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Preface 

Strand7 is a general-purpose finite element analysis system developed by 

Strand7 Pty Ltd.  It has been specifically designed for Windows®.  Strand7 is 

a standalone system comprising pre-processing, post-processing and solver 

functionality.  It provides a single, consistent environment for the creation and 

analysis of finite element models and the extraction of results.  The entire 

Strand7 system is researched and developed by the one development team and 

this has resulted in a highly integrated system. 

Strand7 is well suited to companies of all sizes involved in aeronautical, civil, 

mechanical, naval architecture, structural and geotechnical engineering, and in 

heavy industry and materials handling.  With its sensible pricing structure, it 

is within reach of even the smallest consultancy.  

Solver capabilities in Strand7 include: 

 Linear static 

 Linear buckling 

 Load influence (with moving load functions) 

 Natural frequency 

 Harmonic response 

 Spectral response 

 Nonlinear static and quasi-static (with automatic load stepping, re-

start functions and construction sequence simulation) 

 Linear and nonlinear transient dynamic (with automatic load 

stepping, re-start functions and moving load simulation) 

 Linear and nonlinear steady-state heat transfer 

 Linear and nonlinear transient heat transfer (with re-start and moving 

heat simulation) 

The nonlinear solvers support geometric, material (including plasticity and 

large strain) and boundary nonlinearity (i.e. contact).  This nonlinearity can 
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also be included as initial conditions in the natural frequency and buckling 

solvers. 

The pre-processing environment combines fully automatic meshing with a 

powerful set of tools for manipulating both the geometry and the elements 

directly to simplify the modelling of complex engineering structures.  All 

element types can be fully rendered to aid in the visualisation of the model.  

For example, beams with any arbitrary cross-section shape can be displayed 

in 3D as rendered solid beams. 

The post-processing environment has been designed to allow easy extraction 

of the results: graphically on the screen, in spreadsheet format and in printed 

report form.  The reporting and documentation features of Strand7 provide 

sophisticated previewing and printing functions for both graphical and text 

based data.  All aspects of the reports can be customised including company 

letterhead, logos and fonts.  These features are similar to the functionality 

provided by word processors, and are an integral part of Strand7. 

This manual is primarily designed as a “getting started” guide and answers the 

questions about Strand7 that are commonly asked by new users.  However it 

can also serve as a useful reference for users of all levels.  The tutorial section 

of the manual contains a suite of small problems documented in detail.  They 

illustrate some of the pre and post processing functions available in Strand7 

and are intended to assist the user in understanding the general philosophy 

behind the operation of Strand7.  For more detail on the material covered, or 

to obtain information about advanced topics, the Strand7 Online Help should 

be consulted.  The Online Help is a dynamic reference system, complete with 

numerous examples comprising easy to follow hyper-links for navigating 

through the material.
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Introduction 

This book is designed to provide you with sufficient familiarity about Strand7 

to enable you to quickly start using the software. It aims to describe how to 

work with Strand7 rather than documenting the functions.  Detailed 

information about the functions is available in the Online Help.  This book 

assumes that you have: 

 a good understanding of the principles of statics, dynamics and stress 

analysis; 

 familiarity with finite element concepts and terminology; and 

 familiarity with the Windows operating system. 

These are also essential prerequisites for the effective use of Strand7. 

Chapters 1 to 10 describe how to configure and work with Strand7.   

Chapters 11 to 21 contain a series of short, fully documented tutorials.  The 

tutorials consist of a structured, step by step account of the procedures for 

constructing and analysing some basic structures.   

A good way of learning Strand7 is to: 

1. Read Chapters 1 to 4 of this book. 

2. Work through the tutorials in Chapters 11 to 17. 

3. Read Chapters 5 to 10. 

4. Work through the tutorials in Chapters 18 to 20. 

5. Analyse your own structures by following the basic procedures 

described in this book. 

6. Consult the Online Help (referred to as "Help" throughout this book) 

to find more detailed information about advanced functions. 

7. Pay particular attention to the bold text in the left margin of each 

page in this book. 

To configure Strand7 for optimum use under Windows see Appendix 1. 

To find out more about Strand7, you can visit the Strand7 website, 

(www.strand7.com) or contact Strand7 Support by email 

(support@strand7.com).  
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To learn about finite element analysis, we recommend reading one or more of 

the books listed in Appendix 3. 

Notation 

When referring to a process requiring the selection of an option in a 

multilayered menu, the layers are separated by a forward slash and is 

displayed in bold. 

Long version: Choose Copy by Increment from the Tools menu. 

Short version:  Choose Tools/Copy by Increment. 

Introduction to the Tutorials 

The tutorials described in Chapters 11 to 20 provide step by step instructions 

on creating and solving models and examining the results.  The first tutorial 

gives a detailed description of each step from start to finish.  Subsequent 

tutorials add more depth to the problems and so less detail is given on topics 

that were previously covered. You should refer to the Online Help and the 

other chapters of this book when working through the tutorials. 
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CHAPTER 1 
Strand7 Essentials 

Definitions 

Throughout this book and Strand7, we make frequent reference to the 

following: 

Model 

The model is the Strand7 representation of the engineering structure you are 

simulating or analysing.  The model consists of entities, attributes, load cases 

and freedom cases.  The model is also associated with one or more file names 

stored on your computer‟s hard drive. 
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Entities 

Entities are the main building blocks of a Strand7 model. These include 

Nodes, Elements (e.g. a plate or a beam element), Links (e.g. a master-slave 

link), Vertices (for locating geometry) and Faces (e.g. a 2D polygon or a 

cylinder). 

Attributes 

Attributes are characteristics assigned to the entities.  For example, a Node 

Force is an attribute of a node.  It describes a value of force assigned to a 

specific node.  Similarly, a Plate Pressure is an attribute of a plate element. 

Load and Freedom Cases 

You may define any number of load and freedom cases in a Strand7 model.  

A load case groups together a set of load attributes (such as node moment or 

beam distributed load) which act simultaneously on a model (e.g. Load Case 1 

may be wind load and may consist of plate pressure and beam distributed 

load).  In linear analysis, multiple load cases act independently and may be 

solved with each run of the solver.  In nonlinear analysis, different load cases 

may act together in any load increment or time step. 

A freedom case groups together a set of freedom attributes (such as a node 

restraint) which act simultaneously on a model.  In linear analysis, multiple 

freedom cases may be solved with the results of each stored as a separate 

result case.  In nonlinear analysis, different freedom cases may act together in 

any load increment or time step. 

Strand7 Layout 

The Strand7 working environment consists of the following components: 

The Main Tool Bar 

The main tool bar is a rectangular strip, normally located at the top of the 

screen, containing the main menu and main tool bar buttons.  The main tool 

bar is relevant to all the model windows you have opened. 

The Model Window 

The model window is the workspace associated with each model (or file) you 

have opened.  The model window contains its own specific tool bars such as 

the Entity Toggles and Globals tool bars. The model name is displayed in the 

Title bar. 

 

 In linear analysis, 
different load cases may 
be combined together by 
superposition to form a 
combined or secondary 
load case. 

 

 You can open multiple 
models simultaneously 
within Strand7. This can 
be a useful way for 
comparing the results of 
different models or for 
cut-paste operations 
between models. 

 

 The main menu gives 
access to the Strand7 
Online Help, via 
Help/Help Topics. 
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The Status Bar 

The status bar is located at the bottom of each model window.  It gives 

information about entity totals, viewing angles and other context specific 

information.  The status bar reverts to a progress bar during long operations. 

The status bar also responds to click events.  For example, click the Plates 

panel of the status bar to show a summary dialog about the plate elements in 

your model. 

 

 

 

 

 

 The numbers in square 
brackets adjacent to the 
entity totals in the status 
bar indicate the number 
of entities that are 
currently selected. 
E.g. “234[54] Nodes” 
means that the model 
contains 234 nodes and 
54 are currently 
selected. 
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Right Click 

Many commonly used functions are available on a pop-up menu activated by 

a right click on the screen or a dialog box.  For example, a right click on the 

display area of the model window displays a pop-up menu with options for 

view manipulation and display settings.  A right click on the Entity Toggles 

tool bar displays a different pop-up with options that allow the docking of the 

tool bar onto different edges of the model window. 

Browse Tool 

Often models become misplaced because there may be dozens of models in a 

folder or because you have simply forgotten the name.  Choose File/Browse 

to scan a specified folder for all Strand7 models; a thumbnail of each model 

appears on the screen. When the desired model is located it can be opened 

simply by double-clicking on the picture. You can also rename, delete or find 

out statistics about the model. 

If a browsed model contains results, a small contour legend is displayed at the 

bottom left corner of the snap shot. 
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Strand7 Files 

Strand7 stores all the information pertaining to a model inside a single file 

with the extension ST7.  The ST7 file is all you need to archive when making 

backups of your model.  The result data is stored in different files, one for 

each solution type (e.g. the LSA file contains Linear Static Analysis results).  

If you want to backup the result data you should also archive the result files, 

although these can always be generated by solving the model again.  ST7 files 

and the result files are binary files.  They cannot be viewed or edited using a 

text editor.  If you need a text file version of a Strand7 model or the results, 

you can use the export functions or copy and paste from the Online Editor 

and the Results Listings functions. 

Getting Information 

Entity Inspector 

The entity inspector is the quickest and most convenient way of finding out 

information about entities in your model.  Simply move the mouse over an 

entity and hold down the Shift key on your keyboard.  The entity inspector 

lists information about the entity such as its number, ID, group name, 

attributes and coordinates of nodes.   

 

 
 

 The entity inspector is 
activated by pressing the 
Shift key. 

 By using Ctrl + Shift the 
entity inspector will 
display data for the 
nearest entity regardless 
of the active entity types. 

 You can change the font 
used by the entity 
inspector by choosing 
File/Preferences. 
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For elements, the connections, lengths, areas and volumes are also given.  

Note that the entity inspector highlights only those entity types that are active 

on the entity toggles of the main tool bar (see “Selecting Entities” on page 

27). To override the entity toggles settings and inspect whatever is under the 

mouse cursor, hold down the Ctrl key together with the Shift key. 

The Whiteboard 

The whiteboard is a resizable dialog box, activated by choosing 

Summary/Whiteboard.  Like the entity inspector, the whiteboard is used to 

gather information about the model (specifically about those entity types that 

are active on the entity toggles of the main tool bar). The main differences 

between the whiteboard and the entity inspector are as follows: 

 The whiteboard gives additional information such as the distance 

between nodes and angles between successive sets of nodes.  

 The whiteboard maintains a list of all the entities selected inside a 

scrollable window whereas the entity inspector displays only one set 

of data at a time.  This feature of the whiteboard can be used for easy 

comparison of data between successive selections. 

 The whiteboard lists the attributes for all load and freedom cases of 

the selected entity whereas the entity inspector shows only the 

current load and freedom case. 

 

 

 To find the distance 
between node 2 and 
node 3 click node 2 and 
node 3. 

 To find angle A, click 
node 1, node 2 and node 
3. 

 To find angle B, click 
node 4, node 5, node 6 
and node 7. 
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Finding Entities 

It is often necessary to locate a specific entity, for example when the solver 

generates a warning or error message associated with a node or element.  To 

find an entity, choose Edit/Find or press Ctrl+F.  Make your selection in the 

Find dialog box and click Find. 

You can also find specific results automatically.  For example, you can locate 

the beam element with the largest bending moment (see “Extracting Results” 

on page 83). 

Entering Numbers 

Floating point numbers can be entered either as literal values (e.g. “12.345”) 

or as an equation (e.g. “23.5*Sin(35)”).  If you enter an equation, you can also 

use variables.  The variables can be any of the coordinate labels pertaining to 

the currently active coordinate system.  For example, you can apply forces to 

a node using the equation “10.0*X”.  This would assign a force equal to ten 

times the X coordinate of the node.  

 

 
 

A common use of the equations is for the application of hydrostatic loads.  

For example, to apply a hydrostatic pressure to the inside of a cylindrical silo 

32m high, with the axis in the positive Y direction and the base at Y=0, select 

the elements then apply a pressure with the equation “1000.0*9.81*(Y-32)”.  

Note that the asterisks (*) are required to denote multiplication. 

 In the Cartesian 
coordinate systems the 
variables are X, Y and Z. 
In the cylindrical 
systems, they are R, T, Z 
(radius, theta, Z) and in 
the spherical and 
toroidal systems they 
are R, T, P (radius, theta, 
phi). 



10    Using Strand7 

Interacting with Dialog Boxes 

Many dialog boxes in Strand7 require the input of numerical values. These 

values may be entered by using the keyboard or may be retrieved directly 

from the model in the model window.  There are two mechanisms for 

retrieving data from the model. 

Ctrl + Click 

A typical use of this method is when a previously assigned attribute is to be 

assigned to another entity.  For example, you can retrieve the pressure 

assigned to one plate and apply this to another plate.  Simply Ctrl+Click a 

plate when the attribute marking dialog box is active and the pressure value of 

that plate will be automatically assigned to the edit box on the dialog box. 

 

 

  Hot Pointer 

The Strand7 hot pointer is enabled whenever you click an edit box that 

requires entity information.  The edit box changes colour and the mouse 

pointer changes to the hot pointer.  Once enabled, the hot pointer allows you 

to enter entity information simply by clicking on an appropriate entity in the 

model window.  You need not press the Ctrl key in this case. 

 Ctrl+Click  the brick face 
with the pressure to 
retrieve the pressure 
value. 

 

 Read the section 
Creating Nodes in 
Chapter 5 to learn how 
to retrieve and edit the 

coordinates of nodes. 
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Units 

Strand7 is aware of units so you can choose to work in any system of units 

supported.  You can change from one system to another at any time, even 

after solving the model. 

The set of units need not be a consistent one.  For example, you can work in 

Newtons, centimetres and MegaPascals and Strand7 will perform the 

necessary conversions internally.  The results will be available in the chosen 

set of units.  Most units may be specified independently; that is, you can 

define the pressure unit to be different from the force unit divided by the area 

unit (e.g. Force in Newtons, length in metres and pressure in MegaPascals 

instead of Pascals). Some derived units may not be specified independently.  

For example, density units are set whenever you specify the mass or length 

units. 

Changing Units 

To change the units, choose Global/Units, set the desired units and click OK.  

You are then prompted with the following dialog: 
 

 Clicking the box labelled 
P1 activates the hot 
pointer indicating that 
the number of the next 
node clicked will be 
directed to the P1 box, 
You may still type in a 
number if you prefer and 
the hot pointer will 

disappear. 
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1. If you have entered the data correctly but now you wish to scale the 

data to a different system of units, click Rescale Data.  Strand7 will 

scale your model to the new system of units (i.e. a distance of 1m is 

scaled to be 1000mm when changing from metres to millimetres). 

2. If you inadvertently entered your data in the wrong units (e.g. you 

have chosen metres as your length unit, but have entered a value of 

1000mm instead of 1m), click Keep Data As Is.  Strand7 will 

simply note that the length unit should have been millimetres.  No 

data is altered. 

3. If you have solved the model with one system of units and now wish 

to view the results with a different system, click Rescale Data.  Note 

that you must close the results before doing this. 

Coordinate Systems 

Strand7 supports several different types of coordinate system that may be 

arbitrarily oriented in 3D space. Any number of systems may be created and 

stored within each model.  Every new coordinate system adds an entry in the 

Coordinate System drop down list in the model window, for easy retrieval. 

  
Cartesian             Cylindrical            Spherical            Toroidal 

 Modelling tasks can be 
simplified by creating a 
number of coordinate 
systems at appropriate 
locations on the model. 
Coordinate systems 
can be given names 
(such as “Centre of 
Lug”) to ease 
identification. 

 By default, Strand7 
prompts you to select a 
system of units every 
time you create a new 
model.  You can set 
your preferred default 
units for new models 

via File/Preferences. 
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Coordinate systems exist in the model until they are deleted.  They may be 

used for both pre-processing and post-processing of results (e.g. contours of 

stress in arbitrary orientations).  Coordinate systems may also be created 

during the post-processing stage. 

Tools such as Copy and Extrude use coordinate systems for increment and 

positioning information. 

  Printing  

Strand7 includes print previewing tools for both text based and graphics based 

printing tasks.  In both cases, pages can be configured for content, orientation, 

size, margins and fonts.  In graphics printing, the preview may be fully 

rendered or a wireframe.  The wireframe option is suited to large models 

because it draws faster so the effect of adjustments can be seen quickly.   The 

wireframe mode does not affect the printed image. 

 

 

 

To produce professional pages for your reports, you can include a company 

logo on all your printed documents by inserting an image file and positioning 

it at the top left or top right of the page.  A title block containing information 

entered in the Information Panel (see Chapter 8) may also be printed. 

 Fine adjustments can be 
made to the display even 
in preview mode. You 
can zoom and pan in 
preview mode for added 
control of the printed 
image. 

 To change formatting, 
margins or layout use 
the formatting options. 
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  Cut, Copy, Paste to and from Other Applications 

Text based data, such as is available in the Online Editor or the Results 

Listings, can be copied and pasted to other applications running on your 

system, via the Windows clipboard.  Simply select the region you wish to 

copy and right click on the display window.  Use the copy function to copy 

the selected data to the clipboard.  To copy the headers together with the 

selected data, use Copy (+Fixed Cells). 

You can paste data into Strand7 using the same procedure.  Simply copy the 

data from another application (usually by Ctrl+C) and paste in Strand7 

(Ctrl+V or use the right-click pop-up).  For example, you can generate a list 

of nodes in a spreadsheet program and then paste these into Strand7 via the 

Online Editor.  Note that there are two ways to paste the data: 

 

1. Paste simply overwrites what is already there and the data is pasted 

from the current cursor position. 

2. Paste As New adds the data to the end of the existing data. 

Cut, Copy, Paste within Strand7 

Besides text based data, you can also cut and paste entities within Strand7.  

You can cut and paste within the same model or across models.  Simply select 

the entities in the usual way then copy/cut and paste.  The cut-paste dialog 

box provides options for adjusting the pasted entities. 

 

 

 Pasted entities may be 
rotated, translated, and 
scaled before pressing 
OK. For more precise 
control, use the Anchors 
to anchor the source 
entities to a target 
location. 

 Note that this type of 
cut-paste operation uses 
Strand7’s own internal 
clipboard. The Windows 
clipboard is not used. 
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  Undo and Redo 

Strand7 provides an unlimited undo capability.  You may also redo the last 

undo. To undo or redo any editing changes in Strand7 choose Edit/Undo or 

Edit/Redo.  Editing changes that you may undo include: 

 Creating and deleting nodes, elements and links. 

 Editing node coordinates, element connections and link connections. 

 Applying, editing or removing node and element attributes. 

 Using any of the tool functions. 

 Using the cleaning tools. 

 Using the automeshing tools. 

 Creating and deleting load and freedom cases. 

 Creating and deleting coordinate systems. 

In the graphical environment, you can undo multiple actions in one step. This 

saves time by avoiding a redraw between multiple undo steps. Select from the 

drop-down list of previous actions as far back as you wish to go. Note that 

you can only select a continuous set of actions that includes the latest action 

(undoing earlier actions without undoing later actions is not possible). 

Redo allows you to undo the last undo operation. Use undo with care; if you 

undo many steps, you can only redo the last of these steps. However, if you 

use the drop-down list to perform a multiple undo, this entire undo can be 

redone via a single redo. 

The undo buffer works independently of the File/Save operations.  This 

means that you can still undo modelling actions even after you save your 

model (as long as you do not close the model). 
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Getting Help 

Choose Help/Help Topics to access the contents, index and keyword search 

of the Online Help.  You also have access to the tutorial topics discussed later 

in this manual. 

F1 Key on the Keyboard 

You can also get context sensitive help about a specific function by pressing 

F1 upon selection of the function. 

Strand7 Website (www.strand7.com) 

At the Strand7 website you can find Strand7 updates and other interesting 

information.
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CHAPTER 2 
Configuring the Display 

Screen Settings 

Most aspects of the screen display (e.g. the background colour) and options 

that pertain to the model as a whole (e.g. the display format for numbers) can 

be configured by using the View/Options dialog box.  

 

 
 

Displaying Numbers 

Strand7 provides a flexible system for the display of floating point numbers.  

These can be displayed in Fixed, Engineering, Scientific or Auto format.  For 

engineering and scientific formats, you can choose between the standard 

exponential “E” format (e.g. 1.234E03) and a superscript format (e.g. 1.234 x 

10
3
). Auto mode combines the functions of Scientific and Fixed such that 

numbers are displayed in the most appropriate mode, without losing display 

accuracy. 

 The precision used for 
the display of numbers 
does not affect the 
accuracy of the stored 
values. 
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For pre-processing the display of numbers can be changed in View/Options. 

 

1. Choose View/Options. 

2. Select the Numbers tab. 

3. Modify the number display settings as required. 

 

For post-processing, the display of numbers is controlled via the Results 

menu. 

 

1. Choose Results/Options. 

2. Select the Numbers tab. 

3. Modify the number display settings as required. 

 

As part of the results number display you can also choose whether the 

rotations are displayed as degrees or radians and whether strain is shown as 

unit strain, % strain or micro strain.  

Drawing 

View Menu 

The View menu, located in the Strand7 menu bar, gives access to a variety of 

different viewing options. This includes the ability to manipulate the model 

view as well as to modify the display of the model itself. 

Entity Settings 

All entities have display options associated with them.  These options are 

available on the View/Entity Display dialog box.  Some of the common 

options include Draw as, Light Shade and Numbering options.  Use the 

Draw as option to choose between display formats such as Colour by 

Property, Colour by Group and Wireframe display.  To improve the realism of 

the image, select the Light Shade option.  The Numbering option can be 

useful for small models. 

 

 If fixed number format is 
used for very small 
displacements they will 
appear as zero. Ensure 
that auto, engineering or 
scientific format is used 
for an accurate display 
of results. 
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 An effective display 
option for beam 
elements is Display 
Mode Solid, Light Shade 
and no Outlines. 

 All beam sections, 
including non-standard 
user defined sections 
may be rendered in 
Strand7. 
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Attribute Settings 

Attributes can be configured for both size and colour, by choosing 

View/Attribute Display.  

 
 

 An effective display for 
plate and brick models 
is to facet edge display. 
This avoids drawing all 
of the element outlines. 
It draws only the lines 
required to identify the 
model boundaries and is 
especially useful for 
contour plots. 
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Attributes that are also vector quantities (e.g. Node Force) may be displayed 

as either a single vector resultant or as components in each direction.  To 

switch off a particular attribute, clear the Show attribute option.  To display 

the values of the attributes, set the Show value option. 

The Entity Toggle Tool Bar 

This is the tool bar found on every model window, usually docked on the left.  

You can change the position of this tool bar by a right click on the tool bar 

and selecting a docking location. The entity toggle tool bar contains a number 

of toggle buttons that allow you to quickly show and hide entities.  

 

    
 

Show by Type/Property 

To hide all entities of a specific property, or faces of a specific type, simply 

clear the property entry in the Property Selection list. 

 

 

 You can quickly toggle 
all node attributes within 
a model, simply by 
pressing the Toggle 
Node Attributes button 
on the Entity Toggles 
tool bar. 

  
 

 To toggle all element 
attributes, press the 
Toggle Element 
Attributes button. 

  

 

Toggle nodes 

Toggle beams 

Toggle plates 

Toggle bricks 

Toggle links 

Toggle node attributes 

Toggle element attributes 

Toggle vertices 

Toggle geometry 

Toggle load paths 
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Show/Hide by Group 

To hide all entities belonging to a specific group, simply toggle the group icon 

in the Groups dialog box. 

 

 
 

Show/Hide Selected and Show/Hide Unselected 

To show and hide entities that are either selected or are not selected, use the 

Toggle Selected and Toggle Unselected buttons on the Entity Toggles tool 

bar of the model window. 

 Show/Hide Selected 

Selected entities can be temporarily hidden by toggling this button. It is 

sometimes convenient to progressively select entities and hide them as they 

are selected, leaving a number of unselected entities for inspection. 

Selected entities that are hidden in this way do not take part in any editing or 

display operations.  For example, you cannot delete a selected entity that is 

hidden.  Similarly the range of a contour plot of stress will not include the 

values of hidden elements. 

 You can activate the 
Groups dialog box by the 
right click popup on the 
model window or by 
choosing Global/Groups. 

 The dialog box shown 
here indicates that the 
third and fourth floors of 
the building are hidden. 
To switch these back on, 
click the group icon. 
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 Show/Hide Unselected 

This is the reverse of hide selected. If toggled, entities that are not selected 

can be shown/hidden. 

A common use of this option is to check that the right entities have been 

selected.  After selecting a number of entities, toggle the unselected entities to 

ensure that the entities still drawn on the screen (i.e. the selected entities) are 

the right ones. 

View Manipulation 

For the most efficient manipulation of the model view, you should become 

familiar with the following function keys on the keyboard and associated 

buttons on the main tool bar: 

 

F3:    Rescale the view and refresh the screen. 

F4:    Activate the dynamic view option. 

F6:    Zoom in. Click and drag to define the zoom-in window. 

F7:    Zoom out. Click and drag to define the zoom-out window. 

F8:    Revert to the previous view. 

 

These and other view manipulation options are available from the View menu 

of the main tool bar or via a button on the tool bar itself.  You can also right 

click on the model window and select a view option from the popup. 

The best way to manipulate the display is via the dynamic view function (F4 

or View/Dynamic).  This function displays the Dynamic View dialog box 

containing various options.  In most cases, the Auto option is all that is 

needed. 
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Dynamic Rotation 

To rotate the model, hold the left mouse button and drag the mouse on the 

model window as illustrated in the figures.  

 

 

 

 

 

 

 You can also rotate a 
fully rendered and 
shaded model. Set the 
Rotate As option of the 
Dynamic Rotation tab in 
the View/Options dialog 
box. 
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Dynamic Zoom 

To zoom in, press the right mouse button and drag from bottom to top.  To 

zoom out, hold the right mouse button and drag from top to bottom. 

 

 

 In post processing 
mode, hold the Ctrl key 
during the drag to 
dynamically change the 
displacement scale. 
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Dynamic Pan 

To pan, press both mouse buttons and drag to a new position. 

 

 
 

Display Scaling 

Strand7 normally scales the display so that the entire model fits on the screen.  

Sometimes you need to hide certain parts of the model, leaving smaller 

sections still visible on the screen.  By default, Strand7 will scale the display 

as though the rest of the model were still visible.  To scale the display only on 

the visible entities, set the Scale on option to Visible Entities. 

 

 

 Setting Scale on to Visible 
Entities is useful when 
you are hiding parts of the 
model and you want to 
scale the display so that 
the visible parts occupy 
the whole screen. If you 
are not hiding any part of 
the model, set Scale on to 
Whole Model, as this will 
result in faster redraws. 

 The Zoom Ratio option 
controls the amount of 
zoom for the quick zoom 
buttons on the main tool 
bar. 
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CHAPTER 3 
Selecting Entities 

The selection of entities is one of the most important operations in Strand7. 

You need to select entities to assign attributes to them, to delete them, to 

assign groups or simply to show and hide parts of the model.  There are many 

ways to select entities in Strand7.  The approach you will use generally 

depends on the function you are performing.  For effective use of the selection 

tools in Strand7, you should become familiar with the selection buttons on the 

main tool bar. 

 

 
 

 The Selection Functions provide different ways to select entities.  

For example selecting one by one or by groups. 

 The Selection Mode controls whether selections are set, cleared or 

toggled. 

 The Entity Toggles are used to specify which entities are to take part 

in selection operations. 

 

The selection of entities is generally independent of the reason for the 

selection.  You can select your entities either before or after activating a 

specific function.  The exception to this is when you apply attributes that are 

specific to a beam end, a plate edge or a brick face (rather than the entity as a 

whole).  In this case the selection becomes context specific and Strand7 only 

partially selects the entity.  See the topics “Selecting Beam Ends”, “Selecting 

Plate Edges” and “Selecting Brick Faces” for more information. 

All selection functions can also be found in the Select menu of the main tool 

bar. 
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Selection Functions 

 The Selection Pointer 

Individual entities can be selected by pressing the selection pointer and then 

clicking entities one at a time. 

 

 

To select entities within a rectangular region, simply press and hold the left 

mouse button on the model window and drag to define the region. 

 

 

 

 Read the section “Entity 
Toggles” to learn about 
a particular entity type in 
preference to another. 

 

 

 This selection tool 
selects entities that are 
partially enclosed by the 
selection window. 
Entities that are behind 
are not selected. 
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To select entities along an oblique line, hold down the Alt key during the 

drag.  When you hold the Alt key, the rectangular region becomes a rubber 

band (straight) line. 

 

 

 Selecting Everything 

All entities may be selected at once by clicking the Select All button. 

 Selecting within a Geometric Region 

The region select option is a powerful way of selecting entities along an 

arbitrary line, on a plane or on the surface of a cylindrical, spherical or 

toroidal coordinate system.  It can also be used to select within volumes 

bounded by any of the available coordinate systems.  For example, you can 

select all the plates on the surface of a cylinder by defining a region on a 

cylindrical coordinate system. 

 

 Entities that are touched 
by the line are selected. 
See the section 
“Selecting Wireframe 
Displays” or “Selecting 
within a Geometric 
Region” to learn about 
selecting entities that 
are behind. 
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 Selection by region 
along a line is often 
used to apply node 
restraints to an edge, or 
to apply edge pressure 
to the edges of plate 
elements. 

 

 A surface is usually 
selected for the 
application of pressure 
loads or for performing 
operations such as 
extruding. 

 When Select partially 
enclosed is set, an entity 
is selected whenever 
any part of the entity lies 
within the region. If this 
is cleared, the entity 
must lie completely 
within the region before 
it is selected. 
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 The region select tool 
selects all entities 
bounded by the region, 
even if they are behind 
visible entities. 

 

 After defining a 
cylindrical coordinate 
system, a cylindrical 
patch may be selected 
by clicking two points. 

 The Rev. option reverses 
the selection region. 
Here the reversed 
selection region would 
be the complete 
annulus, less the 
previously selected 
patch.  
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 If you click a point that is 
outside the selection 
surface, the surface is 
expanded to form a 
selection volume. This 
applies to any coordinate 
system. 

 Use the nudge arrows to 
adjust the size of the 
selected region. To 
nudge only one edge of 
the selection hold the 
Ctrl key or the Alt key at 
the same time as 
pressing the arrows 
button. 

  

  To select the entire 
annulus, set the wrap 
option on the dialog 
box. A single click now 
allows the selection of a 
complete circle. 
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 Selecting by Property 

To select beams, plates, bricks and faces of a particular property type use the 

Select by Property option.  The Select by Property dialog box accepts a 

series of separated property numbers, or a sequence of the form “12>16” (this 

would select entities with property numbers 12, 13, 14, 15 or 16). 

The separator depends on the regional settings on your computer.  It is usually 

a comma, but if the comma is being used as the decimal separator, then it is 

likely to be a period.  The Select by Property dialog will indicate what the 

separator is on your system; alternatively you can find out through the 

Regional Settings option of your Windows Control Panel. 

 Selecting by Group 

Groups provide a powerful means of collecting entities within a logical 

hierarchy.  For example, a building can be composed of “Floor” groups.  

Within the “Floor” groups, there could be “Slab”, “Beam” and “Column” sub-

groups.  Any group or sub-group can be selected by using the Select by 

Group option.  See “Groups” on page 48 for information on using groups. 

 Selecting Free Entities 

This selection tool is used to select entities that are not connected to any other 

entity.  This can be useful for finding an element that is “floating” in the 

model. 

 Selecting Connected Entities 

Use this tool to select entities that are connected to each other.  Elements are 

connected if they share nodes.  Faces are connected if they share vertices.  

This tool is especially useful for selecting the nodes on a connected part of a 

mesh. 

Select by ID 

This tool selects the entities which have been assigned a specific ID. An ID is 

a number allocated to an entity.  More than one entity can share the same ID 

and an entity is allocated an ID of 0 by default. 

 If you are unsure of the 
property number, simply 

click on the element. 

 Simply click the group 
name on the dialog or 
click an element to 
automatically recover 
the group name. 
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Select Entities on Load Path 

This tool can be used to select the entities that lie on a specific load path. This 

is useful as the load path can be curved and need not be aligned with any 

coordinate system. 

Select Plate Faces 

The Select Plate Faces option is used to select connected plates that together 

form a surface.  It is especially useful for selecting non-planar plate surfaces 

such as free-form surfaces. 

Select Brick Faces 

The Select Brick Faces option is used to select connected brick faces that 

together form a surface.  It is especially useful for selecting non-planar brick  

surfaces such as free-form surfaces. 

Select Beams on Patch Plates 

The Select Beams on Patch Plates option is used to select beams that lie 

within the Relative Tolerance of a load patch plate. This tool can be used prior 

to a Patch Loads to Beam Loads operation to check if the required beams 

are included in the operation. 

 Clearing All Selections 

To clear the selection of all entities, press the Clear All Selections button.  

Normally selected entities are automatically cleared after performing an 

operation on them so this function is usually used when entities have been 

selected incorrectly.  Note that this is the only selection tool that works 

independently of the Entity Toggles.  That is, all selected entities are cleared 

by this tool, irrespective of the state of the Entity Toggles. 

Selection Mode 

There are three selection modes: 

 Toggle Select 

Every selection operation simply toggles the selection.  Selected entities are 

cleared and cleared entities are selected.  This is the default mode of 

operation.  If you select the wrong entity, simply click it again to clear it. 
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 Always Select 

Every selection operation selects entities.  If the entity is already selected, it 

remains selected.  This mode is often used when there is a large number of 

entities to be selected individually and you want to avoid clearing a selected 

entity by accidentally clicking it after it has been selected. 

 Always Clear 

Similarly to always select, this mode can be used to ensure that individually 

cleared entities are not accidentally reselected during the operation. 

  Entity Toggles  

Sometimes you may need to select all entity types within a part of your model 

(for example deleting an entire part of the structure may require the deletion 

of some plates and some beams).  At other times you may need to select only 

one particular type of entity (for example, select only the plates to assign plate 

pressure).  Use the entity toggle buttons on the tool bar to specify which 

entities are to take part in selection operations. 

The tool bar contains a button for each of the entity types (node, beam, plate, 

brick, link, vertex, face and load path).  If an entity toggle is active (pressed), 

that particular entity type may be selected or cleared.  For example, by 

enabling the beam select toggle and disabling the plate and brick select 

toggles, it is easy to select only the beam elements in a model.  

Special Features of the Entity Toggle Buttons 

Strand7 supports different element and link types (for example there are 3 and 

4 node plates, 8 and 20 node bricks, etc).  To select only the 3 node plates, 

right click the plate toggle button and choose the 3 node plate button.  All 

subsequent select operations will only affect 3 node plates.  To reset to all 

plate types, right click again and choose the first button. 
 

 The state of the entity 
toggles also affects the 
entity inspector. Only 
entities with active entity 
toggles may be 
inspected when using 
shift alone 
(see Chapter 1). 

 By using Ctrl + Shift, the 
entity toggle selection is 
overruled and the entity 
inspector works on the 
nearest entity. 
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         Beams         Plates        Bricks         Links    Faces/Loops 

 

  Additive/Exclusive Modes 

This toggle controls whether selection operations can be applied to multiple 

entity types simultaneously or only to specific entity types.  For example, if 

you wish to select both beams and plates with one selection action, this toggle 

should be pressed. 

The Status Bar 

The Status Bar at the bottom of each model window contains information 

such as the entity totals.  It also contains information about the currently 

selected entities.  For example, “356[12] Plates” means that there are 356 

plates in the model and 12 of these are currently selected.  It is useful to 

inspect the status bar before performing certain operations (such as deleting) 

to ensure that you haven‟t inadvertently selected extra entities.  

            

 Right click on one of the 
entity toggles to reveal a 
list of the sub-types for 
each entity type. 
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You can also click the panels on the Status Bar to obtain extended information 

about your model, such as the number of each entity type and subtype, the 

number selected, and other useful information such as length, area and 

volume integrals (as shown above). 

Special Selection Modes 

Selecting Wireframe Displays 

When entities are selected using the selection pointer, the entities that are 

within the selection region are selected.  Entities that are obscured by 

elements displayed in rendered modes (i.e. elements behind) are not selected. 

 

 
 

If your display is in wireframe mode, the selection region will also select 

entities that are behind. 

When selecting single wireframe entities, you should click near to the inside 

edge of entities.  Clicking exactly on an entity outline is not accurate as either 

of the adjoining entities may be selected.  Where a portion of the screen is 

shared by more than one element, you need to click close to an edge of the 

required element to avoid selecting the wrong element. 

Selecting Beam Ends 

At times you need to select a specific end of a beam rather than the entire 

beam.  An example is when you apply an end release condition to one end.  If 

you have activated a function that operates on beam ends, then clicking a 

 Click near the inside 
edges of wireframe 
elements to select them. 
Selecting in wireframe 
mode can be very useful 
because it allows you to 
select elements that 
would be obscured in 

rendered mode. 
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beam will result in only one end becoming selected.  To select both ends, 

click at one end and then the other. 

Selecting Plate Edges 

Similarly to the beam end selection, it is sometimes necessary to select the 

edge of the plate.  Examples include the application of plate edge pressure and 

the grading of plate elements.  In situations when the selection of an edge is 

appropriate, Strand7 will automatically set the selection mode to edge only. 

 

 

Selecting Brick Faces 

Brick faces are usually selected for the application of brick surface attributes 

such as pressure.  A brick face will be selected in preference to an entire brick 

during operations that operate only on the brick face.  To select more than one 

face on a specific brick, click each face in turn. 
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CHAPTER 4 
Building Models 

A typical procedure for building models is to create simple geometry by 

defining some nodes and elements with the node and element create tools, and 

then to use the tools from the main tool bar to build upon the simple 

geometry.  Alternatively, 3D CAD geometry may be used together with the 

automeshing tools.  This chapter looks at the basic node and element creation 

tools and introduces some of the advanced tools by example.  Automeshing is 

introduced in Chapter 5. 

Creating Nodes 

Manual Creation 

Individual nodes may be created by choosing Create/Node.  This displays the 

Create Node dialog box. The values in the X, Y and Z fields need not be 

constants.  For example, you can create a point on a parabola by entering a 

value in the X field and X^2 in the Y field followed by Apply.  

To work in 2D, disable Z by clearing the Z checkbox.  When you disable a 

value field by clearing the checkbox, the value in the cleared checkbox need 

not be zero.  For example, you can create a series of nodes along the X axis, 

with Y=1.0 and Z=2.5 by the following procedure: 

 

1. Enter 1.0 in the Y box; 

2. Clear the Y checkbox to anchor the Y value to 1.0; 

3. Enter 2.5 in the Z box; 

4. Clear the Z checkbox to anchor the Z value to 2.5; 

5. Enter any value in the X box; 

6. Click Apply; 

7. Go to Step 5 for the next node.  The node number is automatically 

incremented. 
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 Using the Snap Grid  

If the Create Node dialog box is active, nodes can be created automatically 

by clicking a point on the snap grid.  To change the snap grid spacing, right 

click the Snap Grid button on the toggle tool bar of the model window or 

select View/Snap Grid.  To display the snap grid, make sure the snap grid 

button is pressed. 

Retrieving and Moving Nodes 

You can retrieve the coordinates of nodes in the model window by 

Ctrl+Click.  This procedure also “attaches” the rubber-band line to the 

selected node and allows you to relocate the node in one of three ways: 

 

1. Type in the new coordinates in the Create Node dialog box and 

click Apply. 

2. Click the rubber band line onto a point on the snap grid and the 

selected node will be moved to the point on the snap grid. 

3. Click the rubber band line onto another node and the selected node 

will be moved on top of the clicked node. 

 

Note that by moving a node in this way, all elements attached to the node will 

be “stretched” to the new position. 

 

 To create a single node, 
enter the X, Y and Z 
values and press Apply. 

 Clearing a check box 
“anchors” or fixes the 
value. 

 The value fields accept 
equations as input (e.g. 
sin(25)). 
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Creating Elements 

Single elements are created by Create/Element.  The element creation dialog 

box offers a selection of beam, plate and brick types.  To connect an element, 

click the required number of nodes in a consistent clockwise or anti-clockwise 

manner.  The element will be automatically created when you click the last 

node. 

 

 

 

 

 

 If you have retrieved a 
node in this way, and 
you have the rubber 
band line attached to it, 
you can change your 
mind by pressing the 
Esc key. 

 

 When you create 
quadratic elements (e.g. 
Quad8), click the corner 
nodes first, then the 
mid-side nodes. If the 
mid-side nodes are to be 
halfway between the 
corner nodes (the most 
general case), click one 
of the average options 
(Next or All) to 
automatically create the 
mid-side nodes. 

 Automatic mid-side 
nodes are placed at the 
UCS average of the 
current coordinate 
system. For example, if 
the default coordinate 
system is a cylindrical 
system, the mid-side 
node will be the average 
R, θ and Z. 
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Editing Elements 

Element connections may be edited one by one via Edit Element and a click-

click-click procedure. 

 

1. Choose Edit/Element on the main tool bar. 

2. Click the element to edit. 

3. Click the node to be repositioned. 

4. Click a new target node or grid point and the element connection will 

be moved to the new location. 

Using Tools 

Strand7 provides many tools for simplifying model construction.  Amongst 

the most commonly used tools are the Subdivide, Copy, Move, Extrude and 

Grade tools.  The following is a gallery of typical uses of some of the tools. 

 

 

 

 The tools on the Grades 
tool bar can be used to 
cut out a variety of 
shapes from either plate 
or brick elements. 
Simply select the 
highlighted edge(s) 
indicated by the grade 
type and Apply.  
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 Use the Subdivide tool 
to quickly subdivide 
each Quad8 plate into a 
mesh of 6x6 Quad4 
plates. 

 The Subdivide tool can 
also be used to convert 
from one element type to 
another; e.g. convert 
Quad8 to Quad4 

 The outline was created 
by joining four beam 
segments, then creating 
three fillets at the 

intersections. 
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 Use the Extrude by 
Thickness tool to 
extrude a mesh of plates 
from a line of beams. 
The extrusion is 
analogous to sweeping 
each beam element in 
the beam principal 2 
direction, in the plane of 
the screen. 

 You can sweep the 
plates around an axis of 
a cylindrical coordinate 
system to “extrude” 

solid brick elements. 
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 By extruding in a 
Cartesian coordinate 
system, you can easily 
create brick models of 
this type. 

 Use the Smooth Plates 
tool to improve the 
quality of plate meshes 
by smoothing. 
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Use the Tools/Convert/Merge Element Pairs tool to combine pairs of plates 

or bricks. A similar tool exists for combining beams. You can combine two 

triangular or quadrilateral plates to form another quadrilateral plate. 

You can combine two wedges to form another wedge or a hexahedral brick.  

You can combine two hexahedral bricks into another hexahedral brick. 

 

 

 

 Beam sections can be 
automatically aligned 
with any coordinate 
system axis by using the 
Align Beam Axes tool. 
To rotate a single beam 
by a fixed angle, you can 
assign a Beam Principal 

Axis Angle attribute. 
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Tool Options 

Whenever you operate a tool, Strand7 uses certain parameters set under the 

Tools/Options dialog box. 

 

 
 

The Zip Tolerance is used to determine when two nodes should be connected 

(“zipped”) together.  In absolute mode, two nodes are zipped together 

whenever the distance between them is less than the Zip Tolerance.  In 

Relative mode, two nodes are zipped together whenever the distance between 

them is less than the Zip Tolerance times the maximum model size.  The 

 Angle sections can be 
aligned by the Align 
Beam Axis tool or by 
individually assigning a 
principal axis angle to 
the beam. 
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maximum model size is the largest of the X, Y and Z distances between nodes 

in the model. 

Clean 

The Tools/Clean option provides a number of functions for identifying and 

cleaning:  

 

1. Unconnected nodes. 

2. Invalid or collapsed elements. 

3. Duplicate elements. 

 

 

Groups 

Groups provide a powerful mechanism for collecting arbitrary entities and 

placing them within a hierarchical tree-like structure.  With groups you can 

define meaningful relationships between entities. For example, a building can 

be composed of “Floor” groups.  Within the “Floor” groups, there could be 

“Slab”, “Beam” and “Column” sub-groups.  

Groups facilitate pre-processing tasks by allowing you to switch different 

parts of the model on and off.  This also improves drawing performance and 

allows you to closely study various parts of the model without the clutter of 

 The Mesh Cleaning tool 
uses the zip tolerance. 

 To preview the cleaning 
operation, select Check 

Only. 
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all the other parts.  Selections can be performed on a group or sub-group 

basis.  

Groups are also very useful in the post-processing stage.  It is much easier to 

design a structure when you can retrieve the analysis results of different 

physical parts rather than a large list or contour plot of all the entities.  Groups 

are also a good way to define parts of a model for sub-modelling.  Sub-

modelling is a powerful way of performing mesh refinement on localised 

regions of the model, without re-solving the entire model.  See the Help for 

further information. 

Construction sequence simulation relies on groups to define the different 

stages (a stage is defined via a collection of groups) 

The group tree is easy to edit and maintain.  You can create new sub-groups 

by selecting one of the group names and clicking New.  A sub-group will be 

inserted below the selected group. 

To assign entities to a group, simply select the entities, click a group name 

and click Assign. As confirmation, upon clicking Assign the selected entities 

will briefly appear coloured in the group colour. 

 

 
 

To change the group relationships, you can prune and graft the branches by 

pressing the arrow buttons. The left arrow puts a group at the same level as its 

parent whilst the right arrow puts the group below its immediate sibling, 

making it a sub-group.  The up and down arrows reorder the siblings within a 

group.  If a sub-group is the first sibling, the up arrow will push the sub-group 

to another parent above its current parent.  Similarly, if the sub-group is the 

last sibling, the down arrow will push the sub-group to another parent below 

its current parent.  You can also prune and graft by using standard drag-and-

drop techniques: simply drag a sub-group and drop it into any other group. 

 The “default” group is 
always visible in the 
status bar of each model 
window. This is the 
group in which new 
entities will be placed 
(e.g. after a Create 
Element operation). The 
“current” group is the 
group to which selected 
entities will be assigned 
when you press 
“Assign”. 

 Some model building 
tools, such as “Copy”, 
also give you the option 
of creating a new group 
for the copy. This means 
that if you create a 
single floor of the 
building, you can copy it 
any number of times and 
a new group will be 
created for each copy. 
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The Default button is used to define the default group for subsequent entity 

creation operations such as Create Element. 

Typical Procedure for Assigning Groups 

1. Display the Groups dialog box by selecting Groups from the right 

click pop-up on the model window. 

2. Create a new group on the Groups dialog box and make this the 

current group. 

3. Select the required entities by using any of the selection methods 

described in Chapter 3. 

4. Click Assign. 
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CHAPTER 5 
Introduction to Automeshing 

Strand7 includes a set of powerful tools that can dramatically increase 

pre-processing productivity by automatically converting CAD (Computer 

Aided Design) geometry models into finite element models for analysis.  The 

tools can be classified into one of three basic categories: 

 

 Geometry Cleaning Tools 

 Surface Automeshing Tools 

 Solid Automeshing Tools 

 

Tools in the first category are used to prepare the CAD geometry for the 

automeshing tools. This may involve the removal of unwanted geometric 

detail or discontinuities in the model.  As most CAD models will consist of a 

number of geometric faces, these tools are also used to zip or seam 

disconnected faces so that the resulting mesh is compatible across different 

faces.  There are many other instances of how these tools are used.  The Help 

gives a more complete list of the features. 
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 T-Junctions and over-
specified geometry are 
typical problems 
encountered in imported 
CAD files. The geometry 
cleaning tool can be 
used to eliminate both 
problems. 

 Mis-matched edges, or 
edges where the vertices 
do not lie on the edge, 
result in incompatible 
meshes. These 
problems can be 
rectified by the 

Geometry Cleaning tool.  
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The Surface Automeshing tools are used to generate finite element meshes 

consisting of Tri3, Quad4, Tri6 or Quad8 elements.  Such meshes can be used 

in plate/shell models, or they can be used as the outer surface (skin) of a solid 

mesh.  The surface meshing tool provides options to control the resulting 

mesh, including mesh density, element type, edge and surface curvature 

control, and so on. 

 Small faces such as this 
can have a detrimental 
effect on the resulting 
mesh. Unless a very 
small mesh size is 
required, the small faces 
should be removed. The 
geometry cleaning tool 
will remove such faces 
and automatically adjust 
the surrounding 
geometry. 

 Automatic splitting of 

one face into two faces. 
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The Solid Automeshing tool can be used to generate a solid mesh inside a 

previously defined outer surface mesh.  This solid mesh may consist of either 

Tet4 or Tet10 elements.  This tool has fewer controls than the other tools, 

primarily because the surface mesh, to a large extent, dictates the resulting 

solid mesh. 

 

 

 

 This example shows the 
result of changing the 
Min edges per circle 
parameter, while 
keeping the Maximum 
edge length parameter 
constant. 

 Setting the Internal 
element size to Coarse, 
Medium or Fine allows  
control of how quickly 
the mesher will 
transition to the largest 
element allowable with 

the body. 
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Automeshing in Strand7 involves the following steps: 

 

1. Creation of the geometry.  This could be imported CAD geometry or 

geometry definition in Strand7 using the geometry creation tools. 

2. Cleaning the geometry to ensure that it is suitable for surface meshing. 

3. Surface meshing. 

4. If required, solid meshing. 

Definitions 

The following definitions are given to clarify the relationship of the CAD 

geometry and its components to automeshing in Strand7.  The definitions 

should be read in conjunction with the following figure. 

 

Geometry and Topology 

Strand7 geometry mathematically represents the physical three-dimensional 

domain of an object, in a manner analogous to Boundary Representation 

(Brep) solid modelling.  In this representation, any geometric object can be 

represented by a collection of faces requiring the definition of both geometric 

and topological entities. 
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Face  

A face is a topological entity, consisting of one or more loops located on an 

arbitrary, three-dimensional surface.  The face defines a region of finite area 

on a surface that may be of either finite area (e.g. a sphere) or infinite area 

(e.g. a plane).  Each face contains either one or two bounding or outer loops.  

All non-periodic faces contain one outer loop. Periodic faces, such as could be 

used to define a simple cylinder without any seam, may contain two outer 

loops.  All faces can contain any number of additional cavity loops.  A cavity 

loop defines a region on the face where material has been removed (e.g. a 

hole).  Faces may be assigned attributes such as pressure.  These attributes are 

then automatically assigned to elements upon meshing. 

Loop 

A loop is a topological entity, consisting of a collection of connected edges.  

In a well-defined loop, the end of the last edge is coincident with the start of 

the first edge. 

Edge 

An edge is a topological entity consisting of one or more connected curves.  

Associated with each edge are a start vertex and an end vertex.  For single 

edges that form a closed loop, the start vertex is the same as the end vertex.  

Edges may be assigned attributes such as shear stress.  These attributes are 

then automatically assigned to elements upon meshing. 

Curve 

A curve is a geometric entity, defining a line in 2D or 3D space.  A curve may 

be a simple analytical curve (e.g. ellipse, straight line) or a spline curve.  

When a curve is associated to a surface via the edge to loop to face hierarchy, 

the curve may be defined with reference to global 3D space, or with reference 

to a local (u, v) coordinate system, directly on the surface.  An example of the 

former could be a line segment between two points in 3D space, which also 

lies on a specified plane in 3D space.  An example of the latter could be a 

circular segment that lies on a cylindrical surface, but is defined in terms of 

( , z) coordinates on the cylinder. 
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Vertex 

A vertex is a geometric entity, defining a point in 3D space.  These points are 

used to define the ends (start and end points) of edges.  A correctly defined 

vertex must lie on the curve that is referenced by the edge that referenced the 

vertex.  Vertices may be assigned attributes such as a point force, amongst 

others.  These attributes are then automatically assigned to the node generated 

at the vertex position, upon meshing. 

Surface 

A surface is a geometric entity that defines the finite or infinite domain on 

which a face entity lies.  Surfaces can be either simple analytical surfaces 

such as planes, cones, spheres, or torii, or they can be spline surfaces.  Simple 

surfaces such as a plane require a small amount of data to define them - a 

plane for example, can be defined by a vector representing the surface normal, 

together with a point that lies on the plane.  Spline surfaces, particularly 

complex curved surfaces defined by many control points, can potentially 

require large amounts of data. 
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CHAPTER 6 
Material and Section Properties 

The element property information is required to allow the stiffness of the 

elements to be determined.  Typically the stress-strain relationship and 

geometric information not available from the element dimensions is required 

to determine the element stiffness. 

Material Properties 

The Structural tab on the property dialog box contains the constants that 

define the material behaviour.  A large number of material models are 

supported by Strand7, including linear, elastic-plastic and nonlinear elastic 

models. 

One of the simplest and most commonly used material models is the linear 

isotropic material.  The only constants required for this material model are the 

Young‟s modulus and the Poisson‟s ratio. 

The density of the material is required to define the distribution of the mass in 

the structure.  This material constant will be required when inertia loads are 

applied to the structure or where a dynamic analysis is undertaken. 

More complex material models capturing nonlinear behaviour may require a 

table to be defined and referenced.  For example a nonlinear stress strain 

relationship will require a Stress vs. Strain table to be defined.  The nonlinear 

relationships are entered on the Nonlinear tab in the property dialog.  Note 

that nonlinear materials will require a nonlinear solver.    

Section Properties 

The section property for the material contains additional geometric 

information which is not available from the element dimensions.  
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Beam Section Property 

As a beam element is just a line between two nodes, there is no information 

about the cross section such as the area or moments of inertia.  Strand7 will 

automatically calculate the section properties for the beam if the cross section 

is defined in the Geometry tab.  Alternatively the section property 

information can be entered manually on the Sections tab. 

To define the section geometry: 

 

1. On the Geometry tab for the beam property dialog select Edit... 

2. Choose the cross section shape. 

3. Enter the dimensions for the section. 

4. Click Assign. 

Plate Geometry 

A plate element is a surface.  In order to determine the stiffness of the 

element, a thickness needs to be assigned to it.  This is done on the Geometry 

tab of the plate property dialog box.  The membrane thickness is used to 

determine the stiffness of the plate for in-plane loads and the bending 

thickness is used for the bending stiffness of the element. 

Material and Section Libraries 

Strand7 includes a collection of material properties and beam section libraries.  

The material properties are applicable to all the entity types. 

Strand7 material and section libraries are based on published data.  If you 

prefer to use different values, it is easy to modify the entries and store them 

back into the database.  Alternatively you can create your own libraries from 

scratch. 

The libraries are usually stored in the “Data” folder below the “Strand7” 

installation folder.  Library files have the extensions “MAT” (for materials) or 

“BSL” (for beam sections).  To remove certain libraries from the database, 

simply set the option via the Show/Hide Databases tab of the material and 

section library dialog accessed through the property dialog. 

There are also library files for composites, “CML”, creep data, “CRL” and 

moving load templates, “MLT”. 

There are two ways to create a new library.  The method you will use depends 

on whether you plan to create a comprehensive library in one go, or you 

intend to add to the library, as you need a new material or section. 

 Brick Elements define a 
full three dimensional 
volume, therefore no 
additional geometry data 
is required in the 
property definition. 
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Creating a Large Library 

The best way to do this is to generate a text file containing all the entries for 

your library.  This requires the preparation of a file in a specific format for 

importing into Strand7 via the File/Make Library option.  The Help contains 

a specification of the text file format. 

Creating a Library as You Go 

This is the easiest way to compile your library.  Simply enter the data in the 

element property dialog box and select the Export Material to Database 

button.  The export option allows you to export the data into an existing 

library or into a new library. 

 

 

 

 

 

 

 You can save material data 
into a new or existing 
library at any time. 

 Material libraries may be 
shared between models 
and between Strand7 
users. If Strand7 is running 
from a network, only one 
copy of the material 
libraries is needed as each 
user can read from the 
central library. 

 You can configure the 
location of your libraries 
via File/Preferences. 
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 Here we are creating a new 
entry into the “My Material” 
collection. The new entry 
will be called “Steel 1”. 
Entries can also be deleted 
from the library. 

 You can save a material 
from any property dialog 
box (e.g. the Plate 
Property) and retrieve the 
material from any other 
(e.g. the Beam or Brick 
property dialog box). 

 You need not worry about 
units for the library. 
Strand7 automatically 
adjusts the units so that if 
you use the data in a model 
with different units, the 
data will be correct. 
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CHAPTER 7 
Load and Freedom Cases  

A load case is a group of loads that act simultaneously.  For example, a load 

case may define the gravity loading or hydrostatic pressure.  The loads can be 

defined globally or assigned on an entity by entity basis.  Similarly, a freedom 

case defines a set of boundary conditions and active degrees of freedom in the 

model. 

The different load and freedom cases are accessed by the drop down lists at 

the top of the model window. 

Load Cases 

The load cases are managed in the Gobal/Load and Freedom Cases dialog.  

Load cases can be created, deleted, renamed and reordered to allow them to 

be arranged within the model.  Inertia loads such as gravity, which are applied 

to all entities in the model, can be defined in the Load Cases tab.  
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Tools on the dialog allow data to be copied to and from different cases.  

Multiple copies may also be performed.  The Copy tool on this dialog can 

also be used to copy entire load and freedom cases (including all element 

attributes). 

Entity Loads 

Loads can be assigned to the model as entity attributes. A number of different 

loading types for the different entities are available. For example a node force 

can be applied using the Attributes/Node/Force option.  It is important to 

ensure that the correct load case is selected in the model window before 

applying the attribute. 

Freedom Cases 

A freedom case is a set of restraints or boundary conditions for the model. 

The freedom cases are managed on the Freedom Cases tab of the Load and 

Freedom Cases dialog. 

 Press New to create a 
new load case. 

 Double click a load case 
name to edit the name. 

 To enter the same value  
(e.g. Y acceleration) to a 
range of load cases, use 
the standard multi-select 
techniques to highlight 
the required load cases 
and then enter the new 
value; this will be 
applied to all the 
selected load cases. 

 To reorder the load 
cases, use drag-and-
drop.  Simply drag a 
load case name to a new 
position on the list using 
the left mouse button. 
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Nodal Restraints 

Node restraints are used to define the boundary conditions of a model for 

structural analysis. They specify displacement conditions for individual 

nodes. 

All nodes have six degrees of freedom: three translational and three rotational. 

Each of the six degrees of freedom corresponds to one of the axes of the 

current coordinate system - either the global Cartesian axis system or any pre-

defined User Coordinate System (UCS). Freedom conditions always refer to 

the UCS in which they were originally defined. If the UCS in which the node 

restraint is defined is changed, the restraint conditions also change to align 

with the new UCS. 

Any degree of freedom can have one of three basic types of restraint: free, 

fixed or a specified value of displacement/rotation, i.e. an enforced 

displacement or rotation. 

The most common use of restraints is to fix the displacements in a specific 

degree of freedom, e.g. DX = 0.0. This is used to prevent the node from 

moving in a particular direction. 

If the restraint value is non-zero, we have a prescribed or enforced 

displacement. For example, DX = 2.5 means that the selected node is made to 

move 2.5 units in the X direction. The displacement of the node will always 

be 2.5 units, irrespective of any other applied loads. 

 

 

 

Strand7 provides a number of pre-defined restraint conditions that are 

commonly used in 2D and 3D analysis. Selecting any of these automatically 

enters the correct restraint condition for the particular situation being 

analysed, e.g. XY Symmetry, YZ Symmetry, Fixed, etc. 

 A value can be entered 
for a restraint in a 
particular direction to 
enforce the movement of 
a node.  Left as zero, the 
restraint will be fixed. 
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Entity Supports 

Instead of applying restraints to the model, a stiffness can be assigned to 

nodes and entities (nodal stiffness or entity support stiffness).  Such restraints 

are often used to simulate a structure resting on an elastic surface such as the 

ground.  The entity supports are assigned as attributes and can be set to have 

stiffness only when in compression. 
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CHAPTER 8 

Checking the Quality of the Model 

The quality of finite element analysis results depends on the quality of the 

mesh.  Strand7 provides a number of tools for checking mesh quality and for 

verifying input data.  Some of these tools are described below. 

Element Free Edges 

Plates 

A free edge on a plate is defined as an edge that is not shared by any other 

plates.  Normally plate free edges are found on the outer edges of plate 

meshes and these define the physical boundary of the structure, rather than the 

boundary of the elements.  If a free edge is found in the middle of a mesh, it 

usually indicates an unzipped mesh or an incompatible boundary. 

 

 

 It is possible to 
construct meshes that 
do not contain free 
edges. Examples 
include fully enclosed 
boxes, a cylindrical 
vessel with end caps or 
a complete sphere. 

 The Facet Edge display 
option for plates uses a 
technique similar to the 
plate free edges to 
enhance the display of 
plate models. 
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Bricks 

Brick elements do not have free edges like plates, however the plate definition 

of free edge, (an edge belonging to a single element) is still very useful for 

checking brick meshes, particularly for hexahedral bricks.  In a mesh 

consisting of hexahedral bricks only, the brick free edge display will result in 

a display that is as informative as the plate free edge display.  For tetrahedral 

brick meshes, the brick free edge display may not be as useful since edges that 

are not shared usually appear throughout the surface. 

 

 

Plate Thickness 

Plate elements may be displayed with the Solid Display Mode (via 

View/Entity Display).  This option renders each plate according to its 

thickness, similar to a brick display.  It is easy to check for obvious errors in 

the plate thickness by using this display mode. 

 

 

 



CHAPTER 8    Checking the Quality of the Model    69 

 

 

 

Orientation 

The plate orientation option is used to visually check for consistent normals 

on plate elements (set this via View/Entity Display).  The local z axis on a 

plate is defined by the node numbering order.  It is important to number plates 

in a consistent manner, especially on 3D plate and shell models.  To fix the 

alignment of plates, choose Tools/Align/Flip Entities or 

Tools/Align/Plate Normals. 

 

 

 You can also identify 
the thickness of the 
plates by using the 
Thickness Contour 
option (see Contouring 
in Pre-processing on 
page 70). 

 Plates drawn as solid 
may also be used in the 
post-processing for 
displaying the variation 
of stresses through 
thickness.  



70  Using Strand7 

Contouring in Pre-processing 

Contouring is normally associated with post-processing functions; e.g. 

contouring the stress results.  In Strand7, various element quantities and 

attributes may be contoured during the pre-processing phase.  Select from the 

list of available quantities under Contour Type on the Entity Display dialog 

box. 

 

 

Commonly used contouring options include the following. 

Element Aspect Ratio 

Finite elements perform best when their aspect ratio, the ratio of the longest 

edge to the shortest edge, is one.  Particularly useful is the contour Aspect 

(Min/Max) since this allows easy identification of collapsed elements.  A 

collapsed element will generate a zero value. 
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Plate Warping Ratio 

These are important for plate and shell analyses.  The warping ratio is defined 

as the ratio of the maximum normal distance between the nodes and an 

average plane through the nodes.  A warping ratio of zero is desirable 

although the elements in the Strand7 library can tolerate some warping. 

 

 
 

Applied Pressure 

Contours of applied pressure are usually more informative than the pressure 

vector display, particularly in situations where the pressure is not uniform.  It 

is also a good way of detecting elements that have no pressure applied. 

Checking Tetrahedral Meshes 

Checking solid meshes can rely on the use of tools such as contouring more 

so than surface meshes.  This is because, unlike surface meshes, the internal 

regions of a solid mesh are difficult to visually inspect.  

  

 
 

 The warping ratio is 
defined as A/B. 

 This display of the 
Brick Mixed Product 
contour shows the 
distribution via the 
histogram option. 
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Particularly useful in this case is the histogram option for the contour legend.  

The histogram option is available on the Legend tab of the settings option in 

the Entity Display dialog box. 

Summary of the Model Data 

The Summary option of the main menu provides tools for easy inspection of 

quantities such as property data, bill of materials, mass distribution, applied 

attributes and tables. 

Attribute Summary  

Summary/Attributes provides a detailed list of all the attributes assigned to 

nodes and elements in the model for each load case.  It provides a count of the 

elements and the load summation for quality checking. 

 

 

Table Summary 

The Table Summary is used to list all the tables specified in the model. It 

displays a count of each type of table and also their names. 

 

 Turn on specific 
groups to determine 
the total load applied 
to parts of the model.  
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Information 

The Information option displays a dialog box, which allows the input of 

information pertaining to the model including the Title, Project Name, Author 

and Reference Number.  This information is printed in the title block.   

 

 
 

You can also view and print a summary report.  The report summarises the 

entity totals, the units, load and freedom cases, and property and table names.  

Also available is a notepad for comments. This report is a useful addition to 

the Appendix section of engineering reports. 

 Using the print preview, 
you can insert page 
breaks to improve the 
readability of the 
report. 

 Read Chapter 1 to learn 
more about printing. 
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Property Summary 

To see a comprehensive summary of the property sets, choose Property 

Summary.  The property data is presented in a spreadsheet layout, with one 

tab for each entity type.  Each column of data can be shown or hidden 

independently.  The data can be sorted on each column in increasing or 

decreasing order.  

 

 
 

Model Summary 

The model summary option provides a complete account of the bill of 

materials, mass distribution and moments of inertia on separate tabs. 

 

 

 Sorting each column 
simplifies the task of 
checking the property 
data. In a sorted list it is 
easy to spot data that 
has the wrong 
magnitude. 

 

 The Local Inertia is the 
mass moment of inertia 
about the centroid of 
the structure. The 
Global Inertia is the 
mass moment of inertia 
about the Global XYZ 
origin. 

 To obtain a summary 
for a particular group, 
show and hide groups 
as required. 
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CHAPTER 9 

Solving 

Strand7 offers a range of solvers for different analysis types.  The solvers 

store the results of each solution into a file which normally has the same name 

as the model file (the ST7 file), but with an extension that identifies it as a 

solution file of a particular type (e.g. the NFA file contains Natural Frequency 

Analysis results).  All of the solvers are located in the Solvers menu.   

Linear Static Solver 

The linear static solver should be used in cases where the deformation is small 

and the loading does not change with time.  Material and geometric 

nonlinearities are not considered by the solver.  The solution given by the 

solver is the equilibrium point between the applied loading and the force 

required to deform the elements.  

The Load Cases… button opens a dialog box in which the combinations of 

primary load cases and freedom cases to be solved for are selected.  Each of 

these combinations will be stored as a result case in the results file.  After the 

model has been solved, the different results cases can be combined by 

choosing Results/Linear Load Case Combinations. 

Linear Buckling Solver 

The linear buckling solver calculates the buckling load factors and 

corresponding mode shapes for a structure under given loading conditions.  It 

is based on the assumptions that there exists a bifurcation point where the 

primary and secondary loading paths intersect, and before this point is 

reached, all element stresses change proportionally with the load factor.  

The buckling solution requires an existing static load solution as a basis for 

calculating the element geometric stiffness matrix.  In Strand7, linear static, 

nonlinear static and quasi-static solutions can be used as a basis for a linear 

buckling solution.  
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Load Influence Solver 

The load influence solver is used to determine the effect that a point load or 

point moment has on a response variable.  A response variable can be applied 

to nodes, beams, plates and bricks and can monitor deflection, force, moment 

or stress depending upon the entity type it is applied to.  

Nonlinear Static Solver 

The nonlinear static solver predicts the behaviour of structures taking into 

account geometric, material and boundary nonlinearity.  Nonlinear solutions 

are dependent upon the loading history of the structure, so the prescribed 

loads and displacements need to be applied incrementally.  

Geometric nonlinearity is due to node deflection and element deformation 

affecting the structure by possibly changing the stiffness, redistributing the 

load between bending and membrane or moving the applied loads.  Material 

nonlinearity is due to a nonlinear relationship between the stress and strain.  

This may be due to yielding of a material or a material that has different 

behaviour in tension and compression.  Boundary nonlinearity can be caused 

by two points coming into contact, changing the load path and load 

distribution through the structure. 

Quasi Static Solver 

The quasi static solver has attributes of both the nonlinear static solver and the 

nonlinear transient dynamic solver.  Like the nonlinear static solver the quasi 

static solver calculates the static equilibrium of the system while all dynamic 

effects are ignored.  Unlike the nonlinear static solver, the quasi static solver 

can consider nonlinearity due to material creep in addition to geometric, 

material and boundary nonlinearities.  The load history is defined as a 

function of time, just like the nonlinear transient dynamic solver. 

Natural Frequency Solver 

The natural frequency solver calculates the natural frequencies (or free 

vibration frequencies) and corresponding vibration modes of the undamped 

structure.  Any nonlinearities in the structure are linearised to allow the 

natural frequency problem to be solved.  A shift can be applied to calculate 

the frequencies around a pre-set value, which also makes the extraction of free 

vibration modes of unrestrained structures possible. 
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Harmonic Response Solver 

The harmonic response solver predicts the steady state dynamic response of a 

structure subjected to sinusoidally varying loads.  The solver allows the 

harmonic loading to be either applied loads or a base excitation. This solver 

requires a natural frequency solution as a basis for its calculations.  

The applied loads can be nodal, element, inertial and thermal loads.  Any 

number of load cases may be used to define the loading condition and phase 

angles between the load cases can be assigned.  

Base excitation harmonic loading can be a displacement, velocity or 

acceleration applied to the restrained nodes.  This type of loading is 

particularly useful for modelling shaker table tests, as the base nodes are often 

the locations where nodal degrees of freedom are fixed.  

Spectral Response Solver 

The spectral response solver calculates the response of a structure subjected to 

a random dynamic loading, such as an earthquake.  This loading can be 

defined as a Response Spectrum or a Spectral Density.  For each natural 

frequency selected, the modal response of the structure is calculated.  These 

modal responses can be combined using either CQC or the SRSS method to 

give a response envelope due to the dynamic loading.  This solver requires a 

natural frequency solution as a basis for its calculations. 

Linear and Nonlinear Transient Dynamic Solvers 

The transient dynamic solver is used to calculate the time history of the 

dynamic response of a structure subjected to any arbitrary forcing function 

and initial conditions.  

The linear transient dynamic solver supports both full system and modal 

superposition methods.  The solver does not consider any nonlinearities in the 

structure. 

For the nonlinear transient dynamic solver, the effects of nonlinearities 

(geometric, material, boundary and creep) can be included in the solution.  

Steady State Heat Solver 

The steady state heat solver is used to calculate the temperature distribution in 

a structure in the steady state or equilibrium condition. The steady state heat 

solver considers heat transfer by conduction, convection and radiation.  
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Problems which include temperature dependent material properties or 

attributes can be included in the solution.  

The nodal temperatures calculated by the solver can be read into a structural 

model to allow the effect of the thermal strains to be calculated. 

Transient Heat Solver 

The transient heat solver uses a time stepping approach to calculate the 

temperature variation in a structure as a function of time.  The solver 

considers heat transfer by conduction, convection and radiation.  Time and 

temperature dependent material properties and boundary conditions can be 

included in the analysis. 

The nodal temperatures calculated by the solver at any or all of the time steps 

can be read into a structural model to allow the effect of the thermal strains to 

be calculated. 

The Results Tab 

The Results tab provides options for the selection of information to be 

generated by the solver.  By default the Node Reactions, Beam Force/Stress, 

Plate Stress and Brick Stress are generated.  Further results options include 

element node forces and strain results for each element type.  

It is possible to reduce the size of the results file by only generating results at 

the elements of interest.  This can be done by selecting the relevant element 

groups or properties.  By default results are generated for all elements.  The 

nodal results selected for generation are always produced at all nodes. 

The Files Tab 

The Files tab defines the locations and names of the results file, the log file 

and if applicable the restart files.  By default these files will be located in the 

same directory and will have the same filename as the model file (the ST7 

file).  Therefore, by default previous result files will be overwritten if the 

model is re-solved.  If it is intend to keep multiple solution files, the results 

file name should be changed for each run. 

The Defaults Tab 

The Defaults tab of the solver dialog box contains parameters for adjusting 

the operation of the solver.  In most cases the default values are the best ones 
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to use, but at times you may need to change some of them, such as the 

following: 

General 

Maximum Number of Warnings 

This controls how many times a warning of the same type is issued, not the 

total number of warnings. 

Reduced Log File 

Set this to reduce the amount of diagnostic information listed in the log files.  

This is useful for log files pasted into printed reports. 

Iteration 

Iteration Limit 

For a nonlinear solution a number of iterations may be required before 

convergence can be achieved.  The iteration limit sets the number of 

allowable iterations before sub-incrementation occurs or the increment is 

considered not converged.  For some models that are highly nonlinear this 

limit may need to be increased to achieve convergence. 

Allow Solver to Add Iterations 

For a nonlinear analysis there may be times when the solution is converging 

but there are insufficient iterations set in the iteration limit to allow it to 

converge.  If Allow Solver to Add Iterations is set, when the solver detects 

the solution is on a convergent path, it will add iterations until the solution has 

converged or it diverges.  

Sub-Steps 

Automatic Sub-Incrementation 

In nonlinear analysis, it is sometimes difficult to devise a set of load 

increments that ensures convergence.  By setting an Automatic Sub-

Incrementation option, the solver automatically reduces the applied load 

(inserts sub-increments) if convergence cannot be achieved.  There are three 

options for sub-incrementation, load scaling, displacement scaling and 

displacement control (arc length).  The appropriate option will depend on the 

model setup.  Once the sub-increments converge, the solver automatically 

increases the load. 
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Save Sub-Increments 

Set this option in conjunction with automatic sub-incrementation to save the 

results of the automatically generated sub-increments.  If this option is 

cleared, the results of the sub-increments are discarded after convergence. 

The Solver Window 

The solver window consists of a tool bar and message window, informing you 

about the progress of the solution.  Solutions can be stopped at any time by 

pressing the Stop button. 

 

 

Minimising the Bandwidth 

Finite element analysis involves the assembly and solution of a matrix 

defining the relationship between force and displacement, i.e. a stiffness 

matrix.  Finite element stiffness matrices are generally symmetric and banded.  

Banded means that the non-zero entries are clustered together near the 

diagonal of the matrix. Symmetric means that the upper triangle of the matrix 

is an image of the lower triangle. 

The bandwidth, together with the number of equations, is a measure of the 

size of the matrix.  Whilst the number of equations is fixed for any given 

model, the bandwidth can be minimised by reordering the node numbers.  The 

bandwidth has a strong impact on the time taken to solve the model and the 

 For small iterative 
solutions, e.g. nonlinear 
and transient, the solution 
will proceed much faster 
if you disable the 
message window and 
progress bar.  You will 
not lose diagnostic 
information by doing this.  
All such information can 
be viewed at the end of 
the solution via the 
Results/View Log File 
option on the main menu.  
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amount of memory and disk space required.  To improve solver performance, 

Strand7 includes three methods of minimising the bandwidth:  

 

1. The Geometry method considers the geometric proximity of  

elements with respect to their neighbours;  

2. The Tree method considers the connectivity relationship of adjacent 

elements.   

3. The Sparse method uses an advanced solver which requires a node 

ordering that minimises the number of operations performed on zero 

entries. 

 

The sparse option is the high-performance option that is suitable for all model 

types.  If the sparse option is not enabled in your copy of Strand7 you can use 

the following information as a guide to choosing between options 1 and 2. 

Different models are suited to different bandwidth minimisation strategies.  

Generally models that have a dominant length direction in the X, Y or Z axis 

are suited to the geometry mode.  Most other models are suited to the tree 

mode.  Models where the geometry “branches” off in all directions are also 

suited to the tree mode. 

The Bandwidth tab of the solver dialog box provides a means for visualising 

the actual shape of the global stiffness matrix.  This can be used to make an 

informed decision about the method to use.  The best method to use depends 

firstly on the amount of physical memory (RAM) available on your computer 

and secondly on the amount of disk space.  If you have a “large” amount of 

RAM, you should try to reduce the Average Node Jump (which corresponds 

to the time spent reading and writing to disk) otherwise you should reduce the 

Maximum Memory Index (which corresponds to the RAM requirement). 

The solver informs you of the minimum RAM needed and the amount 

actually used, via the following messages in the LOG file: 

 

Minimum RAM needed: XXXX MB 

RAM used for reduction: XXXX MB 
 

If the first amount is less than the second, the solver will provide good 

performance.  If the first amount is greater than the second, the solution time 

can increase significantly.  If you are solving a large model, it is 

recommended that you try the Tree Scan function.  This function scans 

through a number of different nodes keeping track of the nodes with the 

lowest RAM and disk space requirements.   
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 The figure shows that for 
this model, the geometry 
method generates a 
matrix with the smallest 
average node jump 
(bandwidth), hence this 
method would require the 
least amount of disk 
space.  The tree method 
generates a matrix with 
the smallest maximum 
memory index, hence this 
method would require the 
least amount of RAM. The 
no sort option generates 
a matrix with a very large 
bandwidth. 
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CHAPTER 10 
Extracting Results 

Post-processing is the term normally used to refer to the procedures for 

extracting and interpreting the results of a finite element analysis.  Strand7 

provides a number of post-processing tools, accessible from the main menu 

and from the main tool bar buttons. 

 

 

Typical Procedure for Post-Processing 
 

1. At the conclusion of the solve, inspect the log file and investigate 

any warning or error messages. 

2. If you encounter warnings or errors with which you are not familiar, 

refer to Help for more information. 

3. If you are satisfied with the contents of the log file, close the solver 

dialog box and open the results file. 

4. Use any of the following tools to investigate your results. 
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 Deformed Displays 

The Displacement Scale function is used to exaggerate the deformation of the 

mesh.  Two modes are available: 

 

1. Absolute Scale factors the displacements by the amount entered in 

the Value box.  A value of 100 means that the displacements will be 

scaled 100 times. 

2. Percent Scale is the most common mode.  It uses information about 

the nominal size of the structure to automatically give you a 

reasonable displacement scale, one that clearly shows the 

deformation.  The nominal size is taken as the longest dimension of 

the model in any one of the global X, Y or Z directions. Typically 

displacement scale values of 10% to 20% are used. 

 

The Ref option is used to set the displacements relative to another node. 

 

 

 

 

 If you enter a value in 
one mode (e.g. Percent 
Scale), then change the 
Scale Type (e.g. to 
Absolute Scale), the 
value entered in the 
Value field is 
automatically converted 
to the new mode.  For 
example, enter a scale 
of 10% then click 
Absolute Scale to see 
the absolute scale 
required to give 10% 
displacement. 

 Absolute Scale 1 
should be used with 
nonlinear problems. 
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 Contouring and Results Display 

The most common way of presenting finite element results is via colour 

contour plots.  Strand7 supports contouring of all entity types with almost any 

result quantity.  Typically analysts would plot contours of displacement, stress 

and moments.  Quantities such as principal stresses and nodal reactions are 

sometimes plotted as vectors.  A vector plot indicates the magnitude and the 

 You can superimpose a 
deformed and an 
undeformed model by 
checking the “Add 
Undeformed” option in 
the Displacement Scale 
dialog box. 

 A deformed plot can be 

shaded and contoured. 
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direction of the result quantity.  Beam element results may also be displayed 

as diagrams (e.g. bending moment and shear force). 

All result quantity displays are configured by choosing 

Results/Results Settings, which displays the Element Results Display 

dialog box.  

 

 
 

Contour Averaging 

Smooth contour plots on finite element models are obtained by using 

smoothing and averaging techniques, because normally the nodal stress value 

reported by adjacent elements is not the same.  Strand7 provides a number of 

different averaging options, but the most commonly used option is Average 

Same Property.  This option smoothes the stresses at nodes connected by 

elements of the same property.  Where elements of different properties come 

together, discontinuous contours are generated.  To average across different 

property types, select the Average All Properties option.  For 3D models of 

plates and shells, the Max Junction Angle is also considered when averaging 

the values at a node.  At any node, the values from plate elements that connect 

at angles greater than the junction angle are not averaged.   

 

 To choose a display 
option, select the Draw 
As option (e.g. Contour) 
followed by the Quantity 
(e.g. Stress) and then the 
Component (e.g. 11).  To 
further configure the 
display, click Settings. 

 The Element Results 
Display contains one tab 
for each element type, 
plus another tab for 
selecting groups and 
property types.  It is 
possible to display the 
whole model, but contour 
only certain selected 
parts.  Note that this is 
different to simply hiding 
entities using the Show 
by Type/Property option 

or by Groups. 
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 In this contour plot, we 
have selected Average 
Same Property, with a 
Max Junction Angle of 
15 degrees.  We 
therefore see that the 
stress in the gusset 
plate is different to the 
stress in the lower 
flange.  The lower 
flange shows a 
continuous smooth 
flow of stress.  This is 
reasonable, as the 
principal stress 
directions of the gusset 
plate and the lower 
flange are different.  

 By setting the Max 
Junction Angle to 100 
degrees, we can force 
the averaging of stress 
at the junction.  This 
has the effect of 
reducing the peak at 
the lower flange since 
the low stress in the 
gusset is now 
considered at the 
common node. This 
type of plot may not be 
reasonable for a 

structure of this type. 
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Contour Jumps 

To see how much the stresses vary across a node, use the Jumps or 

Normalised Jumps option.  Jumps shows the maximum difference between 

elements at a node.  Normalised Jumps shows the maximum difference 

divided by the stress range over the model.  The latter is a very useful plot that 

can be used as a guide to selecting elements for further mesh refinement. 

Special Contouring Options 

Besides the contouring options shown above, beams, plates and bricks include 

special contouring modes designed to improve the visual clarity of the result 

presentation. 

 Use the Max Junction 
Angle to control stress 
averaging for the 
modelling of curved 
structures such as bins 
and silos.  Real silos 
are normally cylindrical 
but the finite element 
representation can be a 
“faceted” one (i.e. we 
model a curved surface 
with a number of flat 
facet elements).  In this 
case we need a Max 
Junction Angle greater 
than 20 degrees to 
ensure that the 
stresses at the 
junctions are averaged. 
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Brick elements have similar contouring options to the plates, plus an 

additional option that allows contours to be made on arbitrary 2D slices 

through the structure. 

 Contour beam results 
such as total fibre 
stress, directly onto the 
rendered beam cross 
section.  This mode is 
available for both 
standard sections and 
user defined sections. 

 Show plates in solid 
mode to see contours 
of stress on both 
surfaces of the plates at 
once.  The legend 
includes the values 
from both surfaces.  It 
is easy to find the 
element that has the 
highest stress; simply 
read from the legend.  
To locate the element, 
use Ctrl+F. 
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 Select On Cutting Plane 
to plot a contour across 
an arbitrary section of 
the model. The section 
is defined by the 
current coordinate 
system and need not 
line up with a plane of 
nodes.  Planes 1, 2 and 
3 refer to XY, YZ and ZX 
planes respectively for 
a Cartesian system.  
For cylindrical systems, 

these refer to the R, 

Z and ZR planes. 

 Use the Show Outlines 
option to superimpose 
the basic geometry of 
the structure around 
the slice.  

 A new Cartesian 
coordinate system has 
been defined as 
indicated.  A slice 
contour plot on Plane 1 
give the slice parallel to 
the current XY plane.  

 Brick contour slices can 
be animated.  Simply 
create an animation file 
after setting up the 
slice. 

 You can animate a 
rotating slice by 
contouring on Plane 1 of 
a cylindrical UCS and 
animating. 

 You can also use slices 
to recover the amount of 
force and moment 
transmitted across the 
slice.  These results are 
automatically given 
whenever you plot a 
slice contour. 
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 Peeking 

To extract detailed result information from entities, use the Peek tool.  The 

Peek tool displays a floating dialog box containing the information you are 

peeking.  You can peek at node, beam, plate and brick results, depending on 

the active tab, simply by clicking nodes and elements. The Peek tool can also 

be used to find maximum and minimum result values. 

 

 
 

 

 Beam results such as 
force and moment 
diagrams can also be 
peeked. Diagrams can 
also be shown in 3D 
while using the peek 

tool. 

 Click a node to peek at 
the displacements. To 
view the displacements 
in a different coordinate 
system, change the 
coordinate system in 
the model window and 
select UCS on the peek 
dialog box. 

 To find the node with 
the maximum DY, click 
the DY row in the dialog 
box then click Find 
Max. Set Absolute to 
find the largest 
magnitude (positive or 
negative values). 
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 When peeking element 
results, you can hide 
columns to reduce the 
amount of data 
displayed. In addition 
to centroid values, 
stress at Gauss points 
and nodes may be 
displayed. 

 To highlight the 
minimum and 
maximum values in 
each column, select 
Highlights. 

 Stress results may be 
listed in any coordinate 
system. 

 Stress results at 
various positions along 
the beam can be 
peeked. 
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 Graphing  

Strand7 supports three types of result graphs: Vs Position, Vs Result Case 

and Vs Series of Points. 

 

 
 

Vs Position is a graph that is drawn for one result case at a time along any 

arbitrary line (i.e. the line need not coincide with a node line).  The graph 

reports a particular quantity as a function of position along the line (e.g. 

principal stress along a line of plates). 

Vs Result Case is a graph of a single quantity as a function of result case (e.g. 

node displacement as a function of time for transient solutions or maximum 

beam bending moment as a function of load case for a linear static analysis 

with multiple load cases). 

Vs Series of Points is a graph that is drawn for one result case at a time for a 

series of points selected by the user. The graph reports the quantity against the 

point number in the list selected. 

 

 

 Define the limits of the 
horizontal axis on the 
graph by entering a 
start point and an end 
point. 
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To define the end points for the graph, enter the coordinates of the start and 

end points and choose the quantity for the graph‟s horizontal axis; the 

horizontal axis on the graph can be any one of X, Y, Z or Distance.  X, Y and 

Z refer to the ordinate of the points on the line.  For example, if you choose Y, 

the horizontal axis on the graph will be the Y value of the point extracted on 

the line; you could use this to plot a graph of displacement along a web that is 

parallel to the Y axis as shown in the following figure. 

The option Distance is the most common one; it uses the distance from the 

start point as the horizontal axis on the graph.  This option is also the most 

appropriate when drawing graphs across elements along arbitrary paths. 

The start and end points for the graph need not be restricted to straight lines.  

The graph tool also support a horizontal axis defined by a cutting plane or 

points on a UCS.  This is particularly useful when plotting around a cylinder. 

 

 
 

Range bars indicate that the value of stress reported by each element 

connected to that particular point are different.  The average value is the value 

on the line.  The highest and lowest values are indicated by the bars. Note that 

the average may not lie half-way between the extents of a range bar. 

 Graphs vs. position can 
be displayed on the 
floating graph dialog 
box and on the model 
in 3D. The dialog box 
also gives the option of 
displaying range bars. 
Range bars are useful 
for graphs of stress; 
they show the stress 
jumps and give an 
indication as to the 
quality of the mesh. 

 Multiple graphs may be 
superimposed by 
clicking the Insert New 
Data button. 
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Multi View 

You can display multiple views of the model by choosing View/Multi View.  

This is most useful in the post processing of models with multiple load cases, 

or frequency and buckling analyses with multiple modes. 

 

 

Animating 

To create an animation choose Results/Create Animation.  You can choose 

the number of frames.  Animations can be saved to a file in the Strand7 

animation format, as a self-running EXE format or in the AVI file format.  

You can also save a sequence of image files (one for each frame of the 

animation) for use by other animation or presentation programs. 

 Listings 

To obtain listings of the result data, choose Results/ Listings.  This option 

presents a spreadsheet tool, which can be used to select, sort and print results 

in tabular format. 
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Use the main tabs at the top to select between the results for each entity type 

(e.g. node results, plate results). Use the tabs at the bottom to select the 

quantity to list (e.g. stress, strain, force). 

Use the drop down lists to select the location (e.g. centroid, nodes, Gauss 

points), the coordinate system (e.g. local stress, global stress) and the sorting 

method (e.g. sort using values, sort using absolute). 

To filter by property, group or result case, select the appropriate tab and make 

your selection. 

To sort on a particular column, click the column header. 

 The spreadsheet 
supports copy-paste 
operations so data can 
be copied to or from 
other applications via 
the Windows clipboard. 
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CHAPTER 11 

Tutorial 1: Welded Frame 

Introduction 

In the first tutorial we will analyse a simple frame: firstly as a welded frame, 

and secondly as a pin jointed truss.  In each case, we will consider three 

loading situations. 

In this tutorial, we will follow a standard sequence of steps commonly used in 

finite element modelling.   

 

1. Define the geometry and element types; 

2. Define the support conditions; 

3. Define the loading conditions; 

4. Define material properties and element sections; 

5. Solve the model; 

6. Post process the model, to view and interpret the results.   

 

For later problems, the above procedures may be modified slightly. 

Description of Geometry and Loading 

The geometry and loading of the frame are illustrated in Figure 1.  The 

structure is constructed from structural steel.  Three separate load cases will 

be considered: 

 

Load Case 1 – One vertical 10 kN force on the bottom chord. 

Load Case 2 – Single 30 kN horizontal force at the roller joint. 

Load Case 3 – Linear combination of load cases 1 and 2. 
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Figure 1: Frame geometry 

Required Results 

The required results are the deflections and the maximum tensile and 

compressive stresses in the frame members. 

Creating the Model 

To begin creating the model, run Strand7 and choose File/New.  Once in the 

Strand7 working environment, give the model an appropriate name (for 

example Tutorial Problem 1.ST7) by choosing File/Save As. 

Before you begin any finite element model it is good practice to plan the 

model building procedure.  This includes selecting the elements you will use 

to describe the physical situation being analysed, the units, and the working 

plane (for example the XY plane). 

Elements 

Elements available in Strand7 include beams, plates and bricks.  Since this 

structure has members considerably longer than their width or depth, beam 

elements become the obvious choice.   

Units  

Strand7 allows you to specify the units to be used when creating the model.  

You can choose to work in a consistent set of units (i.e. m, N, kg, Pa) or an 

inconsistent set of units (i.e. feet, N, lb, MPa).   
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The current unit settings are displayed at the bottom of the Strand7 model 

window.  If the current settings are not appropriate for a particular model, 

they can easily be changed by choosing Global/Units.  For a further 

explanation on units, see the Help.   

In this problem, we will work in metres for length, Mega-Pascals for stress 

(and modulus) and Kilo-Newtons for force.   

 

1. Choose Global/Units; 

2. Under Length select m; 

3. Under Modulus/Stress select MPa; 

4. Under Force select kN; 

5. Leave the rest as default; 

6. Click OK. 

Working Plane 

The default setting in Strand7 is the XY plane.  For this problem we will work 

in the XY plane with the X axis being the horizontal and the Y axis the 

vertical. 

The Finite Element Model 

The finite element representation of the physical structure is shown in Figure 

2. 

 

Figure 2: Finite element representation of the structure 

To begin this model you will first need to create a single node.  It is good 

practice to commence building models at the origin (i.e. coordinates 0,0,0).  

Nodes are created in the following manner. 

 

 If you normally work in 
the same system of 
units, you can 
configure your 
preferred system so 
that any new models 
you create uses these 
units. Set the default 
units from the 
File/Preferences dialog 
box. 



100   Using Strand7 

1. Choose Create/Node; 

2. Ensure that the X, Y and Z edit boxes are active; 

3. Leave the default coordinates for the node (i.e. X=0, Y=0, Z=0); 

4. Click Apply. 

 

Nodes 2, 3 and 4 can be created by using the same procedure or alternatively, 

a more efficient method is to use the Extrude function.  Referring to Figure 1, 

we see that nodes 1 to 4 have an even spacing of two metres.  Thus you need 

to extrude node 1 in the X direction, by three increments of two metres. 

 

1. Choose Tools/Extrude by Increments; 

2. Under Increments enter 2 in the X box, 0 in the Y box and 0 in the 

Z box; 

3. On the Parameters tab enter 3 in the Repeat box; 

4. Click the node to extrude;  

5. Click Apply. 

 

This will create three beam elements, each having a length of two metres.  At 

this stage it will be evident that the model window does not have the correct 

display scale.  To rescale the model so that it fits into the graphic display area, 

Choose View/Redraw.  Pressing the F3 key will automatically perform a 

Redraw without having to enter the View menu, generating the display in 

Figure 3. 

 

 

Figure 3: Beams created using the extrude tool 

  Extruding nodes results 
in the creation of beam 
elements. Similarly 
extruding a beam 
creates a plate element 
and extruding a plate 
creates a brick element. 
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To create the remainder of the geometry, copy the centre beam two metres in 

the vertical Y direction. 

 

1. Choose Tools/Copy by Increment; 

2. Click the centre beam; 

3. Under Increments enter 2 in the Y box; 

4. Click Apply. 

 

At this point we introduce the Entity Display option, which allows you to 

configure the element display settings. Choose View/Entity Display, to 

access the Element Display dialog box.  As you can see, there are various 

options available for displaying the nodes.  One of these options is the 

Numbering option which by default has No Numbers selected (i.e. don‟t 

display node numbers).  For this problem, it would be helpful to display the 

node numbers.  

 

1. Choose View/Entity Display; 

2. Select the Node tab; 

3. Under Numbering select Node Numbers; 

4. Click OK.   

 

The six nodes should now be marked with numbers from 1 to 6. 

To create the remainder of the beams, Choose Create/Element to display the 

Connections dialog box.  The default connection type is Beam2, where the 

„2‟ denotes that the beam requires two nodes to be defined (refer to the 

Element Library topic in the Help for a full description).  This is the element 

type we will use to build the model.  

 

1. Choose Create/Element; 

2. Click on two nodes that mark the end points of the beam (e.g. node 1 

to node 5).  The beam is indicated by a blue line; 

3. Continue selecting appropriate pairs of nodes until the model 

consists of a total of nine (9) beams; 

4. Close the dialog box. 

 

If at any stage you make a mistake, choose Edit/Undo or simply press the 

Undo button at the top left of the main tool bar.  

The Undo tool can be used to undo unlimited operations in the reverse order 

to which they were performed.  By pressing the Undo button once, you will 

undo the last operation, by pressing the Undo button twice you will undo the 

last two operations and so on.  

 Ensure the Toggle Beam 
Select button is pressed 
before clicking on the 
beam. 

  

 

 The Undo button can be 
used to perform 
unlimited undos. You 
can also redo the last 
undo. 
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Once all the connections have been completed, your model should look like 

Figure 4. 

 

 

Figure 4: Connected beam elements 

You are now ready to define the restraints at the frame supports. 

Freedom Conditions and Restraints 

Now that the geometry of the frame has been created, you need to assign 

some support conditions to the model as it is currently „floating in space‟.  To 

give the model the correct support, you must look at the physical situation that 

you are modelling.  Each node has six degrees of freedom (dof), i.e. six ways 

in which it may move.  These movements are the three translations along the 

X, Y and Z axes and rotations about each of these axes. This is illustrated in 

Figure 5.  If a support restricts movement or rotation in any of these 

directions, the node at that location must have its movement restricted by 

restraining one or more of its freedoms.  This tells Strand7 that movement in 

the specified direction is not allowed. 
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Figure 5: Six nodal degrees of freedom 

Nodal Restraint Conditions 

The frame has two supports, one at each end of the bottom chord.  As can be 

seen from Figure 1, the right side is supported on rollers, and the left side is a 

simple support.   

Simple Support 

The only movement that is allowed for a two-dimensional simple support is 

rotation about the Z axis.  This means that at the left support (i.e. at node 

number 1) the frame is not permitted to move in any direction other than 

rotation about the Z axis. 

Roller Supports 

A two dimensional roller support allows one translational movement and one 

rotational.   On your model, this condition exists at node 4, where we permit 

X translation and Z rotation. 

Assigning Restraints 

To begin assigning restraints to your model, choose 

Attributes/Node/Restraint.  The dialog box shown in Figure 6 appears.  The 

dialog box contains inputs for each of the six degrees of freedom:  three 

translations (DX, DY and DZ) and three rotations (RX, RY and RZ).  For 

each restraint, you can either fix the movement (set the checkbox), or leave it 

free to move (clear the check box).  The following outlines how to assign the 

simply supported condition at node 1 and the roller support condition at node 

4. 
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1. Choose Attributes/Node/Restraint; 

2. Set the appropriate check boxes as shown in Figure 6; 

3. Select node 1; 

4. Click Apply. 

5. To apply the roller support to node 4, simply clear the Translational 

X option, select node 4 and click Apply. 

 

 

Figure 6: Node Restraint dialog box 

The restraint condition you have set for the two nodes is shown graphically.  

Figure 7 illustrates the graphical representation used by Strand7 to display the 

restraint condition for the case when all six degrees of freedom are fixed (i.e. 

no translation or rotation).  For each freedom that is not fixed, the 

corresponding graphic will be removed from the display.  The graphic is 

always drawn parallel to the axis system, so that if you rotate the view, the 

graphic also rotates. 

 

Figure 7: Graphical representation of a fixed restraint 

 Adjacent to each check 
box on the Restraints 
dialog is an edit box 
which accepts numerical 
values (default value is 
zero). By entering a non 
zero value, you can 
enforce a node to move 
by the specified amount. 
For this problem, we 
leave the values as zero 
since we want to enforce 
a zero displacement for 
those degrees of 
freedom that are fixed. 
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Applying Forces 

In Strand7 there are various methods of applying loads to a model.  These 

include point forces, pressure loadings, and dynamic effects to name a few.  

The current load case is displayed via a drop down list at the top of the 

Strand7 model window.  You can change the current load case by selecting 

from the drop down list. 

As outlined in the problem description, three different load cases will be 

applied to the model.  To add a new load case to the model, choose 

Global/Load and Freedom Cases.  When the Load and Freedom Cases 

dialog box appears, you will notice that there are various settings available to 

apply to a particular load case.  To create a new load case, click New and a 

new load case with a default name will be created (i.e. „Load Case 2‟).  

 

1. Choose Global/Load & Freedom Cases; 

2. Select the Load Cases tab; 

3. Click New; 

4. Click OK. 

 

You now have two load cases with which to apply the loads.  The third load 

case is a combination case which does not need to be defined now.  This will 

be defined at the post processing stage. 

For this problem the loading will be applied using point forces. 

From Figure 1, you can see that Load Case 1 has one 10 kN force in the 

negative Y direction in the middle of the central member.  Load Case 2 has a 

single 30 kN force applied in the positive X direction (at node 4).  Load Case 

3 is a linear combination of load cases 1 and 2.   

The load on the central member (load case 1) can be applied in the following 

manner. 

 

1. Ensure the current load case is Load Case 1; 

2. Choose Attributes/Beam/Point Load/Force Global to display the 

Beam Attributes dialog box (refer to Figure 8); 

3. Under Global Point Force enter 10 in the Y box; 

4. Under Global Point Force enter 0.5 in the a box.  This number 

defines the location of the force as a ratio of the total beam length; 

5. Select the centre beam in the bottom chord of the frame; 

6. Click Apply. 

 

 The name of the load case 
can be modified by double 
clicking the load case 
label in the Global/Load 
and Freedom Cases 
dialog box and changing 
the name. 
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Figure 8: Beam point force dialog box 

Since a node already exists at the location of the force for Load Case 2, the 30 

kN force can be applied as a node force.  

Before applying the 30kN force for Load Case 2, change the current load case 

to Load Case 2 using drop down list. 

 

1. Choose Attributes/Node/Force; 

2. Click on Node 4; 

3. Enter 30 in the X box; 

4. Click Apply. 

 

Your model should now look like Figure 9 and Figure 10 for load cases 1 and 

2 respectively. 

 

 

Figure 9: Load Case 1 

 You can apply point 
forces at any location 
along a beam element. 
There is no need to have 
a node at the location of 
the force. 

 

 Remember the contents 
of the screen can be 
rescaled by pressing F3 
on the keyboard. 
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Figure 10: Load Case 2 

Strand7 allows you to view a number of load cases at the same time.  To view 

Load Cases 1 and 2 together use the Multi View display option. 

 

1. Choose View/Multi View; 

2. Enter 2 in the X Views box; 

3. Select Multi Case; 

4. Click OK. 

 

For the remainder of the tutorial, we will work in single view mode, so re-set 

the screen back to a single view by using the Multi View function again. 

All that is required to completely define the problem is for the beams to be 

given some material and cross sectional properties. 

Property Input 

To define the beam properties, choose Property/Beam.  You should now see 

the Beam Element Property dialog box with the default title „1: Beam 

Property‟.   This dialog box is used for entering and editing properties of the 

beam elements.  There are several methods available for entering beam 

properties.  They can be entered by hand, chosen from a standard selection, or 

read from a library of materials and sections. For this problem we will use the 

materials and sections libraries. 
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1. Choose Property/Beam; 

2. Click the Edit Property Name button and enter the name Welded 

Beam; 

3. Under Type select Beam; 

4. Select the Geometry tab, and click Library…; 

5. Double click BHP - Universal Beams; 

6. Select BHP: Universal Beam 150UB18.0; 

7. Ensure Import Material is selected and click OK; 

8. Click Close.  

 

The beam properties are now defined.  To give a more realistic look to the 

model, you can render and shade the beam cross-section by configuring the 

beam element display characteristics.  Before doing so, turn the node numbers 

off and change the viewing angle to X=20, Y=35, Z=0. 

 

1. Choose View/Angles; 

2. Enter 20 in the Angle X box, enter 35 in the Angle Y box and enter 0 

in the Angle Z box.  Click OK; 

3. Choose View/Entity Display; 

4. Select the Node tab; 

5. Under Numbering select No Numbers; 

6. Click the Beam tab; 

7. Under Display Mode select Solid; 

8. Select Light Shade; 

9. Click OK. 

 

Your screen should now look like Figure 11. 

 

 

 I11, I22, J and A are 
automatically entered 
when the section is 
selected from the 
Sections Library. 

 

 Alternatively select 
Entity Display by right 
clicking on the model 
window and selecting 
from the list. 
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Figure 11: Rendered and shaded model 

You can now run the solver as there is sufficient information to fully define 

the problem. 

Solving the Model 

To solve the model, choose Solver/Linear Static.  The Linear Static 

Analysis dialog box will appear with a series of options for the solver.  For 

now just use the default values.  

Click Solve to begin the solver.  As the solver proceeds, a series of messages 

will be printed on the screen, such as element assembly, matrix reduction, 

back substitution and summation of force.  These provide information on the 

current stage of the solution.  When the solution is complete, Strand7 will 

give you the total elapsed time.  

 

1. Choose Solver/Linear Static; 

2. Click Solve; 

3. Wait until the solver has completed; 

4. Close the solver window. 
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Post Processing 

Post processing is a term that describes evaluation and interpretation of the 

results of a finite element analysis.  In Strand7, the post processor allows you 

to view the results in many ways, such as contour plots, which use colour 

contours to represent particular results (e.g. stresses, displacements, strains 

etc.), graphs, animations, deformed plots and data listings.  The post 

processing in Strand7 is performed via the Results menu.  Since the Strand7 

post processor is really the same program as the pre processor, many of the 

functions are the same for both modes of operation. 

Opening the Result File 

Before you can post process a model, you need to retrieve the result file 

corresponding to the particular model and solution type.  To retrieve results, 

choose Results/Open Results File, and open the appropriate file.  Strand7 

stores all of its output data in a single file.  For linear static analysis, this is the 

LSA file.  The LSA file has the same file name as the model file (for example, 

model file is Tutorial Problem 1.ST7, linear static results file is Tutorial 

Problem 1.LSA). 

 

1. Choose Results/Open Results File; 

2. Select the file Tutorial Problem 1.LSA and click Open; 

3. You are now in the post-processing environment. 

Checking the Results Log File 

It is good practice to check the results log file, which contains a list of all the 

solver messages generated during the solution phase.  Choose Results/View 

Results Log File, and open Tutorial Problem 1.LSL.  Read through the lines 

and search for any warning or error messages.  Also it is good practice to 

check the summation of loads to ensure the correct loads have been applied to 

the frame. 

Displacement Scale Function 

It is important to evaluate the deformed shape of the structure to ensure that 

the model is exhibiting the predicted behaviour, considering the restraints and 

forces that have been applied.  To see a deformed display of the frame, you 

must set the displacement scale to a non-zero value.  To adjust the scale, 

choose Results/Displacement Scale to display the Displacement Scale 

dialog box. The dialog box has two scale options, Percent Scale and 

Absolute Scale.  

 Alternatively, you can 
simply click the Open 
Results File button on 
the main tool bar. 
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Absolute Scale 

If you set the scale type to Absolute Scale, and set the Value to 1.0, the 

deformed shape of the structure will be drawn as it would look in practice.  If 

the value is set to 10.0, then the magnitude of deflection will be exaggerated 

10 times. 

Percent Scale 

In most applications, the displacements are orders of magnitude smaller than 

the dimensions of the structure, and it is easier to set the scale in a relative 

manner.  For example, if you set the scale type to Percent Scale, and set the 

Value to 15%, the displacements will be scaled such that the largest 

displacement appears as 15% of the size of the largest dimension of the 

structure along the X, Y, or Z axes. 

 

1. First set the viewing angle back to XY Plane; 

2. Choose Results/Displacement Scale; 

3. Click 10%; 

4. Click OK. 

 

The deformed displays for load case 1 and 2 should look like Figure 12 and 

Figure 13 respectively. 

 

 

Figure 12: Deflected display for Load Case 1 

 

 Alternatively, click the 
Displacement Scale 
button. 

  

 

 When you open the 
results file, it 
automatically defaults to 
Load Case 1. To access 
the other load cases, 
simply select them from 
the load case drop 
down. 
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Figure 13: Deflected display for Load Case 2 

Combining Load Cases 

Earlier in this problem it was explained that there are three loading conditions 

to analyse.  This consists of two independent loadings as well as a linear 

combination of these to produce Load Case 3. 

Strand7 allows you to create a linear combination of load cases in situations 

where a new load case is a combination of the primary load cases.  Load 

combinations can be set up either before or after you have run the linear static 

solver.  Since Load Case 3 is a combination of Load Cases 1 and 2, you can 

use the load case combination function of Strand7 to create the third load 

case.  

 

1. With the results file still open choose Results/Linear Load Case 

Combinations; 

2. Click Add; 

3. Rename Combination Case to Load Case 3 and enter a 

combination factor of 1 for both Load Case 1 and Load Case 2; 

4. Click OK. 

 

You can use the multi view function to view the results of the three load cases 

simultaneously.  This facilitates comparisons between the load cases, and will 

help to identify the differences between the different loading situations.   

 

 There is no need to re-
run the model before 
opening the results file. 
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1. Choose View/Multi View; 

2. Enter 3 in the Y Views box; 

3. Click OK. 

 

Set the view back to a single view.  The deflected display for Load Case 3 

should look like Figure 14. 

 

 

Figure 14: Deflected display for Load Case 3 

Bending Moment/Shear Force Diagrams 

To display the Bending Moment and Shear Force diagrams you need to 

choose Results/Results Settings.  Select Force/Moment to display the 

various options available.  For this problem we are interested in Bending 

Moment 2 and Shear Force 2.  These are the bending moments and shear 

forces acting on plane 2 of the beam.  Plane 2 is the plane in which the beam‟s 

principal 2 axis lies. 

 

1. Choose Results/Results Settings; 

2. Under Draw As select Diagram; 

3. Under Quantity select Force/Moment; 

4. Under Diagrams select Plane 2: Shear Force and Plane 2: 

Bending Moment; 

5. Click OK. 

 Refer to the Element 
Library topic in the Help 
for an explanation of the 
beam force and moment 
conventions. 

 

 You can quickly access 
the Results Settings 
menu by clicking the 
right mouse button, or 
simply click the Results 
Settings icon on the 
main tool bar. 
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You do not need to view both the bending and shear results at the same time.  

You can view them independently, or in combination with other quantities 

such as axial force, torque etc.  Once you have examined the diagrams, you 

can turn them off by choosing Results/Results Settings and then selecting the 

None option. 

The Peek Function 

The Peek function allows you to extract a wide range of specific results from 

a finite element solution.  Simply choose Results/Peek to display the Peek 

dialog box shown in Figure 15.  The dialog box has a separate button for each 

element type in the model.  In this case there are two buttons, one for the 

nodes and one for the beams.  Extra buttons would be added for plates and 

bricks if those elements were included in the model.  Simply select the button 

that contains the data you wish to examine.   

 

 

Figure 15: Peek dialog box 

The best way to familiarise yourself with the Peek function is to simply 

experiment.  For this problem, we can use the Peek function to view the 

displacements of individual nodes.  Alternatively you can view individual 

beam results (such as axial stress, total fibre stress, shear force, bending 

moment, etc.) at any location on the beam.  As an example, consider the case 

where you want to investigate the shear force and bending moment 

distribution of the beam in the middle bottom cord (for load case 1).  The 

following outlines how the peek function is used for this task. 

 

 Peek button. 

  

 When used in multi-view 
mode, the peek tool 
references the active 
window in the model 
window.  This includes 
referencing the selected 
load and freedom cases 
for that case. 



CHAPTER 11    Tutorial 1: Welded Frame    115 

 

1. Set Displacement Scale to zero; 

2. Ensure the current load case is Load Case 1; 

3. Click the Peek button; 

4. Click the Beam button; 

5. Under Quantity select Plane 2; 

6. Click the centre beam in the bottom chord (see Figure 16). 

 

 

Figure 16: Using Peek to extract beam results 

Contour Plots 

Contour plots use colour or shading to represent the variation of some 

quantity.  Presenting results in this manner gives an overall picture of the 

distribution of quantities such as stress, temperature and displacement.   

To display a contour plot choose Results/Results Settings.  Since we are 

interested in finding the maximum compressive/tensile axial stresses, it would 

be useful to plot a contour of the axial stress distribution within the frame. 

 

1. Choose Results/Results Settings; 

2. Under Draw as select Contour; 

3. Under Quantity select Stress; 

4. Under Component select Axial; 

5. Click OK. 

 

 

 Set 3D in the peek tool to 
display the bending 
moment diagram on the 
model. 
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When you click OK, the screen will be redrawn and you will see a colour 

legend ranging from purple to blue with a +/ scale next to it.  The convention 

is for tensile stress to be positive and for compressive stress to be negative.  

The legend has the largest positive number at the purple end of the scale, and 

the largest negative at the blue end.  The most highly stressed region is shaded 

either blue or red.  By inspecting the beam colour contours, you can easily 

identify the state of stress of each beam element.  Since we are interested in 

the highest levels of tensile and compressive axial stresses, look at the values 

at the top and bottom of the colour legend.  They are automatically scaled to 

show the maximum levels of the selected components of stress (i.e. axial 

stress in this case).  You should find the following values: 

 

Load Case 1:  Max. axial stress = 2.63 MPa 

  Min. axial stress = 3.30 MPa 

Load Case 2:  Max. axial stress = 13.00 MPa 

  Min. axial stress = 0.08 MPa 

Load Case 3:  Max. axial stress = 15.58 MPa 

  Min. axial stress = 3.23 MPa 

 

The beams that have the highest and lowest values of stress are indicated in 

brackets on the legend adjacent to the maximum and minimum values.  As 

with the Peek function, the best way to get a feel for the contour function is to 

simply experiment. 

Pin Jointed Frame: Truss Elements 

As already explained, the frame is also to be analysed by considering that the 

frame members are pin-jointed.  To do this, you need to make a few 

modifications to the welded frame model.  It is much easier to modify this file 

instead of beginning from scratch.  Therefore backup your current file to a 

new file name (e.g. Save Tutorial Problem 1.ST7 as Tutorial Problem 

1b.ST7). 

 

1. Open the file for the welded frame (if not already done so); 

2. Make sure you have closed the results; 

3. Choose File/Save As; 

4. Enter a new file name; 

5. Click Save. 

 

You can now begin to modify the beam element properties, so that the beams 

behave as though they are pin-jointed. 
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Truss Elements 

The members in a pin-jointed truss are not subjected to bending loads since 

moments cannot be transmitted through a pin joint.  To eliminate the beam 

element‟s ability to transmit bending moments, simply change the element 

type from Beam to Truss in the beam property data.  This will ensure that the 

elements transmit axial forces only. 

 

1. Using the backed up file, choose Property/Beam; 

2. Under Type select Truss; 

3. Close the dialog box. 

 

The pin-jointed model is now ready to be solved.   

 

1. Choose Solver/Linear Static; 

2. Click Solve. 

Pin-Jointed Frame Post Processing 

Once your solution has completed, you can examine the results in the same 

manner as for the welded frame.  Firstly you need to open the results file by 

choosing Results/Open Results File.  Set the Displacement Scale to 10%. 

You may notice that all the beams in the deformed plot are now straight as 

shown in Figure 17.  This indicates that the beams are carrying no bending 

moments.  To check this, you can choose Results/Peek and click on the 

beams.  

 

1. Click the Peek button; 

2. Click the Beam button; 

3. Under Quantity select Plane 2; 

4. Click on any of the truss elements; 

5. You will notice that the beam elements carry no bending moments. 
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Figure 17: Deformed plot of pin jointed model (Combined Case) 

Thus, as expected, the truss elements only transmit axial forces.  To view the 

values of the axial forces, you can contour the axial force results.  The 

procedure is outlined below: 

 

1. Choose Results/Results Settings; 

2. Under Draw as select Contour; 

3. Under Quantity select Force/Moment; 

4. Under Component select Axial Force; 

5. Click OK. 

 The axial force 
representation is shown 
in red, with the 
maximum and minimum 
values listed at the top 
of your screen. 
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CHAPTER 12 
Tutorial 2: 2D Plane Stress Concentration 

Introduction  

In this problem you will investigate the stress concentration at the root of a 

slot, in a steel strip placed in tension.   

Description of Geometry and Loading 

The geometry and loading of the strip are shown in Figure 1.  

 

 

Figure 1: Geometry and loading 

Required Results  

We need to calculate the stress concentration factor.  From the Engineering 

Science Data Unit (ESDU) sheets compiled by the Royal Aeronautical 

Society, the stress concentration factor for the given geometry is a function of 
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the following ratios: 
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For these values the stress concentration factor is K’ = 2.81, where:  
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Creating the Model 

Before creating a model of the strip, you must decide upon the type of 

elements to use.  In this case either plates or bricks could be used.  Due to the 

fact that the width and length are far greater than the thickness, this is a two 

dimensional problem and hence plates are the better choice. 

Symmetry Considerations 

One of the most common methods of reducing the size of a finite element 

model is through the use of symmetry conditions.  In this case you can see 

that the geometry and loading of the plate has two distinct lines of symmetry 

as shown in Figure 2.   

 

Figure 2: Lines of symmetry 
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Clearly the resultant stress/strain/displacement field in each quarter will be the 

same.  It is therefore more economical to build one quarter of the strip.  

Boundary conditions are applied along the edges where symmetry conditions 

exist to make the quarter model behave as it would in the complete strip. 

Planning the Mesh 

Although the accuracy of the results is dependent on the quality of the mesh, 

there are usually a number of equally appropriate meshes you could construct 

for a given problem.  The solution provided here is one of these. 

One of the problems faced in modelling this strip is the assumption that it is 

of infinite length.  Use of a finite length strip to approximate the situation can 

be justified if, once the problem has been solved, little stress variation near the 

end of the strip is observed.  If the stress varies sufficiently, then the strip 

must be lengthened and the problem solved again.  For this problem use a 

length of 300 mm (say). 

A good starting point is to break down the geometry of the strip into smaller, 

more manageable areas as shown in Figure 3 (remember that only one quarter 

is being modelled). 

 

Figure 3: Quarter model  

Units 

Start Strand7, choose File/New, and then save as Tutorial Problem 2.ST7.  

For this problem it is more convenient to work in „mm‟ and „MPa‟.  Hence 

choose Global/Units and click the Nmm button. 
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1. Choose Global/Units; 

2. Click Nmm; 

3. Click OK. 

 

You can now insert the nodes manually using the same approach as that used 

in Tutorial 1, or you can use the Snap Grid function of Strand7. 

Creating a Snap Grid 

The Snap Grid function is a tool that speeds up the model building process.  

By defining a snap grid of suitable dimensions and spacing, you can quickly 

create elements by simply clicking on the appropriate grid point without the 

need to create nodes beforehand. 

The most suitable grid for this problem is to have limits of 150x100 mm (X, 

Y) with a grid spacing of 5x5 mm.  The following outlines how to set up the 

snap grid: 

 

1. Click the Snap Grid button on the Toggles tool bar with the right 

mouse button to display the Grid Settings dialog box; 

2. Under Number of Grids enter 30 in the X box and 20 in the Y box. 

Under Grid Limits enter 0 in the Minimum X box, 150 in the 

Maximum X box, 0 in the Minimum Y box and 100 in the 

Maximum Y box; 

3. Click OK. 

 

Your screen should now look like Figure 4. 

 

 

Figure 4: Snap grid 

 Snap Grid button. 
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You can now begin creating the plate elements directly on the snap grid, by 

clicking on the appropriate grid points. 

Plate Elements 

When constructing a model using plate elements, you can choose from five 

types:  3 and 6 node triangular elements and 4, 8 and 9 node quadrilateral 

elements.  These are shown in Figure 5. 

 

Figure 5: Plate element types 

The 3 node and 4 node elements have linear shape functions, whereas the 6 

node, 8 node and 9 node elements have quadratic shape functions.  This 

means linear elements always have straight edges, however the quadratic 

elements can have curved edges as a quadratic curve is fitted through the three 

nodes along an edge.  Curves can be approximated by using many small linear 

elements, however for this model use the quadratic (Quad8) elements.  For a 

more detailed description of plate elements, refer to the Element Library topic 

in the Help. 

Figure 6 describes the initial plate layout that will be used to define the 

geometry of the steel strip.   
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Figure 6: Plate layout 

To create plate elements, choose Create/Element to display the Connections 

dialog box.  You can now begin creating plate elements. 

Creating Plate Elements 

Plates are created in a similar manner to beams. Initially create three Quad8 

plate elements at the locations shown in Figure 7. 

 

 

Figure 7: Initial plates  
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Creating Plates 1, 2 and 3: 

 

1. Choose Create/Element; 

2. Under Type select Quad8 from the drop down list; 

3. Click the four nodes defining the corners of „Plate 1‟ in an anti-

clockwise manner (refer to Figure 8).  The coordinates of the grid 

points can be viewed during the plate connection operation, by 

pressing the shift key and positioning the cursor over the grid point 

as shown in Figure 8; 

4. After defining the corner nodes, an outline of the plate will be drawn 

as shown in Figure 9.  The Quad8 element is not complete as you 

still need to define the four mid-side nodes; 

5. To do this, click All to fully define the Quad8 plate; 

6. Follow the same procedures to create plates 2 and 3. 

 

 

Figure 8: Defining the corners of the plate using the Shift key to locate the points 

 

 



126   Using Strand7 

 

 

Figure 9: Defining mid-side nodes 

Your model should now look like Figure 10. 

 

 

Figure 10: The model after creating the first three plates 

 The All averaging option 
automatically places a 
mid-side node on all four 
edges. The Next option 
places a mid-side node 
on one edge at a time. 

 

 Mid-side nodes can be 
manually positioned by 
clicking a grid point or 
existing node. 
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Creating the Circular Slot  

There are a number of ways of creating the curved edges of the circular slot.  

The simplest method is to use one of the grading tools available in Strand7.   

Grading 

Grading performs the transition from a fine to a coarse mesh allowing specific 

areas with high stress gradients to have a finer mesh.  Additional grading tools 

are available that allow you to transform plates with straight edges to plates 

with curved edges.  This is the tool that we will use to create the geometry of 

the slot. 

To initialise the grading tool Choose Tools/Grade Plates and Bricks to 

display the Grades tool bar shown in Figure 11.   

 

 

Figure 11: Grades tool bar 

This tool bar contains a number of buttons corresponding to the different 

grading types available in Strand7.  When an element is graded, it is 

subdivided in the same way as displayed on the button.  

When performing grades, Strand7 must not only know which element to 

grade, but also the orientation of the grading.  As you can see, most of the 

buttons in the figure have a highlighted edge (or edges) marked by a dashed 
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line that aids in the orientation of the grade.  This requires marking the edge 

of the element to be graded in a manner that corresponds to the highlighted 

edge shown on the button.   

The following describes the procedures to create the radius of the slot.  Figure 

12 illustrates the process. 

 

1. Choose Tools/Grade Plates and Bricks; 

2. Click the appropriate grade button; 

3. Select the two plate edges as shown in Figure 12; 

4. Enter 20/70 in the Ratio box; 

5. Click Apply.  

 

 

 

Figure 12: Plate grading procedure 

Now that the radius of the slot has been defined, create the final Quad8 plate 

element to complete the geometry definition of the model building procedure.  

The model should now look like Figure 13.  

 

 To create elements, 

choose Create/Element. 

 The Strand7 Subdivide 
and Grade Functions 
automatically generate 
plates with the same 
property and loads 
applied to them as the 
parent plate. In 
addition, new nodes 
generated also have 
forces and restraint 
conditions 
automatically applied 
to them. 

 Grade button. 

  

 You can enter the 
equation directly into 
the Ratio box. 
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Figure 13: Definition of model geometry 

The Snap Grid is no longer required and can be hidden by clicking on the 

Snap Grid button. 

Subdividing Elements 

The mesh in Figure 13 describes the geometry, however it is too coarse to 

produce accurate results.  The Subdivide tool can be used to divide elements 

into a number of smaller elements resulting in a finer mesh and more accurate 

results.  

 

Figure 14: Subdivide dialog box 
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Choose Tools/Subdivide, to display the Subdivide dialog box shown in 

Figure 14. There are two options available: Divisions and Targets.  

 

Divisions 

This option has three parameters, A, B and C.  These parameters define the 

number of subdivisions along the A, B and C directions of the element.  For 

plate elements, only the A and B parameters are required, while some bricks 

require all three parameters.  The directions are displayed on the element, 

once the desired element is selected.   

Targets  

This option sets the element to be generated as a result of the subdivision.  It 

is only required when subdividing plate and brick elements since these 

elements have various types. 

Example 

To subdivide the Quad8 plate element shown in Figure 15 into 4 vertical 

sections and 3 horizontal sections, choose Tools/Subdivide, and then click on 

the element.  Once the element is selected, the A and B directions will be 

indicated on the plate.   

 

Figure 15: Example subdivision 

Referring to Figure 15 we need 3 A divisions and 4 B divisions.  Also the 

Target element type should be set to Quad8 before pressing Apply 

Subdividing the Strip 

The five plate elements used for modelling the quarter strip will now be 

subdivided to create a finer mesh.  When subdividing a mesh, you must 

ensure that adjacent elements are subdivided consistently such that they join 

at common nodes.   

 To see the A and B 
directions, you must 
choose 
Tools/Subdivide 
before selecting the 
element. 
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Subdivide plates 1 to 5, as shown in Figure 16. 

 

Figure 16: Subdivided mesh 

As the mesh is now complete, it is good practice to clean the mesh.  This sorts 

and renumbers the nodes and elements, and removes any unused nodes or null 

elements from the mesh. Choose Tools/Clean/Mesh and click Apply.  Once 

mesh cleaning is complete, close the dialog box.  You are now ready to apply 

the load to the model. 

Applying the Loads 

The load in this problem is a plate edge pressure.  Plate elements can have 

load applied to them through Edge Pressure, Edge Shear, Edge Normal Shear, 

Surface Pressure and Surface Shear as shown in Figure 17.  For a detailed 

description of plate loads and the settings of their parameters, see the Help.  

For this problem, an edge pressure is applied along the left edge of the quarter 

model.  To apply an edge pressure to a plate element, choose 

Attributes/Plate/Edge Load/Pressure to access the Plate Attribute dialog 

box.  This dialog box contains the Value box as well as a graphical 

representation of the load, showing its positive direction relative to the edge.  

Referring back to Figure 1, the required value is , which is arbitrary in this 

problem, however a value of 100 MPa will be used. 

 Choose Tools/Subdivide 
and set the Targets to 
Quad8. Click on each 
plate and enter the 
appropriate A and B 
values. Remember, if you 
make a mistake simply 
use the Undo function. 

 It is also recommended to 
check for plate free 
edges. This highlights 
any incompatibilities in 

the mesh. 
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Figure 17: Plate element load types 

1. Choose Attributes/Plate/Edge Load/Pressure; 

2. Enter 100 in the Value box; 

3. Select the left edge of the strip (see explanation below);  

4. Click Apply to assign the edge pressure to the selected elements. 

Selecting the Left Edge 

There are a number of ways you can select the left edge for the load 

application.  One way of selecting the edges is by clicking near the edge of 

each individual plate element.  In this case the quickest method is to use the 

select by region selection tool. 

Select by Region Tool 

This tool allows you to select elements within a specified edge, surface or 

solid.  To access this tool, you can either choose Select/by Region, or simply 

click on the Select by Region button in the Strand7 tool bar.  The following 

outlines how to use the Select by Region tool to select the left edge of the 

strip: 

 Remember that the units 
for Stress have been set 
to MPa. Therefore enter 
the edge pressure as 
100. 

 

 Select by Region button. 
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1. Click the Select by Region button; 

2. Click the top node on the left edge; 

3. Click the bottom node on the left edge; 

4. The edge should now be marked by a line; 

5. Click OK to select the left edge; 

6. Continue with the edge pressure function explained above. 

 

When you have finished applying the edge pressure, your model should look 

like Figure 18. 

 

 

Figure 18: Edge pressure applied to model 

Freedom Conditions and Restraints 

For a two-dimensional plane stress problem, there are only two active degrees 

of freedom, i.e. translation in the X and Y directions.  This means that the 

nodes have zero Z translations and no rotations.  This condition is 

automatically enforced in the solver when the plate type is set to 2D Plane 

Stress (in the plate property data). 

Boundary Restraint Conditions 

Knowing the active degrees of freedom makes defining the boundary restraint 

conditions much easier as there are only two degrees of freedom to consider, 

DX and DY.  For this problem, restraint conditions need to be applied to the 

symmetry axes.  Displacement on one side of a line of symmetry is reflected 

 Here, Select by Region 
is used only for 
selecting the edge. 
When the edge is 
selected, click apply in 
the Plate Edge Pressure 
dialog box to apply the 
load. 
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on the other side.  This means that on a line of symmetry, there is no 

displacement normal to the line, only displacement along the symmetry line.  

This is shown in Figure 19.  Therefore all nodes along the X symmetry line 

must have DY fixed, and all nodes along the Y symmetry line must have DX 

fixed.  This leaves only one degree of freedom: displacement along the 

symmetry line. 

In this case, applying these freedom conditions also restricts rigid body 

motion as no rotation or translation of the body as a whole is possible. 

 

 

Figure 19: Symmetry restraint conditions 

The following outlines how to add the boundary restraint conditions on the X 

and Y symmetry axes. 

 

1. Choose Attributes/Node/Restraint; 

2. Click X sym (for X symmetry axis) to automatically assign the 

correct restraint conditions; 

3. Click the Select by Region button to select the top row of nodes, 

similarly to the plate edge pressure selection (click the two end nodes 

of the top edge); 

4. Click Select; 

5. Click Apply; 

6. Follow same procedure for the Y symmetry axis. 

 

When the restraints are applied to both symmetry axes, the model is complete, 

and should look like Figure 20. 

 

 For the Y axis, click the 
Y sym button. 
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Figure 20: Complete model 

Property Input 

Plate properties are entered in the same manner as beam properties.  Plate 

elements are used for several solution types and the appropriate element type 

must be selected.  

 

1. Choose Property/Plate; 

2. Under Type select 2D Plane Stress; 

3. Click Materials...;  

4. Double click Mil Hdbk 5G - Carbon Steel; 

5. Click the AISI 1025 Cold Rolled Sheet and Strip option; 

6. Click OK; 

7. Click the Geometry tab; 

8. Enter 5 in the Membrane Thickness box; 

9. Close the dialog box. 

 Selecting from the 
material database 
automatically enters the 
material properties in 
the current system of 
units. 
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Solving the Model 

As previously discussed, this problem is a 2D plane stress analysis.  As the 

displacements are small and we wish to determine the linear stress 

concentration factor, the linear static solver will be used.  

 

1. Choose Solver/Linear Static; 

2. Click Solve; 

3. When the solution is completed, close the solver window. 

Post Processing 

When the solver is complete, you can begin to process the results of the 

analysis.  The aim is to determine the stress at the tip of the slot.  Once you 

have this value, the stress concentration factor can be calculated using the 

formulas given previously.   

You need to evaluate the stress distribution throughout the strip.  In this 

problem we are concerned with the maximum principal stress and the best 

way of viewing this is to display a contour plot.  Before doing this, set the 

Displacement Scale to 10% by choosing Results/Displacement Scale. You 

can display a contour plot of the maximum principal stress (), by choosing 

Results/Results Settings.  Using this display, regions of high and low stress 

can be quickly identified. 

 

1. Click the Open/Close Results File button; 

2. Open the file Tutorial Problem 2.LSA; 

3. Choose Results/Results Settings; 

4. Under Draw as select Stress; 

5. Under Axis System select Combined; 

6. Under Component select 11 (i.e. - maximum principal stress); 

7. Leave the rest as default and click OK to display the contour plot. 

 

Your screen should now look like Figure 21. 

 

 Alternatively, click the 
Results Settings button. 
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Figure 21: Contour plot of maximum principal stress 

By referring to the colour legend, you can see that the left end of the strip has 

an even stress distribution.  Remembering the model is approximating an 

infinitely long strip, this even stress distribution indicates that the 

approximation is valid. 

The contour plot shows the greatest stress occurring at the tip of the slot 

(indicated by a pink colour), and the value of this stress is given at the top of 

the legend.  You can zoom into this area for a closer look at the stress 

distribution.  The Peek function can be used to obtain the value of the stress at 

locations that are not at the upper or lower end of the legend.   

 

1. Click Zoom-In; 

2. Zoom into the area around the stress concentration; 

3. Choose Results/Peek; 

4. Click the Plate tab; 

5. Under Axis System select Combined; 

6. Click the plate at the tip of the slot. 

 

Given that the maximum principal stress is 514.768 MPa, the stress 

concentration factor (K‟) can now be calculated using the equations given 

earlier. 
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First the reference stress needs to be calculated: 
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The stress concentration factor can now be calculated: 
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The error between this value and the target value is around 8.5%, which is due 

to the mesh around the slot being too coarse.  By examining the element at the 

stress concentration, you can see the stress gradient is very high (i.e. the stress 

variation across the element is more than half the scale of the legend).  

Without having to rebuild the entire model, you can refine the mesh around 

the stress concentration to obtain a more accurate representation of the stress 

field. 

Mesh Refinement 

Before you begin to refine the mesh you must first close the results file by 

choosing Results/Close Results File.  Zoom in to the area shown in Figure 

22. 

 

Figure 22: Zoom area for mesh refinement 
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To refine the mesh, choose Tools/Subdivide and divide the plate with the 

stress concentration into nine smaller plates (i.e. 3x3 subdivision) as shown in 

Figure 23.  Make sure the target type is set to Quad 8 before subdividing.  The 

mesh is now incompatible since there are now three plate edges connecting to 

one plate edge.  To avoid subdividing the entire mesh to make it compatible, 

the surrounding elements can be graded. 

 

 

Figure 23: Local mesh refinement 

Grading 

Grading performs the transition from a fine mesh to a coarse mesh allowing 

specific areas with high stress gradients to have a finer mesh. 

 

1. Choose Tools/Grade Plates and Bricks; 

2. Click the appropriate grade button; 

3. Select the two plate edges as shown in Figure 24; 

4. Click Apply. 

 Grade button. 
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Figure 24: Plate grading procedure 

When refinement of the mesh around the slot has been completed, you can 

once again run the linear static solver. 

Post Processing the Refined Mesh 

The post processing to be carried out is the same as that described previously.  

A summary of the results of the analysis is listed in Table 1. 

  Mesh  ref max K' K' (theoretical) 

  Coarse Mesh  200  514.768 2.57  2.81 

  Refined Mesh  200  561.245  2.81  2.81 

Table 1: Comparison of results 
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CHAPTER 13 
Tutorial 3: Axisymmetric Analysis 

Introduction 

In this problem you will perform an axisymmetric analysis to investigate the 

displacement and maximum stress in a circular plate subject to a normal 

pressure.  Two cases will be investigated: 

 

Case 1: The edge of the plate is simply supported. (i.e. vertical support only) 

Case 2: The edge of the plate is „built in‟ (i.e. all translations and rotations 

fixed) 

Description of Geometry and Loading 

The circular plate has a diameter of 1 metre and is loaded with a uniform 

pressure of 10 kPa, normal to the top surface as shown in Figure 1. 

 

 

Figure 1: Problem description 
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Required Results 

The results required from this analysis are the vertical displacements at 

various radial positions (i.e. R=0 and R=0.25 m) and the maximum radial 

stress. 

Creating the Model 

When modelling an object that can be generated by a surface of revolution, 

the full 3D model does not always need to be built.  Instead, if the loading is 

rotationally symmetric, an axisymmetric analysis will often be sufficient as 

illustrated in Figure 2 and Figure 3. 

Axisymmetric Modelling 

In Strand7, axisymmetric models are built with 2D plate elements in the XY 

plane, with X always positive or zero.  The axis of symmetry (Z in Figure 3) 

is the Y axis, and the radial axis (R in Figure 3) is the X axis.  Any structure 

that allows out of plane displacement ( direction) must be analysed as a full 

3D or sector symmetry structure. 

 

Figure 2: Full 3D model 
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Figure 3: Axisymmetric representation of 3D model 

To create the model, launch Strand7 and create a new file called Tutorial 

Problem 3.ST7. Leave the units as SI.  An axisymmetric representation of the 

disc is simply a rectangle with dimensions of radius by thickness.  This needs 

to be entered in the global XY plane, with the axis of symmetry being the Y 

axis, and the radial direction being the X axis as shown in Figure 4. 

 

 

Figure 4: Axisymmetric model of circular plate 

In this problem, quadratic „Quad8‟ elements will be used to create the 

axisymmetric model. 
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Plate Elements 

As the model is simply a rectangle, one element is sufficient to define the 

geometry.  

Create a Quad4 plate element with the dimensions specified in Figure 4.  

Subdivide the Quad4 plate into 40 Quad8 plates, along the length.  

 

1. Create a node at (0,0,0); 

2. Extrude node 1 by one increment of 0.5 metres in the X direction to 

create a beam element; 

3. Extrude the beam 0.01 metres in the Y direction to form a single 

Quad4 plate element;  

4. Choose Tools/Subdivide, and then click the Quad4 plate; 

5. Note the indicated A and B directions and enter the appropriate 

values; 

6. Under Target select Quad8 from the drop down list; 

7. Click Apply. 

 

Once you have done this, delete all beam elements in the model.  Your screen 

should now look like Figure 5. 

 

 

Figure 5: Quad4 plate subdivided into 40 Quad8 plates 

 Take care not to 
subdivide the plate 40 
deep and 1 long by 
inspecting the A and B 
directions that are 
indicated on the plate 
after selection. 

 

 Remember that if you 
make any mistakes while 
subdividing, you can 
always use the Undo 
function. 
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Applying the Pressure 

The load on the disc is a pressure directed normal to the plate surface.  As 

axisymmetric models represent a cross section, this pressure is applied as an 

Edge Pressure on the mesh and is assumed to act over the entire 360 degree 

sector as shown in Figure 6.  

 

 

Figure 6: Applying pressure to an axisymmetric model 

The edge pressure to apply to the model is 10 kPa acting towards the surface.  

As positive edge pressure acts away from the edge, the pressure should be 

entered as –10000 Pa (or 10e3).  Since the pressure acts over the entire upper 

edge of the rectangular section, the most efficient way of selecting the edge is 

to use the Select by Region function (explained in tutorial 2).  

 

1. Choose Attributes/Plate/Edge Load/Pressure; 

2. Enter 10000 in the Value box; 

3. Click Select by Region; 

4. Click the two end nodes of the top edge, and then click OK; 

5. Click Apply. 

 

Your model should now look like Figure 7. 
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Figure 7: Axisymmetric model with pressure loading 

Freedom Conditions and Restraints 

Global Freedoms 

Axisymmetric analysis is a two dimensional problem with two active degrees 

of freedom, translation in the X and Y directions.  This means that the global 

Z translations (DZ), as well as all rotations (RX, RY, and RZ) must be fixed.  

This condition is automatically enforced by Strand7, when the element Type 

is set to axisymmetric within the plate property data. 

Symmetry Axis Restraints 

Axisymmetric analysis uses the Y axis for the rotational symmetry axis, and 

symmetry conditions should be applied to all nodes on this axis.  Thus the X 

translations of all nodes that lie on the symmetry axis (Y axis) should be 

fixed.  Combining this with the global freedom condition results in all nodes 

along the Y axis having only one degree of freedom, translation in the Y 

direction.  All other degrees of freedom are fixed.  

Edge Restraints 

There are two types of edge supports that need to be investigated.  One is the 

„simply supported‟ condition and the other is the „built-in‟ condition. 
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Simply Supported  

In the simply supported case, only the vertical translation (i.e. Y direction) is 

restricted, while the X translation remains free.  As the model is constructed 

in the XY plane, this corresponds to fixing DY.  To allow rotation of the edge, 

the restraint condition is only applied to one node as shown in Figure 8.  This 

is the restraint condition we will use for the first analysis. 

Built-in Support 

A built-in support requires that no rotation or translation be allowed at the 

edge of the disk.  Thus all nodes along the outside edge of the disk should be 

fully fixed. Figure 8 shows how to apply these restraint conditions. 

 

Figure 8: Edge support restraint conditions 

Two separate freedom cases will now be generated: one called „Simply 

Supported‟ and the other called „Built In Support‟.  The appropriate freedom 

condition will then be set within each freedom case.   

 

1. Choose Global/Load and Freedom Cases; 

2. Select the Freedom Cases tab; 

3. Double click on Freedom Case 1; 

4. Type in Simply Supported and then click OK; 

5. Click New; 

6. Double click Freedom Case 2; 

7. Type in Built In Support and then click OK; 

8. Click OK to close the dialog box. 
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When you close the dialog box, you will notice the current freedom case 

indicated via a drop down list.  

Beginning with the simply supported case, add the restraint condition 

illustrated in Figure 8 (i.e. restrain DY for centre node).  Next select the fixed 

support freedom case from the drop down list, and add the appropriate 

restraints to the boundary nodes (i.e. fix all displacements).  Once you have 

done this, you should have two separate freedom cases: one containing the 

simply supported restraints and the other containing the fully fixed restraints.  

The model building stage is now complete and you can start to define the 

plate properties. 

Property Input 

The properties required for this problem are the Modulus of Elasticity (E) and 

Poisson‟s Ratio (v).  You must also set the property Type to Axisymmetric.  

Select the Structural tab and enter the values for Modulus and Poisson’s 

Ratio in the appropriate fields.  

 

1. Choose Property/Plate; 

2. Under Type select Axisymmetric; 

3. Enter 2.1E11 in the Modulus box and 0.3 in the Poisson’s Ratio 

box; 

4. Close the dialog box. 

Solving the Model 

The axisymmetric model is now fully defined, and all that remains is to run 

the Linear Static Solver. Both of the edge support restraint conditions defined 

in the Freedom cases „Simply Supported‟ and „Built In Support‟ can be solved 

sequentially.  

 

1. Choose Solver/Linear Static; 

2. Click Load Cases…; 

3. There is a checkmark in the box relating to Load Case 1 and Simply 

Supported.  Insert a checkmark in the box relating to Load Case 1 

and Built In Support using the buttons in the lower right corner of the 

dialog box or double-click; 

4. Click OK to close the Load and Freedom Cases dialog; 

5. Click Solve; 

6. Close the solver window once the solution has completed. 

 You do not set the 
thickness value for 
axisymmetric plates. 
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Post Processing 

Open the appropriate results file (Tutorial Problem 3.LSA) and look at the 

deformed plate using a displacement scale of 10%.  The deformed plate 

should look like Figure 9. 

 

1. Choose Results/Open Results File; 

2. Open the file Tutorial Problem 3.LSA; 

3. Choose Results/Displacement Scale; 

4. Click 10%; 

5. Click OK. 

 

 

 

Figure 9: Deformed plot of plate for both freedom cases (10%) 

Axisymmetric Results 

Axisymmetric stress results can be viewed in one of four ways:  Local 

Results, Global Results, UCS Results and Combined Results as explained 

below.   
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Local Results 

The results are displayed according to the orientation of the local coordinate 

system of the plate elements (x, y and z).  The local coordinate system may be 

unique to each element, however in a regular mesh such as this all elements 

would normally have their local systems aligned in a consistent manner.  The 

local systems are important because they define the sign conventions for the 

input of some plate attributes.  Stresses, stress resultants and strains may be 

output in this local system.  See the Help for more information. 

Global Results 

The global coordinate system is the orthogonal XYZ system.  When 

modelling axisymmetric structures, the model is defined in the XY plane, with 

X greater than or equal to zero.  The X axis is assumed to be the radial 

direction (R), and the Y axis is the axisymmetric axis of symmetry.  Thus the 

global results of an axisymmetric analysis are given in the R,  and Z 

coordinate system, not the X, Y, and Z coordinate system. 

UCS (User Coordinate System) Results 

The results are displayed according to the user defined coordinate system. 

Combined Results 

When assessing whether or not a structure has failed, it is not sufficient to 

consider the single components of stress (i.e. XX, YY and ZZ) unless the 

state of stress is simple uniaxial tension or compression. In structures where 

the state of stress is more complex, such as biaxial or triaxial state of stress, 

the interaction between the various components of stress must be considered.  

For example, in a biaxial stress state, the combined effect of XX, YY and XY 

needs to be considered.  Various theories exist for assessing failure in such 

cases.  Strand7 supports a number of these including principal stress, von 

Mises Stress and Tresca Stress. 

Viewing Results 

For this problem, we are interested in finding the maximum radial stress in the 

disk, as well as the vertical displacement at R=0 and R=0.25 m.  One way to 

find the maximum radial stress is by drawing a contour plot.   
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1. Choose Results/Results Settings; 

2. Under Draw as select Contour; 

3. Under Quantity select Stress; 

4. Under Axis System ensure that Global is selected; 

5. Under Component select RR; 

6. Press OK. 

 

The legend shows a maximum radial stress of 3.094E+7 Pa, (see Table 1). 

To view the node displacements, you can use the Peek function.  Firstly zoom 

into the area around the nodes of interest, and then read off the displacements 

(DY values) from the dialog box.  

 

1. Click the Zoom In button, and zoom into the area around R=0; 

2. Choose Results/Peek; 

3. Select the Nodes tab; 

4. Click on any node at R=0; 

5. Read the displacement value (DY) from the dialog box; 

6. Follow the same procedure for R=0.25. 

 

The expected results are listed in Table 1. 

Change the results case to 2: Load Case 1 [2: Built In Support] in the drop 

down list for the results of the Built In Support freedom case. Obtain the 

required results in the same way you did for the Built In Support freedom case   

Compare your values with Table 1. 

 

Result Simply Supported  Built-In Support 

DY at R = 0 -2.174E-3 -5.310E-4 

DY at R = 0.25 -1.531E-3  -2.983E-4 

 max (radial)   3.094E+7   1.893E+7 

Table 1: Strand7 results 

 

 

 

 

 All displacement values 
are in m and stress 
values in Pa. 
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CHAPTER 14 
Tutorial 4: Dynamic Analysis of a Cantilever 
Beam 

Introduction 

In this problem you will analyse the two-dimensional cantilever beam shown 

in Figure 1.  In the first part of the analysis you will determine the first four 

natural frequencies and mode shapes of the beam.  In the second part you will 

examine the response of the beam when subjected to a harmonic point load 

F(t). 

Description of Geometry and Loading 

The beam has a length of 1 metre and has a built-in support at the left end.  

The material and cross sectional properties are shown below. 

 

Figure 1: Geometry and material properties 
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Required Results 

The results required from this analysis are the first four natural frequencies 

and mode shapes, as well as the maximum tip deflection of the beam when 

subjected to a harmonic load F(t).   

Natural Frequencies and Mode Shapes 

In Tutorial 1, a linear static analysis was carried out on a frame model, where 

each member of the frame was represented by a single beam element.  In 

other words, nodes were placed at each point where beams joined, and one 

beam element was placed between each of the nodes.  If each beam element 

had been subdivided into 10 smaller elements, you may expect a more 

accurate result, however the results would have remained unchanged.  A cubic 

function defines the displacements of a beam element.  When loaded with 

simple static point loads, the deformed shapes will always be of an order less 

than or equal to a cubic.  Thus a single beam is adequate to model the 

behaviour. 

In this exercise we consider the dynamic behaviour of a beam model.  Whilst 

we expect the mode shapes of the lower vibration modes to be simple, the 

higher modes will yield more complex shapes that cannot be represented 

adequately using a single beam element with cubic displacement functions.  

Hence the accuracy of the results for a dynamic analysis will depend on the 

number of elements.  For the first four natural frequencies, 20 elements along 

the length of the beam are sufficient.  Higher frequencies may need more 

elements to capture complex deformed shapes. 

Creating the Model 

Create a new file called Tutorial Problem 4.st7.  The units can be set to SI.  

The frequency results will be in Hertz.  The beam geometry can be modelled 

by a single beam element, which can then be subdivided into 20 smaller beam 

elements.   

Creating the Beam Elements 

Create a single beam element between two nodes to define the cantilever 

beam.  Next divide the beam into 20 smaller elements using the Subdivide 

tool. 
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1. Create 2 nodes: (0, 0, 0) and (1, 0, 0) to mark the end-points of the 

beam; 

2. Create a Beam2 element between nodes 1 and 2; 

3. By choosing Tools/Subdivide, divide the beam into 20 smaller beam 

elements. 

Freedom Conditions and Restraints 

You need to consider both the global freedom conditions as well as node 

restraint conditions as explained below: 

Global Freedoms 

In this case, we are only interested in the natural frequencies and mode shapes 

of the beam vibrating in the XY plane.  Thus displacement along the Z axis 

and rotation about the X and Y axes must be restrained. 

 

1. Choose Global/Load and Freedom Cases; 

2. Select the Freedom Cases tab; 

3. Click 2D Beam; 

4. Click OK. 

Node Restraints 

Referring to Figure 1, the beam is fully fixed at the left boundary.  Apply this 

restraint condition to node 1 (i.e. no translations or rotations).  

 

1. Choose Attributes/Node/Restraint; 

2. Click Fix; 

3. Click on node 1 (i.e. left node); 

4. Click Apply. 

Property Input 

The properties required by the natural frequency solver for this problem are 

the modulus of elasticity, material density and the beam cross-sectional 

properties. 

 

1. Choose Property/Beam; 

2. Under Type select Beam; 
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3. Enter 2.1E11 in the Modulus box and 7800 in the Density box; 

4. Select the Geometry tab and click Edit; 

5. Select the solid square cross section and enter 0.03 in the B box and 

0.01 in the D box; 

6. Click Assign and close the dialog box. 

 

The model is now fully defined. 

Solving for Natural Frequencies 

You can now solve the model using the Natural Frequency Solver.  Note that 

the vertical force shown in Figure 1, like any other load, will not be 

considered in the natural frequency analysis.  For this problem use the default 

settings in the dialog box.  

 

1. Choose Solver/Natural Frequency; 

2. Click Solve. 

 

When the solution is complete, the first four natural frequencies will be 

displayed in the solver window as shown below. 

 

Figure 2: Solver result listing 

The listing shown in Figure 2 is a section of the solution log file (extension: 

NFL).  All messages from the Natural Frequency solver are recorded in this 

file.  It is important to note that the line preceding the above results (not 

shown) contains the message “THE FIRST 4 EIGENVALUES HAVE 

CONVERGED”.  This message is very important as the Natural Frequency 

Solver uses an iterative procedure.  If convergence is not achieved, the results 

may not be reliable. 

Theoretical Solution 

For illustration purposes only, we will compare the results of the natural 

frequencies obtained by Strand7, to theoretical values.  For simple problems 

like this one, an exact solution is usually available.  The exact solution for a 

cantilever beam can be calculated using the following equation: 
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42 qL
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n 
  

where: 

nf  = frequency (Hz) of mode n Mode (n) nK  

E = modulus of elasticity 1 3.52 

I = second moment of area 2 22.00 

g = acceleration due to gravity 3 61.70 

q = load per unit length 4 121.00 

L = beam length   

 

The theoretical and Strand7 results are compared in Table 1. 

Mode Theoretical Strand7 Difference 

1 8.39 8.372 0.21% 

2 52.4 52.32 0.15% 

3 147 146.1 0.61% 

4 288 285.6 0.83% 

Table 1: Theoretical and Strand7 results 

Post Processing Natural Frequencies 

Viewing the Mode Shapes 

Open the Tutorial Problem 4.NFA  results file and set the displacement scale 

to 10%.  You can select the mode number to view by using the mode drop 

down list.   

 

1. Open the results file Tutorial Problem 4.NFA; 

2. Set the Displacement Scale to 10%; 

3. Select a mode number (1 to 4) from the drop down list.  

 

The above procedure will produce a deformed plot for a particular mode.  

Alternatively, you can choose to display all four modes at the same time by 

using the Multi View function described in Tutorial 1.  This will create a 
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separate display for each mode.   

 

1. Choose View/Multi View; 

2. Enter 2 in the X Views box and 2 in the Y Views box; 

3. Select Multi Case; 

4. Click OK. 

 

Your screen display should now look like Figure 3.  The first four mode 

shapes are shown with number 1 being in the top left corner and number 4 

being in the bottom right corner. 

 

 

Figure 3: Multiple window display of modes (at 10% displacement scale) 

Animating the Displays 

To gain a greater understanding of how the beam vibrates, you can animate 

the display.  This creates a number of animation frames with varying 

displacement scales, which can be played back to simulate the beam vibration.  

The default number of frames is set to five, but this can be changed if 

required.  Strand7 also allows animation files of multiple windows.  Thus you 

can view the vibrations of several modes at the same time.   

 

1. Choose Results/Create Animation to display the Animator dialog 

box; 

2. Set the number of frames to 10; 

3. Select Multi View; 

4. Click OK. 

 You can change the load 
case font in the Multi 
View display by clicking 
the Font button within 
the dialog box. 
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When the above operations are performed, you will have to wait a short time 

while Strand7 creates and saves each frame.  When the animation file is 

created the Strand7 animator window will start automatically, and the beams 

will appear to vibrate.  You will notice that there is a green arrow, blue 

arrows, red button, and Frame Pause edit box. Clicking the red button will 

stop the animation, while the green arrow is used to restart the animation.  

The blue arrows can be used to step through each frame of the animation, 

forwards or backwards (but only after it has been paused).  The frame pause 

function allows you to change the time interval between each animation 

frame; increasing the number will slow down the animation, decreasing it will 

speed it up. 

Once you have finished viewing the animation file, close the animation 

window.  You can save the animation file to disk if you want to keep it for 

future reference. 

Harmonic Response Problem Description 

The next stage is to calculate the maximum vertical displacement at the tip of 

the beam due to a harmonic force applied at the mid-span.  The Harmonic 

Response Solver calculates the steady-state response of a structure to loads of 

the form: 

)  (sin  )(   tFtF  

This is a sinusoidally varying load with a amplitude F, frequency  , time t, 

and a phase angle .  In the traditional literature on structural dynamics, there 

are two types of frequencies in use:   (circular frequency or angular velocity 

in rad/s) and f (cyclic frequency or cycles per second in Hz), where  = 

2 f. 

The load may include all point forces, moments, pressures, edge stresses and 

global accelerations.  Multiple load cases may be used.  Different load cases 

may have different phase angles, but the loads in all load cases act 

simultaneously with the same frequency.  In this tutorial there is only one 

force, defined in the first load case. 

The harmonic response solver determines the displacements in the model as a 

function of frequency.  The response is calculated at a number of frequencies 

specified by a start frequency, end frequency and number of frequency steps.  

The solution begins at the lowest frequency and steps upward to the upper 

frequency specified.  The natural frequency solver must be run before the 

harmonic response solver in order to determine the natural frequencies and 

mode shapes. 

 You can also save the 
animation to a series of 
bitmaps. 
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Harmonic Loading 

A force of 4N needs to be applied at the mid point of the beam acting in the 

vertical Y direction.   The force is assigned as a point force.  The force will 

act on the structure with different frequencies defined as frequency steps.  The 

sign does not matter as the harmonic solver varies the load in a sinusoidal 

manner, and the load will be both positive and negative during each cycle.   

 

1. Choose Attributes/Node/Force; 

2. Under Force enter 4 in the Y box; 

3. Click the node at the midpoint of the beam (i.e. X=0.5) to select it; 

4. Click Apply. 

Harmonic Response Analysis 

Since the harmonic response solver uses a mode superposition method, at 

least one mode shape must be available to run the solver.  Thus the natural 

frequency solver must be run first, in order to determine several natural 

frequencies and mode shapes.  As the first four natural frequencies have 

already been determined, you may commence the harmonic response analysis 

by choosing Solver/Harmonic Response.  You are now presented with the 

Harmonic Response Analysis dialog box.  This has a number of control 

parameters, most of which should be left as default for this problem.  The 

parameters to consider are: 

Frequency (Hz) 

The Frequency option defines the start frequency, end frequency, and the 

number of frequency steps.  Here we consider forcing frequencies, not the 

natural frequencies.  A forcing frequency is the frequency of the applied load.  

The natural frequency is a property of the structure. 

The Steps option defines the number of evenly distributed frequencies across 

the forcing frequency range.  As an example, if the frequency range is 5 Hz to 

10 Hz with 6 frequency steps, the response would be calculated at 5, 6, 7, 8, 9 

and 10 Hz, as shown below. 
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Figure 4: Frequency steps 

If a natural frequency is found to lie between two frequency steps, a new point 

(i.e. point 5 in Figure 4) will be introduced at that location.  Therefore in most 

cases the solver will calculate more steps than requested (note that in addition 

to an extra point at the natural frequency, the solver adds two additional 

points, one either side of the natural frequency, at the so called half-power 

points – more information about this can be found in the Help).  The 

automatic insertion of additional points can be disabled by clearing the 

Autoinsert Steps option. 

The harmonic response solver considers each frequency step as a separate 

result case.  For example, for the second frequency step, the harmonic 

response solver will calculate the maximum response due to the dynamic 

force, F(t) = 4sin(2)  6t.  The 2 is used to convert the cyclic frequency of 

6 Hz into circular frequency  in rad/s. 

Load Cases Button 

This allows a different load factor to be entered for each load case.  This 

factor will multiply all loads from the corresponding load case, including 

global accelerations if they are assigned.  Thus it is good practice to check the 

global acceleration values (in Global/Load and Freedom Cases) before 

executing the harmonic response solver.  For this problem, the global 

accelerations should be set to zero. 

Since there is only one load case, the value of the phase angle is not relevant.  

Thus the Phase should be left as zero. 

Structural Damping 

There are two alternatives for structural damping:  Rayleigh and Modal 

damping.  For this problem we will use Modal damping.  For each mode 

shape a damping ratio should be entered.  For example, if a damping ratio of 

0.01 is entered for all modes, each mode will have damping equal to 1% of its 

critical damping. 

 The number of steps 
chosen does not affect 
the accuracy of the 
solution at each step. 
That is, the result at a 
frequency of 8Hz (say) 
will be the same with 10 
steps or 100 steps. Only 
the smoothness of the 
Displacement vs. 
Frequency curve will be 
affected. 

 

 The Load Cases button 
is only active when the 
Load Type is set to 
Applied Load. 
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The Include option allows you to specify which modes should be included in 

the mode superposition.  For this problem all four modes should be included. 

 

1. Choose Solver/Harmonic Response; 

2. Under Load Type select Applied Load; 

3. Under Frequency Range enter 7 in the Steps box with 5 as the Start 

Frequency and 10 as the End Frequency; 

4. Set Autoinsert Steps; 

5. Click Load Cases and enter a factor of 1 for Load Case 1, and click 

OK; 

6. Under Damping select Modal; 

7. Click Frequency File to display the Solver Files dialog box; 

8. Ensure that the natural frequency results file is set to Tutorial 

Problem 4.NFA; 

9. Include all 4 modes; 

10. Enter a Damping Ratio of 0.01 for all modes; 

11. Click OK; 

12. Click Solve. 

Harmonic Response Post Processing 

To find the maximum tip deflection over the entire frequency range, a graph 

of vertical deflection (DY) versus frequency at the tip of the beam is useful.  

Deflection versus Frequency Graph 

When the result file is open, you can begin the graphing procedure.   

 

1. Choose Results/Graphs; 

2. Rename the graph as Tip Deflection vs Frequency; 

3. Under Graph Type select Vs Result Case; 

4. Click OK; 

5. This will display the XY Plots dialog box; 

6. Select the Quantity tab; 

7. Select Displacement; 

8. Select DY; 

9. Select the Position tab; 

10. Click the tip node in the model window – this selects the node for the 

graph; 

11. Click OK. 

 You can include modes 
by double clicking in the 
Include column, 
adjacent to the mode 
you want to include. 

 

 Alternatively click the 
Graphs button. 
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This will produce a plot of the vertical deflection versus frequency.  It would 

be better at this point to modify the display range of the horizontal axis to be 5 

Hz to 10 Hz. The steps are outlined below: 

 

1. Press the Graph Options button; 

2. Under Horizontal Axis select User-defined; 

3. Enter 5 in the Minimum Value box; 

4. Enter 10 in the Maximum Value box; 

5. Click OK. 

 

The resulting graph of the vertical tip deflection versus frequency is given in 

Figure 5. 

As you can see the graph contains one point for each result case.  If the 

solution were carried out with 100 frequency steps instead of 7, the graph 

would appear much smoother, however the accuracy of the solution at each 

frequency step would not change.  To check this, close the result file and re-

run the harmonic response solver with 100 frequency steps.  The resulting 

deflection versus frequency graph is shown in Figure 6. 

 

 

Figure 5: Graph of tip deflection versus frequency (7 steps) 

 

 Graph Options button. 
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Figure 6: Graph of tip deflection versus frequency (100 steps) 

Note that the graphs are formed by connecting straight lines between the data 

points for each frequency step.  You can determine the coordinates of any of 

these points by positioning the mouse over the point of interest.  Since we are 

interested in the maximum deflection, position the mouse at the peak point in 

the plot and note the coordinates.  They should be X = 8.37230E+00, Y = 

4.18465E-02. 

Thus from the graph you can see that the maximum tip displacement is 

0.0418465 m and occurs at f = 8.37230 Hz, which is the first natural 

frequency of the beam.

 These graphs have been 
displayed with the 
absolute y option. That 
is, press the |Y| button 
to ignore the sign of the 
results. 

 



165 

 

CHAPTER 15 
Tutorial 5: Spectral Response Analysis 

Introduction 

In this exercise, we consider a simple 3D-frame structure subjected to gravity 

and earthquake loads (see Figure 1).  The structure is a single storey, 

reinforced concrete frame that is fully fixed to the ground.  The load bearing 

structural system consists of three columns, four beams and a horizontal slab.  

All structural members are made of the same material.  The earthquake is 

acting in the horizontal XX direction and is given as an Acceleration 

Response Spectrum. 

Description of Geometry and Loading 

The geometry and material properties of the frame are illustrated in Figure 1.  

As can be seen, the frame has two types of loads:  a gravity load (q) due to the 

self weight of the structure, and an earthquake load in the horizontal XX 

direction. 

 

Figure 1: Geometry and loading 
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H = 4.2 m   frame height 

a = 0.4 m   floor geometry 

b = 5.00 m   floor geometry 

E = 35x10
6 
kPa   modulus of elasticity of all elements 

v = 0.20   Poisson‟s ratio of slab 

G = 14.58x10
6
 kPa  shear modulus of beams and columns 

  = 2.50 T/m
3
   density of slabs, beams and columns 

q = 3.00 kN/m
2
   dead load due to gravity 

t = 0.170 m   slab thickness 

B x D  = 0.40 x 0.40   cross section of columns and beams 

Table 1: Geometry and material properties 

Required Results 

The objective of this analysis is to calculate the maximum displacements and 

element stresses due to the gravity load and the earthquake load.   

Creating the Model 

The first step in the analysis is to construct the finite element mesh followed 

by the definition of the material and section properties.  For this tutorial it will 

be assumed that you are familiar with the basic model building tools in 

Strand7, as presented in previous tutorials, and only a brief summary of the 

procedures will be given. 

Create a new file called Tutorial Problem 5.ST7.  Set the units to m, T, kPa, 

kN.  Create a node at (0, 4.2, 0) to mark the origin of the frames‟ coordinate 

system (refer to Figure 1).  Since the structure is three dimensional, it is a 

good idea to alter the viewing angle to get a better view of the model.  

 

1. Choose View/Angles; 

2. Enter 25 in the Angle X box; 

3. Enter 20 in the Angle Y box; 

4. Enter 0 in the Angle Z box; 

5. Click OK. 

 

Copy node 1 in the Z direction by a distance of 5.0 metres.  Next copy all 

nodes in the X direction by a distance of 5.0 metres to define the geometry of 

the slab (i.e. 5 x 5 square).  

 Remember to press the 
F3 key to rescale the 
contents of the screen. 
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Defining the Elements 

To create the columns extrude three corner nodes in the vertical Y direction 

by –4.2 metres.  A further four beam elements need to be created at the 

boundary of the 5 x 5 metre square defining the extremities of the slab.  

Create the slab with a single Quad4 plate element by joining the four nodes at 

the top of the frame.  Subdivide the plate and the four beams at the top of the 

structure to create a 5 x 5 mesh.  The vertical columns are not subdivided. 

Restraints 

Choose Attributes/Node/Restraint and set the „fixed‟ condition to the three 

nodes at the base of the structure.  The model should then look like Figure 2. 

 

 

Figure 2: Frame mesh 

Property Input 

The next step is to define the beam section and plate properties.  

 

1. Choose Property/Beam; 

2. Under Type select Beam; 

3. Enter 35E6 in the Modulus box, 2.5 in the Density box and 14.58E6 

in the Shear Modulus box; 

4. Select the Geometry tab and click Edit; 

5. Select the solid rectangular cross-section; 
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6. Under Dimensions enter 0.4 in the D box, 0.4 in the B box and click 

Assign. 

 

The beam properties are now fully defined.  Next enter the plate properties. 

 

1. Select the Plate tab; 

2. Under Type select Plate/Shell; 

3. Enter 35E6 in the Modulus box, 4.299 (see note below) in the 

Density box and 0.2 in the Poisson’s Ratio box; 

4. Select the Geometry tab and enter 0.17 in the Membrane 

Thickness box; 

5. Close the dialog box. 

 

Note:  The density of the slab is not equal to the material density.  The 

additional distributed gravity load on the slab due to the dead weight of non 

structural items is included in the analysis as additional material density.  This 

is calculated as follows: 

 

Total Density = material density + (gravity load of non structural  

           items/gravitational acceleration)/slab thickness 

   = 2.50 + (3.0/9.81)/0.17 

   = 4.299 

 

Using this approach, the dead weight is included in the static analysis.  It is 

also included as mass in the dynamic and spectral analyses.  If the Global 

Acceleration in the Y direction is set to –9.81, it will multiply all masses 

generating the gravity load.  The gravity load acts downwards since the 

acceleration has a negative sign.  Thus when the static analysis is performed, 

the total of the self weight of the structure and the additional gravity load on 

the slab will be considered.   

Alternatively, non-structural items may also be modelled using non-structural 

mass attributes, which may be applied to all element types in Strand7.  If non-

structural mass attributes are applied, the slab density should be assigned as 

the normal material density value. 

Static Analysis 

Now that you have defined the frame geometry, the section shape and the 

material properties, you can define the gravity loads and begin the static 

analysis.   

 

1. Choose Global/Load and Freedom Cases; 
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2. Under Inertia Load select Gravity and enter 9.81 in the 

Gravitational Acceleration box; 

3. Click OK; 

4. Choose Solver/Linear Static; 

5. Leave the default settings and click Solve. 

 

When the solution is finished, you can close the solver window and open the 

Tutorial Problem 5.LSA results file.  It is always useful to check the deformed 

shape of the model and the magnitude of the displacements as this often 

reveals obvious errors in modelling (e.g. units, dimensions, etc). 

 

1. Open the results file; 

2. Set Displacement Scale to 10%; 

3. Choose Results/Results Settings; 

4. Under Draw as select Contour; 

5. Under Quantity select Displacement option and under Component 

select DY; 

6. Select the Plate tab; 

7. Under Draw as select Contour, under Quantity select 

Displacement and under Component select DY; 

8. Click OK. 

 

The resultant screen display is shown in Figure 3. 

 

 

Figure 3: Deformed contour plot 
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1. Close the results file. 

Response Spectrum Curve 

The earthquake load is acting horizontally in the XX direction and it is given 

with a typical Acceleration Response Spectrum Curve as shown in Figure 4. 

An earthquake excitation of the ground can be given in the form of a time 

history of the ground acceleration, or in the form of a response spectrum.  The 

spectral response approach is more common and it is utilised by almost every 

modern design code.  The response spectrum curve used in this exercise is 

from the Australian Earthquake Loading code AS 1170.4 – 1993.  Any other 

national code will have a spectral curve similar to this.  Sometimes, in the 

design codes, the response spectrum curve is referred to as a spectral curve or 

design spectrum.   

Whatever the terminology used, the analytical approach is identical.  In the 

design codes, the values of the response spectrum curves are either 

normalised non-dimensional values or in some other convenient units.  There 

is a scaling factor or multiplier, which multiplies the values on the vertical 

axis of the curve.  After scaling, these values usually have the dimension of 

acceleration, i.e. m/s
2 
or mm/s

2
.  The horizontal axis represents the values of 

the natural period of the structure.  The units for the horizontal axis are 

seconds.  Sometimes, in mechanical engineering applications, such as in 

shock analysis or machine vibration, the higher frequencies are of interest and 

the horizontal axis represents the natural frequencies of the structure (in Hz).  

This is simply the inverse of the natural period. 

 

Figure 4: Response spectrum curve for damping ratio of 5.0% 
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It is important to distinguish between response spectrum curve and spectral 

curve.  Both are of similar shape and both have the same units, but the 

meanings are different.  The response spectrum curve is used in design and 

represents the maximum response of a single degree of freedom system, 

defined with its natural period and its damping.  For different damping there 

will be different response curves.  Only this type of curve is used in the design 

codes.  The other type, known as a spectral curve or simply as a spectrum, is a 

Fourier transform of time process.  When the time process is an acceleration 

record of an earthquake, the spectral curve is only a mathematical 

transformation of this data from the time domain into the frequency domain.  

This type of spectral curve provides information about the frequency content 

of the time process.  It is not used in design, and it is usually produced by 

vibration monitoring instruments. 

As mentioned earlier, the design codes give the response spectrum curve in a 

non-dimensional form.  A separate scaling factor is provided, which 

multiplies the curve.  In this example the scaling factor for the vertical axis of 

the response spectrum curve is assumed to be 0.22.  How this value was 

derived will not be explained here.  All necessary information is given in the 

relevant design codes.   

After scaling, the units of the vertical axis are m/s
2
 (i.e. acceleration).  The 

scaling factor takes into account the seismicity of the location, importance of 

the structure, type of the structure, capability of the structure to develop 

nonlinear deformations and some other factors.  In different national codes 

there are different expressions for this scaling factor.  But in the end, it is only 

one number that multiplies the vertical axis of the response spectrum curve. 

The response spectrum curve shown in Figure 4 is defined with the following 

expression: 

52and
251

32
.  S 

T

.
  S a/a   

In order to determine the location of intersection of the flat part and the 

curved part of the response spectrum curve, we substitute the value of 2.50 for 

the spectral acceleration Sa into the above expression.  Solving the equation 

for T we obtain 0.35355.  Now the response spectrum curve can be expressed 

in terms of period T, as follows: 

 

for   0 < T < 0.35355 s      2.5  aS  

for   0.35355 s < T < 3.0 s       
2/3T

1.25
  aS  

where: 

aS  - spectral acceleration (g‟s) 

T -  vibrational period (seconds) 
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Strand7 allows input of the response spectrum curve in terms of either period 

or frequency.  Thus the above expressions are in a suitable form for entering 

into Strand7 in the form of a spectral table.  Choose Tables/Factor vs 

Frequency/Period to access the table input dialog box.  The values of the 

curve are entered in Table 1.  The equation tool will be used to enter all of the 

values except for the first data point value, which must be entered by hand.  

The steps for entering the data points for the response spectrum curve are 

listed below: 

 

1. Choose Tables/Factor vs Frequency/Period; 

2. Rename and click OK; 

3. Under Table Type select Period; 

4. Enter 0.0 for Period and 2.5 for Factor for the first data point; 

5. Click the Equation Editor button; 

6. This displays the Factor vs Period dialog box within which you can 

enter an equation to describe the curve; 

7. Enter the equation 1.25/x^(2/3) in the Factor(x)= box; 

8. Enter 0.35355 to 3.0 in the Period Range boxes; 

9. Enter 2 to 20 in the Sampling Range boxes; 

10. Click OK. 

 

This produces the response for the period 0<T<3.0 s. The table should look 

like Figure 5. 

 

Figure 5: Definition of response spectrum curve 

 The extrapolation of data 
outside the defined 
range depends on the 
table type.  For example,  
in Factor vs 
Frequency/Period tables, 
Strand7 extends the last 
data point keeping the Y 
value constant.  For 
other tables the 
behaviour may be 
different (e.g. for Stress 
vs Strain tables data 
outside the range is 
extrapolated by keeping 
the gradient constant). 
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Spectral Response Analysis 

Before executing the Spectral Solver, you need to perform a Natural 

Frequency Analysis in order to determine the natural frequencies and mode 

shapes 

Natural Frequency Analysis 

In the spectral analysis, the solver requires the mode shapes and 

corresponding natural frequencies since the spectral solver uses a modal 

superposition procedure.  Thus before running a spectral analysis, a natural 

frequency analysis must be performed. 

 

1. Choose Solver/Natural Frequency; 

2. Enter 5 in the Modes box; 

3. Click Solve. 

 

After several iterations the solution converges and the results for the first five 

natural frequencies are displayed at the end of the solution file as shown in 

Figure 6. 

 

Figure 6: Eigenvalue listing for first five natural frequencies 

At this stage we do not know whether these five mode shapes are sufficient to 

adequately represent the dynamic behaviour of the structure.  This can be 

checked by running the spectral response solver and looking at the total mass 

participation factor within the spectral solver log (SRL) file.  A mass 

participation factor greater than 90% generally indicates that the number of 

modes included is sufficient.  If it is less than 90%, we would need to 

recalculate a few more mode shapes and repeat the spectral analysis. 

Spectral Response Analysis 

The response spectrum curve above is normalised by the acceleration due to 

gravity.  It will be multiplied by a factor of 0.22, which will be entered in the 

spectral response solver panel as a direction factor.  After this multiplication, 

the values of the curve will be in m/s
2
.  

 



174   Using Strand7 

1. Choose Solver/Spectral Response; 

2. Under Damping select None; 

3. Click Direction Vectors to bring up the Load Factors dialog box; 

4. Under Spectral Table select the table you created earlier and enter 

0.22 under Factor:X. Leave Factor:Y and Factor:Z as 0.  

5. Click OK; 

6. Click Frequency File to view the Solver Files dialog box and ensure 

that Tutorial Problem 5.NFA is set; 

7. Include all modes in the analysis by clicking the Include All button; 

8. Close the Solver Files dialog box; 

9. Click Solve. 

 

The Direction Vector X=0.22 will multiply the spectral values from the Factor 

vs Period table, and it will apply the seismic action in the X direction.  The 

other two factors, Y and Z are zero, meaning that the earthquake does not act 

in the Y and Z directions.   

As explained above, the first thing you should check after running a spectral 

response analysis is the Total Mass Participation factor.  Checking in the 

Tutorial Problem 5.SRL file, we see that the Total Mass Participation is 

99.845%, which indicates that the number of included modes is sufficient. 
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CHAPTER 16 
Tutorial 6: Creating a Mesh of Intersecting 
Pipes Using Element Tools 

Introduction 

This tutorial is intended to introduce you to some of the advanced modelling 

tools available in Strand7 for directly manipulating elements.  It will 

demonstrate functions such as extrusion, projection, filleting and user defined 

coordinate systems.  Tutorials that deal with CAD geometry and automatic 

meshing are presented in Chapters 18 to 20. 

 

 

Figure 1: Geometry description of intersecting pipes 

A 

C 

B 

D 

E 
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Creating the Finite Element Mesh 

The easiest way to begin this model is to create a number of nodes to define 

the initial geometry of the two cylinders.  We start by defining the geometry 

for the centre lines and radii of both pipes.  This requires a total of five nodes 

at the following locations (Set Units to Nmm): 

 

Node 1 (0, 0, 0) - Point A in Figure 1 

Node 2 (0, 75,0) - Point B in Figure 1 

Node 3 (150, 0, 0) - Point C in Figure 1 

Node 4 (150+150/Tan(60), 150, 0) - Point D in Figure 1 

Node 5 Copy Node 4 by the following increments to give Point E in 

Figure 1 

 Increment X = 25*Cos(30) 

Increment Y = 25*Sin(30) 

Increment Z = 0 

 

Your screen should now look like Figure 2. 

 

 

Figure 2: Nodes defining the initial geometry 

 

 You can enter equations 
directly into any Strand7 
edit box that requires 
numerical input. 
Therefore the node 
coordinates that involve 
equations can be 
entered using the 
following format: 
25*sin(30), or 
150/tan(60). 
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User Defined Coordinate Systems (UCS) 

We now need to create two cylindrical coordinate systems to define the axes 

of the two intersecting pipes.  Change the viewing angle to (30, 20, 0) and 

follow the instructions below: 

 

1. Choose Global/Coordinate Systems; 

2. Click the New UCS button; 

3. Click the Edit UCS Name button and enter a new name (i.e. 

Cylindrical UCS for Main Pipe); 

4. Under System select Cylindrical, under Type select YZ and under 

Origin Point enter 1 in the Node box; 

 

Since the smaller pipe is inclined by 60 degrees, the steps involved in defining 

the second UCS are a little different: 

 

1. Choose Global/Coordinate Systems; 

2. Click the New UCS button; 

3. Click the Edit UCS Name button and enter a new name (i.e. 

Cylindrical UCS for Inclined Pipe); 

4. Under System select Cylindrical; 

5. Under Type select UCS; 

6. Under Origin Point enter 4 in the Node box; 

7. Under Point 1 select node 3 and under Point 2 select node 5; 

8. Click OK. 

 

You should now have two cylindrical systems defining the axes of the two 

intersecting pipes. 

Creating the 60 degree Inclined Pipe 

From the coordinate system drop down list, select the UCS for the smaller 

pipe and extrude Node 5 four times by 45 degree increments ensuring that the 

Extrude to option is set to Beam3.  This will create four beam elements 

defining the geometry of the smaller pipe as shown in Figure 3. 

The beam elements can now be extruded to create the surface of the smaller 

pipe.  To ensure that the pipe surface has the correct geometry at the point 

where it intersects the main pipe, use Extrude by Projection to UCS. 
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Figure 3: Geometry of smaller pipe 
 

1. Choose Tools/Extrude/By Projection/to UCS; 

2. Select Cylindrical UCS for Main Pipe from the Project to drop 

down; 

3. Enter 75 in the Radius box; 

4. Under Direction select Parallel; 

5. Select node 4 for N1 and node 3 for N2; 

6. Under Source select Leave; 

7. Select the Targets tab and under Beams to… select Quad8; 

8. Select all beam elements using the Select All button; 

9. Click Apply. 

 

Figure 4 shows the dialog with the parameters set. This will extrude the 

beams to form a surface of Quad8 elements, intersecting the main pipe with a 

radius of 75 millimetres as shown in Figure 5. 
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Figure 4: Extrude by projection to UCS dialog box 
 

 

Figure 5:  Beams extruded to a cylindrical UCS 

Next select all beams, and Extrude by Increment in the radial direction by 

an amount of R=10.  This will produce four Quad8 plate elements on the 

perimeter of the pipe as shown in Figure 6.   
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Figure 6: Extruded beam elements on perimeter of pipe 

Now, move these four plates so that they lie on a radius of 75 millimetres on 

the UCS of the main pipe.  Before doing so, change the Angle to (160, 30, 

180). 

 

1. Choose Tools/Move/By Projection/to UCS; 

2. Select Cylindrical UCS for Main Pipe from the Project to… drop 

down; 

3. Enter 75 in the Radius box; 

4. Under Direction select Parallel; 

5. Select node 4 for P1 and node 3 for P2; 

6. Select the four perimeter plates; 

7. Click Apply. 

 

You can now delete all the beam elements as they are no longer required. 

Creating the Main Pipe 

Select Cylindrical UCS for Main Pipe from the UCS drop down and copy 

the node marking the radius of the main pipe (Node 2) by two increments of  

45 degrees.  Next copy these two nodes to be in line with the node marking 

the half way line of the smaller pipe as shown in Figure 7. 
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1. Change the viewing angle to (155, 10, 180); 

2. Choose Tools/Copy/By Projection/To Plane; 

3. Under Plane select YZ; 

4. Select the node shown in Figure 7 for P1; 

5. Under Direction select Target Normal; 

6. Select the two nodes to be copied (see Figure 7); 

7. Click Apply. 

 

 

 

Figure 7: Defining the geometry for the main pipe 

The plate elements defining the surface of the main pipe can now be created.  

Before starting this, set the coordinate system to Cylindrical UCS for Main 

Pipe.  This will ensure that the mid-side nodes are automatically placed at the 

correct radius.  Once the first plate has been created, copy the node shown in 

Figure 8 to the YZ Plane defined by the mid-side node of the first plate. 
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Figure 8: Creating the surface of the main pipe 

Now subdivide the first plate and continue creating plate elements so that 

your model looks like Figure 9. 

 

 

Figure 9: Surface geometry 

Continue creating Quad8 plate elements, until the geometry of the main pipe 

is complete as shown in Figure 10. 
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Figure 10: Complete symmetrical surface geometry  

To create the bottom quarter of the main pipe, copy the bottom row of plate 

elements by two increments of 45 degrees. This will produce a half 

symmetric model of the intersecting pipes.   

It would be a good idea at this stage to clean the mesh to check for any 

duplicate nodes. 

Creating a Fillet at the Pipe Intersection 

Strand7 has an automatic filleting tool which can be used to generate a fillet 

between any two connecting plate elements.  In this case we need to create a 

fillet with a four millimetre radius between the plate elements of the 

intersecting pipes.   

 

1. Zoom into the region surrounding the pipe intersection; 

2. Choose Tools/Fillet Plates; 

3. Enter 4 in the Fillet Radius box; 

4. Select any two intersecting plate elements (see Figure 11);  

5. Click Apply; 

6. Continue in the same manner until all plate intersections are filleted. 
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Figure 11: Creating fillets 

Creating the Full 3D Model 

The full model can now be created by using the Mirror tool.  Then subdivide 

all elements using a density of 5x5 to generate the 3D model shown in Figure 

12. 

 

 

Figure 12:  Full 3D model of the intersecting pipes 

 

 When elements are 
subdivided, a mesh clean 
is carried out using the 
settings from the last 
clean. As the elements 
being generated at the 
intersection of the pipes 
will have a distance 
between them of less than 
1, these elements will be 
collapsed by the mesh 
clean. To avoid this, 
perform a mesh clean 
using the default settings 
before subdividing the 
elements.  
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CHAPTER 17 
Tutorial 7: Creating a User Defined Beam 
Cross Section 

Introduction 

In Strand7, section properties for common beam cross-sections are easily 

calculated using the standard section library.  Specialised sections not 

available in the section library can be created and stored in a dedicated 

library.  This tutorial is intended to demonstrate the procedures for creating a 

user-defined beam cross section.  An example of a user-defined cross section 

is shown in Figure 1. 

 

 

Figure 1: Sample beam cross section 



186   Using Strand7 

Cross Section Definition 

The first step in creating a user defined section is to define the geometry of 

the cross section.  This requires the creation of a two dimensional mesh of 

plate elements in the XY plane.  The density of the mesh is not critical but it 

is important to have compatibility between adjoining elements. 

 

1. Open a new Strand7 model; 

2. Create a two dimensional plate mesh defining the geometry of the 

cross-section.  A suitable mesh density for the example beam cross 

section is shown in Figure 2.  This is a sample for illustration 

purposes.  You can create any cross section you like. 

 

 

Figure 2: Example Strand7 mesh of a user-defined section 
 

1. When the mesh is complete, choose File/Make Beam Section; 

2. The Beam Section Generator dialog box will appear and Strand7 

will calculate and display the section properties of the cross section, 

as shown in Figure 3;   

3. Click the Include Mid-Side Node button to show the curved 

surfaces when rendered as a solid.  If this is not done, the curved 

surfaces will appear as facets; 

4. Click the Save Section button to generate a beam cross section file 

(e.g. special channel.bxs); 
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5. The plate model defining the cross section can be closed.  It is a good 

idea to save the plate model for future reference or modification, 

although it is no longer needed for the beam cross-section. 

 

 

 

Figure 3: Beam section generator dialog box 

The cross section file created (special channel.bxs) can now be assigned to 

any beam property within a Strand7 model. 

Assigning to Beam Properties 

When the model of the structure containing the user-defined section has been 

created using beam elements, the section properties can be assigned as 

follows: 

 

1. Choose Property/Beam; 

2. Select the Geometry tab and click Edit; 

3. Click the BXS button and open the appropriate file;  

4. Click the Assign button (to assign section data); 

5. Enter additional property data as required; 

6. Click Close. 

 

The user-defined section is now assigned to the particular beam property 

selected.  Strand7 allows solid rendering of any arbitrary user-defined section.  

This aids in the visualisation of the beam structure and eliminates ambiguity 

about the alignment of the beam element.  To render the beam as a solid: 

 

 User-defined beam 
cross sections (BXS) 
in Strand7 are units 
aware.  You can 
build the cross-
section in any 
convenient system 
of units and the 
same BXS can be 
used in any other 
Strand7 model, 
irrespective of its 
units. 



188   Using Strand7 

1. Right click the model window and select Entity Display; 

2. Select the Beam tab; 

3. Under Display Mode select Solid; 

4. Select Light Shade and clear Draw Outlines; 

5. Click OK. 

 

This will close the dialog box and redraw the model with the beam sections 

fully rendered.  An example of a fully rendered beam is shown in Figure 4. 

 

 

Figure 4: Fully rendered beam model
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CHAPTER 18 
Tutorial 8: Automeshing Imported Solid CAD 
Geometry 

Introduction 

This tutorial is a guide to converting CAD geometry files into finite element 

meshes that are suitable for use in Strand7.  It demonstrates the use of both 

the Surface and Solid Automeshing tools.  Furthermore, it addresses several 

problems that can be encountered when converting CAD geometry into a 

finite element mesh. 

 

 

Figure 1: CAD model of the solid part 

The CAD model of Figure 1, which represents a solid part, will be used for 

this example.  This tutorial shows how this model can be imported, how it is 

prepared for meshing and how it can be automatically meshed.  Meshing of 

this solid model consists of two stages: the meshing of the surface followed 

by the meshing of the volume. 
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Importing the CAD Geometry 

Strand7 imports models from a number of CAD packages that can export 

ACIS, STEP or IGES formats.  Files of these formats may be imported into 

Strand7 by choosing File/Import.  CAD files may be imported into a new 

model or into an existing model.  In this example, an IGES CAD file,  

Solid Block.IGS, from the Strand7\Samples directory, is imported into a new 

file by using the following steps: 

 

1. Create a new file by choosing File/New; 

2. The units specified in CAD files are used by the Strand7 importer.  

This means that regardless of the units in the CAD model, the 

dimensions are converted to the system used in Strand7. In this case, 

use Nmm.  Choose Global/Units and select Nmm; 

3. Choose File/Import to import the CAD file;  

4. Change Files of Type to display files of IGES type and select the 

model file Solid Block.IGS from the file list; 

5. Click OK. 

 

After selecting the file, a dialog (Figure 2) is displayed that confirms the 

IGES file to be imported.  This window also includes import options.  The 

default settings are sufficient for this tutorial.  To proceed with the import, 

click OK.  

 

 

Figure 2: IGES import dialog box 
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During the import, Strand7 provides you with an option to either use or 

override the units in the CAD file.  At times CAD files units may be 

incorrectly specified resulting in models with incorrect sizes. 

The geometry of the imported CAD model is then displayed as shown in 

Figure 3.  Notice that the model name has changed from the default Meshxx 

to the IGES filename.  New Strand7 model files will always adopt the name 

of the imported filename. Once saved however, the filename will not be 

altered if additional geometry is imported. 

 

 

Figure 3: Imported geometry 

Geometry Display Options 

Once imported, the geometry is displayed by showing the face edges using the 

default settings for geometry, with the view angle projected onto the XY 

plane.  On the Entity Toggle tool bar, there is a toggle button for geometry 

and vertices, which can be used to show or hide these respective entities.  

Change to a Dimetric display by: 

 

1. Choose View/Angles; 

2. Under Front select Dimetric; 

3. Click OK. This updates the display of the model to a better viewing 

position. 

 

 

 Geometry Toggle button. 

  
 

 Vertex Toggle button. 
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Geometry and vertices, as with elements, have display properties that can be 

altered.  By right clicking either the Geometry Toggle Button, or Vertex 

Toggle Button, the display options dialog is shown; Edge and Vertex colours 

can be set along with their style.  Included (Figure 4) is the option to display 

the geometry wireframe to better visualise the model.  The density of the 

wireframe can also be altered to more clearly represent surface contours by 

the following: 

 

 

Figure 4: Geometry display options 

1. Right click the Geometry Toggle Button, set the geometry display 

to the settings shown in Figure 4 and click OK; 

2. Turn on the vertex display, by clicking the Vertex Toggle Button. 

 

Figure 5 shows the imported model with vertices and geometry wireframe. 
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Figure 5: Geometry with vertices and wireframe displayed 

Preparing CAD Geometry for the Automesher 

CAD models are often created for the purpose of visually conveying a 

model‟s physical geometry in an easily portable and exchangeable form.  

Discrepancies in the CAD model that are harmless in the CAD environment, 

however, will result in problems for finite element mesh generation.  

Although FEA models may appear similar to solid CAD models, they must 

also fulfil the non-visual purpose of being able to mathematically simulate the 

structural behaviour of the physical object.  It is because of this added 

requirement that checks must be made to ensure that the imported CAD 

model is suitable for conversion to an FE mesh.  Strand7 includes specialised 

tools to assist in this conversion. 

For a CAD model to be successfully meshed and used as a solid FE model 

(i.e. brick elements), all edges must be shared by two and only two faces.  

This ensures the resulting meshes for each face will be compatible.  On the 

Entity Toggle tool bar, the Show Face Free Edges button can be used to 

identify mismatched face edges.  Figure 6 shows this function identifying two 

free edges in the example model. 

 

 Show Face Free Edges 
button. 
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Figure 6: Geometry free edges tool highlighting free edges found 

For this particular CAD model, these free edges were not intended.  These 

edges were of no consequence while being used in the CAD package as the 

edges formed a gap that was too small to appear.   

However, if imported „as is‟ these free edges would represent a „cut‟ in the 

surface of the model once meshed.  Because of the cut, the faces that describe 

the solid part would not be fully enclosed and therefore cannot correctly 

describe a solid entity.  This is important when converting the model for FEA 

for two reasons:  firstly, the free edges would model the structural behaviour 

of a cut; secondly, the free edges on the surface would mean that a solid mesh 

cannot be created because the surface of the model is not closed.  Free edges 

that were not intended in the CAD model can be „seamed‟ or „zipped‟ by 

using the Clean Geometry tool, which is similar to the Mesh Cleaning tool. 

The Clean Geometry tool, accessible via Tools/Clean/Geometry, includes a 

number of options that are shown in its dialog (Figure 7).   
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Figure 7: Clean geometry dialog 

Edge Merging Angle 

The Edge Merging Angle option allows you to specify whether face edges 

joined within a prescribed angle are to be merged as a continuous edge.  For 

example, if an Edge Merging Angle of 90° is specified, edges that meet at an 

interior angle of greater than 90° will be merged.  Specifying an Edge 

Merging Angle of 180° means that only edges that are joined on the same 

tangent are merged.   

Minimum Feature Length 

The Minimum Feature Length option sets the minimum feature length of 

any face.  Faces that have an edge that is less than the minimum specified will 

have that edge collapsed by the Clean Geometry tool.  If this means that the 

face is reduced to two superimposed edges, this face will be deleted by the 

tool, such that surrounding faces are „seamed‟.  Note that the Minimum 

Feature Length can be specified relative to the length of the longest 

dimension of the model or by an absolute length.  It is important to note that 

this length also applies to gaps between edges.   

The default settings are a good starting point for geometry cleaning.  All 

imported CAD models should be cleaned to remove unintended gaps or 

unnecessary geometric entities. 

To clean the model, follow the steps below: 

 

1. Choose Tools/Clean/Geometry; 

2. Select Relative; 

3. Enter 0.002 in the Minimum Feature Length box; 

4. Click OK. 
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The above procedure results in the Clean Geometry tool zipping free edges 

within the tolerance specified.  Upon completion, a dialog box reports the 

changes made to the model. 

If geometry cleaning results in the removal of all free edges, the Show Face 

Free Edges button will automatically become inactive as there are no free 

edges to display.  By clicking the Show Face Free Edges button again, a 

message box will report that no free edges are found.  Once this is the case, 

the geometry is ready to be surface meshed. 

Surface Automeshing 

The Surface Automeshing tool is used to automatically generate a mesh of 

plate elements for specified geometry faces.  This generates elements on the 

surface of the model.  Note that the Surface Automeshing tool must be used 

prior to creating a solid mesh.  The tool can be configured to mesh at a 

specified density, and to mesh all or a selected number of faces.  Meshes can 

be created using either linear Tri3 or Quad4 elements, or quadratic Tri6 or 

Quad8 elements.  Note that if a quadrilateral element type is specified, this 

will not necessarily mean that the resulting mesh will only be composed of 

quadrilateral elements; some triangular elements may be used.  Hence, these 

meshes are often referred to as „quadrilateral dominant‟ or „quad dominant‟ 

meshes. 

The decision of which element type to use can be made by considering 

whether a surface or solid mesh is ultimately required.  For surface meshes, a 

quadrilateral dominant mesh is preferred.  However, triangular elements are 

preferred for the surface of a solid tetrahedral mesh as this promotes better 

quality tetrahedra.  The decision to employ either linear or quadratic elements 

is dependent on the required analysis. A suitable mesh density is also 

dependent on the analysis type and the density necessary to provide an 

acceptable solution without incurring a large solution time. 
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Figure 8: Surface automeshing dialog 

The Surface Automeshing tool (Figure 8) can operate in two modes.  In 

automatic mode (default option) the mesh density is specified by the 

Maximum edge length, either as an absolute length or a percentage of the 

largest length.  Clicking Custom Settings allows detailed control for surface 

mesh creation.  For this tutorial the default automatic settings are used.  

Maximum edge length sets the largest edge length of any element created by 

automeshing.  This maximum edge length can be previewed graphically by 

clicking the Preview button, which gives an indication of where nodes will be 

positioned along the edges.  As with the Minimum Feature Length option in 

the Clean Geometry tool, this option can be specified relative to the length of 

the longest dimension of the model or as an absolute number.  Mesh 

previewing can be achieved by the following steps: 

 

1. Choose Tools/Automeshing/Surface Mesh; 

2. Select the mesh density by entering a value into the Maximum edge 

length field as either a percentage or absolute value; 

3. Click Preview. 

 

Figure 9 shows the mesh preview using a Maximum edge length of 3%.  

The Maximum edge length can be adjusted until a satisfactory mesh density 

is found.  For this tutorial, the automeshing tool will be used with a 

Maximum edge length of 5% to create a linear triangular mesh.  This can be 

achieved with the following steps: 
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1. Choose Tools/Automeshing/Surface Mesh; 

2. Enter 5% in the Maximum edge length box; 

3. On the Target tab, select the 3 node triangle and set Plate Property 

as Face Number (the resulting plates will be assigned a plate 

property number equal to the parent face number); 

4. Click Mesh. 

 

 

Figure 9: Mesh density preview 

The resulting mesh is as shown in Figure 10.  Note that although the mesh 

density is uniform on most faces, some faces have a mesh density that sharply 

varies across the surface.  This can be seen as a clustering of nodes in the 

figure.  Unless the geometry has intentionally small features in relation to 

surrounding features (such as a hole in a sheet), clustering could indicate a 

problem with the geometry.   

 

 The Preview function is 
an approximation of the 
resulting node 
distribution. The 
function does not take 
into account automatic 
transitioning in mesh 
size. 
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Figure 10: Automeshed model with mesh density irregularities 

 

Figure 11: Meshed sliver face causing mesh density irregularity 

By zooming into these regions, small „sliver‟ faces can be seen between two 

larger faces.  The small faces are the cause of the clustering.  Figure 11 shows 

one of these slivers. 

This sliver face was not an intended feature of the CAD model.  Its purpose 

was simply to maintain visual coherence of this area of the model.  For an 

FEA model, however, this sliver face disrupts the uniformity of the mesh and 

should be removed.  This can be done by cleaning the geometry with a larger 
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Minimum Feature Length to collapse the sliver face and join the two 

neighbouring faces.  A Minimum Feature Length of 0.05 should be large 

enough to remove any small faces in this model.  This operation could just be 

performed on only those faces by choosing the selected option, however this 

zipping tolerance is still a safe global zipping tolerance for this model as there 

are no intentionally small features that need to be maintained.  Removal of the 

sliver faces can be achieved with the following steps: 

 

1. Choose Edit/Undo to undo the previous automesh operation; 

2. Display the geometry by clicking the Show Geometry toggle button; 

3. Choose Tools/Clean/Geometry; 

4. Enter 0.05 in the Minimum Feature Length box; 

5. Click Apply. 

 

Once the sliver faces are removed, the model is ready for automeshing.  

Figure 12 shows the remeshed model at the same 5% mesh density. 

 

 

Figure 12: Remeshed model with slivers removed 

Solid Automeshing 

The Solid Automeshing tool (Figure 13), can generate solid meshes of either 

linear or quadratic tetrahedral elements.  The Surface Automeshing tool must 

be used to create a closed surface mesh prior to using the Solid Automeshing 

tool.  Because tetrahedral elements are generated, it is sometimes preferable to 

create an enclosed triangular surface mesh such that better aspect ratios are 
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generated.  However, the Strand7 solid mesher accepts any Strand7 plate type 

for the definition of the surface.  With a model containing plate elements that 

enclose a volume, applying the Solid Automeshing tool involves carrying out 

the following steps: 

 

1. Choose Tools/Automeshing/Solid Mesh; 

2. Select target element type (Tet4 or Tet10); 

3. Click Mesh. 

 

 

Figure 13: Solid automeshing dialog 

The model of Figure 12 can be meshed by using the above procedure.  The 

final model using linear 4 node tetrahedral elements is shown in Figure 14. 

 

 

Figure 14: Solid meshed geometry 
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CHAPTER 19 
Tutorial 9: Exploiting Extrusions in CAD 
Models 

Introduction 

In many cases, a solid CAD geometry is created by extruding one or more 

surfaces in a straight line or about an axis of rotation.  Such models can be 

automeshed by exploiting the same extrusion technique and do not require the 

solid automeshing tool.  That is, it is possible to replicate the process in 

Strand7 by first generating a surface mesh and then extruding this mesh into a 

solid mesh that completely fills the intended geometry.  By following this 

procedure, it is possible to create a hexahedral or „hexahedral dominant‟ solid 

mesh of better quality than a tetrahedral mesh. 

 

 

Figure 1: Solid CAD model 
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This tutorial will demonstrate how the solid CAD model shown in Figure 1 

can exploit the Extrude tool in creating a solid mesh from a surface mesh.  

However, foresight of this procedure is required in the CAD modelling stage.  

Hence, the steps that are needed to correctly enable the extrusion process in 

Strand7 are described for the CAD modelling stage.  Furthermore, this tutorial 

will highlight some of the considerations that should be made when creating 

any CAD model for use with FEA. 

Modifying a CAD Model for Extrusion in Strand7 

The model of Figure 1 can be created by two extrusion processes.  Firstly, the 

surface of the bottom of the boss can be extruded to create the solid base.  

Secondly, the solid boss can be extruded by its top surface.  Both extrusions 

can be performed in CAD and in Strand7.  However, to achieve this on an 

imported geometry in Strand7, several steps must be performed in the CAD 

package first. 

If the CAD model is imported into Strand7 as is, a problem will arise if the 

user sets out to surface mesh the top and bottom surfaces and then extrudes 

inwards.  The problem is that the resulting solid meshes will not be 

compatible at the joining face.  This is because the automeshing tool will have 

no information on the shape of the boss when meshing the base.  Hence, it 

will create a mesh of the base without including any nodes that are positioned 

to meet with the nodes at the joining boss face. 

A modification to the existing CAD model can be made to ensure that the 

nodes at the joining face of the boss will be identical to those of the web.  

This modification entails „splitting‟ a surface such that two faces are created 

on the same plane.  With two faces, automeshing can be controlled such that 

nodes conform to the boundary of the „split line.‟  For the model of Figure 1, 

the face of the base surface will be split such that the outline of the boss 

becomes an edge on this face.  In this way, the two faces on the base surface 

can be independently extruded to create a compatible solid mesh.  This split 

line is shown in Figure 2.  The two surfaces that are produced are shown in 

Figure 3. 
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Figure 2: Split line to create two faces on the bottom surface 

 

Figure 3: Two surfaces created via split line of Figure 2 

This geometry is then ready to be exported into IGES, ACIS or STEP formats 

for import by Strand7.  As an aside, as with building any CAD model for use 

with FEA, any features that are not considered to be important (such as purely 

decorative features or small features far from the areas of interest) should be 

removed. 
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Importing and Meshing the CAD Model 

The model of Figure 3 is contained in the file Extruded Block IGS. Figure 4 

shows this model imported into Strand7. 

 

 

Figure 4: Imported CAD geometry 

The bottom surface of the model can be surface meshed using the Surface 

Automeshing tool using the following steps: 

 

1. Select the two faces on the bottom surface of the model; 

2. Choose Tools/Automeshing/Surface Mesh; 

3. Enter 3% in the Maximum edge length box; 

4. Select the Target tab, under Plate Type select Quad 4 and under 

Plate property select Face number; 

5. Select the Faces tab and select Selected graphically to ensure only 

the selected faces are meshed; 

6. Click Mesh. 

 

Figure 5 shows the resulting surface mesh together with the geometry. 
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Figure 5: Meshed bottom surface 

This surface mesh in now ready to be extruded.  Extrusion distances can be 

found by holding the shift key while the mouse is over an edge of a face that 

runs the length to be determined.  This will display the Entity Inspector 

which gives the edge length.  Ensure that the Toggle Face Select button is on.  

For the example model, the thickness of the base is 10 mm and the height of 

the boss is 40 mm.  The base surface is to be extruded through to the 

thickness of the base such that there are 4 layers, each layer having a 

thickness of 2.5 mm.  In this case, the direction of extrusion is the positive Z 

axis.  The following steps achieve this task by using the Extrude tool (Figure 

6): 

 

1. Select all plates on the bottom surface; 

2. Choose Tools/Extrude/by Increment; 

3. Under Increments enter 2.5 in the Z box; 

4. Enter 4 in the Repeat box; 

5. Under Source select Move; 

6. Select Keep Selection; 

7. Click Apply. 
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Figure 6: Extrude by Increment dialog 

Figure 7 shows the result of this procedure with bricks and geometry 

displayed.  The above procedure, however, has kept the plates created by the 

surface mesh.  The plates that are at the joining face of the boss and web are 

to be used for extruding the boss, but the others are no longer needed.  These 

can then be deleted after unselecting the boss plates with the Select by 

Property tool. 

 

 

Figure 7: Extruded base mesh 
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The boss plates can then be extruded to form the boss.  The same procedure 

can be used, except in this case, 8 layers of a thickness of 5 mm are to be 

created.  Figure 8 shows the resulting solid mesh, consisting primarily of 

hexahedral elements. 

 

 

Figure 8: Completed solid mesh 
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CHAPTER 20 
Tutorial 10: Cleaning Imported Geometry 

Introduction 

This chapter focuses on the importance of having adequately prepared CAD 

geometry before meshing by highlighting typical problems encountered when 

importing CAD geometry. 

The geometry cleaning tools are used together with other techniques in 

Strand7 for inspecting and preparing the geometry.  The CAD files Water 

Tap.IGS, Sheet Metal.IGS and Bracket.SAT are used as examples. 
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Example 1: Water Tap 

The model is shown in Figure 1 rendered in a CAD program. 

 

 

Figure 1:  CAD model of a household tap 

This IGES model was created in a CAD package using inches as the length 

unit.  When the CAD File Units dialog box appears, under Reset the CAD 

file units as… select Inches – Strand7 allows you to rescale and/or reset the 

CAD file units on import, which is especially useful when the CAD file has 

been created with incorrect units.  The imported geometry, with wireframes, 

in Strand7 is as shown in Figure 2. 

 

 

Figure 2: Imported geometry 
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This CAD model consists of different types of CAD entities.  Namely, 

geometric faces on conical and planar surfaces and B-splines.  Individual 

entity types may be separately displayed by choosing View/Show by 

Type/Property.  Figure 3 shows this in use, displaying only the faces with B-

spline and Plane surfaces in the CAD model. 

 

 

Figure 3: Show by Type/Property tool displaying only B-spine and plane face types 

A quick way of extracting basic information and determining the type of 

entities is by the Entity Inspector.  By holding down the shift key the Entity 

Inspector gives information about any entity under the mouse cursor.  Figure 

4 shows this in use where the underside face of the spout of the tap is 

inspected.  Here, the Entity Inspector gives information about Face 47 of the 

model, which is a B-spline surface.  The length of the nearest edge, Edge 34, 

is also given. 

As with any geometry that is successfully imported, this model can be 

immediately surface meshed using the Surface Automeshing tool.  Using a 

relative Maximum edge length of 10%, the mesh of Figure 5 is produced.  In 

this example, however, this mesh is invalid if used for analysis.  By clicking 

the Show Plate Free Edges button, a number of free edges are shown, as seen 

in Figure 5.  Figure 6 focuses on the mesh incompatibilities that arise when 

such separated faces are meshed.  This incompatibility occurs because there is 

no common edge between the faces. 
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Figure 4: Use of Entity Inspector 

The meshing operation can be undone by clicking the Undo button, or choose 

Edit/Undo.  The free edges of the imported geometry can then be found by 

clicking the Show Face Free Edges tool, as shown in Figure 7. 

 

 

Figure 5: Meshed geometry with free edges 
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Figure 6: Mesh incompatibility 

 

Figure 7: Geometry free edges 

The free edges of Figure 7 must be removed if a resultant meshing operation 

is to produce a compatible mesh.  An attempt to clean all the free edges may 

be performed by using the Clean Geometry tool with the default settings.  

For this example, however, the setting for the Minimum Feature Length is 

based on the information that can be obtained from the model.  The default 

settings are usually sufficient for most models where unintended free edges 

due to „cuts‟ in the surface are small and where intended features are not 
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proportionally very small in comparison to the overall size.  However, this is 

not always the case.  It is possible to import geometry where cuts are of a 

dimension that is greater than that specified by the default Minimum Feature 

Length.  This would then mean that such cuts would not be seamed by the 

Clean Geometry tool.   

It is also possible to import a geometry containing features with edge lengths 

smaller than that specified by the default minimum.  In such a case, these 

intended features can become distorted or removed by the Clean Geometry 

tool.  If you are uncertain as to whether the default Minimum Feature 

Length setting is correct, you should manually inspect the edge length of the 

small feature in the geometry.  The shortest edge length of all faces of a 

geometry can be obtained from the Statistics tab page.  Figure 8 shows the 

Statistics page results for the water tap model. 

 

 

Figure 8: Statistics for the water tap model 

From the results offered in the Statistics page as shown in Figure 8, the 

shortest edge length is found to be small.  If all features in the model are to be 

retained, then the whole model can be safely cleaned using an absolute 

Minimum Feature Length that is less than the shortest edge length.  

However, this edge length may be that of a small unnecessary feature, which 

appears to be the case in this model.  In such cases, the Entity Inspector can 

be used to manually find the edge length of the smallest intended feature to 

succeed the cleaning operation.  Figure 9 shows the Entity Inspector being 

used to inspect the edge length of a small face at the end of the spout of the 

tap. 
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Figure 9: Using the Entity Inspector to find the edge length of a small feature 

 

Based on the information obtained in the Statistics page and the Entity 

Inspector, the whole model can be cleaned with an absolute Minimum 

Feature Length of 0.35 without deleting any features.  Upon completion of 

the clean, however, some free edges remain.  This means that the gap between 

the free edges is greater than the edge length of the smallest intended feature.  

Hence, to direct the Clean Geometry tool to seam the remaining edges, a 

larger Minimum Feature Length is required, but with the cleaning operation 

limited to the free edges only.  This can be achieved by the following steps: 

 

1. Choose Tools/Clean Geometry; 

2. Enter 0.5 in the Minimum Feature Length box; 

3. Set Free edges only; 

4. Click Apply. 

 

After all free edges are removed, the geometry is ready to be meshed.  Figure 

10 shows the resulting surface mesh using a relative Maximum edge length 

of 3% and Quad4 elements as the target element type. 
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Figure 10: Meshed geometry 

Example 2: Sheet Metal Part 

The geometry of a sheet metal part, Figure 11, Sheet Metal.IGS, is composed 

of two separate faces.  The figure displays the wireframe, vertices and free 

edges of the geometry.   

 

  

Figure 11: Geometry of the sheet metal part example 
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Note that the geometry is invalid for analysis purposes as there are free edges 

between the two faces (the free edges along the perimeter of the model are 

expected as this is a surface-only model).   In addition, there are a number of 

vertices that are not necessary for meshing.  The geometry is cleaned using 

the default settings. 

The cleaned geometry is shown in Figure 12 with free edges existing only 

along the perimeter of the sheet metal part.  Note that intermediate vertices 

have been removed.  This geometry is then ready to be meshed.  Figure 13 

shows the part meshed with a relative Maximum edge length of 4%.  

A visual inspection of this mesh shows that a line of small, high aspect ratio 

elements borders the edge that connects the two faces.  These elements are 

due to the narrow region of the lower face.  This can be eliminated by 

cleaning the face such that the thin region that joins the two larger regions is 

removed.  This procedure will then convert the lower face into two separate 

faces whilst maintaining the exterior dimensions of the geometry.  Performing 

such a clean requires knowing the width of the narrow portion.  In this 

example, the width is equal to the shortest edge near the chamfer of the same 

face.  Figure 14 shows the Entity Inspector displaying the length of this 

edge. 

 

 

Figure 12: Cleaned geometry 
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Figure 13: Meshed part 
 

 

Figure 14: Entity Inspector displaying edge length 

The length of the shortest edge is 6.35.  To remove these edges along with the 

narrow region, the geometry should be cleaned with a Minimum Feature 

Length that is greater than this value.  Figure 15 shows the result of the 

geometry cleaned with an absolute Minimum Feature Length of 6.5.  It can 

be seen that the operation has split the single face into two – the model now 

consists of three faces. 
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Figure 15: Cleaned geometry with the narrow region removed 

Meshing the geometry of Figure 15 using the same settings used in the 

previous automesh results in the mesh of Figure 16.  This mesh does not 

suffer from the inclusion of high aspect ratio elements and would be preferred 

for analysis. 

 

 

Figure 16: Meshed geometry 
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Example 3: Bracket with Embossing 

Figure 17 displays the solid CAD model of an embossed bracket with 3 holes. 

The CAD file is Bracket.SAT.  When imported, it displays as shown in Figure 

18.  The imported geometry shows an additional two cylinders.  These are 

holes in the original model that have been „plugged‟ with solid cylinders such 

that they do not appear in the rendered CAD model.  For analysis, such 

plugged holes must be corrected.  In addition, the embossing is considered to 

be unnecessary for analysis purposes and will be removed. 

 

Figure 17: Bracket CAD model 

 

Figure 18: Imported bracket geometry 
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The cylinders representing the bores of the plugged holes can be removed by 

first ensuring that the Toggle Face Select button is on and then selecting the 

entities and pressing the Delete key.  The circles that define the ends of the 

holes on the bracket face, on the other hand, are not as straightforward to 

remove.  An attempt to select these will instead select the entire face 

connected to these circles.  By right-clicking the Toggle Face Select button 

on the main tool bar, two icons will appear denoting whether geometry faces 

are to be selected or only geometry loops are to be selected.  The latter option 

can be used to select circles or other internal loops that may be part of a larger 

face.  Removal of the remaining circles in the model then involves setting the 

Toggle Loop Select button on, selecting these circles and pressing Delete.  

Figure 19 shows only these circles being selected. 

 

 

Figure 19: Circular ends of the plugged holes selected with Toggle Loop Select on 

Removal of the embossing may be done by manually selecting each face that 

comprises the embossing.  This is a slow process that can be expedited by 

using the Select Connected Entities function.  However, the embossing 

geometry is connected to the bracket geometry, which would mean that 

selecting all entities connected to a face on the embossing would select the 

entire geometry.  Because the Select Connected Entities function can be set 

to only apply to visible entities, this problem can be avoided by not displaying 

the face that the embossing is connected to.  This involves selecting the face 

and hiding it with the Hide Selected toggle.  Figure 20 shows the result of 

this action. 

The Select Connected Entities function can then be safely used on only the 

embossing.  After clicking the Select Connected Entities toggle, a dialog 

appears prompting you to select a Master Entity of a specified Entity Type.  

Note that by default the Select Connected Entities tool does not consider 

 Right-click the Toggle 
Face Select button to 
choose either Faces or 
Loops as the target type. 
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hidden entities, which, in this example, is what is required.  Upon selecting a 

single face of one of the letters of the embossing, click Apply to select all 

visible entities connected to it.  This action will select the entire letter.  Press 

Delete to remove these selected entities.  Figure 21 shows the Select 

Connected Entities dialog along with a letter of the embossing selected with 

the tool. 

 

 

Figure 20: Geometry with selected faces hidden 
 

 

Figure 21: Select Connected Entities tool used to select the embossing 
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Once all the letters of the embossing have been removed, the faces of the 

bracket that were hidden can be displayed again by clicking the Show 

Selected Entities toggle.  Viewing the face that the embossing was connected 

to will then reveal the outlines of the removed embossing, as shown in Figure 

22.  Removal of these can be performed after selecting these entities with the 

Toggle Loop Select function.  Figure 23 shows the completed model. 

 

 

Figure 22: Outlines left after the removal of the embossing 
 

 

Figure 23: Completed model without extraneous features 
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APPENDIX 1 
Configuring Strand7 for Optimal Operation 
under Windows 

Screen Settings 

Strand7 will operate at just about any screen resolution and colour depth.  

However, for comfortable operation a screen resolution of at least 1024 x 768 

is recommended.  For improved clarity of display, at least 16-bit colour is 

recommended.   

A screen size of 17” or more (nominal) size is recommended. 

Scratch Files 

During the operation of Strand7, various temporary files (called “scratch 

files”) are created.  These files are normally deleted automatically by Strand7 

at the conclusion of the session.  It is very important that the folder for the 

scratch files be located on the fastest drive physically connected to your 

computer.  This is particularly important during the solution phase.  Network 

drives are not suited to this task and should not be used.  You can, however, 

use a network drive to store your model data (e.g. the ST7 file) and the 

Strand7 software itself. 

When you install a standalone version of Strand7, the scratch folder defaults 

to the “tmp” sub-folder, under the Strand7 installation folder (e.g. 

“C:\Program Files\Strand7\tmp”).  For network versions, the scratch folder is 

set to the default Windows\Temp folder. 

To change the location of the scratch files, select File/Preferences.  Then 

choose a new location in the usual way by clicking the folder icon. 

If your system or Strand7 crashes during a Strand7 session, it is possible that 

one or more unnecessary temporary files may remain in the scratch folder.  

These files have the extension “tmp” and names starting with the tilde 
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character “~” (e.g. ~tmp12.tmp).  As long as Strand7 is not running, it is safe 

to delete these files.  You should regularly check and clean the scratch folder. 

Note that the Clean button from File/Preferences deletes unused scratch 

files. 

Windows Virtual Memory 

Windows provides its own virtual memory management via a so-called swap 

file.  This means that more memory than is physically available on your 

computer can be made apparent to applications.  Strand7 does not make 

extensive use of the Windows swap file and works best when the Windows 

swap file is not too large.  As a general guideline, you should fix the size of 

the swap file to about twice the amount of physical memory on your 

computer.  A variable size swap file is less efficient than a fixed size one.  

The Windows swap file can be configured using the System icon of the 

Control Panel.  Consult your Windows documentation for more information 

on virtual memory.
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APPENDIX 2 

Sample Models 

The Strand7 Samples sub-folder contains a number of Strand7 models, ready 

to run and post-process and a number of CAD files (IGES and SAT) ready for 

importing and automeshing.  Each model is intended to highlight one or more 

specific functions of Strand7 or to demonstrate how to perform certain 

analysis types.  
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Analysis of a Fabric Membrane Beach Chair 

Summary 
A beach chair comprising of a fabric membrane supported by a timber frame 

is to be analysed to assess its suitability against loads exerted by a person. 

Description of Model 
The timber frame and legs of the chair are modelled using beam elements.  

The fabric is modelled using 3D Membrane plate elements.  The 3D 

Membrane elements have a pre-tension applied so that they have an initial 

stiffness in the lateral direction.  This aids in the convergence of the solution.  

The load has been applied to the membrane elements as a Plate Normal Face 

Pressure. 

Solvers Used 
The situation being analysed is a nonlinear problem and hence requires the 

Nonlinear Static solver. The problem demonstrates the use of the automatic 

load stepping function 

Viewing Results 
Open the result file and set the Displacement Scale to Absolute 1.  Next create 

an animation to view the actual deformation of the membrane when fully 

loaded. 
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Analysis of a Six Storey Building 

Summary 
A six storey building is to be analysed for static loads: i.e. dead loads 

(gravity), live loads (floor loads) and wind loads.  The building is also to be 

analysed for the case where it is subjected to an earthquake load. 

Description of Model 
A combination of plate and beam elements has been used to construct the 

model of the building.  The columns have been modelled using beam 

elements while the floor, lift core and perimeter beams have been modelled 

using plate elements.  The plates used for modelling the perimeter beams have 

an offset applied to them. 

Solvers Used 
This problem requires the use of the Linear Static, Natural Frequency and 

Spectral response solvers.  The natural frequency analysis must be performed 

prior to the spectral analysis since the spectral solver requires the frequencies 

and eigenvectors of the structure. 

Viewing Results 
You need to investigate the maximum bending moments in the slab and in the 

beams and columns.  For the slab (plate elements) you can use the Graphs 

option to plot the bending moment for a particular load case in any arbitrary 

direction along the slab.  Bending moments for the beams and columns can be 

recovered by using the Peek function or by contouring. 
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Frame Drop Test 

Summary 
A frame structure on an inclined plane is dropped from a height onto a spring 

and damper system.  An analysis must be performed to determine the 

appropriate value of viscous damping such that the structure comes to rest 

within two seconds.  The springs are assumed to be nonlinear. 

Description of Model 
The spring and damper system is modelled using four Spring/Damper beam 

elements (Property 1).  Springs with nonlinear behaviour can be analysed by 

entering the force versus displacement characteristics of the actual spring into 

a table and assigning it to the property data.  The contact between the frame 

and spring/damper is modelled using Point Contact beam elements with the 

Zero Gap option (Property 2). 

Solvers Used 
The situation being analysed is a nonlinear time dependent problem and hence 

requires the Nonlinear Transient Dynamic solver.  

Viewing Results 
When the solution has completed, open the results file and set the 

Displacement Scale to Absolute 1.  Create an animation file to view the 

motion of the frame as it falls and contacts with the spring/damper system. 
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Hertzian Contact Between a Sphere and a Rigid Plane 

Summary 
An elastic sphere in contact with a rigid plane has a load applied in the 

vertical direction.  An analysis must be performed to determine the stress at 

the contact zone as well as the contact radius. 

Description of Model 
Due to symmetry, only a symmetric 10 degree sector of the sphere has been 

modelled using Hexa8 and Wedge6 solid elements. Boundary conditions have 

been specified for the sector planes as well as the centre-line axis of the 

sphere.  Contact with the rigid plane is modelled using Point Contact (zero 

gap) beam elements.  The load is applied at the node representing the centre 

of the sphere.  Uniform vertical displacement of the symmetric plane is 

maintained by using Master/Slave links to tie the vertical displacements of all 

nodes on the top plane to the centre node (i.e. the node with the applied 

force). 

Solvers Used 
This problem is a nonlinear problem and hence requires the Nonlinear Static 

solver.  

Viewing Results 
Open the results file and set the Displacement Scale to Absolute 1.  From the 

Results Settings, display a contour of Tresca stress.  Create an animation to 

view the deformation and the change in stress at the contact zone.  To 

determine the contact radius, use the Peek tool. 
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Boat Mooring Line Attached to a Pylon 

Summary 
A mooring line for a boat is attached to a timber pylon embedded in sand.  An 

analysis must be performed to determine the strength and stability of the 

pylon against loads resulting from normal movements of the boat (e.g., due to 

wind or water movements). 

Description of Model 
The pylon has been modelled using beam elements.  The nylon mooring line 

has been modelled using a single cable element.  The support for the pylon 

has been modelled by assigning Beam Supports to the bottom portion of the 

pylon.  The movement of the boat is simulated by applying a forced 

displacement (using Node Restraints) to the end of the cable, and factoring 

this displacement by a Factor vs Time Table. 

Solvers Used 
The situation being modelled is a nonlinear time dependent problem and 

hence requires the Transient Dynamic solver.  Since cable elements are being 

used, the problem must be run with the Nonlinear Geometry option. 

Viewing Results 
When the solution has completed, open the results file and set the 

Displacement Scale to Absolute 1.  From the Results Settings select the 

bending moment diagram display.  Also check the fibre stresses in the pylon 

as well as the axial stresses in the cable.  Finally create an animation file to 

view the motion of the cable and pylon as the load is applied. 
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Analysis of a Storage Bin 

Summary 
A storage bin is to be analysed to evaluate the structural integrity of the 

design when subjected to the live loads and load factors specified in AS3774.  

The shearing loads resulting from the friction of the material against the walls 

of the bin must be included in the analysis. 

Description of Model  
The silo has been modelled using a combination of plate and beam elements.  

The shearing loads on the walls of the bin have been applied using the Plate 

Face Shear attribute.  Since the structure is cylindrical, the local axes of the 

plate elements have been defined such that the local y axis is aligned with the 

global Y axis.  Therefore the local x axis is aligned in the hoop direction. 

Solvers Used 
This problem requires the use of the Linear Static and Linear Buckling 

solvers. 

Viewing Results 
Due to the geometry of the structure it is more meaningful to review the 

stresses in the local plate coordinate systems (i.e. yy  and xy ). 
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Natural Frequency Analysis of a Suspension Bridge 

Summary 
A suspension bridge with a combination of dead loads (gravity) and live loads 

(3 kPa Pressure) is to be analysed to calculate the natural frequencies of 

vibration.  In order to obtain the correct values of frequency, the stress 

stiffening effects of the cables as a result of the applied loads must be 

included in the natural frequency analysis. 

Description of Model 
The bridge super structure and pylon towers are modelled using beam 

elements.  The cables and hangers are modelled using tension only Cut-Off 

bars.  The roadway is modelled using plate elements. 

Solvers Used 
This problem requires the use of the Natural Frequency solver.  Before 

running the Natural Frequency solver, the Nonlinear Static solver needs to be 

run to calculate the stiffening effects resulting from the dead and live loads.  

The Natural Frequency solver can then be run with the Initial Conditions set 

to the last step of the Nonlinear Static solution. 

Viewing Results 
Open the results file and set the Displacement Scale to 1%.  Next set up a 

Multi View display so that all the mode shapes are simultaneously displayed.  

Finally create an animation to get a better idea of how the bridge vibrates. 
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Analysis of a Sheet Metal Forming Process 

Summary 
A curved sheet of aluminium is fabricated by forming it around a semi- 

circular pattern.  An analysis must be performed to determine the required 

load as well as the amount of plastic deformation of the aluminium sheet after 

the removal of the load. 

Description of Model 
The aluminium sheet and circular die are modelled using plate/shell elements.  

The loading is a linearly varying normal face pressure.  The contact between 

the sheet and the die is modelled using Point Contact (zero gap) elements. The 

Dynamic Stiffness, Use in First Iteration and Update Direction options should 

be selected within the property data.  The nonlinear behaviour of the 

aluminium is included by linking a Stress vs Strain Table to the plate property 

data. 

Solvers Used 
The situation being modelled is nonlinear and hence must be analysed using 

the Nonlinear Static solver.  At the end of the load cycle, the load is 

completely removed.  Before solving, ensure the Nonlinear Geometry, 

Nonlinear Material and Include [Kg] options are selected. 

Viewing Results 
When the solution has completed, open the results file, hide the contact 

elements and set the Displacement Scale to Absolute 1.  Create an animation 

file to view the motion of the sheet as it is forced around the die and then 

released.  The aluminium sheet will not return to its original shape due to the 

fact that it has undergone plastic deformation (i.e. has some spring back but 

not to the original shape). 
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Analysis of a Tine Test Rig for Forklift Trucks 

Summary 
Proof loading is necessary to verify the load carrying capacity of forklift tines.  

This requires a dedicated testing rig, which is located in a compression-testing 

machine.  A stress analysis must be performed on the test rig to evaluate the 

structural integrity of the proposed design.  The test rig partly rests on a 

concrete bench. 

Description of Model 
Plate elements are used to model the welded beams, and brick elements are 

used to model the pins.  Cut-off bars are used to model the contact between 

the bottom flange of the test rig and the concrete surface on which the rig 

rests. 

Solvers Used 
Since cut-off bars are used, this requires the use of the Nonlinear Static solver 

with the Nonlinear Material option. 

Viewing Results 
We need to look at the state of stress of the structure.  When displaying stress 

contours, use the Average Same Property option.  This averaging technique 

gives the most accurate picture of the stress distribution in the structure 

because it accounts for stress discontinuities in the contour plot. 
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Heat Conduction in a Thick Cylinder 

Summary 
A cylindrical concrete vessel is used to contain the core of a nuclear reactor.  

The walls of the cylinder have tubular cooling vents, which carry a cooling 

fluid.  An analysis needs to be performed to determine the heat flow rate 

through the walls of the concrete vessel over a period of 5 hours.  Finally, the 

state of stress of the cylinder throughout the cooling process needs to be 

analysed. 

Description of Model 
Due to symmetry, only one quarter of the cylinder has been modelled.  The 

model has been created using brick elements.  Symmetrical boundary 

conditions have been applied to the nodes on the symmetry planes. 

Solvers Used 
The first part of this problem requires the use of the Transient Heat solver to 

determine the heat flow rate over the 5 hour period.  To calculate the state of 

stress throughout this period, use the Nonlinear Transient Dynamics solver. 

Before running the Transient Dynamic solver click the Temperature button 

(within the dialog box) and select the transient heat results file corresponding 

to the model.  The solver will then automatically calculate the state of stress at 

each time step according to the temperature distribution at that step. 

Viewing Results 
Since this is a concrete structure we need to investigate the maximum tensile 

and compressive stresses.  From the Results Settings display a contour of 11  

to investigate the tensile stresses in the structure (maximum tensile stress 

should be below approximately 3 MPa).  Also investigate the 33  contours of 

the structure to ensure that the maximum compressive stresses are below the 

allowable levels (approximately 20 MPa).  
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Elasto-Plastic Analysis on an Aluminium CHS 

Summary 
 One common method of preparing joints in circular hollow sections (CHS) is 

to crimp the end and weld all around to the adjoining member.  This 

technique, however, induces residual stresses within the section.  To evaluate 

the residual stresses and amount of spring-back, a material and geometric 

nonlinear analysis needs to be performed.  The analysis needs to consider the 

elasto-plastic behaviour of the material.  This requires detailed knowledge of 

the stress/strain relationship of the material.   

Description of Model 
Since the geometry and loading are both symmetrical, only one quarter of the 

problem needs to be modelled.  The CHS is modelled using plate elements.  

The crimping process is modelled using a combination of Point Contact (zero 

gap) elements and displacement control.  The contact elements are positioned 

both above and below the projected area being crimped.  The top elements 

simulate the squashing process, whilst the lower elements model the section 

walls coming into contact.  A Stress vs Strain Table needs to be defined and 

linked to the plate property data. 

Solvers Used 
This problem requires the use of the Nonlinear Static solver with the 

Nonlinear Geometry and Nonlinear Material options. 

Viewing Results 
For this structure display a contour of von Mises stress and generate an 

animation with the displacement scale set to Absolute 1.  Also investigate the 

amount of plastic deformation of the CHS. 
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Automeshing Samples 

The following CAD files are used in the automeshing tutorials described in 

Chapters 18 to 20. 

 

This is used in Chapter 18 to demonstrate the geometry imports, geometry 

cleaning, surface and solid meshing of a simple 3D solid. 

 

 

 

 

 

 

 

This is used in Chapter 19 to illustrate the combination of automeshing and 

extrusion tools to generate a hexahedral brick mesh. 
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Chapter 20 uses these CAD files to illustrate some of the tools available in 

Strand7 for cleaning and correcting various anomalies typically found in CAD 

files.  The cleaning operations are essential to ensure that good quality finite 

element meshes are generated. 
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APPENDIX 3 

Reading List 

1 R.D. Cook, “Finite Element Modelling for Stress Analysis”, J.Wiley and 

Sons, 1995. 

Provides a general introduction to the theory of finite element analysis.  A 

mixture of mathematics and explanatory text, this book gives much practical 

advice on modelling techniques and practices. 

 

2 O.C. Zienkiewicz and R.L. Taylor, “The Finite Element Method”, 

Fourth Edition , McGraw Hill, 1991. 

An advanced theoretical text on the finite element method, more suited to the 

theoretician than the FE analyst, however some of the more basic theory 

would help Strand7 users better understand the mechanics of the finite 

element method. 

 

3 B. Irons and N. Shrive, “Finite Element Primer”. 

A good practical introduction to the basic theory of finite element analysis.  

Much emphasis is placed on traps the beginner can fall into with FEA. 

 

4 D.R.J. Owen and E. Hinton, “Finite Elements in Plasticity - Theory and 

Practice”, Pineridge Press, 1980. 

Describes the application of the finite element method to the solution of 

elastoplastic problems.  The main emphasis of this book is the mathematical 

theory and the development of software.  It does however have some useful 

practical examples. 
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5 D.R.J. Owen and E. Hinton, “A simple guide to finite elements”, 

Pineridge Press, 1980. 

Discusses the theory of 1 and 2 dimensional structural analysis and finite 

elements for heat transfer. 

 

6 NAFEMS, “Background to Benchmarks”, 1993. 

This volume is a basic introduction to the philosophy of benchmark testing 

both software and modelling techniques.  It discusses methods of validating 

analysis and highlights many common errors which can occur in finite 

element analysis.  This book provides excellent educational value as it has 

many simple tests, with theoretical answers.  Strand7 users can use these to 

improve their understanding of the program and the finite element method. 

 

7 NAFEMS, “Guidelines to Finite Element Practice”, 1992. 

A very readable book which discusses many common analysis and modelling 

techniques.  It gives the reader a basic understanding of the methods used in 

all common areas of finite element structural analysis. 

 

8 NAFEMS, “A Finite Element Primer”, 1992. 

An extensive introduction to all the common areas in finite element structural 

analysis including linear, nonlinear, dynamics and field problems.  The basic 

theory, modelling techniques, model checking and validation etc. are all 

considered.  This book has a minimum of mathematics; highly recommended. 

 

9 NAFEMS, “A Finite Element Dynamics Primer”, 1992. 

A very broad and in depth introduction to dynamic analysis using finite 

elements.  This is a very readable book with minimal mathematics that should 

provide the Strand7 user with the confidence to undertake dynamic analysis of 

complex structures. 
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10  NAFEMS, “Introduction to Nonlinear Finite Element Analysis”, 1992. 

This book is an excellent introduction to the extensive field of nonlinear 

analysis.  It considers both material and geometric nonlinear analysis and 

includes discussions on all the specialist areas within these.  This book 

contains a generous amount of mathematics and theory but it is still a very 

readable introduction to a highly complex area of finite element analysis. 

 

11  R.D. Cook, D.S. Malkus, M.E. Plesha, “Concepts and Applications of 

Finite Element Analysis”, Third Edition , J.Wiley and Sons, 1989.   

Provides a general state of the art introduction to the theory of finite element 

analysis with a mixture of mathematics and explanatory text. This book gives 

much practical advice on modelling techniques and practices. 

 

12 Vince Adams and Abraham Askenazi, “Building Better Products with 

Finite Element Analysis”, First Edition, OnWord Press, 1999. 

This is a very practical book that is recommended to any finite element 

analyst. 
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