 du O. O. O.
1

Save current GEOM data? : y
Cranent for file catalog :,

i OEON DATA SAVE.D. FILE NAME = GEOM 0102
(

Produce COOR data? : y

Display COOR data? : y

COOR DATA

run c. p. c. p. bend node x y z
no. nane type radius no. coord coord coord

,

1

al 1 0. O. O.
2 3.964 O. -7.927
3 7.927 O. -15.854>

4 11.891 0. -23.701
tia tn

'
. 5 13.054 O. -31.708

til ti 15.000 20.000 O. -40.000
center 29.271 O. -25.000

6 21.385 O. -37.740
t1b tn 7 29.271 O. -40.000

; b1 br 8 60.000 O. -40.000
Hit RETURN foe more

9 70.000 O. -40.000
b2 br 10 80.000 O. -40.000

11 90. OOC O. -40.000
t2a tn 12 100.000 O. -40.000
ti2 ti 10.000 110.000 O. -40.000

center 100.000 10.000 -40.000
42b in 13 110.000 10.000 -40.000
a2 14 110.000 20.000 -40.000

2
b2 br 10 80.000 O. -40.000
t4a tn 15 80.000 -15.000 -40.000

Hit RE1 URN for more
ti4 41 5.000 90.000 -20.000 -40.000

center 80.000 -15.000 -35.000
446 in 16 80.000 -20.000 -35.000

17 80.000 -20.000 -22,500
! b3 br 18 90.000 -20.000 -10.000

a3 19 80.000 -20.000 O.
3

b1 br 8 60.000 O. -40.000
43a tn 20 60.000 O. -27.071
t13 ti 10.000 60.000 O. -20.000

center 67.071 -7.071 -27.071
! Hit REIURN for more
- 436 in 21 64.714 -4.714 -17.643

22 72.357 -12.357 -13.821
63 br 18 90.000 -20.000 -10.000

END OF DATA.
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Plot geometry? :

Msdify CEOM data? :

| DATA COMPLFTE FOR THIS SESSION
Save final GEOM data? : y
Csament for file catalog : Example. Fig.A4.2.1. Full system.
GEOM DATA SAWD. FILE NAME = OEOM0102
Save COOR data? : y
Comment for file catalog : From OEOM0102
COOR DATA SAVt:.D. FILE NAME = COORO101

EXEC - WIPS EXECUTIVE

NFXT WIPS EXEC COMMAND : list,

Problem 1: Illustrative Example, Fig. A4.2.1

file seguence date description

type nunber
GEOM 1 Wed Dec 9 17:57:29 1981 Example. Fig.A4.2.1. First 2 runs.

GEOM 2 Wed Dec 9 18:27:02 1981 Example. Fig.A4.2.1. Full system.

COOR 1 Wed Dec 9 18:27:02 1981 From OEOM0102

NFXT WIPS EXEC COVN.ND : delete OEOM0101 NO LONGER NEEDED
File type: OEOM
Saguence number: 1
OEOM0101 deleted
File type:

NE XT WIPS-EXEC CO!! MAND : gult
.

_____ ___ _ ___.... _ _____ ___________________.________________________
EXEC - WIPS EXECUTIVE

NEXT WIPS EXEC COMMAND : geom WIPS-GEON TO PLOT GEOMETRY ONLY

OEOM - SPECIFICATION OF SYSTEM GEOMETRY

D3 fine units
Length (f tn ine me sa) : in
Force (k,1bekgfekN) : k

Madify existing CEDM file? : y
Saguence no. : 2

Display existing OEOM data? :
Write in session logi :

M2dify CEON data? :

Produce CDOR data? : y MUST PRODUCE COORDINATES TO PLOT

Display COOR data? :
Write in session log? :

43
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Plot geometry? : y:

Plot complete systeo? : y COMPLETE SYSTEM. FIO.A4.2.2

Plot device (df1t=4662) :
Baud rate (df1t=12OO) :

Viewing direction (+x,-x,+y, y,+z,-z or inc1) : inc1
Direction cosines (3 values) : -1 -1 -1
Vertical axis in plot (df1t=+y) :
Ma x. plot dimensions (current length units)

Width = 0.1061e+03
Height = 0.5591e+02

Specify drawing size and border widths
Max. allowable width and height = 15.000, 10.000
Width and height (incl. borders) : 11 8.5 8.5 * 11 PAPER
Left and right border widths : 22
Top and bottom border widths : 22

Scale (current length units per plot unit) 0.1515e+02=

Any changes ? :

Add text to drawing? : y
Enter text (max.60 characters)
: FIG.A4.2.2 GLCMFTRY PLOT. COMPLETE SYSTEM

Symbol height (inches) : .15
Horizontal lettering? : y
Position pen, then hit RETURN

Nore text? : y
Enter text (max.60 cfiaractars)

Run 1-

Symbol height (df1t=no change) : .1
Horizontal lettering? : n
Specify angle (degrees) : -30
Position pen, then hit RETURN

More text? : y
Enter text (max.60 characters)
: Run 2

Symbol height (df1t=no change) :
Horizontal lettering? : n
Specify angle (degrees) : 30
Position pen, then hit RETURN

More text? : y
Enter text (max.60 characters)
: Run 3

Symbol height (df1t=no change) :
Horizontal lettering? : y
Position pen, then hit RETURN

'
More tout? :
Add X,Y,Z axis symbol? : y
Aris length (df1t=0.251n) :
Symbol location (ble tle be or tc) : bl

44
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More plots? : y
New parts of system may be specified, or current
parts redrawn with new view, drawing size, etc.
Cpecify new parts? : y

|
Plot complete system? : n

SPECIFY PARTS OF SYSTEM TO BE PLOT 1ED
PART 1

Run nunber : 1
,

First c.p. (df1t= start of run) : b1
Last c.p. (df1t=end of run) :

More parts? : y
PART 2

Run nunber : 2
First c.p. (df1t= start of run) :
Last C.p. (df1t=end of run) : b3

More parts? :

Plot device (df1t=no change) :

Viewing direction (+x,-x,+g,-y,+ ,- or inct) : inc1
Direction cosines (3 values) : 1 -1 -1

' '
Vertical axis in plot (df1t=+g) :
Ma x. plot dimensions (current length units)

Width = 0.3536e+02
Height = 0.5715e+02

Change drawing site or borders? :
Scale (current length units per plot unit) 0.1270e+02=

Any changes ? :

'
Add text to drawing? : y
Enter text (max.60 characters)

l : FIG. A4. 2. 3 CEOMETRY PLOT. PART OF SYSTEM
Cymbol height (inches) : .15
Horizontal lettering? : yi

| Position pen, then hit RETURN

More tert? :
Add X,Y,Z axis symbol? :
More plots? :

Modify CEON data? :

DATA COMPLFTE FOR THIS SESSION
OEOM data not changed
Cave COOR data? :

End of this CEON session

EXEC - WIPS EXECUTIVE

NEXT WIPS EXEC COMMAND : guit

.____ ___ ._____ _____.______________ ___ _____________________________.
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A5. WIPS-MATL AND WIPS-FREC USER GUIDES;

|

| SUMMARY
|
|

|

This section presents instructions and examples on the use of the WIPS-MATL and
WIPS-FREC modules.

CONTENTS

AS.! WIPS-MATL USER GUIDE
AS.I.1 PURPOSE

AS.I.2 MROZ MATERIAL MODEL
AS.I.2.1 General

AS.I.2.2 Stress vs. Strain'

AS.I.2.3 Stress vs. Strain Rate

AS.I.2A Numerical Tclerances

A5.1.1.5 Other Data

AS.I.3 EXAMPLE

j AS.2 WIPS FREC USER GUIDE

AS.2.1 FURPOSE,

"

AS.2.2 FORCE RECORD

AS.2.3 EXAMPLE

;

i

I
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,

A5.1 WIPS-MATL USER GUIDE

A5.1.1 PURPOSE

! WIPS-MATL accepts * sets" of material property data and stores them in the MATL file.
The materials can then be used for PIPE elements (in WIPS PIPE) or for shell elements (in'

; WIPS ELBO, WIPS STRP, and WIPS SLAB). Only one material modelcan currently be
! specified, namely the Mror model for steel.

Material property sets may be specified in a single WIPS MATL session or in a series of
separate sessions. New property sets are added at the end of the MATL file. Property sets are
numbered in the order in which they are specified.

A5.1.2 MROZ MATERIAL MODEL

A5.1.2.1 General
The theory of the Mroz material model is presented in Section B2. A typical WIPS user

does not need to be concerned with the details of the theory. The input data for WIPS-MATL
4

! will typically consist only of stress strain and stress strain rate relationships for the material in
uniaxial tension. The theory also requires that Poisson's ratio and the material density be,

deAned and that tol-ances be speciAed for implementation of the numerical scheme. Typi-
cally, however, the default values will apply for these quantities.

AS.I.2.2 Stress vs. Strsin
j The streswrain relationship must be a multilinear curve (Fig. AS.I.1). The re'ationship
1

may have up to 5 segments for materials to be used for STRP, ELBO, and SLAB substructures,
; and a maximum of 3 segments for materials to be used for PIPE elements. The static modu'i

E , E . etc. and the yield strengths S , S , etc. must be input.4 i 2 i 2

|

A3.1.2.3 Stress vs. Strain Rete '

,

! If strain rate effects are specified, a multilinear relationship must be defined betwcen
stress ucrease (strength in excess of static strength) and strain rate (Fig. A5.1.2). The rest'un-

I ship may have up to 3 segments. The strain rate stiffnesses Eo. Eo, Eo nd the strain ratea

limits J ,4 must be specined.i i 2

A5.1.2.4 NumericalTelerances
,

Three tolerances to control the numerical computation may be specined if desired. These
tolerances control the determination of nonlinear " events" and thus affect the accuracy and the

,
' amount of computer time. A large tolerance may save computation effort but may adversely

affect the accuracy or even lead to numerical instability. The default values are recommended.

! The tolerances deAne allowable " overshoots' before a nonlinearity is classified as an event.
Tolerances may be speciAed for yield, stiffness reformulation, and strain rate effects. The yield

i tolerance dennes the allowable overshoot of a yield event as a proportion of the yield stress,
with a default of 0.02. The stiffness tolerance deAnes the allowable change in plastic flow direc->

' tion before the material stiffness is assumed to be signincantly affected, with a default of 0.05
,

radians. The strain rate tolerance dennes the allowable overshoot at a change in strain rate '

stiffness, as a proportion of the strain rate. The default value is 0.02..

! A5.1.2.5 Other Deta

|' Poisson's ratio (default = 0.3) and the material weight density (default = steel = 0.284
lb/cu. in.) may be speciAed if desired.

i )
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AS.I.3 EXAMPLE
Table AS.I.I is a listing of a WIPS MATL session log. It illustrates the procedure for

materials with properties similar to those shown in Fig. AS.*..l. Two materials are first defined,.

one with and one without strain rate effects. Control is then returned to WIPS-EXEC, and
WIPS MATL is called again to add a third material. Help is requested and deliberate errors are
made to illustrate the help and error messages. For purposes of illustration, the units are
changed in the second call to WIPS MATL.

,

|

.

|

t

i
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|

| TABLE A5.1.1
| =cu==-====== |

|

WIPS-MATL EXAMPLE
-------....-- --

EXEC - WIPS EXECUTIVE

NEXT WIPS-EXEC COMMAND : matl
|

i

| MATL - SPECIFICATION OF MATERIAL PROPERTIES

. Define units
'

Length (fteinemerm) : in -

Force (k.lbekgfekN) : k

Start new MATL file

Specify a new property set? : help
Sorry, no help on this item

Specify a new property set? : g
;

SET NO. = 1

j Property set description : help
j Optional description, ma x. 40 characters

Property set description : ASTF A106 Grade B. Trilinear.
Static moduli (min =2,maxs5)
: help '

Slopes of stress-strain curve. Soscify as many
as needed, on one line. First = elastic modulus

|I
Static moduli (min =2, max =5)

: 3.e5 1.715e6 120
*** error - must decrease progressively

Static moduli (min =2, max =5)

: 30000 1715 120
Yield strengths (no. of moduli minus 1)
: 45 41

) *** error - must increase progressive 1g
Yield strengths (no. of moduli minus 1)
: 45 51

Strain rate stiffnesses (min =0, man =3)
: help

Slopes of curve relating stress increase to
strain rate. As many as needed, on one line

; Strain rate stiffnesses (min =0, max =3)
: 1.5 .0522 .01125

Strain rate limits (no. of stiffnesses minus 1)
: help

Strain rates at which stiffnesses change
; Strain rate limits (no. of stiffnesses minus 1)

: 20 250'

53
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Table A5.1.1 (page 2)

Use default tolerances? : y
Poisson ratio (df1t = .3) :
Weight density (df1t= steel) :

Any errors? :
,

This set added to MATL file

Specify a new property set? : y

= 2SET NO.
Property set description : ASTM A312 Type 304L. Trilinear.

Static moduli (min =2, max =5)

: 30000 1625 217
Yield strengths (no. of moduli minus 1)
: 32 45

Strain rate stiffnesses (min =0, max =3)

:
No strain rate effect
Use default tolerances? : n
Yield tolerance (df1t=.02) : .04
Stiffness tolerance (df1t=.05) :
Poisson ratio (df1t = .3) :
Weight density (dfit= steel) :

i

Any errort? :

This set added to MATL file

Specify a new property set? :

No. of property sets in MATL file = 2

Display property set descriptions? : y

MATL PROPENTY DESCRIPTIONS

Set No. Type Description
1 mroz ASTM A106 Graie B. Tri11near.
2 mror ASTM A312 Type 304L. Trilinear.

Display neu property set data? : y.

MATL PROPEMTY DATA

SET NO. 1. ASTM A106 Grade B. Tri11near.

Matl Data Sega Modulus or Stress / Strain

Type Type No. Coefficient Limit

nro
static 1 0.3OOOe+05 0.4500e+02

2 0.1715e+04 0.5100e.+02
3 0.12OOe+03

str. rate 1 0.1500e+01 0.2OOOe+02
2 0.5220e-01 0.2500e+03
3 0.1175e-01

54
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Table A5.1.1 (page 3)

gld.tol. O.2OOOe-01
stif tol O.5000e-01
rate tol O.5000e-01
poisson 0.3OOOe+00
density 0.2840e-03

Hit RE1 URN for next set

SET NO. 2. ASTM A312 Type 304L. Tri11near.

Matt Data Sega Modulus or Stress / Strain
Type Type No. Coefficient Limit
nrox

i s tatic 1 0.3OOOe+05 0.32OOe+02
2 0.1625e+04 0.4500e+02
3 0.2120e+03

gid. tol. O.4000e-01
stif tol O.5000e-01
rate tol O. e+00,

,

poissen 0.3OOOe+00 |

density 0.2840e-03
Hit RE1 URN for next set .

'END OF DATA.

Display all property set data? : no ALREADY DISPLAYEDi

' Write in session log 7 :

New MATL file created
Comment for file catalog : Example, Section AS.1

End this MATL session? : y
i

EXEC - WIPS EXECUTIVE

NEXT WIPS EXEC COMMAND : matl RETURN TO ADD A THIRD MATERIAL

MATL - SPECIFICATION OF MATERI AL PROPERTIES
,

Define units
Length (ftein, mess) : mm NOTE S.I. UNITS l
Force (ke lb, kgfe kN) : kN

Existing MATL file being extended.
No. of existing property sets = 2

Specify a new property set? : y

SET NO. = 34

Property set description : Elastic-Plastic, Fy = 280 MPa.
Static moduli (min =2, man =5)
: 206.85 2.06

Yield strengths (no. of moduli minus 1)
: . 28

Strain rate stiffnesses (min =0, man =3)'

:
No strain rate effect
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Table A5.1.1 (page 4)

Use default tolerances? : y i

Poisson ratio (df1t = .3) :
Weight density (df1t= steel) :

Any errors? :

This set added to MATL file

Specify a new property set? :

No. of property sets in MATL file = 3

Display property set descriptions? : y

MATL PROPEMTV DESCRIPTIONS

Set No. Type Description
1 mroz ASTM A106 Orade B. Tri11near.'

2 mro ASTM A312 Type 304L. Tri11near.
i 3 mror Elastic-Plastic. Fy = 280 MPa

Display neu property set data? : y

MATL PROPENTY DATA

SET NO. 3. Elastic-Plastic. Fg = 280 MPa.

| Matl Data Segm Modulus or Stress / Strain
Type Type No. Coefficient Limit
arox |

static 1 0.2069e+03 0.2900e+00
2 0.2060e+01

gid. tol. O.2OOOe-01
stif tol O.5000e-01
rate tol O. e+00
poisson O.3OOOe+00
density 0.7709e-07 |

.

Hit REIURfA for next set
'

END OF DATA

Display all property set data? : n
Write in session log? : n

Existing NATL file extended
Comment for file catalog : Example, Section A5.1

! End this MATL session? : y
l

EXEC - WIPS EXECUTIVE

NE XT WIPS EXEC COMMAND : matl DISPLAY PROPERTIES ONLY

MATL - SPECIFICATION OF MATERIAL PROPERTIES

Define units

56
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Table A5.1.1 (page 5) l

| Length (ft inememe) : in NOTE KIP. INCH UNITS
Force (ke lbe kgf e kN) : k i

| Existing NATL file being extended.
'

No. of esisting property sets = 3

Specify a new property set? :

No. of property sets in MATL file = 3

Display property set descriptions? : y

NATL PROPENTY DESCRIPTIONS

i|
(

Set No. Type Description
1 mror ASTM A106 Grade B. Tri11near.
2 mro ASTM A312 Type 304L. Tritinear.
3 mror Elastic-Plastic, Fy = 280 MPa.

Display all property set data? : y

NATL PROPERTY DATA
i

SET NO. 1. ASTd A106 Grade B. Tri11near.
:

Matt Data 83ge Modulus or Stress / Strain
q Type Type No. Coefficient Limit

nros
| static 1 0.3OOOe+05 0.4500e+02

2 0.1715e+04 0.5100e+02I;
3 0.12OOe+03

!
str. rate 1 0.1500e+01 0.2OOOe+02

2 0.5270e-01 0.2500e+03
) 3 0.1125e-01

g1d. tol. O.2OOOe-01
stif tol O.5000e-01

i rate tol O.5000e-01'

poisson 0.3OOOe+00
density 0.2840e-03

Hit REIURN for next set,

SET NO. 2. ASTM A312 Type 304L. Trilinear.

i Matl Data Sega Modulus or Stress / Strain
Type Type No. Coefficient Limit
nron

static 1 0.3OOOe+05 0.32OOe+02
2 0.1625e+04 0.4500e+02
3 0.2120e+03,

y Id. to1. O.4000e-01
etif 4o1 O.SOOOe-01
rate tel O. e+00
poisean O.3OOOe+00
density 0.2840e-03

Hit REIURN for next set

57
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,

;

Table A5.1.1 (page 6)'
j

SET NO. 3. Elastic-Plastic, Fv = 290 Wa. |

1

Matt Data Sega Modulus or Stress / Strain
Type Type No. Coefficient Limit
mromj

static 1 0.3000e+05 0.4061e+02
4

2 0.2998e+03'

'. y1d. tol. O.2000e-01
stif tol 0.5000e-01
rate tol 0. e+00
poiseon O.3000e+00

| density O.2840e-03
Hit RE1 URN for neat set'

END OF DATA
|

| MATL file not changed

End this NATL session? : y

EXEC - WIPS EXECUTIVE

NFXT WIPS-EXEC COMMAND : gutt

- . - _ _ _ . _ _ _ . - _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

f

i
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A5.2 WIPS FREC USER GUIDE

A5.2.1 PURPOSE
WIPS FREC accepts r'ecords defining variation of force with time and stores them in the

FREC Ale. Particular records can then be hcorporated into a DATA file in the WIPS-DATA
phase. Only force records are set up in WIPS FREC: the loaded points and the force directions
are specified in WIPS DATA. The force magnitudes may also be scaled in WIPS DATA, if
desired.

The force records may be specified in a single WIPS-FREC session or in a series of
separate sessions. New records are added at the end of the FREC file. Each record is identified
by a four-character name specified by the WIPS FREC user. In addition, the records are num-
bered in the order in which they are specified.

A5.2.2 FORCE RECORD
Each force record is specified as a series of time force pairs. The times (in seconds) must

increase progressively. The first time force pair is automatically set to zero zero. Data input
begins with the second pair.

AS.2.3 EXAMPLE
Table AS.2.1 is a listing of a WIPS FREC session los to illustrate the procedure for speci.

fying FREC data.

,

;

|
|

|

|
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|

TABLE AS.2.1
..u.........

WIPS-FREC EXAMPLE
...u..u.. ..r..... ,

EXEC - WIPS EXECUTIVE

NE XT WIPS EXEC COMMAND : frec

FREC - SPECIFY DYNAttIC FORCE RECORDS

Define units
Langth (f te ine me e.3) : in
Force (k,1be kgf, kf4) : k

Start neu FREC file

Specify a new record ? : y

RECORD NO. 1

!

Record name (4 characters) : rect<

Description (max. 40 char.) : Constant 15k force.

Enter Tine-Force pairs
First pair automatically set to 0.0

i Pair no. 2: help
Enter time-force pairs one per line

;

Enter blank line to end record'

| Pair no. 2: 1.e-6 15
Pair no. 3: 1. 15
Pair no. 4:

Last pair? : g
Any errors ? :

.Specify a new record ? : y

RECORD NO. 2

Record nane (4 characters) : rec 2
Description (max. 40 char.) : Variable force, 20k peak.

Enter Tine-Force pairs -

First pair automatically set to 0,0
. Pair no. 2: 1.e-6 15

Pair no. 3: .004 20 ,

Pair no. 4: .01 10
Pair no. 5: 1. 10
Pair no. 6:

Last patr? : y
Any errors ? :

,
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TableAS.2.1(page2)

Cpccify a new rec.- ~. :

Dicplay any records 7 : y
ROcord number (df1t=a11) :

CECORD NO. 1. Name = rect
Tine Force

O. O. e+00
0.00000 O.1500e+02
1.00000 O.1500e+02

END OF RECORD
Hit REIURN for next record

RECORD NO. 2. Name = rec 2
Tine Force

O. O. e+00
0.00000 O.1500e+02
0.00400 0.2OOOe+02
0.01000 0.1000e+02
1.00000 0.1000e+02

END OF RECORD

Write records in session log? : no DISPLAY AUTOMATICALLY WRITES TO LOG

j End this THEC session? : y
N:w FREC file created
Ccament for file catalog : Example, Section AS.2

EXEC - WIPS EXECUTIVE

NF XT WIPS EXEC COMMAND : frec RETURN TO LOOK AT A RECORD

FHEC - SPECIFY DYNAMIC FORCE RECORDS

Dafine units
Length (fteinemess) : in
Force (ketb,kgf,kN) : k

Ertend existing FREC file
Data on entsting file

Rec. Rec. No.of
No. Name Times Description

1 rect 3 Constant 15k force..

2 rec 2 5 Variable force, 20k peak.

Spccify a new record 7 :

Dicplay any records ? : y
R0 cord number (dftt=all) : 2

RECORD NO. 2. Name = rec 2
Tine Force

O. O. e+00
0.00000 O.1500e+02
O.00400 O.2OOOe+02
O.01000 0,1000e+02
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Table AS.2.1 (page 3)

1.00000 O.1000e+02 |
END OF RECORD

Display any records ? :

Write records in session log? :

End this FMEC session? : g
FREC file not changedi

EXEC - WIPS EXECUTIVE

NFXT WIPS-EXEC COMMAND : guit

_ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ . - . _ _ _ . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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A6. ELEMENT TYPE USER GUIDES

SUMMARY

This section contains user guides for defining the properties for each different element
type. Four element types may be defined, namely straight or curved pipes (WIPS-PIPE, Sec-
tion A6.1), straight beam-columns (WII'S-BEAM, Section A6.2), U-bar restraints (WIPS-
UBAR, Section A6.3), and gap-friction elements (WIPS-GAPF, Section A6.4).

CONTENTS

A6.1 WIPS-PIPE USER GUIDE
A6.1.1 PURPOSE

A6.1.2 INPUT DATA
A6.1.2.1 General
A6.1.2.2 Basic Properties

A6.1.2.3 Ovalling Properties

A6.1.2.4 Large Ovalling Deformations

A6.1.2.5 Large Displacements

A6.1.3 EXAMPLE

A6.2 WIPS BEAM USER GUIDE
A6.2.1 PURPOSE

A6.2.2 BEAM PROPERTIES

A6.2.2.1 General

A6.2.2.2 Static Behavior

A6.2.2.3 Restriction on Action-Deformation

A6.2.2.4 Strain Rate Effects

A6.2.2.5 Tolerances

A6.2.3 EXAMPLE

A6.3 WIPS UBAR USER GUIDE
A6.3.1 PURPOSE

A6.3.2 INPUT DATA
A6.3.2.1 General

A6.3.2.2 Static Behavior

A6.3.2.3 Extension Rate Effect
A6.3.2.4 Default Gap

A6.3.2.5 Nonlinear Tolerance
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A6.3.3 EXAMPLE -,

. A6.4 WIPS-GAPF USER GUIDE

A6.4.1 PURPOSE*

*

A6.4.2 INPUT DATA
A6.4.2.1 General

'

j
A6.4.2.2 ' Basic Properties

A6.4.2.3 Tolerances

A6.4.2.4 Other Data

i A6.4.3 EXAMPLE
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A6.1 WIPS PIPE USER GUIDE |

A6.1.1 PURPOSE
WIPS PIPE accepts "se'ts" of property data for pipe elements and stores them in the PIPE

file. Pipe elements with particular properties can then be incorporated into an analysis model in 1

the WIPS-MODL phase by defining the location in a pipe run and the property set to be used.
WIPS-MODL extracts the appropriate data from the PIPE file and incorporates it into a MODL
file.

The property sets may be specified in a singic WIPS-PIPE session or in a series of separate
sessions. New property sets are added at the end of the PIPE file. Property sets are numbered
in the order they are specified.

A6.1.2 INPUT DATA

A6.1.2.1 General

The theory of the PIPE element is presented in Section B3. A typical WIPS user should
be familiar with the main features of the element but need not be concerned with the details of
the theory.

A6.1.2.2 Basic Properties

The basic properties which must be defined are the outside diameter, the wall thickness,
the number of subelements in the pipe cross section (typically 8, maximum 12), the weight per
unit length (default = steel pipe), and the material number (in the MATL file). The material
must have been previously defined, using WIPS-MATL and must have no more than three linear
segmentsin its stress-strain relationship.

A6.1.2.3 Ovalling Properties
*

To enable curved elements to be considered, additional information on the ova!!ing pro-
perties is needed. Typically, the default values will apply. The PIPE element accounts for oval-
ling using an approximate theory, as explained in Section B3. The contribution of the pipe wall
bending stiffness to the ovalling resistance is defined by means of a multilinear relationship
between ovalling deformation and a generalized ovalling force (Fig. A6.1.1). The generalized
ovalling force is defined only in a virtual work sense. The stiffness K and the strength ni ni i
Fig. A6.1.1 are calculated by WIPS PIPE from the pipe diameter, the wall thickness, and the
material properties. The stiffnesses h K and h K may be assigned by WIPS-PIPE (defaulti i 2 i
option), or they may be input by specifying the values of h and h . The default values arei 2

'

h -0.4 and h -0.05. The value 0 is set equal to the strength when the ovalling, m, equals 4i 2 2

times the initial yield ovalling, m, (Fig. A6.1.1).

If desired, the values of K and ni may be modified, by specifying a stiffness factor, fi,i
and a strength factor, /2 The value of K is then increased to fi i, and the value of O n toi K
ft/20: (i.e., /2/1 K m , where w, remains constant). The value of Oii 2 is automatically
modined to keep the ratio O/D uncitanged. The default values of fi and /2 are both unity.i
Values larger than unity might be specified to account for the stiffening and strengthening
effects exerted on elbow ovalling by a4acent straight pipes. It is generally recommended that
the default values be used.

A6.1.2.4 Large Ovalling Deformations

If substantial ovalling occurs, the shape of the cross section may depart substantially from
a circle. As a result, the in plane flexural strength of an elbow for bending which collapses the
cross section can be significantly less than for bending which stretches the cross section. This
effect may be taken into account (large ovalling = "YES") or ignored (large ovalling "NO").
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i

The default is "YES".

A6.1.2.5 Large Displacements

Analyses may be carried out by WIPS-ANAL for either small displacements (typically res-
trained pipes) or large displacements (typically unrestrained pines). The choice is made in the
WIPS-MODL phase.

A6.1.3 EXAMPLE
Table A6.1.1 is a listing of a session log to illustrate the procedure for specifying PIPE

properties.
,

.

4
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i

,
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TABLE A6.1.1
! .....-. ...

WIPS-PIPE EXAMPLF
._v s-......=r===

1

EXEC - WIPS EXECUTIVE
:

NEXT WIPS EXEC COMMAND : pipe

PIPE - SPECIFICATION OF PIPE PROPERTIES

Define units
Length (f ts ins es so) : in
Force (kelb,kgfekN) : k

No. of MATL property sets available = 3 )

Display r.aterial descriptions? : y j

MATL PROPENTY DESCRIPTIONS
Set No. Type Description

1 mror ASTM A106 Grade B. Trilinear.
2 meor ASTM A312 Type 304L. Trilinear.
3 mro Elastic-Plastic, Fg = 280 MPa.

Start neu PIPE file

Specify a new property set? : y

= 1SET NO
Property set description : help
Optional description, ma x. 40 characters
Property set description : 6sch40, A106-B, with strain rate.

Outside diameter : 6.625
Wall thickness : .28
Weight / unit length (df1t= pipe weight) :
No. of X-section elements (df1t=12) :
Material number : 1
Large ovalling (ges or no)? (dfit=no) :

Use default ovalling propertf es? : y

Any errors? :

This set added to PIPE file'

Specify a new property set? : y

= 2SET NO.
Property set description : 4sch40, A312-304L, no strain rate.

Outside diameter : 4. 5
Wall thickness : .237
Weight / unit length (df1t= pipe weight) :
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Table A6.1.1 (page 2)

No. of X-section elements (df1t=12) : 8
i Material number : 2

Large ovs111ng (ges or no)? (df1t=no) :
Use default ovalling properties? : n

i No. of hardening ratios for ovalling (df14=2) :
Hardening ratios for ovalling : .38 .14
Stiffness modification factor :
Strength modification factor :

Any erects? :
!
' This set added to PIPE file

Specify a new property set? :

| No. of property sets in PIPE file = 2

Displag property set descriptions? : y

PIPE PROPENTY DFSCRIPTIONS
Set No. Description

1 6sch40, A106-8, with strain rate.
2 4sch40, A312-304L, no strain rate.

I
Display neu property set data? :
Weite

,

in session log? :
4

Display all property set data? : y
: PIPE PROPERTY DATA

SET NO. 1. 6sch40, A106-B, with strain rate.

Data Sega Modulus or Stress / Strain,

Type No. Data Value Limit

Outside diameter O.6625e+01i

Wall thickness 0.2800e+00
! Unit weigh t 0.1585e-02)

No. of elements 12
4

t Stress y strain 1 0.3OOOe+05 0.4500e+02 <

2 0.1715e+04 0.5100e+02
3 0.12OOe+03

Stress v strain rate 1 0.1500e+01 0.2OOOe+02
2 0.5220e-01 0.2500e+03
2 0.5220e-01

Poisson ratio 0.3OOOe+00
Large ovalling no
Ovalling ratios 1 0.4000e+00

2 O.5000e-01
Hit REIURN for nest set

SET NO. 2. 4sch40, A312-304Le no strain rate.

Data Sega Modulus or Stress / Strain
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Type No. Data Value Limit

Outside diameter O.4500e+01
Wall thickness 0.2370e+00 |

Unit weight 0.9014e-03
No. of elements 8

No. of slices 2
L Stress v strain 1 0.3OOOe+05 0.32OOe+02,

2 0.1625e+04 0.4500e+02
3 0.2120e+03

Poisson ratio 0.3OOOe+00
Large ovalling no
Ovalling ratios 1 0.3800e+00

2 0.1400e+00
Hit RE1 URN for next set
END OF DATA

New PIPE file created
Comment for file catalog : Example, Section A6.1

End this PIPE session? : y

EXEC - WIPS EXECUTIVE

NEXT WIPS EXEC COMMAND : gutt

___ __.__ ____ _ ._..._____ __.______________________________________.
.

i

.
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A6.2 WIPS-BEAM USER GUIDE

A6.2.1 PURPOSE .
WIPS-BEAM accepts " sets" of property data for beam elements and stores them in the

~ BEAM file. Beam elements with particular properties can then be incorporated into'an analysis,.

|
model in the WIPS-MODL phase by defining the location in a pipe run and the property set to
be used. WIPS MODL extracts the appropriate data from the BEAM file and incorporates it
into a MODL file.

j
The property sets may be specified in a single WIPS-BEAM session or in a series of

separate sessions. New property sets are added at the end of the BEAM Ale. Property sets are'

numbered in the order they are specified.

A6.2.2 BEAM PROPERTIES
4

,

A6.2.2.1 General
The theory of the BEAM element is presented in Section B4. A typical WIPS user should

be familiar with the main features of the element but need not be concerned with the details of
the theory.

BEAM elements may be used to model members of any cross section, not necessarily
pipes. The basic element properties are specified as four action-deformation relationships,
namely, (1) axial force vs. axial strain; (2) torque vs. rate of twist; (3) bending moment about
one principal axis vs. ' corresponding curvature; and (4) moment vs. curvature about second
principal axis. A different curve (with some restrictions) may be specified for each of the four
actions. Shear deformations may be included, by specifying shear rigidities in the two bending*

planes.
Strain rate effects may be specified, by means of a single multi-linear curve (dimension-4

less) which applies for all four actions and deformations. In addition, the weight of the ele-'

i ment per unit length must be specified, and tolerances to control the numerical accuracy may
! be defined. Typically, the default values will apply for these tolerances.

; .

A6.2.2.2 Static Behavior,

Multi linear approximations of the action-deformation relationships must be chosen, as
|
' shown in Fig. A6.2.1. These relationships must be calculated separately, taking into account

|
the cross section dimensions and material properties. This may involve a substantial amount of
preliminary calculation. BEAM members are all assumed to be straight, and there is no
allowance for cross-section distortion (i.e. ovalling). If BEAM clements are to be used to
model bends or elbows, the action-deformation relationships must allow for the effects of

4

cross-section distortion.
The sequence in which WIPS BEAM requests the action-deformation data is as follows.

,

i
(1) Elastic axial stiffness (EA) and shear stiffnesses (GA, in element xy plane; GA, in ele-

ment xz plane). Because the element is assumed to remain elastic in shear, these are the
1only shear troperties required.

(2) Elaunc torsional stiffness (GJ) and bending stiffnesses (El, for bending about y axis; El, .
for bending about z axis).

First yield values f , MX , MY and MZ (Fig. A6.2.1).(3) i i i i

Stiffnesses EA , Gl , EIY , and EIZ (Fig. A6.2.1).! (4) i i i i

Second yield values F , MX , MY , and MZ -(5) 2 2 2 2

.
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(7) Third yield values F , MX , MY , and MZ .3 3 3 3

(8) Stiffnesses EA , G1, EIY , and EIZ .3 3 3 3

A6.2.2.3 Restriction on Action-Deformation Relationships

As shown in Fig. A6.2.1, there are three changes of slope for each action-deformation
relationship. The deformations at which slope changes occur are w i, w 2, w 3r for axial force;r r

w i, w 2, w 3 for the bending moments; and w i, w 2, w 3r for torque. Experience has shownu u u r r
that it is desirable to make the ratio wi:w2:w3 essentially the same for all four relationships.
This restriction is needed to obtain realistic hardening behavior if there is substantial axial or
torsional yield. It is less important if yielding is primarily in bending.

WIPS-BEAM checks the wi:w2:w3 ratios and displays a warning if they are not substan-
tially similar.

A6.2.2.4 Strain Rate Efects
Strain rate effects, if any, must be defined by means of a dimensionless relationship

between strength increase and deformation rate. The usual procedure for establishing this rela-
tionship will be as follows.

(1) For the material of which the element is made, construct a multi-linear curve (maximum
3 segments) relating stress increase (stress in excess of static stress) to strain rate (Fig.
A6.2.2a).

(2) Select a yicid stress, a,, and a corresponding yield strain, e, - a,/E, where E -
Young's modulus. The yield stress may be a nominal value (e.g. 0.2% offset).

(3) Divide the stress ordinates of the curve by a, and the strain rate ordinates by e, to get a
dimensionless relationship (Fig. A6.2.2b).

The values X , X , and X in Fig. A6.2.2b are " strain rate factors", and the quantities Y , Y ,i 2 3 i 2

and Y are " strength factors". WIPS-BEAM requests these factors.3

A6.2.2.5 Tolerances

In the dynamic analysis, tolerances are required to control the stiffness reformulation
when nonlinear " events" occur (e.g. yield or unloading from a yielded state). The following
tolerances are used.

(1) An angle tolerance (in radians) to control stiffness reformulation as the direction of plastic
flow changes. The default is 0.05.

(2) Overshoot (for yield) and reversal (for unloading) tolerances. These are dimensionless
values, expressed as proportions of the element strength. The default values are 0.02 (i.e.
2%).

(3) A strain rate tolerance for change in the viscous stiffness associated with strain rate
effects. This is a dimensionless value expressed as a proportion of strain rate factor. The
default value is 0.02.

A6.2.3 EXAMPLE
Table A6.2.1 is a listing of a session log to illustrate the procedure for specifying BEAM

properties.
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|
|

TABLE A6.2.1 |
;

- -- ....s.

WIPS-BEAM EXAMPLE
= or........======

EXEC - WIPS EXECUTIVE
)

|
NFXT WIPS EXEC COMMAND : beam |

BEAM - SPECIFICATION OF BEAM PROPERTIES

Define units
Length (f ts ini mima) : in
Force (kelbekgfekN) : k j

Start neu BEAM file
i

Specify a new property set? : y

j SET NO. = 1
' Property set description : 241n. sch.100, with strain rate.

Weight per unit length : .0306

Elastic stiffnesses
ear,QAy, car : 2.886e6 1.e10 1.e10
CJr, Elg, EIr : 1.402e8 1.822e8 1.822e8

Strengths at first vield
Fx,Mxx,Myy, Mar : 2886 15200 15200 15200

Stiffnesses after first yield
EA,9Ja,EIy,EIr : 23670 2.08e6 2.4e6 2.4e6

Strengths at second yield
,

Fx,Mxx,Myg, Mar : 4753 32700 32700 32700
Stiffnesses after second yield

EA,GJr EIy,EIr : 23.7 3.6e5 4.7e5 4.7e5
Strengths at third yield

Fx,Mxx,Myg, Mar : 4757 34000 34000 3400
*** error - must exceed previous values
Strengths at third vield

Fx,Mxx,Myg, Mar : 4757 34000 34000 34000
Stiffnesses after third yield
EA,GJr Ety,EIr : 2.4 48000 62000 62000

| *e* warning - w1:w2:w3 ratios differ by over 10%
0.1000e+01 0.7996e+02 0.1643e+03Fx =

,

Man = 0.1000e+01 0.7860e+02 0.1119e+03
Myy = 0.1000e+01 0.8840e+02 0.1216e+03
Mar = 0.1000e+01 0.8840e+02 0.1216e+03

Strain rate factors (0-3, df1t=none) : 20 250 1P10
Corresponding strength factors : .65 .95 1.2
Use default tolerances? : y

Any errors? : i

77
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1

Table A6.2.1 (page 2)
;

This set added to BEAM file

Specify a new property set? :
;

| No. of property sets in BEAM file = 1

Display property set descriptions? : y

BEAM PROPEMTY DE'SCRIPTIONS
| Set No. Description ;

1 241n. sch.100, with strain rate.
|

Display neu property set data? : y

| BEAM PROPERTY DATA

SET NO. 1. 241n. sch.100, with strain rate.

Data Type Data 1 Data 2 Data 3 Data 4

Unit weight 0.3060e-01
Elastic EAx, gay, gar O.2686e+07 0.1000e+11 0.1000e+11

OJr,EIy,Ela 0.1402e+09 0.1822e+09 0.1822e+09
First yield |

Fe, Max,Myy,Mzt 0.2886e+04 0.1520e+05 0.1520e+05 0.1520e+05 ;

EA.OJr EIy,Ela O.2367e+05 0.2080e+07 0.2400e+07 0.2400e+07 i
iSecond yield

Fu,Mxx,Myy,Mrs O.4755e+04 0.3270e+05 0.3270e+05 0.3270e+05 ,

!EA OJr,EIy,EI 0.2370e+02 0.3600e+06 0.4700e+06 0.4700e+06
Third yield ?

Fu, Max,Myy, Mar 0.4757e+04 0.3400e+05 0.3400e+05 0.3400e+05
EA,OJr Ely,Ela 0.2400e+01 0.4800e+05 0.62OOe+05 0.62OOe+05

Strain rate factors 0.2OOOe+02 0.2500e+03 0.1220e+04
Strength factors 0.6500e+00 0.9500e+00 0.12OOe+01
Stiffness tolerance 0.5000e-01
Yield tolerance 0.2OOOe-01
Unicading tolerance 0.2OOOe-01
Str. rate tolerance 0.5000e-01
Hit REIURN for next set
END OF DATA

Display all property set data? :
Write in session log? :

New BEAM file created
Comment for file catalog : Illustration, Table A6.2.1.

End this EEAM session? : y

EXEC - WIPS EXECUTIVE

NEXT WIPS-EXEC COMMAND : gutt

.--.-- -.-- ...--.....--.- ----------------------------------------.
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A6.3 WIPS UBAR USER GUIDE 1

1
!

A6.3.1 PURPOSE
WIPS UBAR accepts ' sets" of property data for U bar elements and stores them in the

UBAR file. U bars with particular properties can then be incorporated into an analysis model in
the WIPS MODL phase by specifying the element location, the element orientation, and the
property set to be used. WIPS MODL extracts the appropriate data from the UBAR file and
incorporates it into a MODL file.

The property sets may be specified in a single WIPS UBAR session or in a series of
separate sessions. New property sets are added at the end of the UBAR file. Property sets are
numbered in the order they are specified.

A6.3.2 INPUT DATA

A6.3.2.1 General
The theory of the UBAR element is presented in Section B6. A typical WIPS user should

be familiar with the main features of the element but need not be concerned with the details of
the theory.

A U bar element is modeled essentially as a cable, which can provide only axial tensile
resistance. The element is assumed to have an initial gap (in effect, the cable is initially slack),
and hence, to have no initial stiffness. If the gap closes, tensile resistance develops. This resis-
tance will typically be nonlinear and can depend on the extension rate of the element, if
desired.

WIPS UBAR first requests data or. the static force extension relationship, then data on
extension rate effects (optional), and finally certain other data, as follows.

A6.3.2.2 Static Behavior
For static load, the force extension relationship follows a multi linear curve (Fig. A6.3.1),

with a rninimum of 2 and a maximum of 6 segments. The stiffnesses K , K , etc. must first bei 2

specified, followed by the strengths F , F , etc. The stiffnesses must decrease progressivelyi 2

(K > K > K), etc.). For linear elastic behavior, specify K small and F very large.i 2 2 i

A6.3.2.3 Extension Rate Effect
For dynamic loading, the strength of the element may depend on the extension rate.

From the results of experimental studieJ, first develop a curve relating strength increase to
extension rate (Fig. A6.3.2). Next, approximate this curve by a multi linear curve, with up to
3 segments (Fig. A6.3.2). The extension rate coemcients C , C , and C must first bei 2 3

specified, followed by the strength increases Af , AF . For no extension rate effect, specify noi 2

C values.

A6.3.2.4 Default Gap
The initial gap may be specified, if desired, or may be specified in the WIPS MODL

phase, as optional data. If no sap is specified in WIPS MODL, it defaults to the value specified
in WIPS UBAR.

| A6.3.2.5 Nonlinear Tolerance
! A tolerance to control error in the nonlinear solution may be specified, if desired. Typi-

cally, the default value (100 lb. force) will be reasonable.
:

l
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A6.3.3 EXAMPLE
ble A6.3.1 is a listing of a sescion log to illustrate the procedure for specifying UBAR

1

;

l
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l
,

TABLE A6.3.1
mee..... .

| WIPS-UBAR EXAMPLE
..-.............

EXEC - WIPS EXECUTIVE

I NEXT WIPS EXEC COMMAND : ubar
:

|
UWAR - SPECIFICATION OF U-BAR PMOPERTIES'

: Define units
Length (f ts ins ma r.c) : in
Force Ct,1bekgfekN) : k

i

Start neu USAR file

Specify a new property set? : y

I SET NO. 1=

Property set description : Illustration. No strain rate.
Static stiffnesses (min =2, max =6)

I : 100 3S 10 1
Static strengths (no. of stiffnesses minus il

| : 20 25 25.5
' Extension rate Stiffnesses (min =0, mar =3)

:j

No extension rate effect'

Default gap clearance : .5
Uso default tolerances? : y

Any errors? :

This set added to UNAR file,

~!
Specify a new property set? : y

= 2SET NO.
i Property set description : Illustration. With strain rate.

Static stiffnesses (min =2, man =6)
; : 100 35 10 1
I Static strengths (no. of stiffnesses minus 1)
i : 20 25 25.5

Extension rate Stiffnesses (min =0, man =3)
: 10 .2

Strength limits (no. of stiffnesses minus 1)
! : 6
i Default gap clearance :
! *** error - must be positive

[
Default gap clearance : .5
Uso default tolerances? : no,

i Stiffness tolerance (df1t=.05) : .1

|

|
83
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Table A6.3.1 (page 2)

Overshoot tolerance (df1t=2OOlb) : .3
Unloading talerance (df1t=2OOlb) : .1

i

Any errors? :

This set added to UNAR file

Specify a new property set? :

No. of property sets in USAR file = 2

Display property set descriptions? : y

USAR PROPERTY DESCRIPTIONS
Set No. Description

1 Illustration. No strain rate.
! 2 Illustration. With strain rate.

Display neu property set data? :,

j Write in session log? :

Display all property set data? : y

USAR PROPENTY DATA

SET NO. 1. Illustration. No strain rate.

Data Sega Stiffness or Force
Type No. Coefficient Limit

Static properties 1 0.1000e+03 0.2OOOe+02*

2 0.3500e+02 0.2500e+02
I 3 0.1000e+02 0.2550e+02

4 0.1000e+01
Default gap 0.5000e+00i

Stiffness tol. 0.5000e-01-

Overshoot tol. 0.2OOOe+00
Ueitoading 4 o 1. O.2000e+00

Hit REtuRf4 for next set
,

|
SET NO. 2. Illustration. With strain rate.

Data Sega Stiffness or Force
Type No. Coefficient Limit,

!

Static properties 1 0.1000e+03 0.2OOOe+02.

! 2 0.3500e+02 0.2500e+02
! 3 0.1000e+02 0.2550e+02

4 0.1000e+01
Rate effect 1 0.1000e+02 0.6000e+01

2 0.2OO0e+00
Default gap O.5000e+00
Stiffness tot. 0.1000e+00
Overshoot tot. 0.3OO0e+00
Useloading tel. 0.1000e400

Hit RE1 URN for next set
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Table A6.3.1 (page 3) )

END OF DATA

New USAR file created
Cerment for file catalog : Illustration. Table A6.3.1.

End this UNAR session? : y

EXEC - WIPS EXECUTIVE

NEXT WIP8 EXEC CON;%ND : gutt

--.-- --- ---- - -----.---.---- ----- -----------------------

I
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A6.4 WIPS GAPF USER GUIDE

A6.4.1 PURPOSE
WIPS GAPF accepts " sets" of property data fo* gap-friction elements and stores them in

the GAPF file. Gap-friction elements with particular properties can then be incorporated into
an analysis model in the WIPS MODL phase by specifying the element location, the element
orientation, and the property set to be used. WIPS MODL extracts the appropriate data from
the GAPF file and incorporates it into a MODL file.

The property sets may be specified in a single WIPS-GAPF session or in a series of
separate sessions. New property sets are added at the end of the GAPF file. Property sets are
numbered in the order they are specified.

A6.4.2 INPUT DATA

A6.4.2.1 General

The GAPF element can be used to model walls or similar barriers. The theory of the cle-
ment is presented in Section B8. A typical WIPS user should be familiar with the main features
of the element but need not be concerned with the details of the theory.

A gap friction element is modeled as a linear bearing component plus a nonlinear friction
component. The element is assumed to have an initial gap, and hence, to have no initial
stiffness. If the gap closes, bearing and friction resistance develops at the barrier surface. If
the friction resistance exceeds the bearing force multiplied by the friction coefficient, slip takes
place. The bearing component is modeled by an clastic spring oriented normal to the barrier
plane. The friction component is modeled by inelastic springs oriented tangential to the barrier

| plane.

A6.4.2.2 Basic Properties

WIPS GAPF first requests the normal and tangent spring stiffnesses (i.e. the bearing
stiffness and the tangential stiffness at the barrier before slip occurs) and the friction coefficient.
The stiffnesses should be reasonably realistic values, recognizing that no structure can be com-
pletely rigid. If extremely large stiffnesses are specified, it is possible for numerical instability
to, develop in the dynamic analysis.

A6.4.2.3 Tolerances

in the dynamic analysis, tolerances are required to control stiffness reformulation when
nonlinear " events" (e.g. gap closure) occur. The following two tolerances are used.

(1) An angle tolerance (in radians) to control stiliness reformulation as the direction of slip
changes. The default value is 0.05.

(2) An " overshoot" tolerance (in force units) to control stiffness reformulation when gap clo-
sure, gap opening, friction slip, or friction slip reversal occur. The default value is 200
lbs.

The default values will typically apply.

A6.4.2.4 Other Data

The remaining data is specified in the WIPS MODL phase. This includes data defining
i

the initial gap and the orientation of the bearing plane. l

l
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A6.4.3 EXAMPLE
Table A6.4.1 is a listing of a session log to illustrate the procedure for specifying GAPF

properties.

i

|
.

I
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TABLE A6.4.1
.. .... ...

,

WIPS-GAPF EXAMPLE
. ..............e

,

1 EXEC - WIPS EXECUTIVE
,

'

NFXT WIPS-EXEC COMMAND : gapf

OAPF - SPECIFICATION OF GAP FRICTION PROPERTIES

Define units
Length (ftsinsalms) : in
Force (k.Ibekgf.kN) : k

| Start new OAPF file

Specify a new property set? : y
i

SET NO. 1,

| Property set description : Illustration.
j Normal stiffness : 1.e4

Tangent stiffness : 1000;

i Friction coefficient : .43
Use default tolerances? y

i Any errors? :
!

I This set added to GAPF file
i
; 5pecify a new property set? : y
|

] SET NO. 2
i Property set description : Second illustration.

Normal stiffness : 150
Tangent stiffness : 40

i Friction coefficient : .3
Uso default tolerances? n
Stiffness tolerance (df1t=.05) : .1
Overshoot tolerance (df1t=2OOlb) : .4
Any errors? :

This set added to GAPF file

! Specify a new property set? :

No. of property sets in GAPF file = 2

Displag property set descriptions? : y

' OAPF PROPENTY DESCRIPTIONS
Set No. Description

: 1 Illustration.

91
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TableA6.4.1(page2)

2 8econd illustration.
,

Display neu property set data? : y

GAPF PROPERTY DATA

8et Data Data
No. Type Value

! 1

Norral stiffness 0.1000e+05
Tangent stiffness 0.1000e+04.

'

Friction coefficient O.4500e+00
Stiffness tolerance 0.5000e-01
Overshoot tolerance 0.2OOOe+00

Hit REluRN for nest set
! 2

Norral stiffness 0.1500e+03i

| Tangent stiffness O.4000e+02
Friction coefficient 0.3OOOe+00
Stiffness tolerance 0.1000e+00
Overshoot tolerance 0.4000e+00

Hit REIURN for nest set
1 END OF DATA

Display all property set data? :
: Write in session log? :

New QAPF file created
Comment for file catalog : Illustration, Table A6.4.1.

End this CAPF session? : y

| EXEC - WIPS EXECUTIVE

I NEXT WIPS EXEC COMMAND : guit

_ _ _ _ _ _ _ _ . _ _ _ . . _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ .
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A7. SUBSTRUCTURE USER GUIDES

SUMMARY

This section contains user guides for deSnins the properties for each different substruc-
ture type. Three substructures types may be denned, namely straight pipes (WIPS STRP, Sec-
tion A7.1), elbows (WIPS ELBO, Section A7.2), and flat walls or slabs (WIPS SLAB, Section
A7.3).

CONTENTS

A7.1 WIPS STRP USER GUIDE

| A7.1.1 PURPOSE

A7.1.2 SUBSTRUCTURE DEFINITION

i A7.1.2.1 Geometry

A7.1.2.2 End Cross Sections: General Case
A7.12.3 End Cross Sections: Lonsitudinal Symmetry

i

A7.1.2.4 Transverse Symmetry

A7.1.2.5 Gauss intesration Points Through Thickncss

; A7.1.2.6 Impact

A7.1.2.7 Substructure Orientation

A7.1.3 REQUIRED INPUT DATA
,

A7.1.4 EXAMPLE
A7.2 WIPS ELBO USER GUIDE

,

A7.2.1 PURPOSE

A7.2.2 SUBSTRUCTURE DEFINITION
A7.2.2.1 Geometry

A7.2.2.2 End Cross Sections: General Case
A7.2.2.3 End Cross Sections: Longitudinal Symmetry

A7.2.2.4 Transverse Symmetry

A7.2.2.5 Zero Lensth of Tansent 2
A7.2.2.6 Gauss Intestation Points Through Thickness

A7.2.2.7 Impact

A7.2.3 REQUIRED INPUT DATA
A7.2.4 EXAMPLE

A7.3 WIPS SLAB USER OUIDE

A7.3.1 PURPOSE
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i

1 1

A7.3.2 SUBSTRUCTURE PROPERTIES
A7.3.2.1 Geometry !;

A7.3.2.2 Boundary Conditions

j A7.3.2.3 Gauss integration Points Through Thickness

A7.3.2.4 Material Yield !

A7.3.2.5 Impact,

A7.3.3 REQUIRED INPUT DATA
A7.3.4 EXAMPLE
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A7.1 WIPS-STRP USER GUIDE

|
|

A7.1.1 PURPOSE
WIPS-STRP accepts " sets" of property data for straight pipe substructure.s and stores them

in the STRP file. Substructures with particular properties can then be incorporated into an
analysis model in the WIPS-MODL phase by defining the location in a pipe run and the pro-
perty set to be used. WIPS-MODL extracts the appropriate data from the STRP file and incor-
potates it into a MODL file.

The property sets may be specified in a single WIPS-STRP session or in a number of
separate sessions. New property sets are added at the end of the STRP file. Property sets are
numb.: red in the order they are specifieo.

A7.1.2 SUBSTRUCTURE DEFINITION

A7.1.2.1 Geometry
A straight pipe substructure consists of three segments (Fig. A7.1.1). The number of j

finite element subdivisions around the pipe circumference must be the same in all three seg-
ments, but the longitudinal subdivisions may be different. The main purpose of the segments
is to permit a fine finite element mesh in the center segment, with progressively coarser
(expanding) meshes towards the substructure i. ads. However, different pipe diameters, wall
thicknesses, and material properties may be specified in the three segments, if desired.

A substructure property set is defined using local coordinates, as shown in Fig. A7.1.1.
Transformation to the global system takes place in the WIPS-MODL phase when the substruc-
ture is incorporated into an analysis model. In the WIPS MODL phase, it is not necessary for
the substructure length in the analysis model to agree exactly with that specified in WIPS-
STRP. Specifically, the total length in WIPS-MODL may be up to 30% dirTerent from the sum
of the segment lengths in WIPS-STRP. This avoids the need to specify the dimensions exactly
in WIPS-STRP. In WIPS-MODL, the segment lengths are automatically scaled to match the
length in the analysis model.

A7.1.2.2 End Cross Sections: General Case
The substructure is modeled using shell elements. At the end cross sections, the sub-

structure is connected to the rest of the analysis model through nodes on the pipe axis. The
shell nodes at the two end cross sections are automatically slaved to these nodes, assuming
plane, cular cross sections. This same slaving assumption is made even if two substructures
connect directly to each other in the analysis model (e.g. an elbow substructure connecting to a
straight pipe substructure). That is, if two substructures connect, the cross section between
them is assumed to remain plane and circular. The only exception to this rule is that described
in the following section.

A7.1.2.3 End Cross Sections: Longitudinal Symmetry
in WIPS-MODL an option is provided to define a longitudinally symmetrical boundary

condition at the J end (ng2t hand end in Fig. A7.1.1) of any straight pipe substructure, to allow
modeling 'of symmetrical pipe runs. In' this case, the plane, circular section condition is
imposed at end I of the substructure, but at end J only a plane section condition is imposed,
and distortion of the cross section is permitted.

Substantial computer time can be saved in WIPS-ANAL if ady mtage is taken of longitudi-
nal symmetry. For such symmetry to be specified, however, it is necessary for the pipe axis to
lie along a global X, Y, or Z axis in the analysis model. This restriction is considered in detail
in the WIPS-MODL User Guide.
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A7.1.2.4 Transverse Symmetry

In WIPS-MODL, an option is also provided to define transvesse symmetry (i.e. consider i
only one-half of the pipe circumference). For this reason, the number of circumferential sub-
divis'ons must be even. The procedure for defining symmetry is described in the WIPS-MODL
User Guide.

A7.1.2.5 Gauss Integration Points Through Thickness
|

A straight pipe substructure is modeled using shell finite elements. Yielding of each ele- l

ment is monitored at a number of Gauss integration points through the element thickness. If
an element remains clastic, two integration points are sufficient. If an element may yield, it is
recommended that five integration points be specified. For greater accuracy (but at greater
cost) up to seven points may be used.

In many cases, yielding will be confined to segment 2 of a straight pipe substructure, with
elastic behavior in segments 1 and 3. If this is the case, computer time can be saved by speci-

| fying only two Gauss points in the outer segments.

A7.1.2.6 Impact
For specifying impact surfaces, the mesh subdivisions are assumed to be numbered as

shown in Fig. A7.1.1. When regions for impact are specified (in WIPS MODL), this number-
ing scheme must be used.

A7.1.2.7 Substructure Orientation
In the WIPS-MODL phase, the oricatation of a straight pipe substructure is determined as

follows. Figure A7.1.2 illustrates the procedure.

(1) Ends I and J must be two control points in a pipe run. This locates the substructure local
x axis.

(2) A third control point (Point K) must be specified to define the local xy plane. As shown
in Fig. A7.1.2, the points UK define the xy plane.

If straight pipe substructures are to be specified in WIPS MODL, an appropriate control point
to use as Point K must be present in the WIPS-GEOM data for each substructure. This may
have to be a specially defined reference point.

1

Point K is not needed if the substructure has transverse symmetry. In this case the half
circumference starting with circumferential point 1 is assumed, and the substructure xy plane is
the plane of symmetry.

A7.1.3 REQUIRED INPUT DATA
For each property set, WIPS-STRP requests input data as follows.

(1) Number of circumferential subdivisions.

(2) Length, number of longitudinal divisions and (for segments I and 3) mesh expansion fac-
tor for each segment. If the expansion factor is, say,1.2, the length of each longitudinal
subdivision is 1.2 times larger than the preceding subdivision, moving towards the substruc-
ture ends. In Fig. A7.1.1 the expansion factor is 1.2.

(3) Pipe outside diameter and wall thickness for :ed segment. For segments 2 and 3, the
default is the same dimension as segment 1.

(4) Material property set numbers (in MATL Ale) for each segment. For segments 2 and 3,
the default is the same material as segment 1.

All other dat: (defining the substructure orientation, symmetry conditions, internal pressure,
etc.) are specified in the WIPS-MODL phase.

!

I
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A7.1.4 EXAMPLE
Table A7.1.1 shows the session log for the straight pipe substructure in Fig. A7.1.1. Note

that the finite element mesh in this example is very coarse. For actual analyses, a substantially
fmer mesh will typically be needed.

.
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TABLE A7.1.1
..r. .

WIPS-8TRP EXAMPLE
. -..- ... ...

EXEC - WIP8 EXECUTIVE
,

i

NEXT WIPS EXEC COMMAND : step'

STRP - SPECIFICATION OF STRP GEOtETRY

D3 fine units
! Length (ft in,m ss) : in

Force (k,16,kgfekN) : k

Ns. of MATL property sets available = 3
Display e.aterial descriptions? :
Write in session log? :

Otart neu STNP file

Specify a new property set? : g

Cat no. = 1

Substructure description : 61n. sch. 40, 181n. length.
Ns. of circumf. divisions : 12 NOTE TOO SMALL FGR ACCURATE MODELLIN(
First Segment

Length : 6
No. of divisions : 3
Mesh factor : 1. 2
Outside diameter : 6.625

,

| Wall thickness : .28
| Integ. pts thru thickness : 2
! Conter Segnant

Length : 6
No. of divisions : 4
Outside diameter : 6.625
Wall thickness : .28

|
Integ. pts thru thickness : 5

Lost Sognent
Length : 6
No. of divisions : 3
Mesh factor : 1. 2

| Outside diameter : 6.625
Wall thickness : .28
Intag. pts thru thickness : 2

Material numbers (seg.1, seg.2, seg.3) : 1

Any errors? :

99
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Table A7.1.1 (page 2)

This set added to STRP file

Specify a new property set? :

No. of property sets in STRP file = 1

Display prc;erty set descriptions? : y

STRP PRDPERTY DFSCRIPTIONS
|

Set No. Description
1 61n. sch. 40, 181n. length. |

!

Display neu property set data? : y

STRP PROPEMTV DATA

SET NO. 1. 61n. sch. 40, 181n. length.

Circumferential divisions = 12 I

Segment i Segment 2 Segment 3
length O.6000e+01 0.6000e+01 0.6000e+01
divisions 3 4 3
mesh factor O.12OOe+01 0.12OOe+01
diameter O.6625e+01 0.6625e+01 0.6625e+01
thickness O.2800e+00 0.2800e+00 0.2800e+00
integ. order 2 5 2
material no. 1 1 1

Hit RE1 URN for next set
END OF DATA

Display all property set data? : no ALREADY DISPLAYED
Write in session log? : no DISPLAY WRITES TO LOG ALSO

New STRP file created
Comment for file catalog : Illustration. Table A7.1.1.

End this STRP session? : y

EXEC - WIPS EXECUTIVE

NFXT WIPS EXEC CONN.^.ND : quit

- . - - - - . - - - . - - - - - - - - - - . - - - - - - - - - - - - - - - - . - - . - - - - - - - - - - - - - - - - - - - - - .

!
i

100

-



h

| I 2 3 4 5 6 7 8 9 10 11

3il y n

NA -- -- --

IO~- - -* -
* i

9 5 i

8 6
7

CIRCUMFERENCE
SEGM.I SEGM.2 SEGM. 3

N 12 N=3 N=4 N=3
: : : :

N = NO. OF SUBDIVISIONS

FIG. A7.1.1 - STRP SUBSTRUCTURE

i
|

|

K

Y u / /x |/

(A ' |/
/ ./. !s

/ J

f ',. /
'

< <

I z.

FIG. A7.1.2 - STRP LOCAL AXES

6

101

., . . - _ - - - . . _ . , _ . . _ . _ - - . - . . - . .--



.

w

.

A7.2 WIPS-ELBO USER GUIDE
|

|

-A7.2.1 PURPOSE
WIPS-ELBO accepts " sets" of property data for elbow substructures and stores them in the

| ELBO file. Substructures with particular properties can then be incorporated into an analysis

| model in the WIPS-MODL phase by defining the location in a pipe run and the property set to
be used. WIPS MODL extracts the appropriate data from the ELBO file and incorporates it
into a MODL file.

The property sets may be specified in a single WIPS-ELBO session or in a number oft

separate sessions. New property sets are added at the end of the ELBO file. Property sets are
numbered in the order they are specified.

A7.2.2 SUBSTRUCTURE DEFINITION

A7.2.2.1 Geometry
;

An elbow substructure consists of an elbow connected to tangent lengths of straight pipe
(Fig. A7.2.1). The substructure is initially defined in a local coordinate system, as shown.'

Transformation to the global system takes place automatically when a substructure is specified
as part of a pipe run in the WIPS-MODL phase. |

The three parts of the substructure (tangent 1, elbow, and tangent 2) may have different
pipe diameters, wall thicknesses, and material properties. The number of finite element subdi-'

visions around the pipe circumference must be the same in all three parts, but the numbers of
longitudinal subdivisions may be different. The longitudinal subdivision is uniform within the
elbow. However, in the tangents the element sizes may increase progressively away from the
elbow, as indicated in Fig. A7.2.1. This is done to allow a fine element subdivision in the
elbow and in the tangents close to the elbow, but progressively coarser subdivisions in the less
critical regions away from the elbow.

When an elbow substructure is incorporated into an analysis model in the WIPS MODL
phase, it is not necessary for the model dimensions to agree exactly with the substructure
dimensions. Specifically, the tangent lengths, bend radius, and bend angle may all vary by up
to 30% from the values specified in the WIPS-ELBO phase. . This avoids the nee.d to specify the
dimensiens exactly in WIPS-ELBO.

A7.2.2.2 End Cross Sections: General Case
The tangents and elbows are modeled using shell elements. 'At the end cross sections, the

substructure is connected to the rest of the analysis model through nodes on the pipe axis. The
shell nodes at the two end cross sections are automatically slaved to these nodes, assuming
plane, circular cross sections. This same slaving assumption is made even if two substructures

,

connect directly to each other in the analysis model (e.g. an elbow substructure connecting to a'

straig'.it pipe substructure). That is, if two substructures connect, the cross section at the junc-
tion octween them is assumed to remain plane and circular. The only exception to this rule is
that described in the following section.

' A7.2.2.3 End Cross Sections: Longitudinal Symmetry

In WIPS MODL an option is provided to define a longitudinally symmetrical boundary
condition at the J end of any cibow substructure (right-hand end in Fig. A7.2.1), to allow H

4

modeling of longitudinally symmetrical configurations. In this case, the plane, circular section
'

condition is imposed at end I of the substructure, but at end J only a plane section condition is
'

imposed, and distortion of the cross section is permitted.

I
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A7.2.2.4 Transverse Symmetry

In WIPS MODL, an option is also provided to define transverse symmetry (i.e. consider
only one-half of the pipe circumference. For this reason, the number of circumferential subdi-
visions must be even. The procedure for defining symmetry is described in the WIPS-MODL
User Guide.

A7.2.2.5 Zero Length for Tangent 2

If desired, the length of tangent 2 may be specified to be zero. This makes it possible to
model longitudinally symmetrical elbows by introducing a plane of symmetry at the elbow mid-
point. Tangent 2 should have zero length only for such symmetrical situations. If the length of
tangent 2 is zero and symmetry is not specified, ovalling of the end J cross section will be
prevented, and substantially incorrect results are likely to be obtained.

A7.2.2.6 Gauss Integration Points Through Thickness

An elbow substructure is modeled using shell finite elements. Yielding of each element is
monitored at a number of Gauss integration points through the element thickness. If an ele-
ment remains elastic, two integration points are sufficient. If an element may yield, it is recom-
mended that five integration points be specified. For greater accuracy (but at greater cost) up

i to seven points may be used.

In many cases, yielding will be confined to the elbow part of an elbow substn.cture, with.

'

elastic behavior in tangent I and tangent 2. If this is the case, computer time can be saved by
specifying only two Gauss points in the tangent regions.

A7.2.2.7 Impact

For specifying impact surfaces, the mesh subdivisions are assumed to be numbered as
I shown in Fig. A7.2.1. When regions for impact are specified (in WIPS-MODL), this number-

ing scheme must be used.

A7.2.3 REQUIRED INPUT DATA
For each property set, WIPS-ELBO requests input data as follows.

(1) Number of circumferential subdivisions.

(2) Length, number of longitudinal subdivisions, and mesh expansion factor for tangent 1. If
the mesh expansion factor is 1.0, a uniform mesh is produced. If the factor is, say,1.2,

.!
the length of each longitudinal subdivision is 1.2 times larger than the length of the
preceding subdivision, moving awayfrom the elbow. In Fig. A7.2.1 the expansion factor is
1.2.

(3) Pipe outside diameter, wall thickness, and number of Gauss points through thickness for
tangent 1.

(4) Bend radius (to pipe axis), bend angle (angle between tangents, in degrees), and number
| of longitudinal subdivisions for the elbow.

(5) Diameter, wall thickness, and number of Gauss points for the elbow. The default is the
same dimension as tangent 1.

(6) Length, number of longitudinal subdivisions, and mesh expansion factor for tangent 2.

(7) Diameter, wall thickness, and number of Gauss points for tangent 2. The default is the
same dimension as tangent 1.

! (8) Material property set numbers (in MATL file) for tangent 1, the elbow, and tangent 2,
respectively. For the elbow and tangent 2, the default is the same material as tangent 1.

All other data (defining the substructure orientation, symmetry conditions, internal pressure,
etc.) are speciRed in the WIPS-MODL phase.
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A7.2.4 EXAMPLE
Table A7.2.1 shows the session log for definition of the elbow substructure in Fig. A7.2.1.

Note that the finite element mesh in this example is very coarse. For actual analyses, a sub-
stantially finer mesh will typically be needed.

.
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TABLE A7.2.1
............

WIPS-ELBO EXAMPLE
.

. ........ ......

:

EXEC - WIPS EXECUTIVE

NFXT WIPS EXEC COMMAND : elbo

ELBO - SPECIFICATION OF ELBO PROPERTIES

Dofine units
Length (f te ine me ss) : in
Force (k,1b,kgf,kN) : k

Ns. of MATL property sets available = 3
Display material descriptions? : y

MATL PROPENTY DFSCRIPTIONS
Set No. Type Description

1 mror ASTM A106 Grade B. Trilinear.
2 mroz ASTM A312 Type 304L. Trilinear.
3 mro: Elastic-Plastic. Fy = 280 MPa.

Start neu ELRO file

Specify a new property set? : g

SET NO. 1

Substructure description : 6sch40, 45degLR, A106-B, w strain rate.
No. of circumf. divisions : 12 NOTE: TOO SMALL FOR ACCURATE MODELING
First Tangent

Length : 9
No. of divisions : 5
Mesh factor : 1. 2
Outside diameter : 6.625

i Wall thickness : .28
No. of integ. pts thru thickness : 5

Elbou
Bend radius : 9
Bend angle (deg) : 45
No. of divisions : 6
Outside diameter : 6.625
Wall thickness : .28
No. of integ. pts thru thickness : 5

Cocond Tangent
Length : 9 ;

No. of divisions : 5 !,

Mesh factor : 1. 2
Outside diameter : 6.625

107,
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Table A7.2.1 (page 2)

W411 thickness : . 28
11o. of integ. pts thru thickness : 5

Material numbers (tang.1, elbow, tang.2) : 1 |

,

Any errors? : no IF "YES" MUST RE-ENTER DATA
! *

This set added to EsBO file

Specify a new property set? :
,

l
No. of property sets in ELBO file = 1 '

Display property set descriptions? : y

ELBO PROPEMTY DESCRIPTIONS
Set No. Description

1 6sch40, 45degLR, A106-8, w strain rate.

Display new property data? : y

ELBO PROPEMTY DATA

SET NO. 1. 6sch40, 45degLR, A106-B, w strain rate.
Circumferential divisions = 12

Tangent 1 Elbow Tangent 2,

Length 0.9000e+01 0.9000e+01
Divisions 5 6 5
Mesh factor O.12OOe+01 0.12OOe+01
Diameter O.6625e+01 0.6625e+01 0.6625e+01
Thickness O.2900e+00 0.2900e+00 0.2800e+00
Bend radius 0.9000e+01
Angle (dog) 0.4500e+02
Integ. order 5 5 5
Material no. 1 1 1

Hit REIURN for next set
END OF DATA

Display all property data? :
Write in session log? :

: New ELBO file created
! Comment for file catalog : Example, Section A7.2

End this D BO session? : y

EXEC - WIPS EXECUTIVE .

NEXT WIPS-EXEC COMMAND : gult

. . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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A7.3 WIPS-SLAB USER GUIDE

A7.3.1 PURPOSE
WIPS SLAB accepts " sets" of property data for flat slab substructures and stores them in

the SLAB Ale. Substructures with particular properties can then be incorporated into an
analysis model in the WIPS-MODL phase, by defining the property sets to be used. WIPS-
MODL extracts the appropriate data from the SLAB file and incorporates it into a MODL file.

,

; The property sets may be specified in a single WIPS-SLAB session or in a number of
separate sessions. New property sets are added at the end of the SLAB file. Property sets are
numbered in the order they are specified.4

J

A7.3.2 SUBSTRUCTURE PROPERTIES |

A7.3.2.1 Geometry

A flat slab substructure must be flat and of rectangular or' parallelogram shape. A sub-
structure may be arbitrarily oriented in space, as shown in Fig. A7.3.1. The property data
includes data defining the finite element mesh, coordinate data to locate the substructure in the
global X,Y,Z system, and data on the support conditions along the substructure boundaries.

The surface OACB (Fig. A7.3.1) defines the midthickness of the slab. The finite element
mesh is divided into three segments along each of the local x and y directions, defining nine
regions. The mesh must be uniform in each region but may be coarser in the outer regions1

'

than in the center region. This allows small finite elements near the center of the substructure,
with larger elements towards the boundaries. The segment lengths are defined as proportions

; of the lengths OA and OB. The length of any outer segment may be zero so that only two (or
j one) segments are present along any edge.

i The location of a substructure in the global X,Y,Z coordinate system is defined by specify-
ing the following.

l (1) The lengths of OA and OB.
t

(2) The orientations in X,Y,Z space of OA and OB, defined by their direction cosines. The
i direction cosines need not be normalized (i.e. they need only define vectors along OA and

OB, not necessarily unit vectors). If the orientation specified for OB is not perpendicular
'

to OA (i.e. if the OB vector defines only a line in the OACB plane, not necessarily edge
i OB), an option is provided for WIPS STRP to make the slab rectangular by adjusting the

OB vector. If this option is not exercised, the slab will have a parallelogram shape.,

j (3) The X,Y,Z coordinates of point O. These coordinates may be specified in WIPS-SLAB, or
i alternatively, in WIPS MODL. If no values are specified in WIPS MODL, the values
; specified in WIPS SLAB are used. Note, however, that there is no provision in WIPS-
| MODL to redefine the orientations of OA and OB.

A7.3.2.2 Boundary Conditions
'

Supports may be specified along the substructure edges only. Any edge may be free,
clamped, or hinged, or may have symmetrical boundary conditions corresponding to symmetry
about the global XY, YZ, or ZX planes. A symmetrical boundary condition is permitted for an
edge only if it lies in the symmetry plane.

A7.3.2.3 Gauss Integration Points Through Thickness

A flat slab substructure is modeled using shell Anite elements. Yielding of each element
is monitored at a number of Gauss integration points through the element thickness. If an ele-

; ment remains elastic, two integration points are sufficient. If an element may yield , it is
! recommended that five points be specified. For greater accuracy (but at greater cost), up to

seven points may be used. Different numbers of Gauss points may be speciAed for the center
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' region and outer regions (the same in all outer regions).

'

A7.3.2.4 Material Yleid
The shell finite element is based on the Mroz material. This material is suitable for

'
modeling the yield of steel but not cracking and crushing of concrete.

A7.3.2.5 . Impact

For specifying impact surfaces, the mesh subdivisions are assumed to be numbered as
'

shown in Fig. A7.3.1. When regions for impact are specified (in WIPS MODL), this number-
ing scheme must be used.

A7.3.3 REQUIRED INPUT DATA
For each property set, WIPS-STRP requests input data as follows (refer to Fig. A7.3.1).

(1) The lengths of OA and Ol}.
(2) The lengths of a and a3 as proportions of OA. Either or both of these proportions mayn

be zero.

(3) The lengths of b and b as proportions of OB. Either or both of these proportions may3

be zero.

(4) Numbers of element subdivisions nai, na2, and na3,

(5) Numbers of element subdivisions nb , nb , and nb .i 2 3
i (6) Slab thickness (assumed to be uniform throughout).

(7) Number of Gauss integration points through thickness in center region.

(8) Number of Gauss points in outer regions.

(9) Direction cosines of OA (or components of any vector directed along OA).

(10) Direction cosines of OB (or components).

(11) Global X,Y,Z coordinates of O. These values may be over ridden in the WIPS MODL
phase.

(12) Boundary condition codes for sides OA, BC, OB, and AC.

(13) Number of material property set (in MATL file). All elements in the slab are assumed to
have the same material.

A7.3.4 EXAMPLE
,

4 Table A7.3.1 shows a typical session log for a WIPS-SLAB session.

:

i

.
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TABLE A7.3.1
===r== . ..

! WIPS-SLAB EXAMPLE
==-,........-==r==

EXEC - WIPS EXECUTIVE

NE.XT WIPS EXEC COMMAND : slab

SLAB - SPECIFICATION OF SLAB PROPERTIES

Define units
Length (fteinem,so) : in
Force (kelb,kgf.kN) : k

No. of MATL property sets available = 3,

Display e.aterial descriptions? :
'

Write in session log? :

Start neu SLAB file

Specify a new property set? : y

SET NO. 1

Substructure description : Illustration. Fig.A7.3.1
i Length of side OA : 30

Length of side DB : 25
Outer strip widths (proportions of OA)
Left strip : .3
Right strip : .4

Outer strip widths (proportions of OB)
Bottom strip : .5
Top strip : .2

! No. of subdivisions along OA
I First strip : 2
| Center strip : 4

Last strip : 2
No. of subdivisions along 08

First strip : 3
Center strip : 3
Last strip : 1

Slab thickness : .625
No. of Gauss points thru thickness

Center region : 5
Outer regions : 2

Direction cosines of OA,OB
OA (3 values) : 1 ALONG GLOBAL X AXIS
OB (3 values) : 011 45 DEGREE INCLINATION

Coords of point O (X,Y,Z values) : O SPECIFY COORDS IN WIPS-MODL
Boundary codes (free,hing.c1mp,sguy,sygz,or syzx)

|
113
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Table A7.3.1 (page 2)
|

OA : free
BC : hing
0B : cinp
AC : sgay

*** error - edge must be in symmetry plane
AC : syyz

Material set number : 1 )

Any errors? :

This set added to SLAB file.

Specify a new property set? :

No. of property sets in SLAB file = 1

Display property set descriptions? :
Write in session log? : y

SLAB PROPENTY DESCRIPTIONS
Set No. Description

1 Illustration, Fig.A7.3.1

Display new property data? :
Write in session log? :

Display all property data? : y

SLAB PROPERTY DATA

SET NO. 1. Illustration, Fig.A7.3.1
First Center Last
Strip Strip Strip

Widths along OA O.9000e+01 0.9000e+01 0.12OOe+02
Widths along OB O.1250e+02 0.7500e+01 0.5000e+01
Elements along OA 2 4 2
Elements along OB 3 3 1

Thicknesses O.6250e+00 0.6250e+00 0.6250e+00
No. of Oauss points 2 5 2

X Y Z
Direction cosines

Edge OA O.1000e+01 O. e+00 0. e+00
Edge OB O. e+00 0.7071e+00 0.7071e+00

Coordinates of 0 O. e+00 O. e+00 O. e+00

Boundary codes OA,9C = free, hing
Boundary codes OB,AC = c1mp, syyz

Hit REIURN for next set
END OF DATA

New SLAR file created'

Comment for file catalog : Illustration

End this ELAR session? : y

114
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Table A7.3.1 (page 3)

EXEC - WIPS EXECUTIVE

NEXT WIPS EXEC COMMAND : guit

- - . - - - - - . - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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A8. WIPS-MODL USER GUIDE

SUMMARY

This section describes how an analysis modelis created and presents instructions and
examples on the use of the WIPS-MODL module.

CONTENTS

A8.1 GEOMETRICAL DEFINITION OF ANALYSIS MODEL
A8.1.1 ANALYSIS MODEL

A8.1.2 SEGMENTS AND COMMANDS

A8.1.3 EXTERNAL SUBSTRUCTURES
A8.2 COMMAND FORMAT

A8.2.1 REQUIRED AND OPTIONAL DATA
A8.2.2 EXTERNAL SUBSTRUCTURES

A8.2.3 COMMAND LISTINGS

A8.3 IMPACT AND INITIAL VELOCITIES
A8.3.1 MODL FILE
A8.3.2 IMPACT DATA

A8.3.2.1 Primary and Secondary Surfaces

A8.3.2.2 Surface Pair Identification
A8.3.2.3 Primary Surface

A8.3.2.4 Secondary Surface

A8.3.2.5 Surface Thicknesses

A8.3.2.6 Friction Coefficient

A8.3.3 INITIAL VFLOCITIES
A8.3.3.1 Purpose

A8.3.3.2 Procedure

A8.4 EXAMPLES

A8.4.1 RESTRAINED SYSTEM

A8.4.2 UNRESTRAINED SYSTEM

A8.4.3 SYSTEM WITH SUBSTRUCTURES AND IMPACT
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A8.1 GEOMETRICAL DEFINITION OF ANALYSIS MODEL
l

|,

! A8.1.1 ANALYSIS MODEL

| An analysis model is a finite element representation of all or part of the piping system.
| The data defining the model contains information on the node coordinates and the locations

and properties of the elements making up the model. This data is set up in a file (the MODL
file) which consists essentially ofinput data " cards" for the WIPS-ANAL module. To set up an
analysis model, it is necessary to use coordinate data from a COOR file, plus element and sub-
structure property data from PIPE, BEAM, UBAR, GAPF, STRP, ELBO, and/or F' B files.

In general, an analysis model can include parts of any number of pipe runs from the pip-
ing system, plus one or more SLAB substructures. It is necessary for the user to specify which
parts of which runs; which PIPE, BEAM, UBAR, and GAPF elements and STRP and ELBO
substructures are present in the pipe runs; and which SLAB substructures are to be included.
This is done by a series of commands, each of which defines a single substructure or one or
more elements. The commands are processed by WIPS-MODL to produce a MODL file. The
MODL file is subsequently processed by WIPS-DATA to produce an input DATA file for
WIPS-ANAL.

A8.1.2 SEGMENTS AND COMMANDS
Those parts of the analysis model which lie within pipe runs must be specified as a series

of segments. A segment is any part of any pipe run, beginning and ending at a control point. A
segment may comprise the entire pipe run, if desired. Typically, only a single segment will be
used in any pipe run. However, several segments may be defined, if desired. The following
rul:s must be observed.

(1) Each segment must lie entirely within a single pipe run.

(2) If STRP or ELBO substructures are used, each substructure must lie entirely within a seg-
ment.

(3) A pipe break must be the end point of a segment.

(4) The two halves of a double-ended break must not be the same Control Point (that is,
separate control points must be defined in the WIPS-GEOM phase).

(5) Segments should not overlap. WIPS-MODL does not check for overlapping.

The first command for any segment specifies the control point (c.p.) at the beginning of
the segment and the boundary conditions to be assigned to the corresponding node. The first
command also specifies whether the segment can deform in 3D or whether it is constrained,
because of symmetry, to move in a particular symmetry plane.

Each subsequent command specifies the structural elements to be used, either at a single
node or over a length of the pipe run between two c.p.'s. This is done by specifying the c.p. at
the end of the length, the type of element or substructure (PIPE, ELBO, etc.), and certain
other information about the element. The commands must progress along the pipe run from
beginning to end of the segment. A new command is needed each time the element properties
change (i.e., not necessarity at each controlpolnd. A blank command indicates the end of the
segment.

A8.1.3 EXTERNAL SUBSTRUCTURES
After the last segment has been specified, "c.Tternal" substructures, which do not lie in

pipe runs, may be specified. At present, only SLAB substructures may be specified. The com-
mands for specifying external substructures are similar to the commands for segments, except
that no c.p. is specified. I
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A8.2 COMMAND FORMAT

A8.2.I REQUIRED AND OPTIONAL DATA
The first two items in a command are required, as follows.

(1) First Item: The name of a c.p. in the pipe run. This may be either (a) the same as the
c.p. in the preceding command, in which case the command defines an element of single
node type (e.g. GAPF, UBAR), or (b) a c.p. further along the pipe run, in which case the
command defines a substructure or series of elements of two node type (e.g. ELBO,
PIPE).

(2) Second Item: The element or substrw.ure type (UBAR, PIPE, ELBO, etc.).

The remaining items in a command (if any) are optional items. Each optional item is preceded
by an option identifier, consisting of a 4-character word (or just the first two characters of the
word) plus an "=" sign. Optional items may be specified in any convenient sequence. For
most commands, default values will apply for most optional items, and no data needs to be
specified.

The optional items for each element and substructure type are listed in Tables A8.1. Note
that a ZERO element type is included, primarily to allow lumped weights and boundary condi-
tions to be specified.

A8.2.2 EXTERNAL SUBSTRUCTURES
For an external substructure, the first item in the command must be the substructure type

(SLAB). The remaining items are optional, as before.

A8.2.3 COMMAND LISTINGS
After a segment has been defined, the commands for the segment may be displayed. The

display will show the values of all optional data items, including defaulted values. The display
should be studied carefully to ensure that the commands are correct. If there are any errors,
the segment must be redefined (i.e. there are no provisions for editing commands).

After all segments have been defined, the complete set of commands may be displayed
and/or written in the session log. As a matter of sound practice, the commands should always
be written to the session log, and a printed record obtained.

I

I
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TABLE A8,2.1

,

ELEMENT AND SUBSTRUCTURE OPTIONS FOR WIPS-MODL

The following tables describe the data options for WIPS elements and substructures. It is
important to note that the default options will usually apply, so that few options will need to be
specified for most WIPS-MODL commands.

To specify optional data, enter the option name (either all four characters or just the first
two characters), followed immediately by " " (no blanks), followed immediately by the data.
The data may be integer (I), real (R), or alpha (A), as shown in the DATA column for each
table. The optional data may be entered in any sequence.

Two default columns are given in each table, namely DFLT.A and DFLT.B. The
DFLT.A column applies if an element or substructure of the same type (PIPE, UBAR, STRP,
etc.) has appeared in an earlier command. The DFLT.B column applies if this is the first ele-
ment or substructure ofits type.

A default of "same" mean:: that the value defaults to that for the nearest preceding element
or substructure of the same type (i.e. WIPS-MODL scans backwards over the commands until
it finds a command with the same element or substructure type).

A default of "none" means that there is no default value, and the optional quantity must
be specified.

A default of " auto" means that values are assigned automatically by WIPS-MODL. A
default of " file" means that the value defaults to the value specified in the corresponding pro-
perty set file. Explanatory NOTES follow the tables.

)
-

|

| |
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|
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TABLE A8.2.1(a) - PIPE OPTIONS FOR WIPS-MODL

OPTION DATA DFLT.A DFLT.B NOT ES

PROP Property set number Same None (1)
in PIPE file (I).

BCON Boundary code 0).
(a) 3D motion. Zero Zero (2)
(b) 2D motion. Auto Auto (3)

LOCL Local axis code (A).
(a) 3D motion (y Same " AUTO" (4)
axis): point K name
or " AUTO"
(b) 2D motion (z Same "+" (5)
axis): "+" or " "

LDIS Large displacement Same "NO" (6)
code (A): "YES" or
"NO".

THIS Time history code Same "YES" (7)
(A): "YES" or "NO".

WFAC Self weight multiplier Same 1.0 (8)
(R).

WDIS Extra distributed Same 0.0 (9)
weight per unit
length (R).

INTP Internal pressure (R). Same 0.0 (10)

|

|

|

|

|
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TABLE A8.2.1(b) - BEAM OPTIONS FOR WIPS-MODL

OPTION DATA DFLT.A DFLT.B NOTES

PROP Property set number in Same None (1)
BEAM file (1).

BCON Boundary code (1).
(a) 3D motion Zero Zero (2)
(b) 2D motion Auto Auto (3)

LOCL Local axis code (A).
(a) 3D motion (y axis): Same " AUTO" (4)
point K name or " AUTO".
(b) 2D motion (z axis): Same "+" - (5)

! " + " of " ".

LDIS Large displacements code Same "NO" (11)
(A): "YES" or "NO"

THIS Time history code (A): Same "YES" (7)
"YES" or "NO".

WFAC Self weight multiplier (R). Same 1.0 (8)

WDIS Extra distributed weight Same 0.0 (9)
per unit length (R).

!
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TABLE A8.2.1(c) - UBAR OPTIONS FOR WIPS-MODL

OPTION DATA DFLT.A DFLT.B NOTES

PROP Property set number in Same None (1)
UBAR file (1).

BCON Boundary code (1).
(a) 3D mation. Zero Zero (2)
(b) 2D inotion. Auto Auto (3)

JNOD Point J name (A). Blank Blank (12)

DXIJ X projection of IJ (R). 0.0 0.0 (13)

DYIJ Y projection of IJ (R). 0.0 0.0 (13)

DZIJ Z projection ofIJ (R). 0.0 0.0 (13)

GAP Initial sap (R). File File (14)

KNOD Point K name (A). Blank Blank (15)

LDIS Large displacements code. Same "NO" (16)
(A): "YES" or "NO"

THIS Time history code (A): Same "YES" (7)
"YES" or "NO"

LUMW Lumped weight at node (R). 0.0 0.0 (17)

i
|

|
!

I

l
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TABLE A8.2.1(d) - GAPF OPTIONS FOR WIPS-MODL

OPTION DATA DFLT.A DFLT.B NOTES

PROP Prcperty set number in Same None (1)
GAPF file (I).

: BCON Boundary code (I).
(a) 3D motion. Zero Zero (2)
(b) 2D motion. Auto Auto (3)

DXIJ X projection of IJ(R). Same Zero (27)

DYU Y projection of U(R). Same Zero (27)

DZU Z projection of U(R). Same Zero (27)

GAP Initial gap. Same None

THIS Time history code (A): Same "YES" (7)
"YES' or "NO".

LUMW Lumped weight at node (R). 0.0 0.0 (17)

,

1

126

|

-t



. _ - . _ _

d

TABLE AS.2.1(e) - STRP OPTIONS FOR WIPS-MODL

OlilON DATA DFLT.A DFLT.B NOTES

PROP Property set number in STRP file (1). None None (1)

BCON Boundary code (1).
(a) 3D motion Zero Zero (2)

(b) 2D motion Auto Auto (3)

NAME Substructure name in analysis model Auto Auto (18)

(A).

LOCL Local axis code (A).
(a) 3D motion (y axis): Point K name. None None (19)

(b) 2D motion (z axis): "+" or " ". "+" "+" (20)

LDIS Large displacements code (A): "YES" "YES" (21)

"YES" or "NO".

THIS Time history code (A):"YES" or "NO" "YES" "YES" (22)

WFAC Self weight multiplier (R). 1.0 1.0 (8)

WDIS Extra distributed weight per unit length 0.0 0.0 (9)

(R).

INTP Internal pressure (R). 0.0 0.0 (23)

SYMM Longitudinal symmetry code (A): "NO" "NO" (24)

"YES" or "NO".

)

1
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TABLE AS.2.l(f) - ELBO OPTIONS FOR WIPS-MODL

OPTION DATA DFLT.A DFLT.B NOTES

PROP Property set number in ELBO Ale (1). None None (1)

BCON Boundary code (I).
(a) 3D motion Zero Zero (2)
(b) 2D motion Auto Auto (3)

NAME Substructure name in analysis model Auto Auto (18)
(A).

LDIS Large displacements code (A): "YES" "YES" "YES" (21)
or "NO".

THIS Time history code (A): 'YES" or "NO". 'YES" "YES" (22)

WFAC Self-weight multiplier (R). 1.0 1.0 (8)

WDIS Extra distributed weight per unit 0.0 0.0 (9)
length (R).

INTP Internal pressure (R). 0.0 0.0 (23)

SYMM Longitudinal symmetry code (A): "NO' 'NO' (25)
"YES" or "NO".

:
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TABLE A8.2.1(g) . SLAB OPTIONS FOR.WIPS-MODL

OPTION DATA DFLT.A DFLT.B NOTES

PROP Property set number in None None (1)
SLAB file (1).

NAME Substructure name in Auto Auto (18)
analysis model (A).

LDIS Large displacements code Same "YES" (21)

(A): "YES" or "NO".

THIS Time history code (A): "YES" "YES" (22)

"YES" or "NO".

WFAC Self-weight multiplier (R), 1.0 1.0 (8)

WDIS Extra distributed weight 0.0 0.0 (9)
per unit area (R).

XORG X coordinate of point File File (26)
O(R).

YORG Y coordinate of point File File (26)
O(R).

ZORG Z coordinate of point File File (26)
O(R).

.
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TABLE A8.2.1(b) - ZERO ELEMENT OPTIONS FOR WIPS-MODL
,

l
OPTION DATA DFLT.A DFLT.B NOTES

BCON Boundary code (1).
(a) 3D motion Zero Zero (2)
(b) 2D motion Auto Auto (3)

LUMW Lumped Weight (R). Zero Zero (17)

For a ZERO element, either specify *ZERO' for the element type or specify a blank type (i.e.,
c.p. name, followed by two successive commas, followed by optional data).

|
|
!

|

:

i
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TABLE A8.2.1 - NOTES

(1) In each of the property set files (PIPE, BEAM, ELBO, etc.), the property sets are num-
bered in the order they are specified. For the first element of any type, PROP must be
specified. For later elements, if PROP is omitted, it defaults to the property set number
ior the nearestprecedmg element of the same type.

(2) For 3D motion, the boundary code is a 6-digit number of ones and zeros. The digits
correspond to X,Y,Z global displacements and X,Y,Z ghbal rotations, respectively. A
value of 0 for any digit indicates the corresponding displacement is free; a value of 1 that
it is fixed. The default is free motion for all 6 displacements.

WARNING. If the BCON option is specified for a PIPE or BEAM element, and if the
command defines several elements (and hence covers several nodes), the boundary code
applies not only for the control point (c.p.) being specified but also for all nodes between
the current c.p. and the c.p. in the preceding command. This may not be what is wanted.
If a boundary code is to be defined for a single c.p., it is advisable to specify a ZERO ele-
ment at the c.p., with the BCON option.

(3) For 2D motion, the boundary code defaults to motion in the symmetry plane only. For
example, for motion in the XY plane, the default is 001110. If a code is specified and it
is less restrictive than the default code for any displacement, it is automatically modified.
For example, if a code 101010 is specified and motion is in the XY plane, it is modified
automatically to 101110.

(4) The local coordinate system is defined as follows.

(a) Point I is the node at the beginning of the element, and Point J the node at the end.

(b) Line IJ defines the local x axis.
(c) Line IK defines a line (axis y') in the local xy plane. Note that IK must not be

parallel to IJ.

(d) Axis y is constructed perpendicular to axis x, and hence, axis z is perpendicular to
axes x and y.

If LOCL- AUTO, Point K is assigned automatically as follows.

(a) If IJ is not parallel to the global Y axis, Point K is assigned a very large +Y value.

(b) If IJ is parallel to the global Y axis, Point K is assigned a very large +X value.

(5) For 2D motion, the local element y axis lies in the plane of motion. The item to be
specified is then the direction of the local z axis. For, say, motion in the global YZ plane,
"LOCL-+" defines the local +z axis to be parallel to the global +X axis, whereas
" LOCAL " defines the local +z axis to be parallel to the global -X axis.

(6) Small displacement analyses (LDIS=NO) are computationally more efficient than large
displacement analyses (LDIS-YES). The assumption of small displacements will gen-
erally be reasonable for piping systems with restraints which prevent substantial deforma-
tion. For unrestrained pipes, it will usually be necessary to specify large displacements.
For a PIPE element, the LDIS option controls only large displacements behavior of
BEAM type (see NOTE 11). The PIPE element also includes an option to allow for cross
section distortion (large ovalling). This option is controlled by the WIPS PIPE input data,
not by the LDIS option.

(7) If the time history code for any element is "YES", results for that element are saved in
the RSLT file. If the code is "NO", results are not saved. The length of the RSLT file
(and hence, data storage costs and some execution time) can be reduced by specifying
"NO" for elements for which the response is not of interest. Note that nodal displace-
ments, velocities and accelerations are automatically saved for all nodes so that deflected
shapes can always be drawn from the RSLT file. The THIS option affects only element
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response (stresses, strains, etc.).

(8) The self-weight is a part of the element property set and will typically include the weight
of the steel element only. If desired, this weight may be increased or decreased, by speci.
fying a WFAC multiplier larger or smaller than 1.0. Note that additional distributed'

weight can also be specified using the WDIS option, and additional lumped weights using
the LUMW option (see ZERO element type).

(9) The WDIS option defines extra distributed weight (in addition to the element self-
weight), for example, to allow for contained fluid and/or insulation. The weight and
length units must be those specified at the beginning of the current WIPS-MODL session.
Additional lumped weights can be specified using the LUMW option (see ZERO element
type).

(10) The PIPC element includes an approximate theory for considering internal pressure
effects. This theory allows for the effects of hoop and axial tension on yield of the ele-
ment and for the stiffening effect ofinternal pressure on curved pipe elements (decreased
ovalling). The pressure is assumed to be constant during the analysis. Hence, the value
specified should be an estimate of the average internal pressure at the element during the
response.

(11) The large displacemeats theory accounts for large rigid body displacements (i.e. rotations)
of a BEAM element but assumes small deformations within the element. The small defor-
mation assumption is accurate for elements which are short in length but not for very
long elements.

;

Small displacement analyses (LDIS=NO) are computationally more efficient than large
displacement analyses (LDIS-YES). The assumption of small displacements will typi-
cally be reasonable for piping systems with restraints which prevent substantial deforma-
tion. For unrestrained systems, or for supporting structures which may buckle or other-
wise deform substantially, large displacements should be specified.

(12) The point on the pipe at which the U bar provides restraint is Point I. Point J is a fixed
point at which the U bar is anchored. The line U defines the element axis (or, for large
U-bar rotations, the initial position of this axis). If the length of the U bar is not impor-
tant (i.e. if large U bar rotations will not occur), Point J may be any point along the ele-
ment axis. Note that U may alternatively be speciiled by its X,Y,Z projections (see NOTE
13). Line U must be defined either by specifying Point J or by specifying the X,Y,Z pro-
jections, but not both. A blank name means that Point J is not specified.

(13) See NOTE 12 for definition of Points I and J. DXU, DYU, and DZU define the global
X,Y,Z projections of U. If the length of U is not important, DXU, DYU, and DZU may
be the direction cosines of U. Note that the default is zero. If U is along a global axis,
only one projection needs to be specified.

(14) The GAP value is the initial U bat gap. If GAP is not specified, it defaults to the value in
the UBAR file for this property set (see WIPS-UBAR User Guide).

(15) See NOTE 12 for definition of Points I and J. Point K may be used to define the normal
direction to the U-bar plane. If Point K is ;pecified and LDIS-YES, the pipe (i.e. Point
I) is allowed to move freely through the U bar (i.e. in the axial direction of the pipe) until
the gap is closed. After gap closure, axial displacement is restrained. The computational
procedure is described in Section B6.

(16) If small displacements are specified (LDIS=NO), the axis of the U bar element is
assumed to remain parallel to its initial direction (see NOTE 12). This option will be suit-
able for cases where the pipe motion is essentially parallel to the U-bar. Iflarge displace-

| ments are specified, the direction of the U bar axis (and hence, the direction of the res-
| traint force) is allowed to change during the analysis. This option must be used if the
'

pipe motion is inclined to the U bar axis. A large displacements analysis is more expen-
sive computationally.
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(17) Lumped weights may be specified to account for the extra weights of valves, flanges, or
any pipe whip restraint hardware attached to the pipe. The WIPS U-bar an-1 gap-friction
elements are assumed to have zero mass (e.g. the weight of any saddles or other hardware
attached to a U bar is assumed to be negligible).

(18) Each substructure in the analysis model must be assigned a unique 4-character name. If )
no name is specified, successive substructures are automatically assigned the names S001,
S002, etc. The substructure name is used for specifying impact surfaces (later in WIPS-

! MODL) and for results post processing (in WIPS-RSLT).

(19) For 3D motion, the orientation of each STRP substructure in space must be defined using
the " Point K" procedure (see NOTE 4). There is no default on this item. If impact is to
be specified for any STRP substructure, particular care should be taken to ensure that the
orientation is specified correctly.

(20) For 2D motion, the local xy axis of the substructure is automatically in the symmetry
plane. The direction of the local z axis must, however, be defined. For, say, motion in
the global YZ plane, "LOCL- +" defines the loca! +z axis to be parallel to the global +X
axis, whereas "LOCL= " defines the local +z axis to be parallel to the global -X axis.

.

(21) Large displacements analyses of substructures are much more expensive computationally
than small displacements analyses. If the small displacements option is specified
(LDIS=NO), yielding of the substructure is considered, but no change of shape. Because
substructures will typically be specified only if impact or other local deformation effects
are important, it will be usual to specify large dispit. aments (LDIS=YES). Note that the
substructure default is "LDIS=YES", whereas the element default is "LDIS=NO".

(22) If the time history code for any substructure is "YES", results for all shell elements in the
substructure are saved in the RSLT file. If the code is "NO", no element results are
saved.

(23) The shell element used to model substructures includes an approximate theory for consid-
ering internal pressure effects. This theory allows for the effects of hoop and axial tension
on element yield and for the resistance which pressure offers to distortion of the pipe
cross section. The pressure is assumed to be constant during the analysis. Hence, the
value specified should be an estimate of the average internal pressure during the response.

(24) If "SYMM-YES" is specified, the STRP cross section at end J of the substructure is
assumed to lie on a plane of symmetry, as described in the WIPS-STRP User Guide. The
current segment is automatically assumed to end at this point. The cross section at end I
of the substructure will be constrained to remain circular. However, the cross section at
end J is not constrained in this way. Substructure boundary conditions are automatically
constructed to confine the motion of end J to the symmetry plane but not to restrict cross
section deformation. The SYMM-YES option can be used only if IJ is parallel to a glo-
bal axis (X, Y, or Z).

,

(25) The "SYMM-YES" opticn for an ELBO substructure is intended to allow modeling of the

| type described in the WIPS ELBO. User Guide. If the length of " tangent 2" (see WIPS-
ELBO User Guide) is zero, a single curved pipe is modeled. If this length is not zero, a
pair of elbows separated by a tangent is modeled.' The boundary conditions at end J of
the substructure are as described in NOTE 24. The direction of" tangent 2" must be paral-
lel to a global coordinate axis.

(26) If the XORG, YORG, and ZORG values are all blank, the coordinates of Point O are
t

! those specified for the SLAB property set in WIPS-SLAB. If one or 'more of XORG,
| YORG, and/or ZORG is nonzero, the coordinates specified in WIPS-SLAB are ignored.

(27) The point on the pipe at which the gap-friction element may provide restraint is Point 1.
Point J is any point along the normal from I to the restraint plane, directed towards the res-
traint plane. The values DXIJ, DYIJ, and DZIJ thus define a vector directed from Point I
in the direction of sap closure. Note that this is opposite to the IJ direction for a U-bar-
element.
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A8.3 IMPACT AND INITIAL VELOCITIES

! A8.3.1 MODL FILE
After the segments and external substructures for the analysis model have been defined, a

J

MODL file can be produced'. For small models, the files will be short and will require only a
few seconds of computer time to set up. For models involving substructures, the files may be
long and may require up to a few minutes.

The node and element data defining the modelis first set up. Then, if any substructures
!

are present, surfaces for pipe-to-pipe or pipe-to-slab contact may be defined, and initial velocity
patterns may be specified. WIPS-MODL requests data as described in the following sections.

A8.3.2 IMPACT DATA

A8.3.2.1 Primary and Secondary Surfaces
For surface-to-surface contact, one surface is the primary surface and one the secondary.

Any number of contact surface pairs may be specified, each pair consisting of a primary surface
|

and a secondary surface.

The primary surface must be a quadrila:eral grid. This grid must be all or part of the f
finite element grid for a STRP, ELBO, or SLAB substructure. The secondary " surface" is not j

'

treated in the analysis as an actual surface but as a number of separate nodes. During the
analysis, the geometrical relationship between the secondary surface nodes and primary surface
grid is monitored, and the secondary surface is prevented from penetrating the primary surface.
The theory is described in Section Bl.2.

;

A8.3.2.2 Surface Pair Identi8 cation
Each surface pair must be named (e.g. SURI). The name is used to identify the surface

>

i in the WIPS RSLT phase.

A8.3.2.3 Primary Surface
The primary surface must be all or part of the finite element grid for a STRP, ELBO, or

SLAB substructure. The term " grid" is used in this report to refer to the lines of nodes in a
;

;

j substructure mesh. The term " mesh" is used to refer to the rows of elements.
! In the definition of model segments and external substructures, each substructure is

assigned a name (either by use of the NAME option or by defaulting to S001, S002, etc.). The
j

primary surface substructure must be named. WIPS MODL displays the allowable grid ranges
! in the circumferential (or, for a SLAB, the OA) and longitudinal (or OB) directions. The grid
:

ranges to be used must be specified by the WIPS-MODL user. The specified grid ranges should#

cover enough of the surface to ensure that all contact occurs within the specified area. Each
range is defined by a beginning and ending grid location.

;

For STRP and ELBO substructures, the circumferential grid range must be specified,
moving in a clockwise direction when viewed along the pipe axis. If the range covers grid line
number 1, the beginning grid location will be numerically larger than the ending location. In all

j other cases, the ending location must be the larger.

A8.3.2.4 Secondary Surface
The secondary surface may be either another substructure or a series of nodes defining

pipe or beam elements 'along a pipe run. In this second case, the secondary " substructure" is
the " main" structure.

-If the secondary surface is a substructure, the grid range must be specified as for the pri.
- mary surface. If the secondary surface is the main structure, one or more ranges of nodes must
be specified. For each range, the run number, beginning c.p. and ending c.p., must be

,
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specified. All nodes in the range (including the end c.p.'s) become nodes of the secondary sur-
i

face.

A8.3.2.5 Surface Thicknesses

The coordinates of nodes along a pipe run define the pipe centerline, and the subs'sucture

coordinates stored for SLAB substructures define the slab midsurface. To account for finite
pipe dimensions and slab thicknesses, adjustments must be made in the impact analysis. This is
done, in WIPS-ANAL, by calculating nominalclearances (in effect the node-to-node distances)
between the surfaces, and subtracting off surface half-thicknesses to obtain actualcwarances. For,

a node in the main structure, the half-thickness is the pipe radius, and for a SLAB substructure
-

'

it is one-half of the slab thickness. For STRP and ELBO substructures, the node locations are
assumed to be at the pipe wall midthickness for the purpose of calculating nominal clearances.
Hence, the surface half-thickness is one-half the pipe wall thickness.

Surface half-thicknesses must be specified for both the primary and secondary surfaces.
The default value is zero (i.e. WIPS-MODL does not look at the dimensions of the elements or
substructures to obtain half-thickness values).

A8.3.2.6 Friction CoefBelent

If friction effects are likely to be important, a surface-to-surface friction coeffic'ent may be
] specified. In addition, a sliding velocity tolerance must be defined. The purpose of this toler-

ance is as follows.

In the impact analysis, friction forces are applied in the direction opposing the current
sliding velocity. If the sliding velocity is small, it may fluctuate from positive to negative in
successive time steps, with the result that the friction forces can suddenly change direction.
Such sudden changes can lead to instability in the solution scheme. To avoid this, the friction
coefficient is assumed to attain its full value only if the sliding velocity exceeds a certain toler-
ance. For sliding velocities less than this tolerance, the friction coefficient is assumed to reduce
and to be zero for zero velocity. A default tolerance of 50 in/sec. is built into WIPS-MODL.
A different value may be specified if desired.

A8.3.3 INITIAL VELOCITIES

A8.3.3.I Purpose

In certain cases the motion of the ruptured pipe up to impact, and the impact velocity,
will be known, and the primary purpose of the analysis will be to study the behavior following
impact. In such cases, it may be possible to define the initial geometry of the system as that
just before impact and to specify a pattern of initial velocities. It is then not necessary to per-
form any analysis for the motion between rupture and impact, and substantial computer time
may be saved.

WIPS-MODL includes an option for specifying initial velocities. The option is necessarily'

limited in scope, however. In particular, it is assumed that the pipe moves as a rigid body
before impact (for example, as a length of pipe pivoting about a known hinge, with negligible
deformation before impact).

| A8.3.3.2 Procedure

Initial velocities may be specified for one or more segments of pipe (as defined in Section
A8.1.2). The initial motion of a segment may be purely translational or may involve pivoting
about a known axis. WIPS-MODL requests the segment number and the name of the c.p.
about which the segment pivots. If no pivot is named, the segment initially moves as a rigid
body with only translational velocity, and the global X,Y,Z velocities must be specified. If a
pivot point is named, the pivot axis and rigid body rotational velocity must be specified. The
pivot axis must be one of the global X,Y,Z axes. WIPS-MODL automatically calculates the
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|- initial velocities for all nodes in the segment, including the nodes in STRP and ELBO substruc-

| tures.

!. The initial velocity option must be used very cautiously. Its main purpose is to permit
analyses of experimental studies in which a length of pipe is swung about a pivot until it strikes|

I a target pipe, or in which a length of pipe is propelled as a projectile to strike the containment
wall or another pipe.;

.

.
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A8.4 EXAMPLES

A8.4.1 RESTRAINED SYSTEM
Pipe run number 2 in Fig. A4.2.1 extends from a branch point at control point B2 to an

anchor at control point A3. Table A8.4.1 is a listing of the WIPS-MODL session log to set up
an analysis model for this run. The model has a break at B2, a U-bar restraint at T4B, and
assumed full fixity at branch point B3. The part of the pipe run from B3 to A3 is not included
in the model.

The pipe run lies in the YZ plane and moves only in this plane lience, a symmetric con-
dition is specified for the analysis model, with symmetry about the YZ plane. When such a
symmetric condition is specified for any segment, the analysis model contains only one half of
the structure in the segment (i.e. one half of the pipe circumference and one-half of the U-bar
in this example). This allows full 3D motion to be specified for some segments of an analysis
model, and only 2D motion (i.e. symmetry) for other segments. The WIPS-ANAL analysis
also requires less execution time, because a 2D structure has fewer degrees of freedom (node
displacements) than a 3D structure, and because some pipe element computations can be omit-
ted. It is important to note, however, that if jet forces are specified for control points in a 2D
segment (in WIPS-DATA), these forces must be multiplied by 0.5 to account for the sym-
metry.

A8.4.2 UNRESTRA!NED SYSTEM
Table A8.4.2 shows the WIPS-MODL commands to set up an unrestrained analysis model

consisting of pipe runs 2 and 3 in Fig. A4.2.1. A break is assumed at A3, and full fixity at con-
trol points B1 and B2. There are no pipe whip restraints, and large displacements are specified.
Full 3D motion is allowed.

A8.4.3 SYSTEM WITil SUBSTRUCTURES AND IMPACT
A series of experiments involving pipe to-pipe impact have been conducted at Battelle

Northwest Laboratories. The test configuration is illustrated in Fig. A8.4.1. Table A8.4.3
shows the session log (GEOM, MALL, STRP, PIPE, and MODL phases) to construct an
analysis model for a configuration of this type. Figures A8.4.2 and A8.4.3 show the finite ele-
ment mesh which is constructed. Note that t ansverse symmetry is specified for the swinging
pipe, and longitudinal symmetry for the target pipe, to reduce the size of the finite element
mesh. The geometry (in WIPS-GEOM) is specified such that there is a small initial clearance
between the pipes, and initial velocities are specified (in WIPS-MODL).

This example is for illustration only, and coarse finite element meshes have been specified
to avoid cluttering the figures. For an actual analysis, it would be necessary to specify much
finer meshes.
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TABLE A8,4.1
....-====-

WIPS-MODL EXAMPLE
.. .............. '

! RESTRAINED MODEL. RUN 2 FROM FIO.A4.2.1
-...u--m--....---================

EXEC - WIPS EXECUTIVE

NFXT WIPS-EXEC COMMAND : mod!

MODL - SPECIFICATION OF ANALYSIS MODEL

Define units
Length (f te ine me rs) : in
Force (ke lb, kgf, kN) : k

Sequence no. of COOR file : 1

Available element property sets
Type No. of Sets
pipe 2
ubar 1

Available substructure property sets
Type No. of Sets
elbo 1

DEFINE MODEL IN SECMENIS
4

SEOFFNT NO. 1

Pipe run no. : 2
First c.p. of segment : b2

! Full 3D motion 7 : no RESTRICT TO Y-Z PLANE
1 Displacement plane (xy,yr or ar) : g
.

Any substructures in this segment? :
i Boundary condition code for first c.p. :

Syr. metric - boundary code reset to 100011

Specify c.p.name + elem type + optional data
1: t4b pipe pr=2 REMAINING DPTIONS DEFAULT
2: t4b ubar pr=1 gap =.4
*** error - direction not defined - use 'Jnod' or 'deij'
2: t4b ubar pr=1 gap =.4 dy=1 U-BAR IN +Y DIRECTION'

3: b3 pipe ALL OPTIONS DEFAULT'

; 4: 63,,6c=111111
5:'

I End of sognent? : y
Display commands for this segment? : y

MODL COMMt.ND TABLE
,
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Table A8.4.1
Page 2

SEGMENT NO. 1. Run No. = 2
c. p. elem optn data optn data optn data l

b2 !

bcon 100011
t4b pipe

prop 2
loci + Idis no this yet
wfac 1.0000

t4b ukar
prop 1

Idis no this yes
dyij 1.0000 gap O.4000

b3 pipe
prop 2
loci + Idis no this yes
ufac 1.0000

Hit RE1 URN for mcre
b3

b e ori 111111
Any changes? : yes ADD LUMPED WEIGHT AT t4b

,

Re-enter data for this segment

SEOMENT NO. 1

Pipe run no. : 2
First c.p. of segment : b2
Full 3D motion ? : n
Displacement plane (sy,yz or xx) gr-

Any substructures in this segment? :
Boundary condition code for first c.p. :

Symmetric - boundary code reset to 100011

Specify c.p.name + elem type + cptional data .

1: 44b pipe pr=2 I
| 2: t4b ubar pr=1 gap =.4 dy=1 lumw=.02

3: b3 pipe '

|4: b3 zero bc=111111
5:

End of segment? : y
Display commands for this segment? - y

HODL COMNAND TABLE

SEGMFNT NO. 1. Run No. = 2
c. p. elem optn data optn data optn data
b2'

bcon 100011
44b pipe

prop 2
loci + Idis no this yes
ufac 1.0000

t4b ubar
prop 1

Idis no this yes
turu O.2000e-01 dyij 1.0000 gap O.4000
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| Table A8.4.1

! b3 pipe
prop 2
loc 1 + 1 dis no this yes

,

ufac 1.0000
Hit REIURid for more

b3 sero
bcon 111111

Any chariges? :

SEQMENT NO. 2

Pipe run no. :
Last segment? : y

Any external substructures? :

Display commands for all segments? :
Write in session log? :

Produce NODL file? : y-

Wait while data is processed

Specify initial velocities ? :
Comment for file catalog : Run2, b2 (break) to b3 (anchor).

NODL file saved. File name = MODLO101
End of this MODL session

EXEC - WIPS EXECUTIVE

NEXT WIPS EXEC COMMAND : gutt

. _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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! TABLE A8.4.2
. ........

WIPS-MODL EXAMPLE
... ...-.........

UNRESTRAINEu MODEL. RUNS 2,3 FROM FIG.A4.2.1
,

.._.... .. _.. ........-....................

EXEC - WIPS EXECUTIVE

NE XT WIPS EXEC COMMAND : mod 1

MODL - SPECIFICATION OF ANALYSIS MODEL

Define units
Length (f te ine me r.9) : in
Force (k,16 kgf.kN) : k

Sequence no. of CODR file : 1
1
'

Available element property sets
Type No. of Sets
pipe 2
ubar 1

Available substructure property sets
Type 14 0 , of Sets

elbo 1

DEFINE MODEL IN SECMENTS

SEGMENT NO 1

Pipe run no. : 2
First c.p. of segment : b2
Full 3D motion ? : y
Boundary condition code for first c.p. : 111111

Specify c.p.name + elem type + optional data
1: a3 pipe pr=2 Id=y intp=1.2
2:

End of sognent? : y
Display commands for this segment? : y

MODL COMM4t4D TABLE

SEOMENT t.'O 1. Run No. = 2
c. p. elem optn data optn data optn data
b2

bcon 111111
a3 pipe

prop 2
loc 1 auto 1 dis yes this yes
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Table A8.4.2
Page 2

ufac 1.0000 intp 1.200 I

Any changes? :

SEQMENT FD. 2

Pipe run no. : 3
First c.p. of segment : 61 l

FL41 3D cotton ? : y
Soundary condition code for first c.p. : 11111

Specify c.p.name + elem type + optional data
1: b3 pipe ALL OTHER DATA DEFAULTS
2:

End of segment? : y
Display commands foi this segment? : y

MODL COMtV.f4D TABLE

SEGHENT NO. 2. Run No. 3=

c. p. elem optn data optn data optn data
, bi
| bcon 11111
| b3 pipe

prop 2
loc 1 auto Idis yes this yes
ufac 1.0000 intp 1.200

Any changes? : y INCORRECT BCON CODE FOR b1
Re-enter data for this segment

SEGMENT MO. 2

Pipe run no. : 3
First c.p. of segment : b1
Full 3D oction ? : y
Boundary condition code for first c.p. : 111111

Specify c.p.name + elem type + optional data
1: 63 pipe
2:

End of sognent? : y
Display commands for this segment? : yI

HODL COMMAf4D TABLE

SEGMENT NO. 2. Run No. = 3
c. p. elem optn data optn data optn data
b1

bcon 111111
b3 pipe

prop 2
loc 1 auto 1 dis yes this yes
ufac 1.0000 intp 1.200

Any changes? :

| SE0 MENT NO. 3
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|Table AC.4.2 '

Page 3

Pipe run no. :
Lost segment? : y

Any esternal substructures? :

Display commands for all segments? :
Write in session log? : y

MODL COMMAND TABLE

2SE0 MENT NO. 1. Run No. =

c. p. elem optn data optn data optn data

62
bcon 111111

43 pipe
prop 2
loc 1 auto idis yes this yes

wfac 1.0000 intp 1.200
= 3SEQt1ENT NO. 2. Run No.

;
c. p. eles optn data optn data optn data

b1
bcon liitti

b3 pipe
prop 2
loc 1 auto 1 dis ges this yes

ufac 1.0000 intp 1.200

Produce MODL file? : y
Wait while data is processed

Cpecify initial velocities ? :
Comment for file catalog : Runs 2 and 3. unrestrained, break at a3.

MODL file saved. File name = NODLO102
End of this MODL session

EXEC - WIPS EXECUTIVE

NEXT WIPS EXEC CDMMAND : gult

....... . ....... .. ........ ...-- --.. --....-- -- ..........--......

,
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TABLE A8.4.3
.......... i

WIPS-MODL EXAMPLE
..ur.............

MODEL WITH SUBSTRUCTURES. COARSE MESH MODEL OF WATTELLE TEST.
== _=r.. e= ==_-- ---===== ...-- -=====r=====r==========.-===

|

!

I EXEC - WIPS EXECUTIVE

NE XT WIPS EXE.C COMMAND : mod!

MODL - SPECIFICATION OF ANALYSIS MODEL'

Define units
Length (fteinemess) : in
Force (k,1b,kgf,kN) : k

Seguence no. of COOR file : 1

Available element property sets
Type No. of Sets;

pipe 1

Available substructure property sets
Type No. of Sets
step 2

DEFINE MODEL IN SEOMENTS

SEGMEN) bel. 1

Pipe run no. : 1
First c.p. of segment : si
Full 3D motion ? : n
Displacement plane (xy,gs or ax) : xy
Any substructures in this segment? : y
They must lie on + or - side of plane
Specify side (+ or -) : +

,

Boundary condition code for first c.p. : 111000
'

Symmetric - boundary code reset to 111110
.

Specify c.p.name + eles type + optional data
1: s2 pipe pr=1 Id=y
2: s3 stry pr=1
3: s4 pipe
4:

End of segment? : y
Display coneands for this segment? : y

MODL COMMAND TABLE

SEGMENT NO. 1. Run No. = 1
c. p. eles optn data optn data optn data
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Table A8.4.3

Page 2
si

bcon 111110
s2 pipe

prop 1

loci + Idis yes this yes
ufac 1.0000 |

33 step
prop 1

name sOO1 Idis yes this yes
ufac 1.0000

s4 pipe
prop 1

loci + Idis yes this yes
ufac 1.0000

Hit RE1 URN for more
; Any changes? :

SEGMENT NO. 2

Pipe run no. : 2
First c.p. of segment : t1
Full 3D cotton ? : y
Boundary condition code for first c.p. : 111001

'

Specify c.p.name + elem type + optional data
1: t2 pipe

*** error - must use " loc 1" to define local y axis
1: t2 pipe learf1

'
2: t3 step pr=2 sy=y lo=rf1
Symmetric condition. Automatic segment end
Display conmands for this segment? : y

MODL COMtMND TABLE

SEQt'ENT NO. 2. Run No. 2=
' c. p. elem optn data optn data optn data

t1
1 bcon 111001

42 pipe
; prop 1

loci eft 1 dis yes this yes
ufac 1.0000

43 strp
prop 2
name sOO2 Idis yes this yes
loci eft symm yes
ufac 1.0000

Any changes? :

SEOMENT NO. 3

Pipe run no. :
Last segment? : y

,

Any external substructures? :

150
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|
|

| ;

\

Table A8.4.3
,

Page 3
|
1

; Display conmands for all segments? -
'

| Write in session log? :
i

Produce MODL file? : y
' Wait while data is processed

j Impact analysis regJired ? : y
; No. of impact surface pairs : 1
,

SURFACE PAIR NO. 1
Surface pair name : suri

Define primary surface
Substructure name : s002

STRP substructure, property set no. 2
Circumf. divisions = 12
Longitt, divisions = 6 ( 2, 2, 2)

Full 3D motion
Allowable longitudinal grid range = 1 thru 7
Define grid ranges
Circumferential : 10 4
Longitudinal : 37

Thickness from nodes to surface : .14 |
t

'

Defins secondary nodes
Substructure name (df1t = main) : s001

STRP substructure, property set no. 1.

| Circumf. divisions = 12
; Longitt. divisions = 10 ( 3, 4, 3)
j Only second circumferential half of mesh used
i Allowable circumferential grid range = 7 thru 1

Allowable longitudinal grid range = 1 thru 11
Define grid ranges
Circumferential : 7 10
Longitudinal : 48

Thickness from nodes to surface : .14
Friction coefficient (df1t=rero) :
Sliding veloc. for full friction (df1t=50in/sec) :
Any errors ? :

I Specify initial velocities ? : y
Specify initial velocities for affected segments
Warning - onig partial consistency check is performed on data

SEGMFNT NO. : 1
Segment has transverse symmetry

Motion in my plane only
Name of pivot point (df14 = no pivot) : s1
Pivot amis = global :
Angular velocity (rad /sec, r. h. rule) : 14
SEGMENT NO. :
Last affected segment ? : y
Wait while data is processed |

Comment for file catalog : Esample. Battelle type configuration. |

HODL file saved. File name = MODLO101

151
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:
Table A8.4.3

Page 4
,

End of this MODL session

EXEC - WIP8 EXECUTIVE

NEXT WIPS EXEC COMMAND : gult

; _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

i

.

J

|
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O.c
flotes:

(1) Gebmetry is specified so that pipes have small clearance at time zero.
Initial velocity option is used.

(2) The finite element mesh in this example is coarser than would be needed
for an accurate analysis.

FIG. A8.4.2 - WIPS AtlALYSIS MODEL

.
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YSWINGING PIPE HAS TRANSVERSE SYMMETRY.

ONLY ONE-HALF OF PIPE CIRCUMFERENCE IS
INCLUDED IN MODEL. /N

ss Z X

s2

E3

c.; E2
v

TAP,GET PIPE HAS LONGITUDINAL SYMMETRY.
bI ONLY ONE-HALF 0F PIPE LENGTH IS INCLUDED

IN MODEL.

s1

FIG. A8.4.3 - WIPS ANALYSIS MODEL. INCLINED VIEW.
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A9. WIPS-DATA USER GUIDE

SUMMARY

WIPS DATA takes the data in a MODL Ale and modines it to produce a DATA Hie for
WIPS ANAL. WIPS DATA also initializes ECHO, SLOG, RSLT, PAUS, and PAUZ Ales
which make up the DATA Ale set. This section describes the procedure for using WIPS-

J DATA.
In addition, this section contains a chapter on the execution of WIPS-ANAL. Because1

WIPS ANAL execution is system-dependent, this chapter must be supplemented by additional
information for each different operating system.

CONTENTS
i

A9.1 WIPS DATA USER GUIDE
A9.1.1 PURPOSE

A9.1.2 PROCESSING MODE

A9.l.3 ORIGINAL DATA MODE
A9.1.3.1 Initial Data
A9.1.3.2 initial Velocity Scaling

! A9.1.3.3 Load Data

f A9.1.3.4 Traveling Pulse

i A9.1.3.5 Time Step Data

: A9.1.3.6 Termination Limits
i A9.1.3.7 Error Tolerances
I A9.1.3.8 Results Output Intervals

| A9.1.3.9 Integration Scheme

) A9.1.3.10 Energy Dissipation: Newmark Scheme

A9.1.3.ll Energy Dissipation: HHT Scheme

A9.1.4 RESTART MODE
A9.1.4.1 General

4

! 9 D ta Se uence.

A9.1.5 EXAMPLE
A9.2 WIPS ANAL USER GUIDE

,

A9.2.1 VAX/ UNIX SYSTEM
A9.2.2 OTHER SYSTEMS

|

!

,
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,

1 A9.1 WIPS-DATA USER GUIDE

.

A9.1.1 PURPOSE
A MODL Ale containing the geometric and mechanical data for an analysis model is pro-.

; duced in the WIPS MODL phase. In one mode of operation (the original data mode), WIPS-
DATA extends the MODL Ale to include information on loading, time step size, etc. and

,

creates a DATA Ale. The DATA Ale becomes the input Ale for the WIPS-ANAL phase. At;

the same time, WIPS-DATA initializes ECHO, SLOO, RSLT, and (if requested) PAUS and
i PAUZ Ales for use by WIPS ANAL.

.

If the DATA Ale instructs WIPS ANAL to pause at the end of the execution, PAUS and
| PAUZ Ales are set up to allow restart. In a second mode of operation (the restart mode),

WIPS DATA modines an existing DATA file for use in a restart run by WIPS ANAL. In this
mode, WIPS DATA can also be used to purge the ECHO, SLOG, and/or RSLT Ales, to reduce
their size and save disk storage.

,

A9.1.2 PROCESSING MODE

1 If any PAUSE Ales (i.e pairs of PAUS and PAUZ Ales) exist for the current problem,
! WIPS DATA fast asks whether existing PAUSE Ales are to be modified. If the answer is YES,

the sequence number of the DATA Ale set is requested, and WIPS-DATA enters the restart
; mode. If the answer is NO, or if there are no PAUSE Ales, WIPS-DATA requests the

sequence number of a MODL Ale and enters the original data mode.j

A9.1.3 ORIGINAL DATA MODE

| A9.1.3.1 Initial Data
in the original data mode, the following data is requested after the MODL Ale sequence

i number.
(1) Psoblem description: 4 lines, up to 60 characters per line, describing the problem to be

! solved.

.

(2) Whether or not PAUSE Ales are to be created. If the answer is YES, a pair of PAUSE
i Ales is set up at the end of'the subsequent WIPS ANAL execut|on, to allow later restart.

If the answer is NO, no PAUSE Ales are set up (that is, it is assumed that the analysis will
be completed in a single WIPS ANAL run).*

WIPS DATA then asks the user to wait while the data on the MODL Ale is processed. For a
; small problem, this will require only a few seconds. For a large problem, it may require a
! minute or two.

A9.1.3.2 Initial Velocity Seallas
'

During processing of the MODL Ale, any initial velocities speciAed in the WIPS MODL
phase may be scaled. If initial velocity data are present on the MODL Ale, WIPS DATA
requests a velocity scale factor, with a default value of 1.0. All initial velocities are scaled by

| this factor.

A9.1.3.3 Lead Data
After initial processing of the data, information on the loading is requested. A force act-

ins in a particular direction at a point on the analysis model constitutes one load. Any number
of loads may be specined. The following data is requested for each load:

(1) Name of force record (in FREC Ale). A blank response ends the load data.

|
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!

i (2) Name of the control point (c.p.) at which the force acts. This must be a c.p. in the mam
structure. It is not possible to specify loads at nodes within a substructure.

L (3) Direction of force. The options are (global) X, Y, or Z, or FOLLOWER (which may be
abbreviated to FOLL).

(4) For the FOLL option, the name of a second c.p. (the follower c.p.) to denne the direction
i of the force. This must be a c.p. which is a node in the main structure. The force then acts

at the loaded c.p. and is always directed towards the follower c.p. This permits the direc- '

tion of a jet force to be varied if the piping system deforms substantially. The option is
also convenient for specifying pressure pulse efects, as described in Section A9 l.3.4.4

I (5) Scale factor, by which the forces in the speciAed force record are to be multiplied. This -

| factor also controls the direction of the force. For a force in the X direction, a positive
j scale factor means a force in the +X global direction and a negative factor a force in the
j -X direction. Similarly, for the FOLL option, a positive factor means that the force acts
!

towards the follower c.p. and a negative factor that it acts away from the follower c.p.

(6) Time delay, which will typically be zero. This permits a traveling pulse load to be
modeled, as described in Section A9.1.3.4.

| A9.1.3.4 Traveling Pulse

In most cases only a jet forca will be considered, and a force will be applied only at the
i pipe break. It is possible, however, to model (approximately) the influence of a traveling pres-
i sure pulse (i.e. water hammer efect).
j As a pressure pulse passes around a pipe bend, it exerts an essentially radial force at thei

bend. Because of the pulse travel time between bends, significant vibrations may be excited in
| the piping. Also, because of the possible large magnitude of the pressure load, large dynamic
'

forces may be generated in piping anchors and supports.

| The efect of a pressure pulse in a bend can be represented approximately by a pair of
i dynamically applied forces acting parallel to the tangents at the tangent points of the bend. In

the data of Section A9.1.3.3 the forces can be speciBed as follows.

(1) Specify two loads for each bend (one for each tangent point).1

| (2) Specify the FOLL option. The loaded c.p. is the loaded tangent point, and the follower
! c.p. is any c.p. along the adjacent tangent (typically the next tangent point). Note that the
} tangent intersection point cannot be used as the follower c.p., because it is not a node in

the analysis model.
,

; (3) Specify negatiw scale factors, so that the forces act outwards on the bends. If desired,
} attenuation of the pulse car be modeled by specifying a progressively smaller factor for

,

! cach successive bend.

; (4) Specify a time delay for each force equal to the time taken for the pulse to arrive at the
;

i bend.

if the water hammer loading involves both initial and reflected pulses, it will be necessary to;

J specify a diferent force record for each pulse. Time delays can then be specined so that the
pulses arrive at the bends at appropriate times.

A9.1.3.5 Time Step Data,

Following the load data, the following time step data is requested.

(1) Initial time step. This is the time step used at the beginning of the WIPS ANAL analysis.
As the analysis proceeds, the time ' step is automatically varied and may increase or
decrease.'

,

!

!
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>.

(2) Maximum time step. The time step is not permitted to be increased above this value.

| (3) Minimum time step. The time step is not permitted to be reduced below this value.

i Typical time steps for a pipe whip anclysis are as follows:

(1) Initial: 0.0005 seconds..
(2) Maximum: 0.001 seconds. |;

4 (3) Minimum: 0.00003 seconds.
The minimum value is likely to be reached only during short periods following very stiff

f impact. To enforce a uniform time step, specify maximum and minimum values slightly larger
! and smaller, respectively, than the initial value.
i
! A9.1.3.6 Termination Limits

Limits to use for termination of the WIPS ANAL execution are requested as follows.

; (1) Maximum number of time steps.

(2) Maximum time.'

i When the number of time steps completed in the analysis equals the maximum number, or
when the sum of all completed time steps exceeds the maximum time (whichever occurs Arst),
WIPS ANAL execution ceases. Note that because the average time step is not known in
advance, whereas the duration of the pipe whip event is usually known approximately, it will bc

,

: usual to control the termination by the maximum time. However, to avoid waste of computer
| time if WIPS ANAL should " hang up" with a large number of very small time steps, it is wise
i to specify a reasonable limit on the number of steps.

I A9.1.3.7 Error Tolerances
!

| During a WIPS ANAL analysis, the time step is automatically increased and decreased,
depending on the value of the "midstep equilibrium error". The concept is that if this error;

i never exceeds a speci6ed tolerance, the computed solution will never violate dynamic equili-
brium excessively, and hence, will be accurate. The term " accurate" is, however, relative. If a
large tolerance is specined, substantial equilibrium violations are permitted and accuracy will

i suffer. If a small tolerance is specined, smaller time steps will be required to satisfy the toler-
'

ance, and execution times will increase.

A certain amount of experience and judgement is needed to select an appropriate toler-
;

) ance. If experience is lacking, a value equal to 25% of the average jet force is suggested. If no
.

jet force is used (i.e. In an analysis with initial velocities), estimate the jet force required to pro-
' duce the initial velocities.

| WIPS DATA requests two tolerances (upper and lower). The upper tolerance is the value
; described above. If the midstep error exceeds this tolerance in any step, the time step is
; reduced. The lower tolerance should be speciAed to be approximately 20% of the upper toler-

ance if the midstep error is below the lower tolerance for two successive steps, the time step
is increased.

A9,1.3.3 Results Output Intervals
At specined intervals during a WIPS ANAL analysis, results are output to the RSLT Ale.

This output interval may be controlled in two ways, as follows.

(1) Maximum number of time steps since last output.

(2) Maximum time since last output.
WIPS. DATA requests both values. During the WIPS ANAL analysis, results are saved when-
ever either the specined number of steps is exceeded or the specined time, whichever occurs
Arst.

161

|

|
. _ - - - . _ _ , ~__ . - - _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ , _ _ _ _ _ _ . . _ _ . _ _ _ _ _ . _ _ . _ , _ _ _ _ . _ _ _



A9.1.3.9 Integration Scheme

The WIPS user must select one of two possible integration schemes, namely Newmark
with viscous damping or Hilber-Hughes Taylor (IllIT) wi*.h numerical energy dissipation. The

Energy dissipat' n is essential to avoid instability in thedefault is the Newmark scheme. e
numerical scheme. Ilowever, the amount of dissipstion must not be so large that the accuracy
of the results is affected.

A9.1.3.10 Energy Dissipation: Newmark Scheme
For the Newmark scheme, energy dissipawn is obtained by introducing viscous damping.

The amount of dissipation is controlled by a dimentionless " damping f actor", with a default
value of 0.1. A larger factor introduces greater dissipstion. The default va|ue is recommended.

The theory of the integration scheme is described in Section Bl. tlc damping matrix for
the scheme is #,K., in which K, - imtlal (clastic) stiffness matrix and #, is a coefficient with
the dimension of time. The dimensionless damping factor defined in WIPS DATA is #,/At,
where At is the initial time step.

A9.1.3.11 Energy Dissipation: HHT Scheme
For the llHT scheme, energy dissipation is an automatic part of the numerical scheme.

The amount of dissipation is again controlled by a dimensionless damping factor, with a default
value of 0.1. Again, a larger factor introduces greater dissipation, ari.! the default value is
recommended.

The theory of the integration scheme is described in Section Bl. The damping factor is
equal to minus the lillT "a" factor.

A9.1.4 RESTART MODE

A9.1.4.1 General
in the restart mode, an existing DATA file is modified so that WIPS ANAL restarts from

the point at which it previously stopped. This point is defic.d by the data on the PAUSE files.
An analysis may be stopped and restarted as many times as desired, liefore each restart,
WIPS DATA must be called to modify the DATA file.

A9.1.4.2 File Length Reduction

in restart mode, WIPS DATA allows the ECilO, SLOG, vnd RSLT files to be " purged" by
removing any data written on these files during preceding Wil'S ANAL runs. In general, the
data on the ECllO and SLOG files will be used only to ensure that WIPS ANAL has executed
properly and need not be retained. Data storage costs can thus be saved by purging these files.
It will be usual, however, to retain the data on the RSLT Ale so that this file contains the full
time history of response, beginning at zero time. In some cases, however, the WIPS DATA
user may choose to purge the RSLT file also. )

'

A9.1.4.3 Data Sequence

The following data is requested in restart mode.
|(1) Sequence number of the DATA file set.

(2) Whether or not the ECHO, SLOG, and/or RSLT file. are to be purged.

(3) New maximum and minimum time steps, as described in Section A9.1.3.5. The time step
at the beginning of the restart is automatically the same as that at the end of the previous
analysis run. !

l

i
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[ (4) New termination limits, as described in Section A9.1.3.6. The time at the end of the i

| preceding analysis is displayed to provide guidance in specifying the new maximum time.

(5) New error tolerances, as described in Section A9.1.3.7.
'

(6) New output intervals, as described in Section A9.1.3.8.

The integration scheme cannot be changed.

A9.1.5 EXAMPLE
Table A9.1 shows typical session logs for WIPS DATA sessions.

A9.1.6 FORCE AND DISPLACEMENT UNITS IN DATA FILE
in any DATA file, consistent units for forces and displacements must be used. DA'l A

Ales set up by WIPS DATA are always in kip and inch units, regardless of what units were used
to specify the syst:m geometry, component properties, etc.

In WIPS DATA, certain force tolerances must be specified (see Section A9.1.3.7 and
Table 9.1). These tolerances must be specified in kip units.

|

1

J
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A9.2 WIPS-ANAL USER GUIDE

A9.2.1 VAX/ UNIX SYSTEM
For the VAX/ UNIX system at the University of California, Berkeley, WIPS ANAL is

executed from WIPS-EXEC using the * anal" command. The following data is then requested.

(1) Execution time limit (cpu seconds).

(2) Whether background or batch execution is required.
(3) For batch execution, whether day or night priority is required.

The status may be monitored using "ps" for background jobs and "batq' or "ps-x" for batch jobs.
Progress can be monitored using " tail SI.OGppss", where pp - problem number and ss -
sequence number.

A9.2.2 OTHER SYSTEMS
A new section must be added tr- his chapter for each different system.

|
|

|

f' /

1
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I
1

fTABLE A9.1
;. , = .

I

WIPS-DATA EXAMPLE
=_-=== . ......

USINO MODf. FILFS FROM TAELES AB.2 AND AB.3
==_-== =.==. ==n..- ====. =============r==

EXEC - WIPS EXECUTIVE

NFXT WIPS EXEC COMMAND : data

DATA - SEI UP WIPS-ANAL INPUI DATA

Soguance no. of MODL file : 1

Problem description (4 lines)
Line 1 : Illustrative WIPS-DATA Example. 12/28/81

Line 2 :
Line 3 : From HODLO101. Run 2, from b2 (break) to 63 (anchor), gr symmetry.
Line 4 : Record " rec 2", *0. 5 f or symmetry. U-bar at t4b. Small displacements

Sot up PAUSE files at end of analysis ? :
Wait while files are processed

Spccify data for each loaded point
LOAD NO. 1

Force record name : rec 2
Name of loaded c.p. : 62
Force direction (se g, a or follower) : y
Scale factor (+,- controls direction) : -0.5
Time. delay (sec) (dfit=O) :

LOAD NO. 2
Force record name :

Loot load? : y'

Time steps : initial + max + min : .0005 .002 .00001
Max steps + man total time : 200 .05
Error tolerances : upper + lower : 2.4

Rocults output intervals
Ma x . no. of steps : 1
Ma x. tine (secs.) : .001

Integrattun scheme (news or hilb)(df1t=newm)' :
Dogping factor (df1t=0.1) :
Fcctor for time step increase (df1t=2.0) : j

Factor for time step decrease (df1t=0.5) :

:
Ma n , unbal. to reduce time step (df1t=no limit) :
Ma x. unbal, to stop analysis (dfat=no limit) : 1000'

DATA file set complete,.
'

Ccoment for file catalog : From MDDLO101, rec 2*0.5

167 ,
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1

.

Table A9.1 (page 2)

WIPS-ANAL DATA FILES SET UP. PARENT FILE NAME = DATA 0101

EXEC - WIPS EXECUTIVE

NFXT WIPS EXEC COMMAND : gult

..._. __..____.._ _..__._______________.________________________________

EXEC - WIPS EXECUTIVE

NEXT WIPS EXEC COMMAND : data
i

DATA - SEI UP WIPS-ANAL INPUT DATA'

Coquence no. of MODL file : 2

Problee description (4 lines)
Line 1 : Illustrative WIPS-DATA Example. 12/28/81

Line 2 :
Line 3 : From NODLO102. Runs 2,3 with break at a3, anchors at bieb2.
Line 4 : Record " rect" #4.0. Unrestrained motion. With restart.

Cet up PAUSE files at end of analysis ? : y
Wait while files are processed

! Cpecify data for each loaded point
LOAD NO. 1

Force record name : rect
Name of loaded c.p. : a3
Force direction (x,ger or follower) : fall
Follower c.p. name : 63
Scale factor (+,- controls direction) : 4
Time delag (sec) (df1t=0) :

LOAD NO. 2
Force record name :

Last load? : y

Time stept : initial + max + min : .0005 .002 .00003
Max steps + sax total time : 20 .02
Error tolerances : upper + lower : 10 2-

Results output intervals
Ma x. no. of steps : 2
Ma x. tine (secs.) : .004

Integration scheme (news or hilb)(df1t= news) :
Damping factor (df1t=0.1) :
Factor for time step increase (df1t=2.0) :
Factor for time step decrease (df1t=0.5)_ :

| Ma x. unbal. to reduce time step (df1t=no limit) :

| Ma x. unbal. to stop analysis (df1t=no limit) : 1000
I
I DA.A file set complete

Coteent for file catalog : From MODLO102, recla4, 20 steps.

|
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Table A9.1 (page 3) |

1

| WIPS-AN.^.L DATA FILES SET UP. PARENT FILE NAME = DATA 0102
l

EXEC - WIPS EXECUTIVE

NE XT WIPS EXEC COMMAND : gutt

___ _____ _ __ __. -_-- ___ __.___________._______-__________________.

AT THIS POINT WIPS-ANAL IS EXECUTED (2 ANALYSIS STEPS ONLY) AND PAUSE
FILFS ARE PRODUCFD. WIPS-DATA IS THEN CALLED TO MODIFY THE DATA FILE.

___._.__ _____.._ ___ _______________________.________________________

EXEC - WIPS EXECUTIVE

NEXT WIPS EXEC COMMAND : data

DATA - SEI UP WIPS-ANAL INPUI DATA

Restart from existing PAUSE files ? : y
Sequence no. of DATA file set : 2
ECHO, SLOG and RSLT files may be purged if desired

Purge ECHO file 7 :
Purge SLOG file 7 :
Purge RELT file 7 :

Initial time step will be step at end of last analysis
Ma x , and pin. time step sizes : .002 .00003

Time at end of last analysis = 0.11625e-01
Max steps + max total time : 40 .04
Error tolerances : upper + lower : 10 2

Results output intervals
Max. no. of steps : 2
Ma x. time (secs.) : .004

Integration scheme will be same as for last analysis
Factor for time step increase (df1t=2.0) :
Factor for time step decrease (df1t=0.5) :
Ma x. unbal. to reduce time step (df1t=no limit) :
Ma x. unbal. to stop analysis (df1t=no limit) : 1000

DATA file sst modified for restae':

DATA file set cooplete
Comment for file catalog : Restart. 40 steps or .04 sec.
WIPS-ANAL DATA FILES SET UP. PARENT FILE NAME = DATA 0102

EXEC - WIPS EXECUTIVE
l

NEXT WIPS -EXEC COMMAND : guit )

..__ _. __ ______.__._________________.________________________._ _ . _ _ _

|

WIPS-ANAL CAN NOW BE EXECUTED A SECOND TIME (40 MORE STEPS) |

|

|
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A10. WIPS-RSLT USER GUIDE

| SUMMARY

This section describes the printing and plotting options available in the WIPS RSLT post-
processing module.

CONTENTS

A10.1 GENERAL FEATURES
A10.1.1 PURPOSE

A10.1.2 WIPS RSLT OPTIONS

A10.1.2.1 General

A10.1.2.2 Time Ilistories
A10.1.2.3 Deflected Shapes

A10.1.2.4 WIPS RSLT Commands

A10.1.3 EXAMPLE

A10.2 TABLE COMMAND

A10.2.1 RESULTS QUANTITY DEFINITION
A10.2.1.1 General

A10.2.1.2 Node Identification in Main Structure

A10.2.1.3 Node Identification in Substructures
A10.2.1.4 Displacement Specification in Main Structure
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A10.2.1.6 Element Identification in Main Structure

A10.2.1.7 Element Identification in Substructures

A10.2.1.8 Element Output Item
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A10.3.3 DISPLAY COMMAND
A10.3.3.1 Purpose

A10.3.3.2 Required Input Data

A10.4 GRAPH AND DRAW COMMANDS
A10.4.1 PLOT DEVICE

A10.4.2 GRAPH COMMAND
A10.4.2.1 Columns to be Graphed

A10.4.2.2 Grid Limits
A10.4.2.3 Plot Size

A10.4.2.4 Plot Scales

A10.4.2.5 Tick Spacing

A10.4.2.6 Text

A10.4.3 DRAW COMMAND
A10.4.3.1 Parts of Model to be Drawn

A10.4.3.2 Times
A10.4.3.3 Viewing Direction

A10.4.3.4 Vertical Axis
A10.4.3.5 Displacement Scaling

A10.4.3.6 Drawing Size

A10.4.3.7 Text
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A10.1 GENERAL FEATURES

A10.1.1 PURPOSE
WIPS-ANAL produces a RSLT file centaining time-histories of results for node displace-

ments, element stresses and strains (or actior_s and deformations), and impact forces. A set of
results is saved at each of the output times, as specified in the WIPS-DATA phase. The pur-
pose of WIPS-RSLT is to allow the WIPS user to extract results from the RSLT file and arrange
them in tables and/or graphs.

A10.1.2 WIPS RSLT OPTIONS

A10.1.2.1 General
WIPS-RSLT may be used to produce (a) time histories, (b) maximum values, and/or (c)

deflected shapes.

A10.1.2.2 Time Histories
WIPS-RSLT obtains time histories by first setting up a table of output times and the

corresponding values of any desired results quantities. The table may then be processed as fol-
lows.

(1) Display all or any part of the table on the terminal.

(2) Write the table to the WIPSLOG file.
(3) Graph any column of the table against time.

The procedure for obtaining time histories is explained in Section A10.3.

A10.1.2.3 DeAceted Shapes

The RSLT file contains the original coordinates of all nodes in the analysis model plus the
nodal displacements at all output times. This data can be used to draw the deflected shape of
all or part of the analysis model at any cesired output time. The procedure is explained in Sec-
tion A10.4.

A10.1.2.4 WIPS-RSLT Commands

At the beginning of WIPS RSLT, and after each post-processing operation is complete,
WIPS RSLT asks the user to specify the next WIPS-RSLT command. The commands are as
follows.

TABLE: Produce a time-history table. This must be done before any MAXVAL,
DISPLAY, PRINT, or GRAPli commands are specified.

MAXVAL: Determine maximum and minimum values, with times of occurrence, for all
or selected columns in the current table. Display and write to the WIPS-
LOG file.

DISPLAY: Display all or part of the current table on the terminal. Any number of
different " display" commands may be given for a single table to display
different parts of the table. The displayed data is not written to the WIPSLOG
file.

PRINT: Write the entire table to the WIPSLOG file. The table is not displayed on the
terminal.

GRAPH: Graph any column of the table against time to obtain a time-history of
response.
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DRAW: Draw the deflected shape of all or part of the analysis model at any times.
; QUIT: Return to WIPS-EXEC.

Any command may be abbreviated to its first 4 characters, if desired (i.e. TABL, MAXV,
. DISP, PRIN, GRAP, DRAW). Additional data is requested by WIPS-RSLT after each com-
mand, as described in the following sections.

A10.1.3 EXAMPLE
Table A10.2 shows a typical session log for a WIPSSSLT session.

)
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A10.2 TABLE COMMAND

A10.2.1 RESULTS QUANTITY DEFINITION

A10.2.1.1 General
Each column of a table contains the time-history of response for a particular results quan-

tior. Results quantities are specified as follows.

A10.2.1.2 Node Identification in Main Structure
If tie results quantity is a node displacement, the node and the displacement direction

must be specified. A node in the main structure can be identified either by its control point
(c.p.) name or by the number assigned to the node in the WIPS-GEOM phase (COOR data).
When a WIPS user specifies a node identifier, WIPS-RSLT first checks to see if a node with
that c.p. name exists. If not, WIPS-RSLT next checks to see if a node with that number exists.
If a raatch is still not obtained, the identifier is flagged as incorrect.

The use of the c.p. name will be most common. However, if the displacement at an
unnamed node (i.e. interpolated between c.p.'s) is required, it is possible that the node
number could be confused with a c.p. name. For example, the node number might be 36, and
a c.p. with the name 36 might also exist. In this case, specify the number 036 or 0036 to dis-
tinguish the number from the name. Note, however, that the number of characters must not
exceed 4. Thus,00036 would be interpreteJ as 0003, and the fifth character would be ignored.

A10.2.1.3 Node Identification in Substructures
A node inside a straight pipe, cibow, or slab substructure is defined by its two grid loca-

tions. Note that the terms " grid" and " mesh" have different meanings. A " grid" location refers
to the intersection of two grid lines and defines a node. A " mesh" location refers to the inter-
section of two rows of elements and defines a shell element.

A10.2.1.4 Displacement Speel8 cation in Main Structure

At a node in the main structure, the results quantity may be any one of the following:
(1) Global X displacement.

(2) Global Y displacement.

(3) Global Z displacement.

(4) Displacement in any inclined direction.

If an inclineri displacement is required, the WIPS user must specify the direction cosines of the
displacement direction (not necessarily normalized).

A10.2.1.5 Displacement Specification in Substructures

At a node in a substructure, the results quantity may be any one of the following:
(a) Global X, Y, or Z.
(b) Local X, Y, or Z.

The local displacements in this context for straight pipe and elbow substructures are in the long-
Itudinal (X), circuntflorential (Y), and radially outwards (2) directions.

A10.2.1.6 Element Identincation in Main Structure
If the results quantity is an element output item (stress, strain, etc.), the element and the

output item must be specified.

An element in the main structure is identified by the following:
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(1) The element type (PIPE, UBAR, etc.).

(2) The c.p. name or node number, at the element / end for two-node elements (PIPE,
BEAM) or at the element location for one-node elements (UBAR, GAPF). The use of
c.p. names and node numbers is as described in Section A10.2.1.2.

In some cases it is possible for the specification to be non-unique (for example, if two PIPE
elements end at a branch point between two pipe runs). In such a case, WIPS RSLT displays a
message stating th11 multiple elements exist and asks the user to specify the element to be
used. The element sequence in this case is the sequence in which the elements were defined in
the WIPS MODL phase.

A10.2.1.7 Element Identification in Substructures
An element inside a straight pipe, elbow, or slab substructure is identified by its mesh

location. It is not necessary to specify the element type, because only shell elements are used.

Alo.2.1.8 Element Output Item
For an element, the results quantity extracted may be any one of a number of element

output items. The output items vary with the element type, as shown in Tables A10.1. The
number of the required output item must be specified.

A10.2.19 Automatic Enveloping of Element Results

if the element location (c.p. or mesh) is left blank, the element output item is automati-
cally the largest numerical value for all elements of that type in the specified substructure (or
main structure). For example, if the largest value of a particular strain were required in a
STRP substructure, the mesh location would be left blank, and the output item corresponding
to that strain would be specified. The tabulated values would then be the largest strain (abso-
lute value) occurring anywhere in the substructure.

A 10.2.1.10 Impact Results

If the results quantity concerns impact, the impact surface and the required impact force
component must be specified.

Each impact surface pair was assigned a name in the WIPS MODL phase. This name is
used to identify the surface. The results quantity may then be any one of the following:
(1) Magnitude of total force (normal plus friction).
(2) Magnitude of normal force.
O) Magnitude of friction force.

(4) Global X, Y, or Z component of total force.
If several points are in contact at any surface, normal and friction force resultants for the sur-
face are obtained by vector summation of the individual normal and friction forces. The force
magnitudes are then the lengths of these resultant vectors. The X,Y,Z components are the
components of the force exerted by the secondary nodes on the primary surface.

A10.2.2 REQUIRED INPUT DATA
For each column in the table, data is requested as follows.

(1) Substructure name (as assigned in the WIPS MODL phase). Default is the main struc-
-ture.

(2) Type of quantity. The types are as follows.

(a) NODE (or just N): node displacement.

|
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(b) ELEM (or just E): element output item.
(c) IMPACT (or just I): impact forces.
(d) COMBINE (or just C): combine two or more earlier columns.

(3) For NODE in main structure:
(a) Node identification (see Section A10.2.1.2).
(b) Displacement direction (X, Y, Z, or INCL).
(c) If INCL, direction cosines of direction (as the projections of any vector along the

direction, not recessarily a unit vector).

(4) For NODE in a su'ustructure:
(a) Node identification (see Section A10.2.1.3).
(b) Displacement direct!on (X, Y, or Z plus GLOBAL or LOCAL; see Section

A 10.2.1.5).

(5) For ELEM in main structure:
(a) Element identification (see Section A10.2.1.6).
(b) Output item number (see Section A10.2.1.8).

(6) For ELEM in a substructure:
(a) Element location (see Section A10.2.1.7).
(b) Output item number (see Section A10.2.1.8).

(7) For IMPACT:
(a) The name of the impact surface pair (see Section A10.2.1.10).

(b) The type of force required (X,Y,Z plus TOTAL, NORM AL, or FRICTION; see Sec-
tion A10.2.1.10).

(8) For COMBINE:
(a) The numbers of the columns to be combined.
(b) If twn columns are to be combined, whether the sum or diferenceis required. See

Section A10.2.3.

A10.2.3 COMBINE OPTION

A10.2.3.1 Column Sum
The combine option can be used to add together two or more earlier columns in the table.

A possible application is when impact with a plane surface is modeled using gap-friction ele-
ments at a number of different nodes. The total impact force at any time is the sum of the
forces for the separate elements. This total force can be obtained by setting up a column for
each element and then combining the columns.

A10.2.3.2 Column Difference
When impact occurs on an STRP or ELBO substructure, an important results quantity

may be the change of pipe diameter. This change might be obtained as follows.

(1) Set up a column cor.!*.!ning the vertical displacement at the top of the pipe.

(2) Set up a second column containing the vertical displacement at the bottom of the pipe.

(3) Use the COMBINE command and specify the diference option. This will give the change
in diameter.

The change of horizontal diameter could similarly be obtained considering horizontal displace-
ments.
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A10.2.3.3 Alternative Procedure for Diameter Change

A more general procedure for obtaining the diameter change in an STRP or ELBO sub-
structure is as follows.

(1) Set up a column containing the local Z displacement (radially outwards) at one grid loca-
tion.

(2) Set up a second column containing the local Z displacement at the grid location at the
opposite end of the diameter.

(3) Use the COMBINE command with the sum option.

Note that deformed cross sections can also be studied using the DRAW command.

I
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A10.3 MAXVAL, PRINT, AND DISPLAY COMMANDS'

|
I

A10.3.1 MAXVAL COMMAND

| For each MAXVAL command, WIPS.RSLT first asks whether the column headings are to
be displayed. A list of column numbers is then requested to identify the columns for which
maximum values are required. Default is all columns. The maximum and minimum values
and their times of occurrence are displayed and written to the WIPSLOG iile.

A10.3.2 PRINT COMMAND
The PRINT command causes the complete current table to be written to the WIPSLOG

fde. The table is preceded by a heading which identifies the results quantity for each column of
the table. At the end of each column the maximum and minimum values for the column are
written. The table is not displayed on the terminal.

A10.3.3 DISPLAY COMMAND

A10.3.3.1 Purpose
The DISPLAY command may be used to display all or part of the current table on the

terminal. The time column plus up to five other columns may be displayed at one time. The
columns may be displayed for the full range of times in the table or for only a specified range
of times. Maximum values are not displayed. The display is not copied to the WIPSLOG file.

A10.3.3.2 Required Input Data
For each DISPLAY command, WIPS-RSLT requests the following:

(1) Column numbers to be displayed.

(2) Starting time (default - first time in table).
(3) Ending time (default - last time in table).

|
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A10.4 GRAPH AND DRAW COMMANDS

A10.4.1 PLOT DEVICE
Potting is performed interactively, using either a graphics terminal or a pen plotter con-

nected to a regular CRT terminal. Any of the following plot devices may be specified:

(a) Tektronix 4662 pen plotter.
(b) Tektronix 4013 or 4015 graphics terminal.

(c) Tektronix 4027 color graphics terminal.

A10.4.2 GRAPH COMMAND

A10.4.2.1 Columns to be Graphed

The graph X axis is always time. The full range, or any part of the range, of times in the
current table may be considered.

Up to 5 columns may be plotted against time in a single graph. The required columns
must be specified, in response to a request from WIPS-RSLT.

A10.4.2.2 Grid Limits
WIPS RSLT displays the minimum and maximum times and the minimum and maximum

values for each of the columns to be graphed. The WIPS-RSLT user is then requested to
specify lower and upper limits for the X and Y axes. These will typically be round numbers.

An option is also provided to multiply the values in any column by a scale factor before
plotting. This allows, for example, negative valvis to be converted to positive.

A10.4.2.3 Plot Slae
For a pen plotter, the paper size and border widths must be specified in inch units. The

plot grid then occupies the remaining width and height. The borders should allow sufficient
space for adding scales and titles.

For a graphics terminal, the " paper" size and border widths must be specified as propor-
tions of the screen width. Maximum allowable values are displayed for guidance.

A10.4.2.4 Plot Scales
The scales for the X and Y axes are displayed. If these are not suitabic, the user may

return to specify a different plot size.

A10.4.2.5 Tick Spacing
Lines are drawn for the borders and, if necessary, for the X and Y axes. Tick marks at

user specified spacings may be added to the axes, or a complete graph grid may be drawn.

Scales may be added elongside the axes. The numerical values at the tick or grid locations
are assigned automatically. Labels for the axes (e.g. Time (sec)) may be specified, if desired,
for the 4662 pen plotter only.

A10.4.2.6 Text
Text (titles, etc.) can be added to plots produced by the Tektronix 4662 pen plotter only.

The text is added interactively at positions which the WIPS RSLT user selects by positioning
the pen manually. The required character height, text, and text angle (0 - horizontal,90 -
vertical) are entered in response to requests from WIPS RSLT. The user then positions the
pen and hits RETURN to plot the text. Any desired amount of text may be added.
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A10.4.3 DRAW COMMAND

A10.4.3.1 Parts of Model to be Drawn
The drawing may consist of one or more parts of the analysis model. A part can consist

of all or part of an STRP, ELBO, or SLAB structure, or all or part of the main structure.

For the main structure, parts are specified by the c.p. names at the beginning and end of
the part. Each part must lie within a single pipe run.

For STRP and ELBO substructures, a part consists of one or more circumferential grid
lines (i.e. pipe cross sections). The full circumference (or, if there is transverse symmetry, the
half circumference) is always drawn for each cross section. The number of cross sections to be
drawn is controlled by specifying the first and last sections. If the first and last values are the
same, a single cross section is drawn.

For SLAB substructures, a part is defined by specifying the first and last grid lines to be
drawn along edges OA and OB of the substructure.

A10.4.3.2 Times
Deflected shapes at up to 5 different times may be plotted on a single drawing. Time zero

corresponds to the undeformed shape.

WIPS RSLT first requests the times. These need not exactly match output times in the
RSLT file. If a specified time lies between two output times, the nearest output time is used.

A10.4.3.3 Viewing Direction

The viewing direction may be along any of the global X, Y, or Z axes, or along any
inclined axis. For inclined viewing, the direction cosines (not necessarily normalized) of the
view direction must be specified. For example, a standard isometric is produced with direction
cosines -1,-1,1.

A10.4.3.4 Vertical Axis
The vertical axis in the drawing may be the projection on the drawing plane of the global

X, Y, or Z axes (provided '!at the chosen axis is not parallel to the view direction). Default is
global Y.

A10.4.3.5 Displacement Scaling

Displacements may be exaggerated by scaling if desired. Displacements will typically be
scaled for restrained piping systems (small displacements) but not for unrestrained systems
(large displacements).

A10.4.3.6 Drawing Size

The drawing size and border widths may be specified as for the GRAPH command. The
drawing scale is calculated and displayed, if this scale is not satisfactory, it can be adjusted by
changing the drawing size.

A10.4.3.7 Text
Text may be added as for the GRAPH command.
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TABl E A10.In - OUTPUT ITEMS FOR PIPE ELEMENTS
&

Item Description
;

1 Axial force at end I.
2 In-plane (M;) moment at end I.

I 3 Out-of plane (M,,) moment at end I.
4 Torsional moment at end 1.
5-8 As for 1-4, but at end J.
9 in plane (V,) shear force at slice 1.
10 Out-of plane (V,) shear force at slice 1.

I 11 12 As for 910, but at slice 2.
13 In plane ovalling at 1 (change in radius).
14 Out-of-plane ovalling at slice 1.

; 15-16 As for 13-14, but at slice 2.
'

17 Strain at pipe axis at slice 1.
18 in-plane curvature at slice 1."

19 Out-of-plane curvature at slice 1.
20 Maximum hoop strain (combined mem-

brane strain and bending stram due to
1 ovalling) at slice 1.

21 Torsional shear strain at slice 1.
22 26 As for 17-21, but at slice 2.

; 27 Maximum axial strain.
28 Maximum hoop strain.
29 Maximum torsional shear strain.
30 Maximum effective strain.'

' Maximum value of

(4(e 2 + ,,2 + e e,3 + 0.25y )f3)o s + a,/E2
4 p

where -

e, plastic axial strain (membrane strain only);-
p

e,3 plastic hoop strain (including bending due to ovalling);-

y, plastic torsional shear strain;=

e, von Mises effective stress;-

E = Young's modulus;
and

plastic strain = total strain minus clastic strain.
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TABLE A10.1b - OUTPUT ITEMS FOR BEAM ELEMENTS

Item Description

1 Moment M,, at end I.
2 Moment M, at end I.
3-4 As for 1-2, but at end J.
5 Torsional moment.
6 Axial force.
7 Shear force V,.
8 Shear force V,.
9 Curvature $,, at end I.
10 Curvature $, at end I.
11-12 As for 9-10, but at end J.
13 Rate of torsional twist.
14 Axial strain.

.

|

TABLE A10.1c - OUTPUT ITEMS FOR UBAR ELEMENTS

'
Item Description

1 Total axial force.
2 Axial extension.
3 Extension rate.

|

|

!
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TABLE A10.id - OUTPUT ITEMS FOR GAPF ELEMENTS

Item Description

1 Bearing force.
2 Deformation of normal spring.
3 Local x force.
4 Local x deformation.
5 Local y force.
6 Local y deformation.
7 Resultant friction force.
8 Resultant tangent deformation.

TABLE Alo.le - OUTPUT ITEMS FOR SHELL ELEMENTS

Item Description

1-3 Total strains (e n, e22, e:2) at output point I.
46 Total strains at output point 2.
7-9 Total stresses (o n. 3 2. au) at output point 1.2

10-12 Total stresses at output point 2.
13 15 Stresses due to rate dependence at output point 1.
16 18 Stresses due to rate dependence at output point 2.
21 22 EfTective strains at output points 1,2.*
23 24 Mises effective stresses at output points 1,2.

,

'

'As for PIPE elements.

.
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TABLE A10.2
. . . . . . . . . . .

WIPS-RSLT EXAMPLE
.. -..............

EXEC - WIPS EXECUTIVE

NFXT WIPS-EXEC COHMAND : rs1t

RSLT - POSTPROCESSING OF WIPS-ANAL RESULTS

Define units
Length (f t ine me mo) : in
Force (kelbekgfekN) : k

| Sequence no. of RSLT file : 1 RESTRAINED SYSTEM. FROM DATA 0101
Wait while data is set up

PROBLEM TITLE
Illustrative WIPS-DATA Example. 12/28

From NODLO101. Run 2, from b2 (break) to b3 (anchor), 9 sym
Record " rec 2", *0,5 for symmetry. U-bar at t4b. Small tispla

NF XT WIPS RSLT CONHAND : tabl

Starting time of results = 0.00050
Ending time = 0.05175

= 46No. of output times
Include all times in table 7 : y
No. of columns in table (df1t=10) : 4
Define column contents

COLUMN 1

Data type (node,elem.impa or comb) : n
C. p. nane or node no. : b2
Disp 1,veloc or accel (dev or a) : d
Direction (x,yet or inct) : y Y DISPL AT POINT B2

COLUMN 2
Data type (node elem impa or comb) : e
Element type (df1t=no change) : ubar
C. p . name er node no. (df1t=a11 elem) : 446
Output item no. : 1 FORCE IN U-BAR

COLUMN 3
Data type (node.elem.impa or comb) : e
Element type (df1tano change) : pipe
C. p. name or node no. (df1t=all elem) : 44b ,

Output item no. : 6 MOMENT AT T4B IN ELBOW !

COLUMN 4
IData type (nodeeelemeimpa or comb) : e

Element type (df1t=no change) :
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Table A10.2 (page 2)

C. p. none or node no. (df1t=all elem) :
Output item no. : 6 MAX. MOMENT, ALL ELEMENTS

Wait while table is set up
Table complete

NEXT WIPS -RSLT COMMND : marval

Display column headings? : y

Column nunbers (mar.10)(df1t=all) :

MAXIMUM VALUE.S

Col. Ma r . Pos. Time Ma r . Neg. Time
1 0, e:OO O. -0.9671e+00 0.00775
2 O.1632e 02 O.00475 O. e+00 0. i

3 O.7174e+02 O.00675 -0.1037e+01 O.03175
4 O.1033e+03 0.00350 0. e+00 0.

END OF DATA

NEXT WIPS RSLT COMMAND : prin DO NOT DISPLAY ON SCREEN

TABLF NO. 1 OF THIS RSLT SESSION

Col Rsit Subs Subs C. P. Node Elem Elem Rsit Col Col Col Col
No. Type Name Type or X or Y Type Item Dirn 1 2 3 4

: 1 disp main b2 10 yg
' 2 elem main t4b 16 ubar 1

3 eten main t46 16 pipe 6
; 4 elem main AL L ALL pipe 6

Time (sec) Column 1 Column 2 Column 3 Column 4
,

O.00050 -0.1365e 01 0. e+00 0.6024e+01 0.6024e+01,!
O.00100 -0.5691e 01 0, e+00 O.1342e+02 0.1602e+02
O.00150 -0.1299e 00 O. e+00 O.8311e+01 0.3803e+02

j O.00200 -0.2343eFOO O. e+00 O.3090e+01 0.7180e+02
O.00250 -0.3695e+00 0. e+00 0.6740e+C1 O.8638e+02
0.00300 -0.5234e 00 0.4558e+01 O.1289e+02 O.9422e+02
O.00325 -0.6012ei00 O.1607e+02 O.2093e+02 0.9994e+02

i O.00350 -0.6723e600 O.1615e+02 O.3417e+02 0.1033e+03
| 0.00375 -0.7321e 00 O.1620e+02 0.4409e+02 O.1032e+03
! 0.00400 -0.7803e 00 O.1625e+02 0.4874e+02 O.1002e+03

0.00425 -0.8194e 00 O.1629e+02 O.SO55e+02 0.9739e+02 i

O.00475 -0.8743el00 O.1632e+02 O.5413e+02 0.9264e+02
O.00500 -0.8908e 00 O.1363e+02 0.5824e+02 O.8673e+02
0.00525 -0.9019ei00 O.6320e+01 O.6017e+02 O.7615e+02-
O.00550 -0.9117e 00 O.3160e+01 O.6041e+02 0.7181e+02
0.00575 -0.9239e100 O.6612e+01 O.6193e+02 0.7222e+02
O.00600 -0.9385ei00 O.1145e+02 O.6478e+02 0.7338e+02

i
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Table A10.2 (page 3)

0.00625 -0.9517e100 0.1265e+02 0.6841e+02 0.7421e+02
0.00650 -0.9603esOO O.1017e+02 0.7118e+02 0.7118e+02

,

0.00675 -0.9641e OO O.7339e+01 0.7174e+02 0.7174e+02
i O.00725 -0.9665e>OO O.6869e+01 0.6970e+02 0.7079e+02

0.00775 -0.9671e OO O.8462e+01 0.6893e+02 0.7151e+02
0.00825 -0.9637e OO O.6786e+01 0.6436e+02 0.6886e+02
0.00875 -0.9542e>00 0.4962e+01 0.S789e+02 0.6903e+02
0.00975 -0.9271e OO O.3990e+01 0.3393e+02 0.8406e+02,

0.01175 -0.8796e:OO O.4336e-01 0.1883e+01 0.9442e+02.

0.01375 -0.8806e+00 0.1263e+01 -0.1930e+00 0.9528e+02,
'

O.01375 -0.9231e+00 0.3514e+01 0.38704+02 0.7932e+02
0.01775 -0.9422e OO O.4654e+01 0.5501e+02 0.7168e+02
0.01975 -0.9120s OO O.2996e+01 0.2854e+02 0.8486e+02,

O.02175 -0.9768e:OO O.3437e+00 -0.6238e+00 0.9356e+02*

0.02375 -0.8861e100 O.1840e+01 0.7365e+01 0.9403e+02
,

0.02575 -0.92$0e>00 0.3408e+01 0.4165e+02 0.7591e+02
0.027/5 -0.9347e OO O.4790e+01 0.5037e+02 0.7615e+02
0.02975 -0.9035e+00 0.2020e+01 0.2270e+02 0.8445e+02
0.03175 -0.87'/1e:OO O.1024e+01 -0.1037e+0i O.9547e+02
0.03375 -0.8936enOO O.1765e+01 0.1390e+02 0.8925e+02
0.03575 -0.9278e>OO O.3992e+01 0.4407e+02 0.7605e+02
0.037/5 -0.9295esOO O.4210e+01 0.4590e+02 0.7736e+02
0.03975 -0.8978e OO O.1742e+01 0.1746e+02 0.8602e+02
0.04175 -0.8792e OO O.13OOe+01 0.1016e+01 0.9564e+02
0.04375 -0.9001e OO O.1897e+01 0.1954e+02 0.8510e+02
0.04575 -0.9292e:OO O.4465e+01 0.4542e+02 0.7733e+02
0.047/5 -0.9238esOO O.3406e+01 0.4085e+02 0.7727e+02

' O.04975 -0.8935e:OO O.1936e+01 0.1370e+02 0.8917e+02
0.05175 -0.8623etOO O.1140e+01 0.3814e+01 0.9324e+02

Ma x . Pos. O. e>OO O.1632e+02 0.7174e+02 0.1033e+03
Time O. 0.00475 0.00675 0.00350

Max. Neg. -0.9671e OO O. e+00 -0.1037e+01 0.' e+00'

Time 0.00775 O. 0.03175 O.

!
4

NE XT WIPS RSLT COMMAND : graph'

! Plot device (df1t=4662) :
Baud rate (dfit=1200) :

Starting time of table = 0.00050
Ending tine = 0.05175
No. of times in table = 46
Include all times in graph ? : y'

No. of columns to be graphed (max =5) : 1
Col. no. for line 1 : 2 GRAPH U-BAR FORCE

Display column headings ? :

! Any changes ? :

MAX. AND MIN. VAL UE.8
LINE. COL. MIN.VALUE MAX.VALUE

X-axis time 0.5000e-03 0.5175e-01

i
~
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'Table A10.2 (page 4)

1 2 0. e+00 0.1632e+02
Multiply any columns by scale factors? :

Specify lover and upper limits of grid
Louer liott for time axis : O
Upper linit for time axis : .06
Lower linit for Y axis : O
Upper linit for Y axis : 20

Specify drawing size and border widths
Ma x . allowable width and height = 15.000, 10.000
Width and height (incl. borders) : 11 8.5,

Left and right border widths : 2.5 2
Top and bottom border widths : 2 2.5

Scales (graph units per drawing unit)
Horizontal = 0.9231e-02
Vertical 0.5000e+01=

Any changes ? :
Omit grid (i.e. plot line on existing grid)? : n
Tick or grid spacing (graph units)(df1t=none)

Horizontal axis : . 005
Vertical axis : 4

Specify tick or grid (t or g)(df1t=t) :
Add scales along axes? : y
Enter labels for axes (max 40 char)

Ho r i a. arts : Time (sec)
Vert. amis : U-bar Force (k)

Use default character size? : y
Hit RETURN to begin plotting PLOTS GRAPH FDR FIO. A10.1

Add text to drawing? : y
Enter text (saa n. 60 charac ters )
: FiQ. A10.1 FORCE IN U-BAR

Symbol height (inches) : .125
Horizontal lettering? : y
Position pan, then hit RETURN

More tert? : n

NF XT WIPS-RSLT COMMAND : graph

Plot device (df1t=uo change) :

Starting time of table = 0.00050
Ending tine = 0.05175
No. of tines in table = 46
Include all times in graph ? : y

No. of columns to be graphed (mar =5) : 2
Col. no. for line 1 : 3
Col. no. for line 2 : 4

Display column headings ? : y

i Col Rstt Subs Subs C. P. Node Elem Elem Rs1% Col Col Col Col
No. Type Name Type or X or Y Type Item Dirn 1 2 3 4

3 elon main 44b 16 pipe 6
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Table A10.2 (page 5)

4 elee main ALL ALL pipe 6

Any changes ? :

MAX. AND MIN. VALUES
LINE COL, MIN.VALUE MAX.VALUE

X-axis tine 0.5000e-03 0.5175e-01
1 3 -0.1037e+01 0.7174e+02
2 4 0.6024s+01 0.1033e+03

Multiply any columns by scale factors? : y
Col. no, and scale factor (blank to end) : 32. |
Col, no. and scale factor (blank to end) : 42.
Co l, no. and scale factor (blank to end) :

1

MAX. AND MIN. VALUES
LINE COL. MIN.VALUE MAX.VALUE

X-axis tine 0.5000e-03 0.5175e-01
1 3 -0.2074e+01 0.1435e403
2 4 0.1205e+02 0.2066e+03

Multiply any columns by scale factors? :
i

| Specify lover and upper limits of grid
Lower lioit for time axis : O
Upper linit for time axis .06.

Loser 11oit for Y axis : -50
Upper 11 nit for Y axis : 250

Change drawing size or borders? :
Scales (graph units per drawing unit)

Horizontal = 0.9231e-02
0.7500e+02Vertical =

Any changes ? :
Omit grid (i.e. plot line on existing grid)? :
Tick or grid spacing (graph units)(df1t=none)
Hortrontal axis : .01
Vertical axis : 50

Specify tick or grid (t or g)(df1t=t) : g
Add scales along ases? : y
Enter labels for axes (max 40 char)
Horia. asis : Time (sec)

i Vert, avis : Pipe Mrs (k.in)
i Use default character stre? : y

Hit REIURN to begin plotting PLOTS FIO. A10.2
i

| Add text to drawing? : y
Enter text (max.60 characters)
: FIO. A10.2 MONENTS Mrs IN PIPE

Symbol height (inches) : .125
Horizontal lettering? : y
Position pen, then hit RETURN

More text? : y
Enter text (mar.60 characters)

Ma x.-

Symbol height (df1t=no change) : .1
Horizontal lettering? : y
Position pen, then hit RETURN

|
|
~
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Table A10.2 (page 6)

.

More tert? : y
| Enter text (mar.60 characters)

: At T4B
Symbol height (df1t=no change) :
Horizontal lettering? : y
Position pen, then hit RETURN

More tort? :

NE XT WIPS RSLT COMMAND : quit
End of this RSLT session

EXEC - WIPS EXECUTIVE

NFXT WIPS EXEC COMMAND - rslt

RSLT - POSTPROCESSING OF WIPS-ANAL RESULTS

Define units
Length (f te ine me m.3) in-

; Force (kelb,kgf kN) : k

Sequence no. of RSLT file : 2 UNRESTRAINED SYSTEM, FROM DATA 0102
Wait while data is set up

PROBLEM TI1LF
Illustrative WIPS-DATA Example. 12/28/

| From MODLO102. Runs 2,3 with break at a3, anchors at b1,62.
! Record " rect" #4.0. Unrestrained motion. With restart.

NEXT WIPS RSLT COMMAND : draw

Plot device (df1t=4662) :
Baud rate (df1t=12OO) :

SPECIFY PARTS OF MODEL TO BE DRAWN
PART 1

Beginning c.p. : b2
! Ending c.p. : a3

More parts? : y
! PART 2

Beginning c.p. : b1
Ending c.p. : 63i

| Nore parts? :
!
| First time in results = 0.00025

Last tine = 0.04163
No. of times for this drawing (mar.5) : 3
Specify times. Zero = undeformed shape

Time 1 :
Time 2 : . 02
Time 3 : .04

Closest times are as follows
Time 1 Undeformed

192
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Table A10.2 (page 7)

Time 2 0.19625e 01
Time 3 0.41625e 01

Any changes? :

Viewing direction (+x,-x,+g,-y,+:,- or inct) : inc1

Direction cosines (3 values) : -1 -1 -1
Vertical axis in drawing (df1t=+y) :

Scale factor for dispis (df1t=1.) :
Ma x . drawing dimensions (current length units)

0.3233e+02Width =

Height = 0.4556e+02
Specify drawing size and border widths

Ma x , allowable width and height = 15.000, 10.000
Width and height (incl. borders) : 11 8. 5
Left and right border widths : 22
Top and bottom border widths : 22

0.1012e+02Scale (length units per drawing unit) =

Any changes ? :
Hit RETURN to begin plotting DRAWS FIO. A10.3

Add text to drawing? : y
Enter text (max.60 characters)I

: FIO. A10.3 DISPLACED SHAPES, T = 0,0.02,0.04
Symbol height (inches) : .125
Horizontal lettering? : y
Position pen, then hit RE1 URN

[

1

More text? : y
Enter test (max.60 characters)
: B1

Symbol height (df1t=no change) : .11
|

Horizontal lettering? : y
Position pen, then hit RE1 URN

More text? : y
Enter text (max.60 characters)
: B2

Symbol height (df1t=no change) :
Horizontal lettering? : y
Position pen, then hit RETURN

More text? : y
Enter text (mar.60 characters)
: A3

Symbol height (df1t=no change) :
Horizontal lettering? : y
Position pen, then hit RETURN

More test? : y
Enter text (max.60 characters)
: 93

Symbol height (df1t=no change) :
Horizontal lettering? : g
Position pen, then hit RE1 URN
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Table A10.2 (page 8)

More text? : y,

'

Enter text (man.60 characters)
: NOTE

Symbol height (df1t=no change) :
Horizontal lettering? : y
Position pen, then hit RETURN

Nore test? : y
Enter text (man.60 characters)
: Element subdivision is

Symbol height (df1t=no change) :
Horizontal lettesing? : y
Position pen, then hit RETURN

More text? : y
Enter text (mar.60 characters)
: very coarse. More elements

Symbol height (df1t=no change) :
Horizontal lettering? : y
Position pen, then hit RElURN

More text? : y
Enter text (man.60 characters)
: would be needed for accuracy.

Symbol height (df1t=no change) :
Horizontal lettering? : y
Position pen, then hit RETURN

More tert? :
Add X,Y,Z axis symbol? : yi

'

Arts length (df14=0.251n) :
Symbol location (blett,br or trl : tr

NFXT WIPS RSLT CONNAND : gutt
End of this RSLT session

EXEC - WIPS EXECUTIVE

NEXT WIPS EXEC COMtMND : gutt

_ ___ __._ _..__ ___.__.__._ ______________.._________________
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All. WIPS-ANAL INPUT DATA
'

SUMMARY
For most applications, input data files for WIPS-ANAL will be prepared using the WIPS->

DATA module. I!owever, irput data files for WIPS-ANAL may be prepared by other means if
desired. T!is section describes the structure of the WIPS ANAL input data. In effect, this see-!

tion is a user guide for WIPS ANAL.

CONTENTS
6

All.1 WIPS-ANAL INPUT FILE
All.l.1 GENERAL

Al1.2 OVERALL CONTROL
All.2.1 GENERAL
All.2.2 FIRST DATA CARD
All.2.3 START- BEGIN NEW ANALYSIS

"

All.2.4 RESTART - CONTINUE EXISTING ANALYSIS
All.2.5 STOP - END ANALYSIS, NO RESTART OPTION
All.2.6 PAUSE - END ANALYSIS, WITil RESTART OPTION

All.3 STRUCTURAL DESCRIPTION
All.3.1 GENERAL
All.3.2 GBUILD - BEGIN BUILDING PROCESS
Al1.3.3 FINISit - END BUILDING PROCESS

All.4 DEFINE SUBSTRUCTURE TYPES
All.4.1 NEW - BEGIN NEW SUBSTRUCTURE TYPE

All.4.2 END - END Tills SUBSTRUCTURE TYPE
y

All.4.3 REFNOD NODE COORDINATES
All.4.4 CONSUB - CONTRIBUTING SUBSTRUCTURES

Al1.4.5 BOUND - BOUNDARY CONDITIONS

All.4.6 EQUAL - EQUAL DISPLACEMENT CONSTRAINTS
All.4.7 SLAVE - SLAVED DISPLACEMENT CONSTRAINTS
Al1.4.8 CNOD CONNECTION NODES
Al1.4.9 ENOD - END NODE SPECIFICATION'

All.5 MATERIAL TABLES
All.5.1 GENERAL
All.5.2 MATL - MATERIAL DATA

AlI.6 PROPERTY TABLES
All.6.1 GENERAL
Al1.6.2 PROPERTY - PROPERTY DATA

Ai1.7 ELEMENT SPECIFICATION

199



. _

All.7.1 GENERAL
Al1.7.2 ELEMENTS - ELEMENT DATA
Al1.7.3 ELEMENT CARDS BEAM ELEMENT
Al1.7.4 ELEMENT CARDS - PIPE ELEMENT
Al1.7.5 ELEMENT CARDS - UBAR ELEMENT
All.7.6 ELEMENT CARDS - GAPF ELEMENT

'

Al1.7.7 ELEMENT CARDS - SHELL ELEMENT
Al1.8 NODE ORDERING

All.8.1 NORDER ORDER NODES AND NUMBER EQUATIONS
Al1.8.2 PROFILE - FORM ACTIVE COLUMN PROFILE OF SUBSTRUCTURE
STIFFNESS,

All.8.3 END OF SUBSTRUCTURE TYPE DATA
All.8.4 END OF BUILDING PROCESS

All.9 ANALYSIS MODEL
All.9.1 GENERAL

Al1.9.2 MODEL - BEGIN MODEL SPECIFICATION
Al1.9.3 TREE NAME OF ANALYSIS MODEL
All.9.4 FINISH - END MODEL SPECIFICATION

Al1.10 MASS SPECIFICATION
All.10.1 GENERAL

Al1.10.2 MBUILD - BEGIN MASS SPECIFICATION
Al1.10.3 FINISli- END MASS SPECIFICATION

All.10.4 NEW - BEGIN SUBSTRUCTURE MASS DEFINITION
Al1.10.5 END - END SUBSTRUCTURE MASS DEFINITION
All.10.6 PMASS - NODAL MASSES

Al1.11 FORCE RECORDS

All.ll.1 GENERAL
Al1.11.2 PTREC - BEGIN FORCE RECORD SPECIFICATION
Al1.11.3 FINISH - END FORCE RECORD SPECIFICATION
All.ll.4 NEWREC - SPECIFY FORCE RECORD

All.12 IMPACT DATA
All.12.1 GENERAL
Al1.12.2 IMPACT - IMPACT SURFACE CONTROL

All.13 TIME HISTORY OUTPUT COtiTROL
All.13.1 OUTPUT RECORD

All.13.2 THOUT - BEGIN OUTPUT CONTROL DATA
All.13.3 FWA CALCULATION

All.14 INITIATE NONLINEAR DYNAMIC ANALYSIS
All.14.1 NDYN - BEGIN ANALYSIS

All.14.2 VELO - OPTIONAL INITIAL VELOCITY SPECIFICATION.

- All.14.3 MASS - MASS ASSEMBLY COMMAND
|
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All.14.4 DYLOAD - DYNAMIC LOADS
All.14.5 TIMO - TIME IIISTORY OUTPUT CONTROL

All.15 COMMANDS TO CONTROL ANALYSIS
All.15.1 GENERAL-
All.15.2.ZERO ZERO AN EXISTING ARRAY
All.15.3 STEP - FORM CURRENT LOAD VECTOR ,

All.15.4 UNBALANCE - FORM UNBALANCED LOAD VECTOR
All.15.5 AUTO - AUTOM ATIC STEPPING

All.15.5.1 AUTO, DEFINE - Initialize Control Files
All.15.5.2 AUTO,1 NIT - Initialize Control Parameters

All.15.5.3 AUTO, LOAD - Multiply Load Vector by Remaining Step Factor

All.15.5.4 AUTO,MERR - Midstep Error Check
All.15.5.5 AUTO, FACTOR - Multiple Displacement Increment by Event

Factor

All.15.5.6 AUTO, STEP - Automatic Step Size Determination

All.15.5.7 AUTO, EXIT _ Check Analysis Completion

All.15.6 STIFFNESS - STlFFNESS FORM ATION

All.15.7 LOAD - FORWARD REDUCTION LOAD VECTOR
A l l.15.8 DISPLACEMENT - BACKWARD SUBSTITUTION FOR DISPLACEMENT

INCREMENT

Al1.15.9 KINRES - KINEM ATIC RESPONSE

All.15.10 ELMRES ELEMENT TASK EVALUATION
All.15.ll INTEGR ATE - INTEGR ATION SCilEME SPECIFICATION

Al1.15.12 LDSWAP - COPY LOAD VECTCR FROM BACK-UP STOR AGE

All.15.13 OUTPUT TO RSLT FILE
All.15.13.1 Ci!OUT - Check if Output Interval
All.15.13.2 WROUT - Write Output Buffer to RSLT File

All.15.14 SUMMARY - ANALYSIS SUMMARY
All.15.15 BRANCillNG OPERATIONS

All.15.15.1 ENTRY - Entry Point

All.15.15.2 GOTO - GOTO Command
All.15.15.3 IF - Multiple Branching

.
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All.1 WIPS ANAL INPUT FILE

All.l.1 GENERAL
A formatted DATA file is created by WIPS-DATA. This file is the input file for WIPS-

- ANAL. Part o t e data is obtained from a MODL file produced by WIPS-MODL. This partfh
contains input data defining the geometry and element properties for the analysis model. The
remaining part of the data is added by WIPS-DATA. This remaining data includes the loading
specifications and control information for the step-by-step analysis.-

DATA files will typically not be seen by the WIPS user, flowever, because DATA files~

are formatted, they may be displayed, listed, and/or edited (using options available in the com-*

puter operating system, not WIPS modules). This permits files to be corrected (if WIPS-
,

MODL or WIPS-DATA produces files which contain errors), extended (if modeling features
are required which are not availabic in WIPS), or constructed completely from scratch.

This section describes the data formats for the DATA file. During execution from the
file, the computation is controlled by a series of commands. Each command consists of an
alpha command word, plus alpha, inicger, and/or real command data. Only the first four char-
acters of the command word need to be specified. Certain commands may be followed by
" cards" (lines) of formatted input data (e.g. node coordinates).

,

4

e
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All.2 OVERALL CONTROL.

All.2.1 GENERAL
The first data card defines the names of the ECilO. SLOG RSLT. PAUS. and PAUZ

files. The input data proper then begins with either a START or RESTART command and ends
with a STOP or PAUSE command.

All.2.2 FIRST DATA CARD
^

In 5(2X,A8) format, enter filenames for the follr, wing files:

ECllO. echo of input data
SLOG: solution log
RSLT: results time-history

i PAUS: database for restart

PAUZ: database for restart
Filenames for PAUS and PAUZ need not be provided if the input data proper begins with
START and ends with STOP.

All.2.3 START - BEGIN NEW ANALYSIS
Command Format:

START

All.2.4 RESTART - CONTINUE EXISTING ANALYSIS
Command Format:

RESTART
i

.
All.2.5 STOP - END ANALYSIS, NO RESTART OPTION

4
r Command Format:

STOP
J

All.2.6 PAUSE - END ANALYSIS, WITH RESTART OPTION

Command Format

PAUSE
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All.3 STRUCTURAL DESCRIPTION

All.3.1 GENERAL
The structure is built by defining and connecting substructures. Substructures are first

defined as SUBSTRUCTURE TYPES. Once a SUBSTRUCTURE TYPE has been defined, it
can be used to define SUBSTRUCTURE TYPES of progressively higher levels. The
ANALYSIS MODEL is typically at the highest level and defines the structure to be analyzed.

The building process starts with a GBUILD command. The data defining each SUB-
. STRUCTURE TYPE is initiated with a NEW command and terminated with an END com-
mand. The end of the building process is terminated with a FINISil command.

All.3.2 GBUILD - BEGIN BUILDING PROCESS
Command Format:

GBUILD

All.3.3 FINISH - END BUILDING PROCESS
Command Format:

FINISil

4

I

|
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All.4 DEFINE SUBSTRUCTURE TYPES

All.4.1 NEW - BEGIN NEW SUBSTRUCTURE TYPE
Command Format:
NEW,N ATY, NUN,NSYS,NINT.M AXN,M AX E

Variable Format Data

NATY A Substructure type name (max. 4 characters).

NUN A Linear or nonlinear substructure type.
NONL = nonlinear
LINE = linear

NSYS A Coordinate system for this substructure type.
CART - cartesian
CYLN = cylindrical
SPilR - spherical

NINT 1 Node format code.
0 - integer (number each node, in any sequence).
1 - alphanumeric (name each node, max. 4 characters).

MAXN I Upper limit on number of nodes for this
substructure (optional; default - no limit).

MAXE 1 Upper limit on number of elements for this
substructure (optional; default - no limit).

FOLLOWING DATA
Follow by one card containing optional title (80Al).

All.4.2 END - END THIS SUBSTRUCTURE TYPE
Command Format:

END

209
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A11.4.3 REFNOD - NODE COORDINATES
Command Format:
REFNOD,MREF

Variable Format Data

MREF i Number of nodes for which coordinates are input.

FOLLOWING DATA - MREF cards as follows.

Columns Variable Format Data'

2-5 NDEX 1/A Node number or name.'

6 - 20 N1 F Coordinate l'

21-35 N2 F Coordinate 2'

36 50 N3 F Coordinate 3'

'The following convention must be followed for coordinate input, depending on NSYS.

COORDINATE NSYS

CART CYI.N SilPR

1 X R R

2 Y 0 8

3 Z Z 6

i

1

,

s

4
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All.4.4 CONSUB - CONTRIBUTING SUBSTRUCTURES
Command Format:

CONSUB,NCSB

' Variable Format Data

NCSB I Number of lower level substructure types
contributing to this substructure.

FOLLOWING DATA - NCSB sets of cards as follows.

(A) SUBSTRUCTURE IDENTIFICATION - I card

Columns Variable Format Data

2-5 KTYP A Type name of lower tevel substructure.

6 - 10 NKNC I Number of connection nodes.

15 IFLG I Coordinate code:
I - different system from current substructure
0 - same system as current substructure

(B) SIIBSTRUCTURE LOCATION - 3 cards. Omit if IFLG - 0.

Columns Variable Format Data

25 I/A Name or number of any connection node
in substructure type KTYP.

6 20 F Coordinate 1 in current substructure.

21 35 F Coordinate 2 in current substructure.

36 50 F Coordinate 3 in current substructure.

(C) CONNECTION NODES NKNC Cards

Columns Variable Format Data

25 NK I/A Connection node name or number in
substructure type KTYP.

7 - 10 NF 1/A Node name or number in current substructure.

.
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All.4.5 IlOUND - IlOUNDARY CONDITIONS
Command Format:

I!OUND,NBCM.

Variable Format Data

NI!C M I Number of boundary condition commands.

FOLLOWING DATA NilCM cards as follows.

Columns Variable Format Data

25 NDEX 1/A Node name or number.

6 29 Blank
i

30 KOD(1) i

31 KOD(2) 1

32 KOD(3) 1

Boundary condition code for each
global d.o.f. (0-free; I-fixed).

33 KOD(4) 1

34 KOD(5) 1

35 KOD(6) 1

212
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All.4.6 EQUAL EQUAL DISPLACEMENT CONSTRAINTS
Command Format:

EQUAL,NEQC

Variable Format Data

NEQC 1 Number of constrained nodes.

FOLLOWING DATA - NEQC cards as follows.

Columns Variable Format Data

2-5 NDEX 1/A Name or number of slave (constrained) node.

7 10 NEQN I/A Name or number of master node.

All.4.7 SLAVE - SLAVED DISPLACEMENT CONSTRAINTS
Command Format:

SLAVE,NMSC

Variable Format Data

NMSC I Number of slave nodes.

FOLLOWING DATA - NMSC cards as follows.

Columns Variable Format Data

2-5 NDEX I/A Name or number of slave node.

7 - 10 NSLM I/A Name or number of master node.

I1 - 29 Blank

30 - 35 KOD(6) 611 Slaving Code: 0=not slaved; != slaved.
See Fig. All.1 for definition of
the slaving constraint.
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Ai1.4.8 CNOD - CONNECTION NODES
. Command Format:

CNOD,NCND

Variable Format Data

NCND I Number of cards defining nodes which
connect to higher I:wl substructures.

FOLLOWING DATA NCND cards as follows.

Columns Variable Format Data

2-5 I/A Node name or number.

6 10 Blank

12 16

17 20 1/A Additional node names or numbers.
Up to 14 nodes,

etc.

,

|:'
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All.4.9 ENOD - END NODE SPECIFICATION
Command Format:

ENOD.lPRT

Variable Format Data

IPRT I Print indicator (0 = no print; I - print
summary of node data).

|
|

|

|
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A11.5 MATERIAL TABLES

A11.5.1 GENERAL
The MATERIAL tables contain material or element strength and stiffness data. The

required data for each element type is shown in Tables All.5. A column in the tables must be
associated with each element (see ELEMENTS command). The information contained in this
column then defines the element properties. If more than one table is defined, the column
number defined in any ELEMENT command must be the cumulative column number. In
WIPS DATA only a single table is defined. This combines the EMAT arrays for all element
types used in the current model.

All.5.2 MATL - MATERIAL DATA
Command Format:

| MATL,NMAT,NITM

Variable Format Data

i

NMAT I Number of material sets to be specified.

NITM I Number of items in each material set (max. -
;

64; default - 8). In WIPS DATA this is set to!

64. If the length of the EMAT array for any
element type is less than 64, it is padded with
Zeros.

|

| FOLLOWING DATA
i NMAT sets of cards, each consisting of as many cards as needed to define NITM items,5 per

| card.

Columns Variable Format Data

1 75 EMAT(K) SE15.7 Material data, 5 items per card.

:

|
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TABLE All.5(a) EMAT ARRAY FOR PIPE ELEMENT

1: Number of yield surfaces for material (min. I, max. 2).

2: Poisson's ratio.

3-5: Material moduli for up to 3 segments.

6-7: Yield stresses.-

8: Not used.

9: Radial error tolerance for material.

10: Angle tolerance for material.

II: Number of subelements in cross section.

12: Number of Gauss slices. Ucually 2.

13: Ovalling code (0-small; I-large).
14: Number of ovalling hardening ratios (max. 2).

15: Scale factor for ovalling stiffness. Typically 1.0.

16: Scale factor for ovalling strength. Typically 1.0.

17: Outside diameter.

18: Wall thickness.

19: Self weight per unit length.

20: Not used. ;

21 22: Ovalling hardening ratios.

23: Number of dashpot stiffnesses for material rate dependence (max. 3).

24 26: Dashpot stiffnesses.

27 29: Corresponding strain rate limits (last very large).

30: Factor controlling ovalling geometric stiffness. Enter 0.64.

218
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TABLE All.5(b) - EMAT ARRAY FOR BEAM ELEMENT
:

1: Yield surface type. Typically 1.

2: Angle tolerance for stiffness reformulation.

j 3-6: Yic!d surface exponents ai - a4 Typically unused.

7: Overshoot tolerance for yield event (proportion of Y ).i

8: Reversal tolerance for unloading event (proportion of Y ).i

Yi, Y , Y . GA' for hi -K ,K:,Ks K4,9 16: 3 ni

Y , Y , f), GA' for Afu.K , K , K 3, K4,17 24: i 2i 2>

K , K , K3, K4, Yi, Y , Y for Afu.
,

25-31: i 2 2 3
-

32: Not used.
F , Y , Y for f .K , K , K), K4,33-39: i 2 3i 2

i 40: Strain rate tolerance.

I 41: Number of dashpot stiffnesses for rate dependence (max. 3).

42 44: Dimensionless rates for dashpot stiffness changes.-
;

43 47: Dimensionless strength increases.

48: Weight per unit length.

!

|
1

1
1

4

i

1

9

4
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TABLE All.5(c)- EMAT ARRAY FOR UBAR ELEMENT

1: Number of segments in static
force extension curve (NSEG).
Min. 2; Max. 6.

2: Number of segments in curve
of force increase versus exten-
sion rate -(NSEGV). Min. 0;
Max. 3.

3: Default gap clearance.

4: Angle ' tolerance for stiffness
,

i reformulation.

5: Static - stiffnesses (NSEG
i values).

5 + NSEG: Static yield forces (NSEG,

values, last very large).

5 + 2*NSEG: Dashpot stiffnesses (NSEGV
values).

5 + 2'NSEG + NSEGV: Dashpot " yield" forces (NSEGV
values, last very large).

| 5 + 2'NSEG + 2'NSEG V: Overshcot tolerance for gap
closure and yield events (force
units).

6 + 2*NSEG + 2'NSEGV: Reversal tolerance for unload-
ing event (force units).

7 + 2*NSEG + 2*NSEGV: Separation tolerance for separa-
tion event (force units).

1

i

e

1
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- TABLE All.5(b) - EMAT ARRAY FOR BEAM ELEMENT
,

1: Yield surface type. Typically 1.

2: Angle tolerance for stifTness reformulation.

3 6: Yield surface exponents ai a4 Typically unused.

7: Overshoot tolerance for yield event (proportion of Yi).

8: Reversal toicrance for unloading event (proportion of Y ).i
7̂

9 16: Ki, Kr. K3, K4, Yi, Y;, Y , GA' for AI,, .3

Y , Y , Y), GA' for Af;:K , K , K , K4,17 24: i 2i 2 3

Yi, Y , Y for Afu.K ,K ,K3,K4,25 31: 2 3i 2,

32: Not used.
Y , Y , Y) for f .K ,K ,K3,K4,33-39: i 2i 2

;; 40; Strain rate tolerance.

41: Number of dashpot stiffnesses for rate dependence (max. 3).

42 44: Dimensionless rates for dashpot stiffness changes.

43-47: Dimensionless strength increases.4

48: Weight per unit length.

4

I

1
h

a

i

i

i

!
,

!

a

f

1

I

!

|
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TABLE All.5(c) - EMAT ARRAY FCa USAR ELEMENT4

1: Number of segments in static
force-extension curve (NSEG). |

Min. 2; Max. 6. |
|

2: Number of segments in curve |
of force increase versus exten-
sion rate (NSEGV). Min. 0;
Max. 3.

3: Default gap clearance.

4: Angle tolerance for stiffness
reformulation.

5: Static ' stiffnesses (NSEG
values).

5 + NSEG: Static yield forces (NSEG
values, last very large).

5 + 2'NSEG: Dashpot stiffnesses (NSEGV
i values).
;

'
5 +2*NSEG + NSEGV: Dashpot " yield" forces (NSEGV

values, last very large).

5 + 2* NSEG + 2*NSEGV: Overshoot tolerance for gap
closure and yield events (force
units).

!

6 + 2*NSEG + 2*NSEGV: Reversal tolerance for unload-
ing event (force units).

7 + 2'NSEG + 2*NSEGV: Separation tolerance for separa-
tion event (force units).

1

i

|
.

!

:

I

|-
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TABLE All.5(e)- ESIAT ARRAY FOR SilELL ELE 3 TENT

1: Number of yield surfaces.

2: Number of strain rate segments.

3: Radial error tolerance (multiple of yield stress).
4: Angle tolerance for stifTness reformulation.

5: Poisson ratio.

6: Weight density.

7: Strain rate tolerance (multiple of strain rate).
8: Yield reversal tolerance (multiple of yield stress).
9; Not used.

10-15: Static moduli.

16-20: Yield stresses.
21: Not used.

22 24: Strain rate stifTnesses.

25-27: Stress limits for strain rate (last very large).
28-30: Local r,s,t coordinates of output point 1.

31-33: Local r,s,t coordinates of output point 2.

221
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All.6 PROPERTY TABLES

All.6.1 GENER AL
The PROPERTY tables contain any desired element property data not contained in

M ATERI AL tables. Element stiffness and strength data will normally be placed in MATERIAL
' tables but may be placed in PROPERT) tables if preferred. PROPERTY tables are not set up
by WIPS DATA.

! All.6.2 PROF ERTY - PROPERTY DATA
''

Command Format:
PROP,NPRP,NITM'

Variable Format Data

NPRP I Number of property sets to be specified.

NITM I Number of items in each property set
| (max. = 16; default = 8).;

FOLLOWING DATA;

NPRP sets of cards, each consisting of as many cards as needed to define NITM items. 5 per
.

card.

Columns Variable Format Data
T

I 1 75 PROP (K) SE15.7 Property data. 5 items per card.

!

!

!

i

')
'l

:

4-
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At1.7 ELEMENT SPECIFICATION

1

| All.7.1 GENERAL
Elements must be arranged in groups. All elements in any group must be of the same!

type. All elemerJ.s of a given type need not necessarily be in a single group, although this is
done by WIPS DATA. The groups may be specified in any convenient sequence.

All.7.2 ELEMENTS - ELEMENT DATA
Command Format:
ELEMENTS,NUMG

Variable Format Data

'

NUMG 1 Number of element groups.

FOLLOWING DATA
NUMG sets of cards. Each set of data consists of one group control card plus one card per ele-
ment.

(A) GROUP CONTROL CARD

Columns Variable Format Data

1-5 IGRP I Element type number, as follows.
1 - beam
2 - U.bar
3 = pipe
4 = gap friction
20 = shell

6 10 NELS I Number of elements in this group.

11 l$ NFST I Number of first element in this group.

1 Default - 1.
!

20 NKON I Element stiffness code:*

! 0 - elements have different stiffnesses
1 - all elements have identical stiffnesses

(in local element coordinates)
Must be zero for nonlinear elements.

3

41 50 DAMP R Factor for initial stiffnew dependent viscous
damping. See INTEGRATE command for
method of use. For most cases: 1.0 -

viscous damping required (pipe, beam shell ele-
,

not required (U bar, gap-ments). 0.0 =

friction elements).
:
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(B) ELEMENT CARDS

As many cards as needed to specify all elements in the group. The data varies with the
element type. See the following sectiont

(C) TERMINATION CARD
One blank card following the element cards.

|

l
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All.7.3 ELEMENT CARDS BEAM ELEMENT
Three cards per element, unless generation is used.

(A) CARD i

Columns Variable Format Data

15 JFEL I Element number. NELS elements, starting
with NFST, must be specified.

6 10 JLEL I Last element number in generated set. Default
- JFEL (no generation).

11 - 15 JDIF I Element number increment for generated set.
Default - 1.

16 20 JNOD 1 Node number increment for generated set.
Default - 1.

22 - 25 JN(1) I/A Node number or name at element end i.

27 - 30 JN(2) 1/A Node number or name at element end J.

31 - 35 lEIN(1) 1 Material number (column number in EMAT
array).

40 IEIN(2) 1 Large displacements code (0 - no; I - yes).

45 IEIN(3) 1 Time history code, for saving on RSLT file (0
- no; I - yes).

50 lEIN(4) i Node K code (0 - default; I - specified).

55 IEIN(5) I Curved element code (0 = straight; I -

curved). Not currently used.

60 lEIN(6) 1 Symmetry code (0 - 3D; I - local xy plane
only, half element).

(B) CARD 2'

|

| Columns Variable Format Data

i 1 15 REIN (1) F X coordinate of node K (if used).
|
| 16 - 30 REIN (2) F Y

31 - 45 REIN (3) F Z

46 60 REIN (4) F -X coordinate of bend center, if a bend. Not
currently used.
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61 - 75 REIN (5) F Y

(C) CARD 3

Columns Variable Format Data

1 - 15 REIN (6) F Z

228
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All.7.4 ELEMENT CARDS - PIPE ELEMENT

Two cards per element, unless generation is used.

(A) CARD 1

Columns Variable Format Data

15 JFEL I Element number. NELS elements, starting
with NFST, mue bc necified.

6 - 10 JLEL I Last element number in generated set. Default
- JFEL (no generation).

11 - 15 JDIF l Element number increatent for generated set.
Default - 1.

16 - 20 JNOD 1 Node number ir.crement for generated set.
Default - 1.

22 - 25 JN(1) 1/A
Node number or name at elemeat end I.

27 - 30 JN(2) 1/A Node Iturcber or name at element end j.

31 - 35 IEIN(1) 1
Material number (column number in EMATarray).

40 IEIN(2) I Large displacements code (0 = no; I yes),

45 IEIN(3) 1 Time history code, for saving on RSLT file to
- no; I yes).

50 IEIN(4) i Node K code (0 - default; I - specif;ed).
55 IEIN(5) I Curve <l element code (0 = straght; I -|

curved).

60 IEIN(6) I
Symm:try code (0 = 3D; I = loed xy plane
only. half element).

.

'

(11) CARD 2

Columns Variable Format Data

1 15 REIN (1) F
' "'

X coo'rdinate of node K (if used) or bend
-

center (if on a bend). '

'

16 - 30 REIN (2) F 'y

31 - 45 REIN (3) F ' Z

46 60 REIN (4) F Internal pressure!
'

\
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All.7.5 ELES1ENT CARDS . UHAR ELE 3 TENT
Three cards per element, unless generation is used.

( A) CARD |

Data
Columns Variable Format

15 JFEL I Element number. NELS elements. starting
with NFST, must be specified.

6 10 JLEL I Last element number in generated set. Default
- JFEL (no generation).

11 15 JDIF 1
Element number increment for generated
Default = 1.

16 20 JNOD 1
Node number increment for generated set.
Default = 1.

22 25 JN(1) 1/A Node number or name at element end i.

26 - 30 lEIN(1) I hiaterial number (column number in EhlAT
array).

35 lEIN(2) I Large displacements code (0 = no; I - yes).

40 lEIN(3) i Time history code, for saving on RSLT file (0
= no; I - yes).

45 IEIN(4) i Node K code (0 - default; I == specified).

50 lEIN(5) 1 Symmetry code (0 = 3D; 1 = use half element
only).

(11) CARD 2

Columns Variable Format Data

1 15 REIN (1) F X coordinate of node J.

16 30 REIN (2) F Y

31 45 REIN (3) F Z

46 60 REIN (4) F X coordinate of node K (if used).

61 - 75 REIN (5) F Y
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A11.7.6 ELEMENT CARDS - GAPF ELEMENT
Three cards per element, unless generation is used.

(A) CARD 1
f

Columns Variable Format Data

1-5 JFEL I Flement number. NELS elements, starting
with NFST, must be specified.

6 - 10 JLEL I Last element number in generated set. Default
- JFEL (no generation).

11 - 15 JDIF I Element number increment for generated set.
Default - 1.

16 - 20 JNOD 1 Node number increment for generated set.
Default - 1.

22 - 25 JN(1) I/A Node number or name.

26 - 30 IEIN(1) 1 Material number (column number in EMAT
array).

31 - 35 IEIN(2) I Time history code, for saving on RSLT file (0
- no; I yes).

36 - 40 IEIN(3) 1 Symmetry code (0 - 3D; I - use half ele-
ment).

(B) CARD 2

Columns Variable Format Data

1 - 15 REIN (1) F X direction cosine of element z axis.

16 - 30 REIN (2) F Y direction cosine.

31 - 45 REIN (3) F Z direstion cosine.

46 - 60 REIN (4) F X direction cosine of element x axis.

61 - 75 REIN (5) F Y direction cosine.

I

|

232



(C) CARD 3
,

l
Columns Variable Format Data !

1 15 REIN (6) F Z direction cosine.

16 - 30 REIN (7) F Initial gap.
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All.7.7 ELEMENT CARDS - SHELL ELEMENT
Two cards per element, unless generation is used.

(A) CARD 1

Columns Variable Format Data

1-5 JFEL I Element number. NELS elements, starting
with NFST, must be specified.

6 - 10 JLEL I Last element nurnber in generated set. Default
- JFEL (no generation).

11 - 15 JDIF I Element number increment for generated set.
Default - 1.

16 20 JNOD I Node number increment for generated set.
Default - 1,

22 - 25 JN(1) i Node name or number of element node 1. See
Section C5 for node sequence.

,

27 - 30 JN(2) I Node 2.

etc.
,

57 - 60 JN(8) i Node 8

65 IEIN(1) 1 Material number (column number in EMAT
array).

70 IEIN(2) I Large displacements code (0 - no; 1 = yes).

75 IEIN(3) i Time history code, for saving on RSLT file (0
- no; I yes).

80 IEIN(4) i Number ofintegration points through thickness
(min. 2, max. 7). Default - 2.
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(B) CARD 2

Columns Variable Format Data

1 - 15 REIN (1) F Initial axial stress (due to internal pressure).
See Section C5 for procedure.

16 30 REIN (2) F Initial hoop stress.

31 - 45 REIN (3) F Internal pressure.

235
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A11.8 NODE ORDERING

4

A11.8.1 NORDER - ORDER NODES AND NUMBER EQUATIONS
Command Format:

'

NORD,10RD,NSTR.

Variable Format Data

LORD A Node ordering indicator:
Blank - no reerdering;
OPTO - reo:00. ,g using a modified
Reverse Cuthill-AKee algorithm (RC-M).

NSTR I Number of different nodes at which RC-M
scheme is to be initiated. Default - every node.

,

,

I

FOLLOWING DATA

As many cards as necessary to define NSTR starting nodes. Omit if NSTR = 0.

Columns Variable Format Data

1 - 80 1615 or Names or number of starting nodes for RC-M
16(IX,A4) ordering.

All.8.2 PROFILE - FORM ACTIVE COLUMN PROFILE OF SUBSTRUCTURE STIFF.
NESS

Command Format:

PROFILE

A11.8.3 END OF SUBSTRUCTURE TYPE DATA j

Insert END card (Section All.4.2) at this point. |

A11.8.4 END OF BUILDING PROCESS
If this is the last substructure, insert FINISH card (Section All.3.3) at this point.

'
,

!
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All.9 ANALYSIS MODEL

All.9.1 GENERAL
Before performing an analysis, an ANALYSIS MODEL must be specified. The

ANALYSIS MODEL may be any one of the SUBSTRUCTURE TYPES, not necessarily the
highest level substructure. Once the ANALYSIS MODEL has been specified, the program
automatically forms a structural connectivity tree relating all lower level SUBSTRUCTURE
TYPES to the ANALYSIS MODEL. The individual components in the structure connectivity
tree are identified as ACTUAL SUBSTRUCTURES.

All.9.2 MODEL - BEGIN MODEL SPECIFICATION
Command Format:

MODEL

A11.9.3 TREE - NAME OF ANALYSIS MODEL
Command Format: TREE,NTYP

Variable Format Data

NTYP A Name of substructure type which is to be the
ANALYSIS MODEL. For WIPS this is always
"M AIN".

All.9.4 FINISH - END MODEL SPECIFICATION
Command Format:

FINISH

;

l

-|
|
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All.10 MASS SPECIFICATION

All.10.1 GENERAL
Masses may be defined for each SUBSTRUCTURE TYPE. The mass matrices for the

ACTUAL SUBSTRUCTURES and the ANALYSIS MODEL are then constructed automatically.

The mass specification begins with an MBUILD command and ends with a FINIS 11 com-
mand. For each SUBSTRUCTURE TYPE, the specification begins with a NEW command and
ends with an END command.

All.10.2 MBUILD - BEGIN MASS SPECIFICATION
Command Format:

M9UILD

All.10.3 FINISil - END MASS SPECIFICATION
Command Format:

FINISil

All.10.4 NEW - BEGIN SUBSTRUCTURE MASS DEFINITION
Command Format:

NEW,NMST

Variable Format Data

NMST A Name of SUBSTRUCTURE TYPE.

All.10.5 END - END SUBSTRUCTURE MASS DEFINITION
Command Format:

END

All.10.6 PM ASS - NODAL MASSES
Command Format:

PMASS,NMC

Variable Format Data

NMC I Number of mass points.
i
!

|

FOLLOWING DATA - NMC cards as follows.

Columns Variable Format Data

1-5 NODI A/l Name or number of node.

7 - 18 RX F Mass in X direction.

19 - 30 RY F Mass in Y direction.
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31 - 42 RZ F Mass in Z direction.

43 - 54 RXX F Rotational mass about X axis.

55 - 66 RYY F Rotational mass about Y axis.

67 - 78 RZZ F Rotational mass about Z axis.

d
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A11.lt FORCE RECORDS

I

All.II.I GENERAL
Any number of force records may be specified. The specification begins with a PTREC

command, and ends with a FINISil command. Each individual record begins with a NEWREC
command.

All.11.2 PTREC - BEGIN FORCE RECORD SPECIFICATION
Command Format:

PTREC

All.II.3 FINISH - END FORCE RECORD SPECIFICATION
Command Formr.t:

FINISil

All.II.4 NEWREC - SPECIFY FORCE RECORD
Command Format:
N EWR EC,N A M E,M O D E,N VA L,NPR B,DT,PFAC

Variable Format Data

NAME A Name of this force record.

MODE A Data code.
SING = force values at constant time intervals.
PAIR = force-time pairs

NVAL 1 Number of values or pairs of values to be input.

NPRB I Blocking parameter - number of values in each
block for this record. Default - 200.

DT F Time interval (if MODE = SING; otherwise blank).

PFAC F Scale factor by which all force values are
multiplied. Default - 1.0.

FOLLOWING DATA
One format card, followed by as many cards as needed to define record.

(A) FORMAT

Columns Variable Format Data

| 1 - 80 IFORM(20) 20A4 Input format. Default - (8F10.0).
1

(B) FORCE RECORD
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As many cards as needed to define the force record.

Note: If MODE = PAIR, the force value must precede the corresponding time value.

244
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A11.12 IMPACT DATA

A11.12.1 GENERAL
Include these cards only if an impact analysis is to be performed.

A11.12.2 IMPACT -IMPACT SURFACE CONTROL
Command Format:

IMPACT,NSURF

Variable Format Data

NSURF 1 Number of impact surface pairs.

FOLLOWING DATA
NSURF cets of cards. Each set consists of (1) an impact surface control card; (2) a primary
surface control card; (3) two or more cards defining the primary surface node list; (4) a secon-
dary surface control card; and (5) one or more cards defining the secondary surface node list.

(A) IMPACT SURFACE CONTROL CAR 6

Columns Variable Format Data

2-5 A Impact surface name.

10 1 Substructure naming code:
1: specify substructure type name. Names
must be unique for this option.
0: specify actual substructure number (in tree
for analysis model).

11 - 25 F Friction coefficient.

26 - 40 F Velocity tolerance for full friction coefficient.

41 - 55 F Half-thickness of primary surface.

56 - 70 F Half thickness of secondary surface.

(B) PRIMARY SURFACE CONTROL CARD

Columns Variable Format Data

i
2-5 A/l Name or number of primary surface substructure. i

/ 10 ICOL 1 Number of mesh' columns.

11 - 15 IROW _ 1 Number of mesh rows.

245

= _ .
-



.

(C) PRIMARY SURFACE NODE LIST
ICOL+1 cards (or sets of cards), each defining IROW+1 node names or numbers, in

16(IX,A4) or 1615 format.

(D) SECONDARY SURFACE CONTROL CARD

Columns Variable Format Data

2-5 A/I Name or number of secondary surface sub-
structure.

6 - 10 NPTS I Number of secondary surface nodes.

(E) SECONDARY SURFACE NODE LIST

As many cards as needed to define NPTS node names or numbers, in 16(IX,A4) or 1615
format.

J

l

(

f

.
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A11.13 TIME HISTORY OUTPUT CONTROL

A11.13.1 OUTPUT RECORD
At each output time (sampling interval), an output buffer containing node, element, and

impact results is set up and written as a single record on the RSLT file. The THOUT command
contains first word address (FWA) information for storage of the results in the output buffer.

A11.13.2 THOUT - BEGIN OUTPUT CONTROL DATA
Command Format:

TilOUT,LBUFO

Variable Format Data

LBUFO I Length of output buffer (single precision
words). All output items are single precision.

FOLLOWING DATA
One card for main structure plus one card for each substructure (if any) plus one card for each
impact surface pair (if any).

(A) MAIN STRUCTURE CARD

Columns Variable Format Data

1 - 10 1 FWA in output buffer of results for first node.

11 - 20 I FWA for first element.

21 - 25 I Displ/veloc/acen
code for node
results::

1: node displacements only
2: displacements and velocities
3: displacements, velocities and accelerations

26 - 30 I Rotation code for node results:
0: include rotations
1: omit rotations

(B) SUBSTRUCTURE CARDS
Substructures are numbered in the sequence that they appear in the tree for the analysis

model (actual substructure number minus 1). For WIPS single-level substructuring, this is the
order in which the substructures are defined in the WIPS-MODL phase.

One card for each substructure, containing the same data as CARD (A).

247

,_



.

(C) IMPACT CARDS

One card for each impact surface pair.

Columns Variable Format Data

1 - 10 1 FWA of data in output buffer.

11 - 15 i Results type code:
1: 6 items per surface pair

A11.13.3 FWA CALCULATION

The LBUFO length and FWA values must be specified to allow sufficient storage for
results, without overlapping. Node results for any substructure (including the main structure)
are stored sequentially beginning at the node results FWA for that substructure. Element
results are similarly stored sequentially.

4

i

i

i
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A11.14 INITIATE NONLINEAR DYNAMIC ANALYSIS

A11.14.1 NDYN - BEGIN ANA',YSIS

This command must be included.

Command Format:

NDYN

A11.14.2 VELO - OPTIONAL INITIAL VELOCITY SPECIFICATION
Command Format:
VELO,NSUBV,NAMTYP

Variable Format Data

NSUBV I Number of substructures (including main struc-
ture) with initial velocities. i

|

NAMTYP 1 Substructure naming code: )
0: Specify actual substructure number (in tree
for analysis model).
1: Specify substructure type name. Names
must be unique for this option.

FOLLOWING DATA
NSUBV sets of cards, each consisting of a control card plus one or more velocity cards.

(A) CONTROL CARD

Columns Variable Format Data

2-5 1/A Substructure number or name.

6 - 10 NVEL I Number of nodes with initial velocities.

(B) VELOCITIES - NVBL cards as follows.

Columns Variable Format Data

1-5 A/l Name or number of node.

7 - 18 F X velocity

I
19 - 30 F Y velocity

,

i

31 - 42 F Z velocity

1

L 43 - 54 F XX rotational velocity

,
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55 - 66 F YY velocity

67 - 78 F ZZ velocity

A11.14.3 MASS - MASS ASSEMBLY COMMAND,

This command must be included.

Command Format:

MASS

A11.14.4 DYLOAD - DYNAMIC LOADS
Dynamic loads may be applied on main structure.

Command Format:

DYLOAD,NAMTYP,NLOAD

Variable Format Data

NAMTYP I Actual substructure number (main structure =
1).

NLOAD I Number ofloaded points.

FOLLOWING DATA

NLOAD sets of cards. Each set consists of one control card plus one or more cards defining a
list of nodes.

(A) CONTROL CARD

Columns Variable Format Data

1-4 A Name of force record.

6 - 10 IDIR I Direction code:
0: follows force
1: global X
2: Y
3: Z

11 - 20 F Time delay before loading arrives at node.

21 - 30 F Scale factor by which force values are multi-
' plied.

31 - 35 NNODS I Number of nodes in following list.

i

(B) NODE LIST
Enough cards to define NNODS node, names or numbers,16 per card in 16(IX,A4) or

(1615) format. If IDIR=0, nodes are considered in pairs. The first node of each pair is-the -
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i

iloaded node, and the force is directed towards the second node. For IDIR >0, all nodes in the
list are loaded nodes.

A11.14.5 TIMO - TIME HISTORY OUTPUT CONTROL.
Command Format:

TIMO,lFIL,1NT, TIM

Variable Format Data

IFIL A Output file identifier:
RSLT: output to RSLT file
PRIN: output to ECHO file .
BOTil: output to RSLT and ECHO files

INT I Output step interval.

TIM F Output time interval.

Note: Results are output every INT time steps or TIM seconds, whichever occurs first.

:
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A11.15 COMMANDS TO CONTROL ANALYSIS -

. .iO t '
"

If: /. i. , .~-
'

; A11.15.1 GENERAL .

The analysis is controlled by a series of commands of the type described in this scetion.
j c.'.; e

For the actual sequence used, see the commands generated in a typical DATA file. ... . V._"[: .
y
.

.,. . .

7 A11.15.2 ZERO - ZERO AN EXISTING ARRAY . 4 . -.- . .-
- ,./ w

. , , .5 Command Format: .

i., ,.s:. ZERO,LNAM
. ' v. .?#(f '

i ..h2
...

'

Variable Format Data ..y,,.- a
v

.

.x;-
<.u .,

s. ;~.
.

..

LNAM A Name of array to be set to zero. 7-[s.y.
-? . . ;.

,

% fc.F. ?*.

::,' ' ; y:; ;- .
-

' f., ..S6N A11.15.3 STEP - FORM CURRENT LOAD VECTOR . cc

- .B.$ F,
} Command Format: % y.s:

'

.A. .D> g.STEP'

-1/"6.U.,

A11.15.4 UNBALANCE - FORM UNBALANCED LOAD VECTOR wn." .

0 v.. -
...

Command Fermat: .- ,:..E. r.

.C UNBA,CHEC,TOL1,TOL2 . .f. N?.M,os ..
'

y $' 'i .h -
* Variable Format Data

- '' % ' ~*

. /:,n E.'. )
.r. t'~| ' t. -

W. - J:
.

CHEC A If CHEC is present, the unbalance norm is4. .

M. .y[Dchecked against TOL1 and TOL2.|, .
..

MhTOLI F Tolerance for time step decrease. If exceeded,

7.
the time step is reduced and the step repeated. O ;k, ''

, 7
:,q h? q[j

[ TOL2 F Tolerance for termination. If exceeded, the
execution stops. 3._ ., . g

.
c v. % ,..

. .:..; ..

c. , . M.:
. . .

+ . . .

z . M.6,
1 A11.15.5 AUTO - AUTOMATIC STEPPING . c..

' . N} \.
-

..

A11.15.5.1 AUTO, DEFINE - Initialize Control Files
.i.D 8.4a,1 Command Format:
N;;.b*

r
AUTO,DEFIg w2W'/ ,.As yA11.15.5.2 AUTO,1 NIT - Initialize Control Parameters .. a . , . .

.f,

;? ~ Gommand Format:
g,
W, j .?,j

Y AUTO,1 NIT ,- . u o. -
:s . 9 .><

..
.j;' :W;.

":..
.--w ;4 _

Y
. -- -
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All.15.5.3 AUTO, LOAD
Multiply load vector by remaining step factor.

Command Format:

AUTO, LOAD
i

A11.15.5.4 AUTO,MERR - Midstep Error Check
Command Format:

AUTO,MERR, TOLL, TOLU

Variable Format Data

TOLL F Lower tolerance. If the midstep error norm is
g

below this tolerance for two consecutive steps, '

the time step is increased.

TOLU F Upper tolerance. If the midstep error norm
exceeds this value, the time step is reduced and
the step repeated.

.

A 11.15.5.5 AUTO, FACTOR

Multiply displacement increment by event factor.

Command Format:
AUTO, FACT

All.15.5.6 AUTO, STEP - Automatic Step Size Determination
Command Format:

AUTO, STEP,SLW,SUP,SCL,SCU

Variable Format Data

SLW F Minimum step size.

SUP F Maximum step size.

SCL F Factor for step reduction (default = 0.5).

SCU F Factor for step increase (default = 2.0).

A11.15.5.7 AUTO, EXIT - Check Analysis Completion
Command Format:
AUTO, EXIT,ETIM

x

\
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Variable Format Data

ETIM F Exit time. If analysis time exceeds this value,
execution ceases.

A11.15.6 STIFFNESS - STIFFNESS FORMATION
Command Format:

STIF ALPil

Variable Format Data

ALPil A Stiffness formation code:
Blank: modify and decompose structure
stiffness.
UPDA: save current structure stiffness in
back up storage.
INIT: restore stiffness to that in back-up
storage.

A11.15.7 LOAD - FORWARD REDUCTION LOAD VECTOR
Command Format:,

LOAD

A11.15.8 DISPLACEMENT
I Backward Substitution for Displacement Increment.

Command Format:

DISP

A11.15.9 KINRES - KINEMATIC RESPONSE
Command Format:

KINR,II,12,13,14,15,16

Variable Format Data

11-16 I Codes indicating tasks to be performed (in the -
order of input):
1: update displacements, velocities and
accelerations (the kinematic vectors).
3*: save current vectors.
4: print current vectors.
5: set up initial step value for velocity and
acceleration.
9: update slaving constraints.
10: calculate velocity increment for midstep
error computation.
I1: output to RSLT file.
12*: initialize temporary kinematic vectors.

*can only occur singly or a the end of a command string
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A11.15.10 ELMRES - ELEMENT TASK EVALUATION
Command Format:

ELMR,II,12,13,14,IS,16

Variable Format Data

11-16 I Codes indicating tasks to be performed (in the
order ofinput):
1: element state determination.
2: internal resisting force calculation.
3: save current element state.
4: print current element state.
5: restore element state to that in back up
storage.
6: calculate dynamic step load due to damping.
9: event factor calculation.
10: midstep error calculation.
I1: output to RSLT file.

A11.15.11 INTEGRATE - INTEGRATION SCHEME SPECIFICATION
Command Format:

INTE,lSCH M, AUTO, DT, BETA ,D ELTA, A LFA

Variable Format Data

ISCHM A Integration scheme: NEWM: Newmark scheme
HILB: Hilber Hughes-Taylor scheme

AUTO A Optional time step code. If absent, time step -
DT. The remaining command parameters are
used to initialize the integration scheme. If
present, time step as determined by the
AUTO, STEP command is used. The remaining
command parameters, if any, are ignored.

DT F Time step.

BETA F Beta value for Newmark scheme. Default - 0.25.

DELTA. F Delta value for Newmark scheme.

ALFA F For HILB option: dissipation factor alpha (a nega-
tive value). For NEWM option: value of BETA-
O/DT, where BETA-O - initial stiffness damping

[ factor (positive).
,

i
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A11.15.12 LDSWAP
Copy load vector from back-up storage.

Command Format:

LDSW
This is necessary when repeating a time step using the HILB integration option.

A11.15.13 OUTPUT TO RSLT FILE

A11.15.13.1 CHOUT - Check if Output Interval
Command Format:

CliOU

A11.15.13.2 WROUT - Write Output Buffer to RSLT File
Command Format:

WROU

A11.15.14 SUMMARY - ANALYSIS SUMMARY
Command Format:

SUMM

A11.15.15 BRANCHING OPERATIONS

A11.15.15.1 ENTRY - ENTRY POINT
Command Format:

ENTR,Il

Variable Format Data

11 I Entry Number

A11.15.15.2 GOTO - GOTO Command

Command Format:
GOTO,Il

Variable Format Data

11 I Entry number to go to.

A11.15.15.3 IF - Multiple Branching
Command Format:

IF,lFLG,II,12,13

Variable Format Data

IFLG I Flag number to be checked.
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Il I If flag is negative, control is transferred to this
ENTRY number.

12 I If flag is zero, control is transferred to this
ENTRY number.

13 I If flag is positive, control is transferred to this
ENTRY number,

,

t

.
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