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About this manual

About this Manual

This manual describes the Multiframe automation interface which lets you write macros,
scripts and programs to access data fkduitiframe or to create and analyse models in
Multiframe. The manual provides a description of the objects, properties and methods
contained in the Multiframe Automation Interface. VBA code examples have been used
throughout the manual to demonstrate hestlio use these objects.

Chapterl Introduction This chapter provides an introduction to automation and many of

the general concepts needed to get started
automatechnd provides a list of other resources that you may find useful in writing your

own macros and scripts.

Chapter2 The Multiframe Object ModePresents an overview of the Multiframe Object
model by describing eadaf the objects used within the model.

Chapter3 Getting StartedGets you started writing a simple script to automate
Multiframe. It is a simple series of exercises designed to introduce you to many of the
objects within the Multiframe object model.

Chapterd Modelling the FramePresents a detailed description of the objects used in
modelling the structure. This includes objects describing joints, elements, restraint
joint linking and design members.

Chapter5 The Load Objectdn this chapter the objects used for loading a structure are
discussed. Objects used for describing load cases and each of the individuab@dlds ar
described in detail.

Chapter6 Automating AnalysisThis chapter describes the objects used to control and
execute and analysis.

Chapter7 Results ObjectsThe resits of analyses are available via the Multiframe
Object model and are accessed via a hierarchy of objects that are described in this
chapter.

Chapter8 Sections LibraryDescribes the objects that represent sestigroups and the
sections library.

Chapte 9 Preferences and UnjtBrovides a description of the objects that control the
settings and units used within Multiframe.

Chapterl0 Collections and ListsThis chapter outlines the use of collections and lists to
manage groups of objects.

Chapterl1 User InterfaceThis chapter describes which items in the Multiframe user
interface care controlled using Automation.

Chapterl2 Examples A number of examples are presented that demonstrate using
Microsoft Word and Excel to control the Multiframe Automation Interface.
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Chapter 1 Introduction

Chapter 1 Introduction

This chapter provides an introduction to automation, VBA and object models and their
use in writing macros for Multiframe. It discusses the applications that can be used to
access and control Multiframe and presents examples omhimwean be done.

Automation

Automation is a term used to describe the ability of one application to control or access

data from another. Automation is a common feature in many Microsoft applications such

as Word and Excel. In fact, the macros in eadh@de applications are written using

automation. The automation interface in these applications gives a user access to a range

of objects that can be used to control the application and its data. For example, Microsoft

Word contains paragraph, word andfo obj ect s . In a similar wa
automation interface contains node, element and load objects amongst others.

Multiframe provides support for automation via an interface that allows the user to create
a frame, perform an analysis and examina¢selts. While the Multiframe application

does not incorporate a facility for directly writing or recording macros, the automation
interface will allow users to develop macros for Multiframe in other applications.

Mul ti frameds aut emidotinteact with mang athierampkcatiens thdb |
support automation. This is very easily achieved in applications that provide a suitable
VBA macro-programming environment such as

e Microsoft Excel
e Microsoft Word
e Microsoft Access
e AutoCAD 2000

e MathCAD
Automation can also be used via many modern programming languages such as Visual
Basic, Visual C++, Java and even Compaq Visual Fortran. It is even supported by the
Windows Scripting Host, which can be used to automate applications directly from the
Windowsenvironment.

the technically incl:.i
The core technology behind Multiframe is
Object Model . I f you are familiar with C

COM interface as you would the COM interface of any other program. |t
can be acessed using VB, C++, C, Java or any other COM compatible
language.

VBA

Vi sual Basic for Applications, or simply VI
language. It is the language used to write macros within the entire Microsoft Offece sui

and in other Microsoft products. It is also used within applications written by other

vendors such as AutoCAD and MathCAD. If you have experience in writing macros

within any of these products then you should be able to quickly adapt to writing macros

for Multiframe.
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Chapter 1 Introduction

VBA is the most readily available platform in which to write Multiframe macros as most
engineers have access to Microsoft Excel or Microsoft Word. It is also a relatively easy
environment in which to develop scripts, macros or smatinaros that exploit

automation. As such, this manual will concentrate of the use of VBA for the
development of macros for Multiframe. All examples presented in the manual will be
coded using VBA.

Object Models

The key to the use of VBA within all thesdfdrent applications is that VBA is simply a

language for manipulating objects. Each application that uses VBA for scripting has its

own object model that is a unique set of objects that can be manipulated by the language.

If you are familiar with VBA tlen learning to write macros for another application only
involves |l earning that applicationbés object
writing Multiframe macros you will also be able to quickly adapt to writing macros in

many other products.

Uses of Automation

Automation is a powerful tool that can be used to write anything from a simple macro to
a full windows application. In fact this is the technology that allows Multiframe to
directly generate reports in Microsoft word. Some examples of hewetinology

could be employed are:

e A macro to manipulate the geometry of a selection in the Frame Window, for
example a mirror function.

e Generating customised reports in Microsoft Word
e Generating HTML reports using Microsoft Word

e Exporting data to a Micro soft Access database that could be used to manage
fabrication or perform a costing

e Writing a VB program to import or export a structure to other file formats or
programs

e Writing a script to find members with particular properties
e Writing Excel macros to au tomatically access design data from Multiframe

e Batch processing of analyses overnight using Windows Scripting
Each of these examples could be designed as a simple macro or with a sophisticated user
interface. Once familiar with VBA, it is an easy taslatlal dialogs and menus to your
automation scripts.

Wh at canot [ aut omat e?

The following parts of the Multiframe application and data structures can not be accessed
using the current Multiframe object model. This may change in future.
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Chapter 1 Introduction

e Time History load case s and results.
e Design data and results.

e The Multiframe user interface (i.e. Windows, menus, toolbars etc.) except for
selections in the individual windows.

Terminology

The terminology used in the automation interface is slightly different to that udesl in t
Multiframe user program. Each nodal point in the structure is referred to as a Joint in the
program but as a Node in the automation interface. In addition, a Member in the
program is called an Element in the automation interface while a Member in the
automation interface is a Design Member in the program.

Another significant difference in the terminology is used to describe the Mgiatex
relationships. In the automation interface the Master Slave groups are referred to as
Node Link groups.

Speed

An important issue in automation programming is speed; automated scripts or macros
can be relatively slow when they require making calls between applications. There are a
number of techniques for helping to improve their performance, the most important of
which is to minimize the number of calls between applications. The Multiframe
automation interface has been designed to provide the advanced user with a number of
techniques for minimizing the number of calls across the interface. This includes using
collections and lists to add or modify a group of objects at once and the exchange of data
using arrays contained within VARIANT data types. Examples of these are given in
Chapterl0 Collections and Listand inChapterl2 Examples

Code Samples

This manual features many example scripts to demonstrate how the objects, properties
and methods of the Multiframe Automation interfaced are used. Unless otherwise noted,
these scripts are written in VBA and were eleped using either Microsoft Excel or
Microsoft Word. Most of the scripts in the manual can be executed by inserting the code

between the dashed lines in the following macro.
Sub Test()
‘definition of app and frame objects
Dim mfApp As New Multifram e.Application
Dim myFrame As Multiframe.Frame
Set myFrame = mfApp.Frame

'Insert sample code here!!!

End Sub
Note that many of the scripts will require a suitable stinecto be present within the
Multiframe application as they refer directly to particular nodes, elements or load cases.
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All the example code presented in this manual was written using the VBA editor
provided within Microsoft Office 2000. This code usemsdeatures not available in

the version of VBA provided with earlier versions of Microsoft Office. One significant
difference is that the older version of VBA does not support the use of enumerated data
types which have been used throughout the Multifr@bject model. For this reason

we recommend the use of Microsoft Office 2000 products when writing VBA scripts.
However, scripts can still be written using Office 97 in which case enumerated values
must be replaced by their integer value. All the emated types, and their values, used

by the Multiframe Automation Model are listed in Appendix A of this document.

Early and Late Binding

To manipulate Multiframe using VBA scripting in another application it is necessary to
first create an instance of Mifitame Application object. This can be done using either
Early Bindingor Late Binding Late binding uses the CreateObject method to create an
instance of thé\pplication object. For example, to create a nestémce of Multiframe
using late binding:

Dim mfApp As Object

Set mfApp = CreateObject("Multiframe.Application")

When programming with VBA we recommend that you use Early Binding. It has many
advantages over late binding in that the code will execute fasiding errors will be
detected at compile time and the Multiframe object model will be incorporated into the
intellisense features of the VB editor. To use early binding a reference to the Multiframe
object library must be added to your project. Tikidone using the Tools | References
command which brings up the following dialog:

References - Project

Available References:
[Ms¥SA Automatable Event Source Installer 1,0 Tvpe ;l Cancel |

[CIMswsa Automatable Inproc Event Creator 1.0 Tvpe L
[]M5Y¥SA Event Source Installer 1.0 Type Library

[]MSwSa Inprocess Event Creator 1.0 Type Library Browse. .. |
[IMSWSA User Inkerface
[WElrame 1,061 Obiect Library ﬂ
I MetMeeting 1.0 Type Library

[ IMOAGENTLD Priarity
CIMOFOPUPL — Help
[[] ODBEC Driver & Data Source Name Functians + |

[l oFfProv 1.0 Tvpe Library
[C] OLE DB Errars Tvpe Library

[] LE-DE Simple Provider Tvpe Library
|_|I0I>< 1.0 Tvoe Library _ILI
4 3

—Mulkiframe 1.0b1 Object Library

Location:  E\BUILDSAUSTRALLAPROTECTEDYRELEASE MULTIFRAMERL
Language:  Standard

Scroll down the list of available references until you find the Multiframe Object Library.
Select this item by clicking in the box

A new irstance of Multiframe can now be created using early binding:
Dim mfApp as Multiframe.Application
Set mfApp = New Multiframe.Application

or more simply using the line
Dim mfApp = New Multiframe.Application

Irrespective of whether you are using Late or EBityding, an instance of Multiframe
that is already open can be manipulated using the GetObject function:

t

0



Chapter 1 Introduction

Dim mfApp As Object
Set mfApp = GetObject(, "Multiframe.Application")
or preferably using
Dim mfApp As Multiframe.Application
Set mfApp = GetObject(, "Multiframe.Application")

Object Browser

Another advantage of using Early Binding is that you can use the Object Browser (View |
Object Browser), shown below, to examine the names, properties and methods of the
objects in the Multifrene Object library.

=i Object Browser M =] E3

IMuItiframe j _il_ll %ﬁl gl

Inude j ﬂl G

Search Results
Libirary | Class | Member

W Multiframe 1 ModeLinkGroup =& Addhlode =

if. Multiframe 1 nodes =& AddMode b

MR Multiframe 1 nodes = AddMaodes

W Multiframe 1 ModelinkGraup E& MasterMode

W tnltiframe 1 Mg LI
|Classes Members of ModeLinkGroup'
=2F miSpringType d =@ tddMode e
2F miUnitSets e Application
2F milnitType =% Delete
2 midindow e DOF
1 ModalResults = Frame
1 ModalSettings =5 Index e
1 Mode 5 Label

=

|

Further Reading

This aim of this manual is to describe the Multiframe automation interface and its use.
The manual does not aim to teach the reader how to program in VBA or any other
language. It is assumed that the reader is familith Visual Basic or VBA

programming or that you have access to materials on this topic. There are many books
available on VBA, particularly in relation to the Microsoft Office suite of products.

Some references and other resources that may be imskélping you to learn VBA and
automation are:

eiMi crosoft Excel 2000 Power Programming with
Books Worldwide, 1999

e Arange of reference books on VBA programming with Word 2000, Excel 200 and
AutoCAD 2000 is published by Wrox Pr  ess, www.wrox.com

e http://msdn.microsoft.com/office/default.asp

® WWW.MVPS.org

e News groups
microsoft.public.word.vba.beginers
microsoft.public.word.vba.general
microsoft.public.office.developer.vba
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Chapter 2 The Multiframe Object Model

Chapter 2 The Multiframe Object Model

The Multiframe object model is a hierarchy that represents the underlying data an
functions used in Multiframe. Most of the objects within the object model are used to
describe the structural model or frame. Other objects represent the structure of the
Sections Library and its associated groups and sections, or control the appeathac
Multiframe user interface.

This chapter provides an overview of the Multiframe object model describing its
structure and the purpose of each object within the model.

Collections, Objects and Lists

When programming using VBA you manipulatejectsthat represent different aspects

of an application as defined by its object model. A schematic diagram of the entire
Multiframe object model is displayed in the diagram on the next page. It divides the
Multiframe application and the structural model into many distibfcts Theseobjects

may represent a single component of a model such a node, element or a load case. Other
objectswithin the model do not represent a physical part of the model but ar¢ouse

store settings or data such as the settings for a modal analysis or the results from an
analysis for a particular node.

EachObjectcontainsPropertiesandMethods The Properties are a number of variables
which store properties of the object suclmame, length, weight etc. The actual type and
name of the properties are specific to each type of object. Methods are functions that you
can use to manipulate the object. These might include methods to Add, Delete or modify
values of the object.

A specidtype of object is &ollectionwhich is a container storing an ordered set of
objects of the same type. For example,Ehements collection in the Frame object
contains all of the Elements in the frame. Collections within the Multiframe object model
arenamed as the plural of the objects they contain. Most collections in Multiframe are
initially empty. The exception is thebadCases collection that initially contains a

single object. All of the collections in Multiframe ardbdsed i.e. the first item the list

has an index of 1. Some care must be taken when programming in VBA as it can use
zero based collections and arrays in which the first item in the list has an index of zero.
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[

Application

_[

]

Fo )
—| Nodes (Node) |
—| Elements (Element) |
—| Springs (Spring) |
— Restraints (Restraint) |

—| NodeMasses (NodeMass) |

—| NodeLinkGroups {(NodeLinkGroup) |

—| Loadcases {L.oadcase) |

—| NodeLoads {(Nodel.oad) |

—| NodePreDisps (NodePreDisp) |

—| Elementl.cads (Elementl.oad) |

—| ThermalL.oads (thermallL.oad) |

—| Members (Member) |
Results ]
LinearResults
NonlinearResults Resultcases (ResultCase) |
ModalResults MemberResults |
ElementResults |
—[ ProjectInfo ]
NodeResults |
—[ Analysis ]

LinearSettings J

NonlinearSettings ]

Modal Settings ]

SectionsLibrary ]

SectionGroups (SectionGroup) |

\—{ Sections (Section) |

Materials (Material) |

Preferences ]




Chapter 2 The Multiframe Object Model

Application Object

The root of the Multiframe object model is theplication object. All other objects
within the object model can be accessed either directly or indirectly via this object.

The application object provides direct access to three Multiframe objedtswas s
below.

[ Application ]

—[ Frame ]
—[ SectionsLibrary ]
—[ Preferences ]

TheApplication object contains a number of shortcuts to objects contained within the
frame. Both the load cases and results object for the current frame can be obtained
directly from the application.

Preferences Object

The preferences object provides access to settings within the Multiframe application that
control how data is presented. This includes the sign conventions used to display forces
and numerous methods for manipulating acckasing the units of measure. An

important method of thereferences object is theSetUnit function that returns a string
containing the units name (e.g. mm, kN, ft) of a specified unit type. This is very useful
when presenting data or requesting infpoin a user as the units of measure can easily

be displayed. Note that all methods and properties in Multiframe automation use the
current units.

Sections Library Object

The section library that is currently open within thaltilrame application is available

via theSectionsLibrary object. As shown in the diagram below, it contains collections

of objects representing the groups, sections and materials contained in the library. These
objects can be used to add, delete orifgdde section property data stored within the
library.

[ SectionsLibrary ]

SectionGroups (SectionGroup) |

\—{ Sections (Section) |

Materials (Material} |
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This sections library object is accessed directly fromthelication object using the
SectionsLibrary property. TheSectionsLibrary object contains a collection of
SectionGroup objects. EaclsectionGroup object in the collection corresponds directly

to a group of sections in the sections library. It contains the properties associated with a
group of sections as well as a collectiorSef:tion objects, each of which regsents a

section stored within the group. A useful property of3hetionGroup object is the
SectionNames property. It returns a list of names of all the sections contained within
the group. It can be used to construct a user form or dialog contaitigtgf sections

from which the user may choose. This is much faster than individually accessing the
name of each section within the group

EachSectionGroup object contains a collection &fction objects representing each

section in the group. Thgection object provides an interface to the properties of

section such as its name, dimensions, area, moments of area and section moduli. Rather
than navigating the hierarchy of tBectionsLibrary object, a more direct method of
accessing a section has bgeovided in theésectionsLibrary object. TheGetSection

function takes two parameters that identify the group and section. These parameters may
be specified as either indices or names or even objects.

TheSectionsLibrary object also contains a collém of Material objects that provides a
means for adding, deleting or editing materials in the library.

Frame Object

TheFrame object represents a structural model within Multiframe. It encapsulates all of
the objects representing cpoments of the model such as nodes, elements and restraints,
load cases and loads applied to the frame, and objects containing the results of any
analyses performed on the frame.

m )

ProjectInfo ]

11

Nodes (Node) |

Elements (Element) |

Members (Member) |

Restraints (Restraint) |

Springs (Spring) |

NodeMasses (NodeMass) |

NodeLinkGroups (NodeLinkGroup) |

IR R

LoadCases (LoadCase) |
GroupSets (GroupSet) |
Analysis ]
Results ]
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This object can be accessed usingriteme property of theApplication object, for

example:
Dim objFrame as Multiframe.Frame
é
Set objFrame = mfApp.Frame
TheFrame object also contains the methods for Opening, Closing and Saving the frame

to disk.

Nodes and Elements

The geometry of a structure is defd by the position of its nodes and how they are
connected by elements. The nodes and elements in a frame can be accessed via the
Nodes andElements collections of thé-rame object. These collections contailwde
andElement objects representing eachdeoand element within the structure. The Node
object contains the data that describes a joint in the frame. This includes its position,
orientation, label and whether it is pinned or rigid. The node object also provides
methods to return lists of objecassociated with the node. For example Sthengs
method returns a list of all springs attached to a node.

TheElement object provides access to data describing an individual element in a frame
such as its label, section, orientation, rigid end dcéfaed the nodes used to define its

ends. Other read only properties provide other information about the element such as its
length, slope, and the coordinates of its ends. Eleent object also provides

functions that return lists of objects associatéti an element such as all loads applied

to the element.

Methods are also provided with both thede andElement objects to transform values
from their local coordinate system to the global coordinate system and vice versa.

Members

TheMember object rgpresents a single entity for the purpose of design. This may be a
single element or a group of elements linked together to form a single design member.
This object provides methods and properties for grouping or removing elements from a
design member, saty the section and orientation of the member, as well as properties
for describing the position, slope and length of the member.

Springs, Restraints and NodeMasses

A joint restraint applied to a model is described in the Multiframe Automation interface
asthe Restraint object. Similarly, a joint spring and a joint mass are described within
the interface using thepring andNodeMass objects. These objects contain the
properties of the different items in a frame such as the node to which the
spring/restrant/mass is applied or its index within the parent collection contained by the
Frame object.

Each of these objects includesabel property that may be used to identify the item or
contain a string of usetefined information. This property is only &able via the
automation interface and cannot be edited or viewed via the user interface of the current
version of Multiframe.
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NodeLinkGroups

The MasteiSlave facility in Multiframe is described in the Multiframe automation
interface using node link groapEach Maste8lave grouping is encapsulated within the
NodeLinkGroup object which provides a mechanism by which to control the name of
the group, nodes contained within the group, the master node and which degrees of
freedom are linked by the group.

LoadCases and the Loading objects

ThelLoadCase object represents a single load case within a model of a frame. This

object contains the properties that are used to access the name and type of the load case.
It also contains four collections, one for eaclthef loading types, which contain all of

the loads applied as part of this load case. [ TlzelCase object also contains a list of

load case factors which are only relevant if the load case is a combined load case.
Similarly, the accelerations associateithveelfweight load cases are also stored within
thelLoadCase object.

‘ LoadCases (LoadCase) |

—| NodeLoads (NodeLoad) |

—| NodePreDisps (NodePreDisp) |

—| Elementl,oads (Elementl.oad) |

—| ThermalLoads (Thermall.cad) |

TheNodelLoad, NodePreDisp, ElementLoad or ThermalLoad objects describe each

of the different types of loads that can be applied to a model. As mentioons] the

loading objects describing all of the loads applied within a load case are available via the
collections contained within thenadCase object.

TheNodelLoad andNodePreDisp objects described the force and prescribed
displacement loadings that miag applied to a node within the frame. These objects
provide details of which node the load is applied to, its magnitude, direction and well as
which coordinate system in which the load is applied.

The loads applied to an element are described by ¢itbetementlLoad or

ThermalLoad objects. These objects describe the element to which the load is applied,
its magnitudes, direction and well as which coordinate system in which the load is
applied. Note that thelementLoad object is used to describe bathncentrated and
distributed loads applied to an element.

GroupSets and Groups

TheGroupSet object represents a single group set defined in a model of a frame. This
object contains the properties that are used to access the name of the group eet. It als
contains a collection agbroup objects that define the groups contained with the group
set.
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‘ GroupSets (GroupSet) |

\—{ Groups (Group) |

The Group object represents a single group contained within a group set. This object has
properties to access the name and colesocated with the group as well as the lists of
the elements and nodes that define the group.

Projectinfo

TheProjectinfo object contains properties for accessing details of the project and

designer such as the project title, project description, joddBigners name, a version

number and the date the frame was last modified. This is the same data set by the
Properties dialog in Multiframedbds File ment

The Analysis Objects

The analysis features of Multiframe are available via‘thelysis object. This bject
contains the flags indicating which analyses are to be performed, the settings for each of
the analyses and of course a method to perform the actual analysis.

{ Analysis ]
—[ Linear Settings ]

_[ Nonlinear Setting; J

—[ M odalSettings ]

The settings associated with each type of analysis that Mutigrcan perform are
contained in separate objects. ThecarSettings object contains the setting required

by the linear analysis. However, this object has only been provided for consistency at
there are no setting required by the linear analysis astdnje. All the settings

associated with a nonlinear analysis are stored withinltiéinearSettings object,

while the parameters required to perform a modal or time history analysis are specified
using theModalSettings and TimeHistorySettings objects. Note that while a time

history analysis can be performed via the automation interface, the time history loading
and results of time history analyses are not yet available.

Results Hierarchy

The results of analyses are stored in a hierarchy witRdiselts object at the top. As
shown below, this hierarchy divides the results from each type of analysis into separate
objects. The results from the linear analysis are contained withinrtherResults

object that in turn contains a collection of ResultCdgeats, each of which corresponds

to the results for a particular load case. EaehultCase object contains a collection of
NodeResult, ElementResult andMemberResult objects that provide an interface to

the results for each node, element or memberdrirdme. Similarly, the results of
nonlinear analyses are interfaced vialtluelinearResults object which also contains a
collection of ResultCases which correspond to each load case applied to the frame. Note
that each ResultCase exists irrespectiveltéther the case has been analysed or not. If
a case has been analysed thertthieed property of theresuliCase object returns a

value of true.
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[ Results ]
LinearResults
ResuliCases (ResultCase) |
NonlinearResults
NodeResults (NodeResult) |
ModalResults

ElementResults(ElementResult) |

MemberResults(MemberResult) |

The results of a modal analysis are accessible vialthizlResults object. Itcontains a
collection of ResultCase objects representing each mode shape in the solution. The
ModalResults object also provides access to period and frequency of each mode shape.

No interface is currently available for the results from time historyyaesal

The results for each node, element and member may be obtained directly by navigating
the hierarchy described above. An alternative technique is to usetResults

method of the respectivéode, Element andMember objects.

Indices, Numbers and ID6 s

Any object within the Multiframe automation model that is stored within a collection

will have anindex and aNumber property. The index of the object represents the
position of the object in its parent collection. As the collections are orderes sartte

way items are numbered within Multiframe, the index is in fact the same as the number
of the object in the Multiframe user interface. If items are deleted from a frame, the
index of an object will always be updated accordingly.

TheNumber propertyof an object currently returns the number of the object as used
within Multiframes user interface. As this is the same as the items index, the Number
and Index property return the same value. Future versions of Multiframe may allow the
user to define ta number of an item in which case the number need not be unique or part
of a continuous numbering scheme. For this reason it is suggest that the Number
properties is used when generating output such as reports.

Common Properties and Methods

A number of properties and methods of objects within the Multiframe Object Model are
common to many of the objects within the library. To avoid unnecessary repetition
within the manual, these common properties and metthred$egcribed below.

All of the objects that are used to model a structure, including the loading, share a
number of common properties and methods. These are summarized in the following
tables.

Property Type Description

Application Application Read Only. Returns a reference to the parent
application of the current object.

Frame Frame Read Only. Returns a reference to the Frame

containing the current object.
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Property Type Description

Index Long Read Only. Returns the index of the current
object in its parent collection.

Label String Set/Get label associated with current object

Number Long Same as Index.

Method Returns Description

Delete Deletes the object from the frame.

Thelndex, Label andNumber properties are specific only to objects that are contained
within collections. Objects that do not form a collection do not have these properties.
Thelabel object is sometingereplaced by &lame property in which case theabel
property is a hidden property that provides an alternative means of accessiagithe

property.

The Collections objects in the Multiframe Object Model also share a common property
and method as listeaklow.

Property Type Desciption

Count Long Read Only. Returns the number of objects in t
collection.

Method Returns Desciption

ltem Object Returns an object from the collection.

These collections allave a method for adding a new object to the collection. However,
the naming of this method and the parameters required by the method are not standard
and vary depending upon the collection.

The List objects also have a number of common properties amdasehat are
summarised below.

Property Type Desciption

Count Long Read Only. Returns the number of objects in t
list.

Unique Boolean Get/Set whether each object in the list is uniqt

Method Returns Desciption

Add Adds an object(s) to the list.

Clear Removes all objects from the list.

ltem Returns an object from the list.

Delete Deletes the items in the list from the frame.

Remove Removes an object(s) from the list.

A full description of using list objects is presentedimapterlO.
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Arrays

All arrays used within the Multiframe automation interface are passed across the
interface as variants. This provides a lot of flexibility when passingrray to a method

or property as the array may be declared as either an array or a variant. However, when
an array of values is returned from a property or method of an object it is returned as a
variant. This means that the variable receiving theltsemust be declared as a variant.

Variant Parameters in Methods

Many methods in the Multiframe automation interface have parameters that are of

variant data type. In many cases these parameters are often used to pass arrays of values
such as an arrayf six boolean values representing the restrained degrees of freedom at a
node. In other cases they allow an object or a list of objects to be identified in many
different ways. A variant parameter identifying a single object will accept the integer

index of the item or the actual object. A common example is a variant parameter
representing a node. This parameter will accept an integer value of the nodes index or a
Node object. For example, the first parameter ofAlie/Spring method is a variant

specfying the node to which the spring is attached. This could be coded as
Dim mySpring as Multiframe.Spring
é
60Add spring to node 5 (by I ndex)
Set mySpring = myFrame.Spring.AddSpring(5,mfDOFx,12.5)
or
Dim mySpring as Multiframe.Spring
Dim myNode as Multifra me.Node
é
6Add spring to node 5 (by Object)
Set myNode = myFrame.Nodes(5)
Set mySpring = myFrame.Spring.AddSpring(myNode,mfDOFx,12.5)

A variant parameter representing a list of items will accept many different data types
that identify the list of objectsThis may be a single integer index, an object, a list object
or even a collection of objects. A string containing a cordelamited list of indices is

al so valid and may include ffadnges Fope eixfaimg:
when a list 6nodes is to be passed to a method, the variant parameter will accept a
single integer index, @ode object, a\odeList object, aNodes collections, an array of
integer values of the nodes indices, or a string with a comma delimited list of nodes. For
exanple, theLoads method of théNodes object returns all the nodal force loads applied
to the node. Theoads method has a single variant parameter specifying which load
cases are to be considered. The following code demonstrates the many different
paramegrs that may be passed to this function.
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Dim myLoads as Multiframe.NodeLoadList
Dim myLCs as New Multiframe.LoadCaselList
é
6Get all node | oads on node 3 applied
Set myLoads = myFrame.Nodes(3).Loads(1)

6Get all node | oad appliedin tiedhddloadcase

Set myLoads = myFrame.Nodes(3).Loads(myFrame.LoadCases(3))

6Get all node | oads on node 3 in | oad
array)

Set myLoads = myFrame.Nodes(3).Loads(Array(5,6))

6Get all node | oads on node 3d@(uind oad
list)

MyLCs.Add 5

MyLCs.Add 6

Set myLoads = myFrame.Nodes(3).Loads(MyLCs)

6Get all node | oads on node 3 in any
Set myLoads = myFrame.Nodes(3).Loads(myFrame.LoadCases)

cases

cases

| oad case
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Chapter 3 Getting Started

This chaptepresents a simple tutorial that provides an introduction to writing VBA
scripts that interact with Multiframe. It develops a script for generating a simple portal
frame, creating the loading on the frame and performing a linear analysis. The intention
of this example is to provide a simple overview of how to automate Multiframe and
introduce some of the commonly used objects in the Multiframe object library.

A Simple Macro

It is not the aim of this manual to teach you how to write VBA scripts or magias.
can be learnt from many texts available on VBA, or on many of the core Microsoft
Office products. Some assistance is also available from the online help provided with
applications supporting a VBA scripting environment. However, to help you on your
way we give a brief description of how to write a simple macro. To begin writing a
macro you must first open the VBA development environment. In the Microsoft Office
products this is generally performed via the Tools | Macro | Visual Basic Editor
command.Add the following text to the content of a file open within this window.

Sub Hello()
MsgBox "Hello World"

End Sub

To run this macro, locate the cursor within the code and select the command Run | Run

Sub/Userform from the main menu. You should seesamp | e d i

Wor |l do.

A Basic Multiframe Script

a l

0g

saying

To enable scripting of Multiframe within your VBA script you must first reference the
Multiframe Object Library in the Visual Basic environment. To do this, select the Tools |

References commdrfrom the main menu.

References - Projeck

Available References: (] 4

Microsoft Word 9.0 Sbject Library
OLE Aukomation

Micrasoft Office 9.0 Object Library

[] activey DLL to perfarm Migration of M35 Repositary Y1
[ Alburnswr 1.0 Type Library

I—IIAP'E Database Setuo Wizard | _Ij
4 ]

YWisual Basic For Applications ﬂ Cancel

Fdlauliframe 1,1 Objeck Library ﬂ

[] 145 Helper COM Component 1.0 Type Library

[[] 145 RADIUS Protocol 1.0 Type Library Pricriky

[] &ctive 0S5 Type Library Help
[] Active Setup Conkral Library ﬂ

[[] ActiveMavie contral type library

Marmal Browse, ..

[l

—Multiframe 1.1 Object Library

Location:  ciiBuilds\australialProtected\DebugiMultiframe4D, exe

Language: Standard
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Search the list of items displayed in the resulting dialog and find the Multiframe 1.1
Object Library entry. To enable Multiframe simply click in the check box to its left and
then press OK to exit the dialog. If the refererscedt up correctly you should get the
benefits of automatic assistance in the editor as you write your macros or scripts.
Amongst other things, this will automatically list the properties and methods of objects
as you write VBA code.

The VBA subroutineisted below is a simple script that uses Multiframe automation.

Type this script into the VBA programming environment.
Sub MyScript()
Dim mfApp As New Multiframe.Application
Dim myFrame As Multiframe.Frame

Set myFrame = mfApp.Frame
MsgBox myF rame.Name

End Sub
Before running this script, make sure Multiframe is running and a frame has been loaded
from disk. Now run this script from the VBA environment, it will display a dialog
containing the name of the file open in Multiframe.

Creating a Portal Frame

The remainder of this chapter concentrates on the development of simple model for a two
dimensional portal frame. The dimensions of the portal frame are shown in the

following diagram. The next sections describe how to build the geometry fohthe

by defining the nodes and elements that make up the frame. Each section after that then
extends the script by adding a new piece of code that defines the restraints, allocates
section sizes, applies loads and finally analyses the frame.

 / A

H,=5.5
le 5.0

W=120

Each of these sections begins by introducing a small part of the Multiframe object model.
It then uses this in the development of the script for generating the portal frame. The
entire script for generating the portal frame is listethe end of this chapter.
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Adding Nodes and Elements

The geometry of a frame is constructed by adding new nodes and elements to the frame.
These are created using thedNode andAddElement methods of thélodes and
Elements collections. The script showrelow uses these methods and objects to create

the portal frame described above.
Sub CreatePortal()
Dim mfApp As New Multiframe.Application
Dim myFrame As Multiframe.Frame
Dim myNode as Multiframe.Node
Dim myEl as Multiframe.Element

6Add noaéasnet

Set myNode = myFrame.Nodes.AddNode(0.0,0.0,0.0)

Set myNode = myFrame.Nodes.AddNode(0.0,5.0,0.0)

Set myNode = myFrame.Nodes.AddNode(6.0,5.5,0.0)

Set myNode = myFrame.Nodes.AddNode(12.0,5.0,0.0)

Set myNode = myFrame.Nodes.AddNode(12.0,0.0,0 .0)

60Add El ements by joining nodes
Set myEl = myFrame.Elements.AddElement(1,2)
Set myEl = myFrame.Elements.AddElement(2,3)
Set myEl = myFrame.Elements.AddElement(3,4)
Set myEl = myFrame.Elements.AddElement(4,5)

End Sub
After the declaration ofariables, the script creates the five nodes required to define the
portal frame. Each node is created via a single call tédlhélode method which
returns a reference to the object that represents the new node. This reference is assigned
to themyNode variable that is declared at the start of the scriptiasce object. After
the nodes have been created, each of the elements representing the members of the portal
frame are created by calling theldElement method, which, like théddNode
method, retuns a reference to the object representing the new element. This code
assumes that the new nodes are the only nodes in the frame as it requires the nodes be
numbered from 1 to 5.

It is not always necessary to create the nodes and then add element®eatsatan be
created directly by specifying the coordinates at each end of the element. Hence, the

piece of code above could be refined to
Sub CreatePortal()
Dim mfApp As New Multiframe.Application
Dim myFrame As Multiframe.Frame
Dim myEl as Multifr ame.Element

6Create el ements

Set myEl=myFrame.Elements.AddElement(0.0,0.0,0.0,0.0,5.0,0.)

Set myEl=myFrame.Elements.AddElement(0.0,5.0,0.0,6.0,5.5,0.)

Set myEl=myFrame.Elements.AddElement(6.0,5.5,0.,12.0,5.0,0.)

Set myEl=myFrame.Elements.AddElem ent(12.0,5.0,0.,12.0,0.,0.)

End Sub
which is far more efficient as it reduces the number of subroutine calls made to
Multiframe. When creating elements in this way, Multiframe determines if a node
already exists at the specified points and connectdeheeat to the existing node.
Otherwise a new node is created to define the end of the element.
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Properties of Elements

Each element within a structure is represented liylament object. This object can be
used to modify the attributes of an element saghts label, end releases or section size.
All the Element objects representing the elements of a frame are contained within an
Elements collection in the=rame. TheElements collection is arranged in numerical
order such that element number 4 is thelkment in the collection. A reference to the

object representing this element would be obtained from the collection as follows
Dim myEl as Multiframe.Element
Set myEIl = mfApp.Frame.Elements(4)

All attributes of this element that can be set in Mudiifie can also be accessed and
modified using thé&zlement object. For example, the orientation and label of the

element could be set using the following two lines of code.
myEl.Orientation = 45 6Set orientation to 45 degrees
my EIl . Label = 0Beam 6BRedt hél a

The section type associated with an element is set usirigtBection method of the
Element object. This method can take a number of different parameters that are used to
specify a section from the current sections library. The first and simpddisodhis to

specify the section by the number of the group and the number of the section within the
group. The section can also be specified by name, in which case the entire sections
library is searched in order to match the name of the section. Exaafi@ach of these

methods are
Call myEl.SetSection(1,2)

Cal | my ElI . Set Section(A310UB400) 6Australia

Call myEI . Set Section(iW40x4800) 6United States

Cal | myEIl . Set Section(fil50x150x7x100) 6Japan
For the portal frame created above, the following piece of ©dsed to set the section

size of each element.

6Set section size of each el ement
With mfApp.Frame

Call .Elements(1).SetSection(1, 1)

Call .Elements(2).SetSection(2, 1)

Call .Elements(3).SetSection(2, 1)

Call .Elements(4).SetSection(1, 1)
End With

In this code fragment, the section size is set by specifying the index of the group and
section. This allows the script to work with any sections library.

Applying Restraints

In Multiframe, restraints are not implemented as properties of a nodeadnshey are
considered as a separate entity that is associated with a particular node. In this way,
several restraints can be applied to a single node. This is reflected in the Multiframe
automation model in which each restraint applied to a noderesented by a separate
Restraint object. The object contains the attributes of a restraint such as the node to
which is applied and the degrees of freedom it restrains. All the restraints within a
structure are stored in th&=straints collection in the=rame object.
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A new restraint can be applied to a structure by adding a new objectRedheaints
collection using thé\ddRestraint method. This method takes two parameters; the first
parameter specifies the node at which the restraint is to bedpflhe second

parameter specifies the degrees of freedom to be restrained. This parameter can take
many forms but the simplest means of identifying the restrained freedoms is using
constants representing common type of restrains. For the portal fraiare \@eveloping

in the example, we need to apply rigid restraints at trendl 3" node in the frame.

These restraints are added to the model using the following code.
Dim myRestraint as Multiframe.Restraint

With mfApp.Frame.restraints
Set myRestrai  nt = .AddRestraint(1, mfRestraintFixed)
Set myRestraint = .AddRestraint(5, mfRestraintFixed)
End With

VBA and Office 97

The VBA language provided in Microsoft Office 2000 contains a number of
improvements to the version used within the Office 97 stipraniucts. A

significant difference is in the use of enumerated types. The Multifram
automation interface uses many enumerated types to make programmjng
scripts much simpler when using the latest versions of VBA. However,
when programming using an otdeersion of VBA, such as used in Office
97, the use of enumerated types is not supported and the enumerated
constants must be replaced with their integer value. The enumerated types
and their values are summarised in Appendix A of this document.

11

If you were using Office 97, the above script would need to be programmed
using a value of 2 instead of enumerated constértstraintFixed. You
can also import the list of types from the Types module contained in the
Office 97 examples provided with Multiframe.

D

Applying Loads

A load case applied to a frame is represented within the Multiframe object model using
the Loadcase object. This object contains the attributes of a load case such as its name,
type, etc. It also contains several collections containingpts applied in the load

case. All the load cases applied to a structure are storechandaases collection that

is contained within therame object. A new load case is added to a frame using the
AddCase method of this collection. This method take® parameters that specify the
type and name of the load case.

The following code fragment is used in the portal frame script to define three load cases,
a self weight case, a live load case and a factored case that combines the first two cases.

Dim myL C as Multiframe.Loadcase

'Add load cases to frame
With mfApp.Frame.LoadCases
Call .Item(1).Delete
Set myLC = .AddCase(mflcSelfWeight, "Self Weight")
Set myLC = .AddCase(mflcStatic, "Live Load")
Set myLC = .AddCase(mflcCombined, "DL + 1.25*LL")
End With
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Loads applied to elements within a model are represented byarentLoad object.

This object has properties representing the magnitude of the load and its position along
the element. All the element loads applied in a load case are contaared in
ElementLoads collection that is stored in thenadcase object. New loads are added

to a load case by adding an item to this collection usingdhi¢.oad method.

Dim myLoad as Multiframe.ElementLoad

'Define live loads

With mfApp.Frame.LoadCases(2) .E lementLoads
Set myload=.AddLoad(2, mfDOFy,mfLoadshapeUniform, -3.5,0, -3.5,0,False)
Set myload=.AddLoad(3,mfDOFy,mfLoadshapeLinear, -3.5,0, -1.5,0, False)
End With

A similar syntax is used to add other loads such as thermal, joint loads or prescribed
displacements.

The load case factors used to define a combined load case are also stored as properties of
thelLoadcase object. They can be set using thector property of this object which,

unlike many properties, takes a single parameter that identifiesdéne of the load case

for which the load case factor is being set. In our portal frame example, this property is
used as follows.

'Set factors for combined load case
With mfApp.Frame.LoadCases(3)
.Factor(1) = 1#
.Factor(2) = 1.25
End With

This snippeof code defines the factors for tHél8ad case that is a combination of the
1%'load case and 1.25 time th¥ Bad case.

Running an Analysis

The frame currently open in Multiframe can be analysed usingribg/sis object. This
object manages theting for each of the different analyses, records which analyses are
to be performed, and executes the analysis. The following code fragment is used to

perform a linear analysis of the portal frame.
'‘Perform linear analysis
With mfApp.Frame.Analysis
.L inear = True
.Nonlinear = False
Analyse
End With

This code accesses thmear andNonlinear properties of thé\nalysis object to set
which analyses are to be performed. The analysis is then executed within Multiframe by
calling theAnalyse method.
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Units

In this example we have so far avoided the mention of which units we are using to
construct the frame. This has been deliberate as the units used when scripting the VBA
can be any unit supported within Multiframe. In fact, when working with tta@ation
interface, all values are specified using the current units set that is been used within the
application. The units may be interrogated or manipulated usirigy¢tierences

object. TheUnits property of thePreferences object specifies the cumeunit set. This

may be set to one of predefined sets of units (Australian, Japanese, American, etc.) by
setting it to an enumerated value of typgJnitSets. For example, the Japanese unit set
may be specified by setting

mfApp.Preferences.UnitSet = mfUn itsetJapanese

The specific units used with a unit set can be manipulated vizethinit method of the
Preferences object. This method takes two parameters; the first is an enumerated value
identifying the type of units (length, force, angle, etc) todie ®he second parameter is

a string that specifies the name of the units to be used. For example, to change the units

for length to feet would require the code
mf App. Preferences. SetUnits(mfUnitLength, ofto)

Allowable values of the unit names arethoseldt i n Mul ti framebds Uni t
of the units types.

For the portal frame script, metric units have been adopted. This is done by inserting the
following piece of code at the start of the script following the declaration of variables.

'Setuni ts

With mfApp.Preferences
.UnitSet = mfUnitsetAustralian
Call .SetUnit(mfUnitLength, "m")
Call .SetUnit(mfUnitForce, "kN")

End With

This short piece of code specifies to use the Australian unit set and then ensures that the
length and forcenits are set to metres and kilonewtons respectively.

The Final Script

In the preceding sections a script was developed for generating a simple portal frame.
Each section developed a separate piece of the script. All of these pieces combine into a
single script that is listed below.

Public Sub CreatePortal()

'‘Declare variables

Dim mfApp As New Multiframe.Application
Dim myLC As Multiframe.LoadCase

Dim myE| As Multiframe.Element

Dim myLoad As Multiframe.ElementLoad
Dim myRest As Multiframe.Re straint

'Set units

With mfApp.Preferences
.UnitSet = mfUnitsetAustralian
Call .SetUnit(mfUnitLength, "m")
Call .SetUnit(mfUnitForce, "kN")
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End With

'‘Create elements forming portal frame

With mfApp.Frame.Elements
Set myEl = . AddElement(0#, 0#, O#, 0#, 4#, 0#)
Set myEl = .AddElement(0#, 4#, 0#, 6#, 5.25, 0#)
Set myEl = .AddElement(6#, 5.25, 0#, 12#, 4#, 0#)
Set myEl = .AddElement(12#, 4#, O#, 12#, O#, 0#)

End With

'Set section type of each element
With mfAp p.Frame
Call .Elements(1).SetSection(1, 1)
Call .Elements(2).SetSection(2, 1)
Call .Elements(3).SetSection(2, 1)
Call .Elements(4).SetSection(1, 1)
End With

'‘Apply restraints to base of columns
With mfApp.Frame.restraints
Set m yRest = .AddRestraint(1, mfRestraintFixed)
Set myRest = .AddRestraint(5, mfRestraintFixed)
End With

'Add load cases to frame
With mfApp.Frame.LoadCases
Call .Item(1).Delete
Set myLC = .AddCase(mflcSelfWeight, "Self Weight")
Set myL C =.AddCase(mflcStatic, "Live Load")
Set myLC = .AddCase(mflcCombined, "DL + 1.25*LL")
End With

'Define live loads
With mfApp.Frame.LoadCases(2).ElementLoads

Set myLoad = .AddLoad(2, mfDOFy, mfLoadshapeUniform, -3.5,0, -
3.5, 0, False)
Set myLoad = .AddLoad(3, mfDOFy, mfLoadshapeLinear, -35,0, - 1.5,
0, True)
End With

'Set factors for combined load case

With mfApp.Frame.LoadCases(3)

.Factor(1) = 1#
.Factor(2) = 1.25
End With

'Perform linear analysis

With mfAp p.Frame.Analysis

.Linear = True
.Nonlinear = False
Analyse

End With

End Sub
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Chapter 4 Modelling the Frame

This chapter describes the objects that are used to develop the structural model. These
include objets describing nodes, elements, restraints and springs. These object form

part of a hierarchy contained within theame object that encapsulates the objects
describing an entire structural model and its associated properties. This chapter does not
coverthe objects for applying loads to the structural model which are described in
Chapters.

Frame Object

The Frame object is a very important object as it contains all the objects antkcollec
which describe the frame currently open within the Multiframe application. This includes
all elements used to model the geometry of the frame, the loading and the results of
analyses performed on the frame. The frame object is also responsible fomgdhag
storage and retrieval of the frame to file.

| s |
— Nodes (Node) |
— Elements (Element) |
—| Springs (Spring) |
— Restraints (Restraint) |

—| NodeMasses (NodeMass) |

—| NodeLinkGroups {(NodeLinkGroup) |

—| Loadcases {Loadcase) |

_‘ Members (Member) |

—[ Results ]
—[ ProjectInfo ]
—( Analysis ]

A summary of all the properties and methods Bfame object are listed in the table
below.

Property Type Description

ActiveLoadcase LoadCase Get / Set the load case curtly displayed
in the Multiframe application.

Analysis Analysis Read Only. Returns an object that manag
the analysis of the frame.

Application Application Read Only. Returns a reference to the
parent application.

Elements Elements Read Only. Retuma collection of all

elements in the frame.
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Property Type Description

FullName String Read Only. Returns the name and path o
the file to which the frame is saved.

LoadCases LoadCases Read Only. Returns a collection of all loac
cases applied to the frame.

GroupSets GroupSets Read Only. Returns a collection of all
group sets defined within frame.

Members Members Read Only. Returns a collection of all the
frames design members.

Modified Boolean Read Only. Returns true if the sections
library has been modified and the chasge
have not been saved to disk.

Name String Read Only. Returns the name of the file it
which the frame is saved.

NodeLinkGroup ~ NodeLinkGroups  Read Only. Returns a collection of all the

S node link groups applied to the frame.

NodeMasses NodeMasses ReadOnly. Returns a collection of all the
node masses applied to the frame.

Nodes Nodes Read Only. Returns a collection of all the
nodes in the frame.

Path String Read Only. Returns the directory path of
the file to which the frame is saved.

Projectinfo Projectinfo Read Only. Returns an object containing
the user definable properties of the frame.

Restraints Restraints Read Only. Returns a collection of all the
restraints in the frame.

Results Results Read Only. Returns an object that
encapsulates ¢hresults from the analysis o
the frame.

Selection Selection Read Only. Returns the selection is a
specified window.

Springs Springs Read Only. Returns a collection of all the
springs in the frame.

Method Returns Description

Close Close the frameurrently open within the

application.

New Close the frame currently open within the

application.

Open Loads a frame from file.

Save Saves the frame to its original file.

SaveAs Saves the frame to a specified file.

SetSelection

Set the selectioim the specified window.
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Properties

The geometry and topology of a structural model is defined by its nodes and elements.
All the nodes and elements in a frame are stored as collectidlislefandElement

objects. These collections are referencedhgéaibdes andElements properties of the
Frame object. Boundary conditions are applied to the model in the form of springs,
restraints and the linking of nodal degrees of freedom. These are represented within the
object model aSpring, Restraint andNodeLinkGroup objects respectively. The
boundary conditions applied to frame are stored in collections of each of these objects
which are referenced via tl#rings, Restraints andNodeLinkGroups properties of
theFrame object.

A joint mass attached to theoatel is defined by thelodeMass object. The
NodeMasses collection stores all the node masses applied to a frame. In
Multiframe4D, this collection can be referenced fromfh@&me object using the
NodeMasses property. An error message will be returned wirging to access this
collection in other versions of Multiframe. The applicatiomofie, Spring, Element,
NodeLinkGroup andNodeMass objects in the modelling of a frame are described in
detail later in this chapter.

The loading applied to the framedefined by the collection ébadCases objects
associated with the frame. This collection, which is available viadhdCases

property of thé=rame object, defines each of the load cases applied to the frame. The
application of loads are describeddietail inChapters.

The Analysis property of the=rame object returns a reference to/analysis object

that is responsible for the analysis of the frame. It stores the settings to be used in the
analysis, controls which analkgs are to be conducted and performs the actual analysis of
the frame. A detailed description of this object is present€&thapter6. The results of
analyses are stored within tResults object. This is stored as part of theame object

and can be referenced via thesults property of this objectChapter7 describes the
Results object which contains a hierarchy of objects for accessing the results at each
node, element or design member within filaene.

The definition of a design member within the Multiframe object model is stored within a
Member object. All the design members within a frame are stored within a collection of
Member objects. This collection if referenced via tliembers propertyof theFrame
object. The use of design members is described later in this chapter.

TheModified property is used to determine if the frame has been changed and needs to
be saved. This property returns a value of true if the frame has been altevilidnadist
commonly be used conjunction with the methods to open and save the frame.

The details of the frame such as it title, description and name of the client are stored in a
Projectinfo object. This object may be referenced viaRheectinfo propety of the
Frame object.

The three propertigsullName, Name, andPath describe the location of the file to
which the frame is saved. TReith property contains the disk path of the file; the
Name property returns just the name of the file while th&Name property returns the
name of the file including the path.
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TheSelection property of theé=rame object returns the selection within one of
Multiframes windows. This is a read only property that takes a single parameter that
identifies the window containg the desired selection. If no window is specified, the
selection in the window which is currently active within Multiframe is returned. The
selection is returned as a Selection object that is discusShpterlO.

TheActiveLoadCase property provides a means of interacting with the Multiframe user
interface. This property references the load case that is displayed within Multiframes
windows.

Methods

A new frame is loaded into Multiframe using theen method of thé-rame object.
The following script demonstrates how to open a new frame using VBA and Microsoft
Excel. In this example the user is prompted to select the file to be opened via the File

Open dialog.
Dim Filename As String 'name of file to open
Dim Filter As String 6filter for section | ibrary f
6Di splay open file dialog so user can pick new fr
Filter = "Sections Library (*.mfb),*. mfbo

With Application
Filename =.GetOpenFilename(Filter,, "Open Frame",,False)
End With

If Filename <> False Then Call
mfApp.Frame.Open(Filename)
End If

In Microsoft Word this script would be slightly different as a different function is used to
display the File Open dialog.

6Di splay open file dialog so user can pick new fr
With Application.Dialogs(wdDialogFileOpe n)

.Name = "*.mfb"

If (.Display = -1) Then

60pen new sections fr ame
Call mfApp.Frame.Open(.name,true)

End If
End With
The frame may be saved to file using &w/e or SaveAs methods. Th&ave method
saves t he fr ame nams and gath.i THgdeAs enethiod saves thef i | e

frame as a new file. It would be implemented within a script in a similar was to the
examples shown above for opening a frame.

The frame currently opened within Multiframe can be closed and a new frame created
using with theClose or New methods. Both these methods take a single Boolean
parameter that specifies if the existing frame is to be saved.

Finally, theSetSelection method sets the selection within a specified window. This
method is discussed in detailChapterlO.

Nodes

A node within a structure is represented byltlvele object. This object encapsulates all
the properties of a node such as its position and orientation of thexesal All the

nodes that form a structure are contained withif\thees collection that is stored as
part of the~rame object.
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m )

Nodes (Node) |

A summary of all the properties and methods ofiihee object are listed in the table
below.

Property Type Description
Elements ElementList Read Only. Returns a list of all elements
connected to the node.
Masses NodeMassLi  Read Only. Returns a list of all node masses
st attached to the node.
Orientation Variant Get/Set the orientation of the |dcwdal axes.
OrientX Double Get/Set the rotation about theaxes that
specifies the orientation of the nodes local axe:
OrientY Double Get/Set the rotation about theayes that
specifies the orientation of the nodes local axe:
OrientZ Double Get/Se¢ the rotation about theaxes that
specifies the orientation of the nodes local axe:
Pinned Boolean Get/Set the whether the node is pinned or rigid
Restraints RestraintList ~ Read Only. Returns a list of all restraints appli
to the node.
Springs SpringList Read Only. Returns a list of all springs attache
to the node.
XYZ Variant Get/Set the position of the node.
X Double Get/Set the xcoordinate of the nodes position.
Y Double Get/Set the ycoordinate of the nodes position.
Z Double Get/Set tle zcoordinate of the nodes position.
UserData Variant Get/Set user defined value stored with the nod
UserDataUnit  mfUnitType Get/Set the units of the user defined value stor
S with the node.
Method Returns Description
GlobalToLocal Variant Transfams a vector of values from
global to local nodal coordinates.
Loads NodelLoadList Returns the loads applied to the node |
specified load cases.
LocalToGlobal Variant Transforms a vector of values from loc
nodal coordinates to global coordinate:
PreDisps NodePreDispList Returns the prescribed displacements
applied to the node by specified load
cases.
Results NodeResult Returns the results at the node for a
specific analysis and load case.
GetUserData Variant Returns variant arrays containing the
values and units of the specified user
data fields.
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Method Returns Description

SetUserData Variant Sets the values and units of the specifi
user data fields.

TheApplication, Frame, Number, Label andIndex properties in addition to the
Delete method are common to many objects areldescribed iChapter2.

Creating Nodes

A node is added to a frame using thixlNode method of théNodes collection. This

method has three parameters that specify the x, y and z coordinates of the node in the
global coordinatsystem. The y and z parameters are optional values and have a default
value of 0.0. The position of the node will be set using the current units of length that
are set within the Multiframe application. For example, the following demonstrates how

to add a node to a structure.
Dim myNode as Multiframe.Node
Dim xVar,yVar as Variant

6Set units to metres
Call mfApp.Preferences.SetUnit(mfUnitLength, "'m")

6Add node at x=1,y=4,2z=5
Set myNode = myFrame.Nodes.AddNode(1.0, 4.0, 5.0)
In this example, the scrigets the unit lengths to metres before adding the node.

Adding nodes one by one can be tedious and very time consuming using automation. A
virtually unlimited number of nodes can be created using\tli\odes method of the

Nodes collection. This methodiso has three parameters corresponding the coordinates

in the global x, y and z directions, and returmséoael ist object containing each of the

nodes added to the structure. Each of the parameters to this method may be an array of
values, containing a e for each of the new nodes, or a single value that will be

applied to each of the new nodes. The parameters for the y and z parameters are optional
and have a default value of 0.0. This is very convenient when working on a 2D structure
or even a contiuous beam as the redundant direction can be ignored. Some examples of

using theAddNodes method follow.
Dim myNodeList as New Multiframe.NodeList
Dim xVar,yVar as Variant

6Set units to metres
Call mfApp.Preferences.SetUnit(mfUnitLength, "m")

'‘Add nodes  for a 3 element continuous beam 12 units long
Set myNodelList = myFrame.Nodes.AddNodes(Array(0.0, 4.0, 8.0,

12.0))

'‘Add nodes for a portal frame, 12 m wide, 4m/5.25m high

xVar = Array(0.0,0.0,6.0,12.0,12.0) 6x coords
yVar = Array(0.0,4.0,5.25,4.0,0.0) Oy coords

Set myNodelList = myFrame.Nodes.AddNodes(xVar, yVar)
A feature of Multiframe is that only a single node can exist at any point in space. When
adding a node to the structure, Multiframe will test for the existence of a node at the
specified locatia. If such a node exists, a new node will not be created, and the existing
node will be returned to the user instead.

Page 42




Chapter 4 Modelling the Frame

Automatically create nodes when adding Elements.

When creating the geometry of a frame it is not necessary to specify the
individual nodes and then add elements by connecting the individual nodes.
A simpler method is to directly create elements by specifying the locatipn of
its ends. In this case, nodes will automatically be added to the frame if a
node does not already exist at the djatilocation.

Properties

TheNode object encapsulates the data describing a joint within a structural model.
These properties described the position of the node, the orientation of the nodes local
axes and if the node is pinned or rigid. T¥mle objectalso provides several other
properties that provide information about other items that are connected or associated
with the node such as springs, restraints and joint masses.

The position of a node in global space is specified using, ther z propertes of the

Node object. These properties, which give the location of the node in each of the global
directions, are expressed in terms of the length units currently in use within the
Multiframe application. The coordinates of the node may also be reésteising the

xyz property that returns the position of the node as a variant containing an array of three

values.
Dim myNode as Multiframe.Node

6Get reference to node
Set myNode = myFrame.Nodes(21)

6Scale x coord of node by 4 ti mes
myNode.x = myNode.x  *4.0

6Set position of node
myNode.xyz = Array(10.0,2.0,1.0)

The orientation of a node is controlled by theentX, OrientY, OrientZ properties of
theNode object. They define the rotations of the global axes that are combined to give
the orientation ofthe local nodal axes. To complement these three properties, the
Orientation property provides access to the same information as an array of three values.

ThePinned property of theNode object defines if a node as pinned or rigid. This
Boolean valued perty is equal to true when the node is a pinned node.

A list of the springs attached to a node can be obtained usiggthes property of the
Node object. This read only property returnSjaringList object which references each
spring applied tohte node. The springs attached to several nodes within a structure can
be determined using the Springs property of\tbéeList object which returns a

SpringList object containing all the springs connected to any node contained within the
list of nodes.
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Di m myNodeList as New Multiframe.NodeList
Dim mySpringList as New Multiframe.SpringList

6Get all nodes connected to node 15
Set mySpringList = myFrame.Nodes(15).Springs

6Get all springs connected to nodes 1,2 and nodes
my NodelLi st . Ad-doml1, 2, 5
Set mySpringList = myNodeList.Springs

6Get all springs in frame

myNodelList.Clear

myNodeList.Add myFrame.Nodes

Set mySpringList = myNodeList.Springs
Similarly theRestraints andMasses properties return list of any restraints or node
masses attached to a eod

TheUserData andUserDataUnits properties enable values other than those defined
within Multiframe to be stored with each node. These properties take a single parameter
identifying separate values to be stored with the node thus allowing any number of
values to be stored with each node. Furthermore, each value is stored as a variant data
type so that strings, numbers or even arrays may be stored with each user data entry. To
provide compatability of the user data with the handling of units within auttie the

type of units associated with each user data entry may be set usivgethetaUnits

property. By default each user data value is assumed to be dimensionless. A simple

example demonstrating these properties if shown below
Dim myNode as Multifra me.Node

6 Get reference to node
Set myNode = myFrame.Nodes(21)

6Store user data values

my Node. UserData(1l) = 12.5 6 number

my Node. User Data(2) = AABCO 6 string

my Node. User Data(3) = 6.0 6 Length value
myNode.UserDataUnits(3) = mfUnitsLength

msgboWMsd&ér Data 1 = 0
msgbox AUser Data 2 0+ myNode. User Dat a(2)
msgbox fiUser Data 3 0+ myNode. User Dat a( 3)

Note units conversions will only be applied to user data values represented as numbers.

my Node. User Dat a( 1)

non+t

Methods

A list of loads applied to a nodercae obtained using thevads andPreDisps methods

of theNodes object. These methods take a single parameter identifying the load cases
that are to be considered when compiling the list of loads. This parameter is optional,
and, if omitted, this methodill return all the loads applied to the node as part of any
load case within the frame. Theads andPreDisps methods return the list of loads as
NodelLoadList or NodePreDispList objects respectively. The flexibility of these
methods is demonstrated bslo
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Dim myNode As Multiframe.Node
Dim myLoadList As New Multiframe.NodeLoadList
Dim myDispList As New Multiframe.NodePreDispList

‘Get reference to node 5
Set myNode = myFrame.Nodes(5)

'Get all loads applied to node 5 in load case 1
Set myLoadList = myNode. Loads(1)

'Get all prescribed disps applied to node 5 in load case 3
Set myDispList = myNode.PreDisps(myFrame.LoadCases(3))

'Get all loads applied to node 5 in load cases 1to 3 and 5
Set myLoadList = myNode.Loads("1 -3,5")

‘Get all loads applied to node 5 (all load cases)
Set myLoadList = myNode.Loads(myFrame.LoadCases)

The Results method of thélode object provides a means of directly accessing the

results at a node from a particular analysis, without navigating through the hierarchy of
theResults objed. This method takes three parameters; the first is a variant parameter
identifying the load case for which the results are required, the second identifies the type
of analysis. The third parameter is redundant and has been included for future expansion
of the automation interface. The=sults method returns BlodeResult object that
encapsulates access to the displacements and reactions at the node. This object is
described in detail iChapter?.

TheNode object also providesvo methods for transforming an array of values between
global and local nodal coordinates. These methods can transform arrays containing
either 3 or 6 values. TheélobalToLocal method, as the name suggests, transforms
values from the global coordinaggstem to the local nodal coordinates as defined by the
nodal orientation. Conversely, thecalToGlobal method transforms values expressed
in the local nodal coordinates back to global coordinates. A typical application of
transforming values betweenardinate systems is in transforming the reactions
(expressed in global coordinates) at a hode with an inclined restraint to determine the
reactions normal to the restraint.

Dim myNode As Multiframe.Node
Dim r As Variant
Set myNode = myFrame.Nodes(1)

6 G e vector of nodal reactions wrt global axes
r = myNode.Results(1, mfAnalysisStatic).Reactions

6Tranform reactions to | ocal nodal axes
r = myNode.GlobalToLocal(r)

Elements

TheElement object represents an elemeavithin a structure. This object encapsulates

all the properties of an element such as its position, section type, end releases and
orientation of the local axes. All the elements that form a structure are contained within
the Elements collection thais stored as part of tHeame object.

([ om )

Elements (Element) |
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A summary of all the properties and methods offileenent object are listed in the table
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below.

Properties Type Description

FlipSectionXX Boolean Get/Set whether the elements
section § flipped about itsJaxis.

FlipSectionYY Boolean Get/Set whether the elements
section is flipped about itsgxis.

Length Double Read Only. Returns the length of
the element.

Member Member Read Only. Get the design membx
to which the element is paof.

Node* Node/Variant Get/Set the node at a specified en:
of the element.

Nodes NodelList Read Only. Returns a list of all
nodes connected to the element.

Offset* Variant Get/Set the rigid offsets at a
specified end of the element.

OffsetsLocal Boolean Get/Set whether the end offsets ar
defined in local or global
coordinates.

Orientation Double Get/Set the orientation of the
element.

Releases* Variant Get/Set the releases at the ends o
the element.

Section Section/Variant  Get/Set the section.

Slope Double Read Only. Get the slope of the
element.

SlopeXY Double Read Only. Get the slope of the
element in the XY plane.

SlopezX Double Read Only. Get the slope of the
element in the Z plane.

SlopezZY Double Read Only. Get the slope of the
elenent in the ZY plane.

Type mfElementTyp  Get/Set the type of the element.

e

UseDynamicSelfWeig Boolean Get/Set whether the selfeight of

ht the element is to be considered in
dynamic analyses.

UseShearAreaY Boolean Get/Set whether the shear deflecti
in the local yaxis is to be
considered in an analysis.

UseShearAreaZ Boolean Get/Set whether the shear deflectis
in the local zaxis is to be
considered in an analysis.

UseStaticSelfWeight Boolean Get/Set whether the selfeight of
the element is to be neidered in
static analyses.

XYZ* Variant Read only. Returns the position of
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Properties Type Description
a specified end of the element.

X* Double Read only. Returns the x
coordinate of a specified end of the
element.

Y* Double Read only. Returns they
coordinate of a specifieehd of the
element.

Z* Double Read only. Returns the z
coordinate of a specified end of the
element.

UserData Variant Get/Set user defined value stored
with the element.

UserDataUnits mfUnitType Get/Set the units of the user define
value stored witlthe element.

*Denotes a property that takes a parameter specifying an end of the element.

Method Returns Description

GlobalToLocal  Variant Transforms a vector of values from globa
to local element coordinates.

Loads NodeLoadList Returns the loads apptl to the element by
specified load cases.

LocalToGlobal  Variant Transforms a vector of values from local
element coordinates to global coordinate:

Results ElementResult Returns the results at the element for a
specific analysis and load case.

SetSection Sets the section type of the element.

Subdivide ElementList Subdivides the element and returns a list
the elements that form the original
element.

ThermalLoads ThermalLoadLis  Returns the thermal loads applied to the

t element by specified load &5

GetUserData Variant Returns variant arrays containing the
values and units of the specified user dat
fields.

SetUserData Variant Sets the values and units of the specified

user data fields.

TheApplication, Frame, Number, Label andIndex properties as well as thBelete
method are common to many objects and are descrili@dapter2.
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A note on Properties

The properties of an object are most commonly used without any
parameters. However, properties may be defined to bagerameter in
much the same way that a method accepts parameters. Unlike methods,
these properties can be directly set equal to a value. These types of
properties have been used in the Multiframe automation interface to prpvide
a simple means of aca@sg some properties. A common use is for the
properties of an element that pertain to a particular end of the element,
These are accessed via a single property df kheent object that accepts
a single parameter identifying an end of the element. SDde example is
the rigid offsets at the end of an element; the offset at the first node can be
set using the following code

MyFrame.Elements(1).Offset(1)=Array(1.0,0.0,0.0)

Adding Elements

A new element is added to the frame usingAtieElement methodof the Elements

collection. This method accepts up to six parameters that specify either the nodes at each
end of the element or the x, y and z coordinates of the ends in the global coordinate
system. When adding the positomdthaelemanta it 6 s
will be set using current units of length that are set within the Multiframe application. If

a node already exists at one or both of the specified end points, the element will
automatically be connected to the existing nodean ¥nd point does not exist, a new

node will be created at that position. The coordinates of the ends can be specified in
three ways; the first uses only the first parameter oftli=lement method and

specifies the coordinates as an array of six vallibg. second method uses two

parameters and specifies the coordinates of each end as an array of three values. The
final method uses all six parameters and specifies each component of the end coordinates
separately. For example, the following demonstrdtteglifferent methods for adding an

element to a structure by specifying the coordinates at the end of the element.
Dim myEl as Multiframe.Element

6Set units to metres
Call mfApp.Preferences.SetUnit(mfUnitLength, "m")

With myFrame.Elements
6 Add e htéameen (1,3,0) and (1,8,0)
Set myEl =.AddElement(1,3,0,1,8,0)

6Add el ement bet ween (1,8, 0) and (7,9, 0)
Set myEl =.AddElement(Array(1,8,0), Array(7,9,0))

6Add el ement between (7,9,0) and (12, 3, 0)
Set myEl =.AddElement(Array(7,9,0,12,3,0))

End With
When adding an element between two nodes there are also a number of variations on
how the nodes are specified. In this case, the first two parameters can be any
combination of variant values representing a node within the model (i.e. the nogles ind
or the nodes object). This is demonstrated in the following code.
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Dim myEl as Multiframe.Element

6Set units to metres
Call mfApp.Preferences.SetUnit(mfUnitLength, "m")

With myFrame.Elements
60Add el ement between nodes 1 and 4
Set myEl =.AddElemen  t(myFrame.Nodes(1), myFrame.Nodes(4))

6Add el ement bet ween nodes 2 and 6
Set myEl =.AddElement(2,6)

End With
A number of elements can be created usingitive=lements method of theézlements
collection. This method accepts up to six parameters wigieh the same meaning as
the parameters used by thedElement method. However, each of these parameters
may be an array of values for each of the new elements, or a single value that will be
applied to each of the new elements.

Dim myElList as New Multi frame.ElementList
Dim xVar,yVar as variant

xVar = Array(0,0,0, -1,1,0,2,1,0)
yVar = Array(5,0,0,4,1,0,7,1,0)

With myFrame.Elements
6Add el ement bet ween (1, 3,0) and (1,8, 0)
Set myEl =.AddElements(xVar, yVar)

60Add el ement between (1,8,0) and (7,9, 0)
Set myEl =.AddElements(Array(1,8,0), Array(7,9,0))

60Add el ement between points (7,9,0) and (12,
Set myEl =.AddElements(Array(7,9,0,12,3,0))

6Add el ement bet ween nodes 1 & 4, 2 & 3, and
Set myEl =.AddElements(Array(1,2,3), Array(2,3,4 )

0Add el ements between nodes 1, 2,3 and node 5
Set myEl =.AddElements(Array(1,2,3),myFrame.Nodes(5))

End With
In Multiframe only a single element can exist between two specific nodes. When adding
an element to the structure, Multiframe will test tiee existence of an element between
the specified nodes and, if such an element exists, a new element will not be created.
Instead the existing element will be returned to the user b{dhelement or
AddElements methods.
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Properties

The section type ahorientation of an element are referenced vigStheion,

Orientation, FlipSectionXX, andFlipSectionYY properties of thé&lement object.

The Section property identifies th&ection object that represents the section currently
allocated to the elemenWhen setting th&ection property, the new section can be
specified using &ection object or by its name. In this case Multiframe will search the
section library to locate a matching section. Additional functionality for setting the
section type is prodied by theSetSection method described in the next section. The
orientation of the section, expressed in the current angle units, is controlled via the
Orientation property. For sections that are not double symmetric, the orientation
method is complemeadl by the~lipSectionXX, andFlipSectionYY properties that
provide a means of correctly positioning the section in relation to the element. When
these properties are set true, the orientation of the section will be flipped about the
specified axis. A simp example setting the section type and orientation of an element is

shown below.
Dim myEl as Multiframe.Element
Dim s as string

6Get reference to element 12
Set myEl = myFrame.Elements(12)

6Set section type using two different met hods
myEl.Section = mfA pp-SectionsLibrary.Groups(1).Sections(3)
my EIl . Section = A610UB1010

6Set section orientation
myEl.Orientation = 45.0

myEl.FlipSectionXX = true

myEl.FlipSectionYY = false

O6Notify user of elements section type
s = "Element: "+Str(myEIl .Indepe) +0 has section
0+myEIl . Section. Name

MsgBox s, vbOKOnly, "Multiframe"
TheType property of thezlement object in an enumerated value of type
mfElementType. It controls the type of the element that may be set as standard
(mfEltypeStandard), tension only iifEltypeTensionOnly), or compression only

(mfEItypeCompressionOnly).
Dim myEl as Multiframe.Element

6Set el ement at tension only
myFrame.Elements(6).Type = mfEltypeTensionOnly

6Set el ement at compression only
myFrame.Elements(8).Type = mfEltypeCompressionOnly

The lengh and slope of an element can be determined from theordggbroperties

Length, Slope, SlopeXY, SlopeZX, andSlopeZY. Thelength property returns the
length of the member in the current length units. Note the length of the member is
measured between@points defined by the end offsets and is NOT the distance
between the nodes defining the element. The four methods for returning the slope of the
member return a value in terms of the current angular units set within Multiframe. The
Slope method retursa the slope of the member in theYXplane and corresponds the
slope of the elements displayed in the user interface. The other three slope methods
return the slope of the element in a specific plane.SThee XY returns the slope of the
member in the XYplane that is measured from the X to th@xés. Similar the

SlopezZX andSlopeZY properties return the slope of the element in the ZX and ZY
plane respectively, with the angle measured from the Z axis.
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Dim myEl as Multiframe.Element
Dim s as string

6 Ge t eference to element 10
Set myEl = myFrame.Elements(10)

O6Notify user of elements slope in XY plane
s = "Slope of Element in XY plane is: "+Str(myEl.SlopeXY)
MsgBox s, vbOKOnly, "Element "+Str(myEl.Index)

O6Notify user of elements slope in ZX plane
s="Slo pe of Elementin ZX plane is: "+Str(myEl.SlopeZX)
MsgBox s, vbOKOnly, "Element "+Str(myEl.Index)

Four properties of theElement object are flags used to control the analysis of the

element. ThéJseDynamicSelfWeight andUseStaticSelf\Weight properties are

boolean properties controlling the inclusion of an elements mass in an analysis. When
UseStaticSelfWeight is set equal to true, the elements-sadight will be accounted for

in any selfweight load cases. Similarly, when theeDynamicSelfWeight property is

set true, the elements mass will be considered when performing a modal or time history
analysis. ThélseShearAreaY andUseShearAreaZ properties control whether or not

an elements shear deformation, about a particular axis, is to be accounted for in an
aralysis. When set true, these properties indicate that an elements shear stiffness will be
considered in a static analysis of the structural model.

The moment releases at the end of an element are controlled usitwdhees

property or theéclement objed. This property takes a single parameter that specifies an
end of the member and returns an array of six boolean values representing the release of
the end action in the direction of each degree of freedom. When a value in this array is
set true, a relse is applied to the corresponding degree of freedom. As Multiframe only
supports the release of end moments, only théand & elements of this array are

significant. An example on using end releases follows.
Dim myEl as Multiframe.Element

6 G e teference to element 9
Set myEl = myFrame.Elements(9)

6Set pinned ends at both ends of el ement
myEl.Releases(1)=Array(false,false,false,true.true,false)
myEl.Releases(2)=Array(false,false,false, true.true,false)

The rigid end offsets at the end of a mendre encapsulated l6yffset property of the
Element object. This property also takes a single parameter that specifies an end of the
member and returns an array of three values representing the offsets in each direction of
the axis system. The axis systén which the offset is applied is specified by the
OffsetsLocal property of the=lement object. When this property is equal to true, the
offsets will be measured in the elements local coordinate system. Otherwise the offsets
are computed in the global@alinate system. Each component of the offsets is measured
in the current units of length set within Multiframe.
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Dim myEl as Multiframe.Element

With myFrame
60Apply offsets to both ends el ement 2

600f fsets applied 1 unit along |l ength of member
.Elemen ts(2).Offset(1) = Array(1.0,0,0) 6start

offset
.Elements(2).Offset(2) = Array( -1.0,0,0) 6end of fset
.Elements(2).OffsetsLocal = true
60Apply offsets to start el ement 3
60f fset applied 1 wunit in both global x and y di
.Elements(3).Offset( 1) = Array(1.0,1.0,0) 6start offset
.Elements(3).OffsetsLocal = false

End With

The node at an end of an element is referenced bydte property of theclement

object. This property takes a single parameter identifying an end of the element. This
property returns thélode object corresponding to the node, however a number of
alternative values can be used to set this property to a new value. In fact, this property
can be set using any variant value that can be interpreted as a node. This indludies a
object, a nodes index within the frame or even it position. To complemexibtize
property, theéNodes property returns &lodeList object containing all the nodes that

define the element.
Dim myEl as Multiframe.Element
Dim myNodel, mynode2 as Multifra me.Node

6Get reference to element 12
Set myEl = myFrame.Elements(12)

6Get reference to nodes at each end of member
Set myNodel = myEI . Node(1) 6Node at start of ele
Set myNode2 = myEI . Node(2) ONode at end of el eme

O6Move end of el emennnodes4andibet we e

myEl.Node(1)
)

n
4
myEl.Node(2) =5

6Move node at el ement end to position (1.5,2.0,0.
myEl.Node(1) = Array(1.5,2.0,0.0)

Note when specifying a new end node by its coordinates, Multiframe will search for an
existing node and connect tHement to that node. If a node does not exist at the
specified location, a new node will automatically be created.

The position of an elements end can be determined using thandZ properties of the
Element object which each return a single comporadrihe ends position in global
coordinates. Th&YZ property provides a faster method of accessing all three
components of an end position and returns the coordinates as an array of three values.
As with theNode property, each of the methods takesmgle parameter identifying an

end of the element.

TheUserData andUserDataUnits properties enable values other than those defined
within Multiframe to be stored with each element. These properties take a single
parameter identifying separate values tatoeed with the element thus allowing any
number of values to be stored with each Element. Furthermore, each value is stored as a
variant data type so that strings, numbers or even arrays may be stored with each user
data entry. To provide compatabiliy the user data with the handling of units within
Multiframe the type of units associated with each user data entry may be set using the
UserDataUnits property. By default each user data value is assumed to be
dimensionless. A simple example demonstgathrese properties if shown below
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Dim myElement as Multiframe.Element

6Get reference to EIl ement
Set myElement = myFrame.Elements(21)

6Store user data values

my El ement . UserData(1l) = 12.5 6 number
my El ement . User Data(2) = AABCO 6 string
myElement.UserD at a(3) = 6.0 6 Length value

myElement.UserDataUnits(3) = mfUnitsLength

msgbox fAUser Data 1 0+ myEIl ement. User Data(1)
msgbox fiUser Data 2 0+ myEIl ement . User Dat a(2)
msgbox fiUser Data 3 = 0+ myEIl ement. User Data(3)

Note units conversions will only be apgal to user data values represented as numbers.

Finally, theMember property returns thilember object corresponding to the design
member of which the element is a part.

Methods

TheSetSection method of thezlement object is used to specify the sectiopayof an

element. This method takes up to two parameters that specify the section and optionally

the group in which it is contained. The section can be identified in a number of ways;

the first is simply by the index of the section and the group in whisltontained. In

this case the group can be specified by its index within the sections library, its name or

by passing &ectionGroup object. The second method of setting the section is to use

itdéds name. I n t his cas ane wilbseajch thaieptireisectionse q u i r ¢
library to locate the sections. The final way of setting the section type is to pass a

Section object. Some typical uses of this method are shown in the following code.
Dim myEl As Multiframe.Element
Dim mySection as Mul tiframe.Section

60Get reference to el ement 5
Set myEl = myFrame.Elements(5)

'Set section to the fourth section in the second group
Call myEl.SetSection(4,2)

'Set section to sixth section in the group nhamed UB

Call myEI . Set Section(6, 0UBO)
'Set section to section named 610UB101
Cal | my EIl . Set Section(fA610UB1010)

'Set section to fifth section in fourth group using section
object.

Set mySection = mfApp.SectionsLibrary.groups(4).Sections(5)
Call myEl.SetSection(mySection)

As the name suggests, thebdivide method can be used to split an element into a

number of smaller elements. The method takes a single a single parameter that specifies
the proportions into which the element will be split. This parameter can be used in two
ways; if a single integer value pmssed the element will be split into the specified

number of elements of equal length. Alternatively, the element may be split into arbitrary
size elements by passing an array containing the relative size of each of the subdivided
elements. For example;
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Dim myEllist As Multiframe.ElementList

6Split el ement 5 into 4 equal size el ements
Set myEllist = myFrame.Elements(5).Subdivide(4)

6Split element 3 into 3 elements

06End quarters of the el ement will be made into se
elements.

Set myEllist = myFrame .Elements(3).Subdivide(Array(1,2,1))

The Subdivide method returns ailementList object containing the elements into
which the original element was split.

A list of loads applied to an element can be obtained usingcthés and

ThermalLoads methods of ta Element object. These methods take a single parameter
identifying the load cases that are to be considered when compiling the list of loads.
This parameter is optional, and, if omitted, this method will return all the loads applied to
the element as peof any load case within the frame. Theads andThermalLoads

methods return the list of loads@smentLoadList or ThermallLoadList objects

respectively. The flexibility of these methods is demonstrated below
Dim myE| As Multiframe.Element
Dim myLoadL ist As New Multiframe.ElementLoadList
Dim myThermLoadList As New Multiframe.ThermalLoadList

'Get reference to element 5
Set myEl = myFrame.Elements(5)

'Get all loads applied to element 5 in load case 1
Set myLoadList = myEl.Loads(1)

Add to list the loa ds applied in the | oad case named #ALi\
Loadso
myLoadlist. Add myEI . Loads(iALive Loadso)

'Get all thermal loads applied to element 5 in load case 3
Set myThermLoadList = myNode.PreDisps(myFrame.LoadCases(3))

'Get all loads applied to element 5 in load case slto3and5
Set myLoadList = myNode.Loads("1 - 3,5

‘Get all loads applied to element 5 (all load cases)
Set myLoadList = myNode.Loads(myFrame.LoadCases)

TheResults method of thezlement object provides a means of directly accessing the
results at a eiment from a particular analysis, without navigating through the hierarchy
of theResults object. This method takes three parameters; the first is a variant
parameter identifying the load case for which the results are required, the second
identifies thetype of analysis. The third parameter is currently redundant and has been
included for future expansion of the automation interface. Rdwilts method returns
anElementResult object that encapsulates access to the elements actions and
displacements. fiis object is described in detail Ghapter?.

TheElement object also provides two methods for transforming an array of values
between global and local coordinates. These methods can transform arrays containing
either 6 or 1%alues. TheslobalTolocal method, as the name suggests, transforms
values from the global coordinate system to the elements local coordinates as defined by
the its orientation. Conversely, thecalToGlobal method transforms values expressed

in the elemats local coordinates back to global coordinates. A typical application of
transforming values between coordinate systems is in transforming the displacements
(expressed in global coordinates) at a node to values expressed in terms of an elements
local cardinate system.
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Dim myEIl As Multiframe.Element
Dim r As Variant

6Get reference to el ement 1
Set myEl = myFrame.Elements(1)

6Get vector of nodal di spl acements wrt gl obal axe
r = myEl.Node(1).Results(1, mfAnalysisStatic).Disps

6Tranform react iabatementages| oc
r = myEl.GlobalToLocal(r)

Restraints

Each restraint applied to a node within a Multiframe structural model is represented by a
Restraint object. All of the restraints applied to the stural model are listed within a
Restraints collection that is stored as part of thexme object.

([ om )

Restraints (Restraint) |

A summary of all the properties and methods ofRfhetraint object are listed in the
table below.

Property Type Description

Code Variant Read Only. Returns an array of values identifyi
the restrained degrees of freedom applied by th
restraint.

DOF Boolean Get/Set whether a specific degree of freedom ir
restrained.

Global Boolean Get/Set whether the restraint is appliedha
global or local nodal coordinate system.

Kind String Get/Set the kind of the element.

Node Node/Variant Get/Set the node to which the restraint is applie

Type mfRestraintTyp  Get/Set the type of restraint.

e

TheApplication, Frame, Number, Label and Index properties and thBelete method
are common to many objects and are describ&hapter2.
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Restraining Nodes

A new spring can be attached to a node by calling\tligkestraint method of the

Restraints collection. This rethod has two parameters that specify the node to which
the restraint is to be attached and the degrees of freedom to be restrained. The node to
which the restraint is applied is passed as a variant parameter and so the node can be
identified using eitheits index or by using &lode object. The degrees of freedom to be
restrained at a node can be described in three ways. The simplest method is by name,
which allows standard restraints such as rollers, pinned, or rigid restraints to be applied
very easl. Standard restraints can also be identified by an enumerated value of type
mfRestraintType. The last technique allows each degree of freedom to be individually
restrained. The names and enumerated values describing the standard type of restraints
aredescribed later in this section. The following code demonstrates the different

parameters that can be used when adding a restraint to a node.
Dim myRest As Multiframe.Restraint

With = myFrame.Restraints
60Add pinned restraint to node 1
Set myRest

=.A ddRestraint(1,Array(True,True, True,False,False,False))

60Add roller restraint to node 2
Set myRest =.AddRestraint(2, mfRestraintPinnedxRoller)

6Add rigid restraint to node 3
Set myRest = .AddRestraint(3, "Rigid")
End With

Properties

TheNode propety of theRestraint object identifies the node to which the restraint is
attached. This property, which provides a referenceé\tocke object, may also be used

to change the node to which the restraint is applied. This property may be set equal to
any vaiant value that represents a node.

The degrees of freedom restrained by a restraint are specified iadbegroperty of

the Restraint object. This property is an array of six Boolean values, each value
corresponding to a degree of freedom at the node restrained. When an entry in the
array is set true, the corresponding degree of freedom will be restrained. A degree of
freedom can also be restrained vialtlie~ property. This property has a single
parameter of typenfDOF that specifies a degeeof freedom and has a Boolean value of
true if that degree of freedom is restrained.

A number of standard restraints may be identified using an enumerated value of type
mfRestraintType or by name. These standard types of restraints are listed in lihe tab
below. TheType property of theRestraint object is used to specify the type of restraint
using the enumerated value. This is complemented byitlieproperty that specifies
the type of the restraint by name. Both of these properties may be us¢thtype of

restraint.
Restraint Name mfRestraintType Value
Pinned mfRestraintPinned 1
Rigid mfRestraintFixed 2
X Roller mfRestraintPinnedxRolle| 3
y Roller mfRestraintPinnedyRolle| 4
z Roller mfRestraintPinnedzRolle| 5
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x Guide mfRestraintRigidxRller
y Guide mfRestraintRigidyRoller
z Guide mfRestraintRigidzRoller

mfRestraintRotational
mfRestraintUnknown

O|©O|0 | N|IO

The Global property of a restraint determines if the restraint is applied in the global
coordinate system of the local coordmaystem of the node to which the restraint is
applied. All nodes added within Multiframe are by default added in the local coordinate
system and it is advisable not to change this property from the value set by Multiframe.

Finding all the Restraints at a Node

All the restraints at a node can easily be obtained usingedheaints
property of theNode object. This property returnstgestraintList object
that contains a reference to every restraint applied to that node. The
Restraints property of a\odelList object extends this functionality and
returns aRestraintList containing all the restraints attached to any of the
nodes in the list.

This technique can be applied to determine the associate between many
other objects within the model.

Springs

A spring attached to a node within a structure is represente& byray object. This

object encapsulates all the properties of the spring such as its direction and stiffness. All
the springs utilised in a structl model are contained within tBgrings collection

which can be referenced directly from theame object using the property of the same
name.

([ om )

Springs (Spring) |

A summary of the properties of th@ring object are listed in the table below.

Property Type Description

DOF mfDOF Get/Set the degree of freedom in which the spri
acts.

Global Boolean Get/Set whether the spring is directed in the
global or local nodal coordinate system.

Kind String Get/Set the kind of the spring.

Node Node/Variant Get/Set node to which the spring is attached.

Value mfRestraintTyp  Get/Set the stiffness of the spring.

e
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TheApplication, Frame, Number, Label andIndex properties and thBelete method
are common to many objects and are describ&hapter2.

Adding a Spring

A new spring can be attached to a node by calling\tlis5pring method of thé&prings
collection. This method has three parameters that specify the node to which the spring is
to be attached, the direction in whiitte spring acts and its stiffness. The node to which
the spring is attached is passed as a variant parameter and so the node can be identified
using either its index or by using\ade object. The second parameter is an enumerated
value of typemfDOF that identifies the degree of freedom in which the spring acts. The
final parameter specifies the stiffness of the spring in terms of the current units of spring
stiffness that are set within the Multiframe application. For example, the following code

demorstrates how springs may be added to a structure.
Dim mySpring as Multiframe.Spring

6Get springs collection
With myFrame.Springs

6Add vertical spring at node 2
Set mySpring = .AddSpring(2,mfDOFy,10.5)

6Add torsional spring at node 5
Set mySpring = .AddSpring(myFrame.Nodes(5),
mfDOFthetaz,0.25)

End With
A number of springs can be added in a single call to the automation interface using the
AddSprings method of thesprings collection. This method takes three parameters that
have the same meaniag those passed to thddSpring method. However, each of the
parameters may be an array of values, containing a value corresponding to each new
spring, or a single value that will be applied to each of the new springs. Some examples

of how this method @y be used are shown in the following script.
Dim mySpringList as New Multiframe.SpringList
Dim myNodeList as New Multiframe.NodeList
Dim stiffness as Variant
const DtoR = 3.14159/180.0 OFactor to convert
degrees to radians

With myFrame.Springs

'‘Add h orizontal spring to node 5
Set mySpringList = .AddSprings(5,mfDOFx,5.75)

'Add springs to nodes 1 representing spring inclined at 60
degrees

stiffness= Array(5.0*cos(60*DtoR),5.0*sin(60*DtoR))

Set mySpringList =

.AddSprings(1,Array(mfDOFx,mfDOFy),s tiffness)
'‘Add springs to nodes 1 to 10 and nodes 15 and 20
Set mySpringlList = . -AddSpr,i2mMgs, (MIDOFt het az, 6. 5)
End With
Properties

The Spring object encapsulates the data describing a joint spring within a Multiframe
structural model. Thidata, which includes information describing the node to which the
spring is attached, the direction of the spring and its stiffness, can be access via the
properties of this object.
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TheNode property of theSpring object identifies the node to which tegring is

attached. This property, which provides a referenceé\tocke object, may also be used

to change the node to which the spring is applied. It can be set equal to any variant value
that can be used to identify a node.

The direction in which thepring acts is specified by thEOF property of theSpring

object. This property is an enumerated value of tyfieOF. Linear springs are applied

with aDOF of mfDOFx, mfDOFy or mfDOFz while torsional springs are specified

with aDOF of mfDOFthetax, mfDOFthetay or mfDOFthetaz. The axes to which

these degrees of freedom refer are specified bithieal property. This Boolean

property is set true then the spring is acting in the direction of the global coordinate axes.
If the Global property is false he spring is directed along the local axes of the node to
which the spring is attached. The direction and axes may also be specified using the
Kind property. This property is a character string describing the direction of spring and
the axes to which thiead is applied.

The stiffness of a spring is stored in th&ue property of theSpring object. This
property describes the springbs stiffness i
currently set within the Multiframe application. An exampldow these properties

may be changed is as follows
Dim mySpring as Multiframe.Spring

6Get reference to a spring
set mySpring = myFrame.Springs(1)

6Move spring to node 5
mySpring.Node = myFrame.Nodes(5)

6Set spring to have stiffnesdinglébaly units applie
direction

mySpring.DOF = mfDOFy

mySpring.Value = 5.0

mySpring.Global = true

6Change sp hat it acts in the | ocal x d
my Spring. K

Node Linking

Joint linkingor master/slave grouping in a model is represented using the
NodeLinkGroup object. This object encapsulates all the properties of the linked group

of nodes such as which degrees of freedom are linked, the linked nodes and the name of
the group. All thgoint linking groups in a structural model are contained within the
NodeLinkGroups collection which can be referenced directly from feme object

using the property of the same name.

A summary of all the properties and madls of theNodeLinkGroup object are listed in
the table below.

Property Type Description
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