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1 Specifications and development tools

This manual describes the LONGSTAB program with which the stability of CWR-track can be 

modelled and calculated. The name LONGSTAB is a combination of Longitudinal Forces and 

Stability. The program is able to assess the stability of CWR-track on ballast or fastened to 

bridge structures. The longitudinal, lateral and vertical behaviour of CWR-track can be 

modelled and calculated integrally in a user-friendly environment. The behaviour of the 

elements in the model can be physically and geometrically non-linear. Thermal loads on rails 

and bridges as well as mechanical loads due to e.g. braking or acceleration of trains can be 

applied to the model. Analyses can be executed statically or dynamically. In a static analysis 

post-buckling behaviour can be traced by a so-called arc-length controlled solver. A dynamic 

analysis is executed in the time domain. For each load case, the deformations and the forces 

of all elements as well as the displacements and rotations of all nodes are included in the 

output of the analysis. 

Section 1 describes the hardware specifications of the LONGSTAB program together with the 

development tools. Section 2 briefly describes how to build a LONGSTAB model and the 

LONGSTAB menus are shown in section 3. The model input is described in sections 4, 5 and 

6. Section 7 deals with the executing commands for the analyses and finally a description of 

the program output can be found in section 8. Since Greek capitals as well as sub and 

superscript capitals cannot be used in the LONGSTAB windows the variable names in this 

chapter conform to the names used in the window environment of LONGSTAB. 

The LONGSTAB program consists of two parts, an analysis kernel and a user-friendly input 

and output environment. The analysis kernel is based on an existing benchmarked Discrete 

Element program, named: “TILLY” developed by TU Delft. The source code of the kernel is 

written in the C programming language. The kernel has been developed on a Silicon Graphics 

and a Sun workstation, which run under the UNIX operating system. After testing with 

benchmark models, the code is transferred to the MSDOS platform. This DOS version is used 

when the kernel analyses are executed on a PC. 

The LONGSTAB environment is developed for Windows. All input and output dialogue boxes 

as well as the graphic user interface were developed with in Delphi-Pascal package. The help-

pages are written in html format. 

2 Building a LONGSTAB model

The LONGSTAB user has to schematically represent and model the problem in structural 

components and interactions. The structural components to be modelled by beam elements 

are:

- rail 

- sleeper 

- bridge structure 

- supporting column 

The interactions to be modelled by spring type of elements are: 

- fastener 

- ballast 

- (rubber) support block 
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All structural components are schematically represented by a number of beam elements and 

all interactions by a number of springs. There are several options for geometrical and physical 

non-linearities of the beam and the spring elements. 

The fasteners are located between rails and sleepers or, in case of direct fastening, between 

rails and bridge decks. The ballast is situated between sleepers and subsoil or between 

sleepers and bridge decks. The (rubber) support blocks are located between bridge decks and 

supporting columns or abutments. 

Generally, not all structural components and interactions have to be modelled in detail. For 

instance the two rails and the sleepers can usually be modelled by a single line of beam 

elements. So, attention has to be paid to whether the beam model consists of one or two rail 

profiles. Also the supporting column can often be represented by a single spring element 

(instead of a beam element) in the relevant bending direction 

x = longitudinal

z = vertical

y = lateralx

zy

Figure 1. 

All structural components and interactions, i.e. all elements, are interconnected by so-called 

nodes or kinematics.

Nodes are located at both ends of the beam or spring element. The nodes contain the 

displacements and rotations at that specific point in the model. These displacements and 

rotations of the nodes are so-called degrees of freedom (DOFs). A DOF is represented by a 

node number and a direction, for example “NODE 2 Z” is the degree of freedom of node 

number 2 in z direction. A node connected to the beam element has six DOF directions: X, Y, 

Z, PHIX, PHIY and PHIZ. These directions represent the displacements in the global  x, y and 

z direction and the rotations in the global x, y and z direction respectively. A definition of the 

global directions is given in figure 1. 

In a track-bridge model the nodes of the rail are located vertically above the nodes of the 

bridge. If spring connects a node of the rail and a node of the bridge, its action will take place 

from the first to the second node, which is the vertical direction. In case of longitudinal 

behaviour of the ballast between rails and bridge deck, a spring is required that connects the x

direction of the node of the rails and the x direction of the node of the bridge. Therefore an 

element can be connected with a kinematic, which contains the relevant nodes and directions 

cq. relevant DOFs. The kinematics will be further explained in section 4.2. 

The principle of building a LONGSTAB model is shown by the example of a beam 

(representing two UIC60 rails) on a Winkler foundation (representing a linear elastic spring 

foundation). The model has a length of 12 m and is shown in figure 2. 
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1 2

3 5

4 6 etc...node numbers:

x

z

F

spring element

beam element

12 m (20 beam elements of 0.6 m)

Figure 2. 

First the nodes in the model are defined by their coordinates, see also section 4.1. For 

instance, in figure 2 the (x,y,z) coordinates of node 1 are (0,0,0), of node 2 (0.6,0,0), of node 3 

(0.6,0,-1), etc. 

When all nodes have been defined the elements connecting the nodes are added to the model, 

see section 5.2 for details. In figure 2 the beam elements are connected between node 1 and 

2, 2 and 4, 4 and 6, etc. and the spring elements are connected between node 2 and 3, 4 and 

5, etc. Alternatively the spring connectivity can be defined by kinematics instead of nodes, 

which will be explained in section 4.2. 

The beam or spring properties are defined by an element type number. All elements with 

behaviour as defined by these properties refer to the same element type number. For instance, 

if beam type 1 refers to the properties of  two UIC60 rails, all beam elements in the model of 

figure 2 all beam elements refer to this beam type 1 (the BEAM properties are described in 

section 5.3). The springs refer to a spring type number that defines the spring properties. In 

case of a linear elastic spring of a Winkler foundation the only relevant spring property is the 

spring stiffness (the SPRING is described in section 5.4). 

The existing DOFs in a node depend on the elements that are connected in this node, see 

section 4.3. In figure 2 all nodes connected to a beam element  (nodes 1, 2, 4, 6, etc.) have 

DOFs in six directions: X, Y, Z, PHIX, PHIY and PHIZ. The nodes that are only connected to a 

spring element (nodes 3, 5, etc.) have DOFs in three directions: X, Y and Z. 

Nodes that may not displace or rotate have to be supported, see section 6.1. Every DOF in a 

node has to be either free or supported. Default all DOFs are free and only the supported ones 

have to be specified. For example, the DOFs of node 1 in the directions X, Y, Z, PHIX, PHIZ 

are supported and the DOF in direction PHIY is free. In node 2 all DOFs are free. In node 3 all 

DOFs (the directions are X, Y and Z) are supported. In figure 2 the supports in x  and z

direction are represented by a triangle. 

When the model has been completed the loads on the structure have to be modelled. All 

mechanical loads, for instance vertical axle loads, are applied to the model at existing DOFs, 

see section 6.2. In figure 2 a vertical load F is applied to the middle of the model, which is 

actually a negative point load on DOF: NODE 20 Z. 

When the model has been defined the program can run the analysis, see section 7. The main 

results of the analysis are the displacements and rotations of all nodes (all DOFs) as well as 

the deformations and forces on all elements. The results have to be specified by the user 

before the analysis is executed. When the analysis is completed without error messages the 

results can either be shown in graphs on the screen or they can be printed, see section 8. 
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3 LONGSTAB menus

Figure 3. 

The LONGSTAB program is installed on the task bar. The program that will start via the task 

bar is LONGSTAB.exe. If the program is started for the first time, a password that has been 

delivered with the program has to be inserted. If a new or existing project is open figure 3 will 

appear on the screen. Six pop-up menus are available: Project, Wizard, Structural Tables,

Execute, View and Help. Each of these will be discussed in the following six sections. 

3.1 Project

In the project menu a new filename can be defined or an existing filename can be opened. The 

filename extension has to be .gui (graphical user-interface). The filename.gui contains general 

project data and program settings. The project can be saved under the same filename or can 

be saved as a different filename. With the options new, open, save and save as a dialogue box 

as in figure 4 will appear. 

Figure 4.      Figure 5. 

If the project is saved the program will automatically write the project data and the program 

settings to filename.gui and the model data to filename.gin (graphical interface file). The 

filename.gin will be used by the preprocessor of the analysis kernel cmrd, see section 3.4. 

A special option is Revert to Saved. If this option is chosen, LONGSTAB will undo all changes 

in the data since the last time the project was saved. 

The Print and Print Setup options are the standard Windows print options. 

When a project has been opened, the project settings in figure 5 will appear. This info can also 

be entered via the project pop-up menu. The project settings: job, title and user name can be 

entered or edited by the user. The view and symbol settings are used in the view screens, see 

section 3.5. The (fixed) default units are metres for lengths, Newtons for forces, radians for 

angles, degrees Celsius for temperatures and seconds for time. 

The options Quit without save and Save and Exit will stop the program. At the bottom of the 

project pop-up menu the six last opened projects are listed that can be opened by clicking on 

them.
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3.2 Wizard

Two so-called wizard options have been included in LONGSTAB. The first wizard model, 

named buckling.dat, has been specially designed for the analysis of stability problems as 

described for the Kish-model [1]. The second wizard option long.dat will generate a basic 

straight track model and is to be used in the analysis of longitudinal track forces as discussed 

in [1,2]. 

For further information the reader is referred to the LONGSTAB help-page on this subject. 

3.3 Structural Tables

If the Add option in the structural tables pop-up menu is chosen, a new menu will appear: 

Tables, Element Properties and Generate. The following structural data of the model can be  

added to the tables: 

- kinematics, see section 4.2 

- nodes, see section 4.1 

- elements, see section 5.2 

- supports, see section 6.1 

- DOF loads, see section 6.2 

- thermal loads, see section 6.3 

- inertia, see section 5.8 

The element properties of each element type are described in sections 5.3 to 5.7. With the 

generate option a number of supports as well as DOFs and thermal loads can be generated , 

which will be discussed in sections 6.1, 6.2 and 6.3 respectively. 

With the Show/Edit option in the structural tables pop-up menu, the model data will be shown 

on a number of pages. The available pages are: Node, Element, Support, Dof Load, Inertia, 

Kinematic, System Dof, Spring, Beam, Sprelpla, Friction, Sprelpla and Thermal Load, see for 

example the node table page in figure  Data in these tables can be added, deleted or edited 

with the corresponding buttons. So, model data can be added to the model with the add button 

on these pages or with the previous add option. 

A connection between LONGSTAB and TILLY (see section 2) can be made with the Import and 

Export option. Usually, the LONGSTAB user will not use these options. However, an existing 

TILLY filename.ne1 (neutral file) can be imported or a LONGSTAB filename.exp (export file) 

can be exported. The latter can be used in a TILLY analysis provided it is renamed 

filename.dat (TILLY data file). 

The Properties Library of rail profiles can be reached with the last option of the pop-up menu. 

This library will be described in section 5.3. 

3.4 Execute

With the Commands option the analysis commands and the type of output results are defined. 

The execute commands will be described in section 7 and the output in section 8. 

The Run Analysis option starts the analysis. The program will first run a preprocessor cmrd and 

secondly the analysis kernel. Both programs run minimized on the status bar. (If the minimized 

program on the status bar is maximized, more of the analysis progress can be seen.) The cmrd

translates and checks the input for the analysis kernel. The communication between cmrd and 

kernel is performed via the filename.ne1. Both DOS-programs can produce log-messages, 
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warnings and errors that will appear in the message box as shown in figure 6. The kernel only 

starts if the cmrd run was error free. The results of the analysis will only be available if the 

kernel run was error free. 

The Check Model option starts the cmrd option only and, if applicable, input errors and 

warnings will appear. 

When the analysis has been completed, Show XY-Plots can be used to view the XY-data from 

the filename.grd file that were defined in the execute command, see section 8.3. The Show XY-

Print Plots option visualizes structure output data (from the filename.out file) versus the x, y or 

z coordinates, see section 8.4. The Numerical Results option enables editing of the print data 

of the filename.out file. 

Figure 6. Figure7. 

3.5 View

The model can be viewed two-dimensionally in XY, XZ and YZ projections, see figure 7, as well 

as three-dimensionally. 

The two-dimensional view screens have many show and input options such as select, cut,

copy, paste, etc. The model can be changed, parts can be copied, properties can be shown 

etc. In fact all options available in the structural tables pop-up menu, see section 3.3, are also 

graphically available in these screens. 

Moreover the entire model can be defined by adding nodes, element, supports and loads by 

clicking the mouse. For a description of these options, the user is referred to the help pages in 

the two-dimensional projection window. 

3.6 Help

LONGSTAB has an extensive help option. The help contents option is shown in figure 8. And 

selection of the about option will show the LONGSTAB version. 
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Figure 8. 

Most dialogue boxes in LONGSTAB have their own help button. Pressing this button will open 

the help dialogue box with the relevant help text. The help-pages of LONGSTAB are written in 

html text format. Help texts can also be read with any html-browser (e.g. an Internet browser). 

The help files can be found in the help directory and may be extended or changed by the user. 

4 Nodes, kinematics and DOFs

Nodes, kinematics and DOFs define the element connections and locations in space. Each 

item will be separately described in the next three sections. 

4.1 Nodes and coordinates

Nodes define the location of the elements and the loads in the model. All BEAM elements and 

most of the spring elements are situated between two nodes. Also the kinematic relations are 

based on nodes. The node number and its coordinates are shown in the node table in figure  

Figure 9.       Figure 10. 

The dialogue box in figure 10 appears when the add or edit button is clicked. Nodes are added 

to the bottom of the node list and the node number is allocated by the program. 

A node only can be deleted if no DOFs exist in this node. This is the case if no element or 

kinematic refers to (is connected to) the node, see section 4.3. So, the relevant elements or 

kinematics always have to be deleted first, before the node can be deleted. 

The track radius and the track misalignments are defined by the node coordinates, . 

ECS 

LONGSTAB Graphical User Interface 
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4.2 Kinematics

In a track-bridge model the nodes of the rail are located vertically above the nodes of the 

bridge deck. If springs connect these nodes, their action is in the vertical (z) direction, see 

figure 11a. For instance in case of longitudinal behaviour of the ballast between rail and bridge 

deck, a spring is required that connects the x direction of the node of the rail and the x direction 

of the node of the bridge, see figure 11b. 

rail

bridge

vertical ballast behaviour SPRING between nodes

BEAM

BEAM

rail

bridge

longitudinal ballast

behaviour SPRING with kinematics

BEAM

BEAM

(a)

(b)

z

x
NODE 1 X

NODE 2 X

1

2

NODE 1 X

NODE 2 X

1

2

(a)

kinematic:

NODE 1 X -1.0

NODE 2 X 1.0

(b)

kinematic:

NODE 1 X 1.0

NODE 2 X -1.0

x

z

Figure 11.       Figure 12. 

The elements (except the BEAM) can also be connected by so-called kinematics. In general, a 

kinematic defines the deformation e of the element as 

factorDOF+....+factorDOF+factorFDO=e nn2211

This deformation e corresponds with the element properties, see sections 5.4 to 5.7, which 

define the force(s)-deformation(e) behaviour. In a kinematic DOFs and factors have to be 

defined. The DOF is a node number with a direction and the factor is a positive or negative 

real.

For example, in case of a kinematic for a SPRING between the x direction of node 1 and the x

direction of node 2, the kinematic is in equation (2), see figures 12a and 14. 

1.0X2NODE

-1.0X1NODE

“NODE 1 X” is the  first DOF in this kinematic and “NODE 2 X” is the second DOF. The 

deformation e in the SPRING is then defined as 

1.0*X)2(NODE+1.0-*X)1(NODE=e

In case of equation (3), a positive displacement of “NODE 1 X” will lead to a negative 

deformation e. This results in a negative force s, which is compression in the SPRING. If node 

2 has a displacement in the positive x direction, the deformation e in equation (3) is positive, 

which leads to tension. If the kinematic of the spring is defined as 

-1.0X2NODE

1.0X1NODE

1.0-*X)2(NODE+1.0*X)1(NODE=e

which means that the SPRING is defined as shown in figure 12b. 

The factors of the DOF directions of the first node have to have a sign opposite to the DOF 

directions of the second node. 

Figure 13 shows the kinematic table and figure 14 shows the dialogue box to be used when 

adding or editing a kinematic. Elements with a same kinematic number are connected to the 

same nodes (DOFs). So, usually every element with a kinematic refers to a separate kinematic 

number. It is therefore convenient to use the same kinematic number as the element number 

that refers to the kinematic (however, this is not compulsory). In the first column in figure 13 the 

kinematic number is shown. The second and the third column show the number of DOFs in the 

kinematic and (the first part of) the kinematic respectively. 
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Figure 13.       Figure 14. 

A kinematic can be added or edited with the dialogue box in figure 14. The kinematic number 

and a list of DOFs and factors have to be entered by the user. Only existing nodes can be used 

in the DOFs. 

NODE 1 X

NODE 2 X

1

2

kinematic:

NODE 1 X 0.707

NODE 1 Y 0.707

NODE 2 X -0.707

NODE 2 Y -0.707

x

z
y

NODE 2 Y

NODE 1 Y

45o

NODE 1 X1

kinematic:

NODE 1 X -1.0

NODE 2 X 1.0

NODE 2 PHIY h/2

NODE 2 X2

NODE 2 PHIY

h

rail

bridge

x

z
y

Figure 15.      Figure 16. 

Two examples of more complex kinematics are shown in figures 15 and 16. 

Figure 15 shows a spring that acts in the xy-plane and has an angle of 45 degrees with the x-

axis (x=y direction). The DOFs in X and Y direction have to be chosen in such a way that the 

vectorial sum of the factors is 1.0. The factors for node 1 and directions X and Y are both ½ 2

and for node 2 and directions X and Y both are -½ 2.

In figure 16, node 1 is connected with the rail and node 2 with the bridge, see also figure 7.27. 

The nodes of the BEAM element are located in the middle of the BEAM. Figure 16 shows how 

the spring can be connected with the top of the BEAM with height h. The DOF: NODE 2 PHIY 

is the bending rotation in the middle of the bridge. This rotation will result in a longitudinal 

displacement at the top of the bridge of h/2. Note that a positive bending rotation PHIY results 

in a positive displacement at the top of the bridge. The longitudinal displacement at the top of 

the bridge is: (NODE 2 X) * 1.0 + (NODE 2 PHIY) * h/2. The resulting kinematic is shown in 

figure 16. 
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4.3 DOFs

All degrees of freedom in the model are listed in the system DOFs table, see figure 17.  A DOF 

is defined by a node number and a direction. The direction is always in the global coordinate 

system of the model (see figure 1). 

Figure 17. 

All DOFs are generated by adding elements or kinematics to the model. A BEAM element will 

generate all 6 DOFs in each node. These 6 DOFs represent the displacements of the node in 

the X, Y and Z directions and the rotations of the node in the PHIX, PHIY and PHIZ directions. 

The other elements only generate DOFs in the X, Y and Z directions in each node if they are 

connected with two nodes. If they are connected with a kinematic the DOFs are as defined in 

this kinematic. 

The last column in figure 17 shows how many nodes, elements, kinematics, supports, inertia or 

loads use this DOF. Only when this number is zero a node is not used and can be deleted. 

If all elements and kinematic relations that refer to a DOF are deleted automatically all 

supports, inertia and loads defined in this DOF will also be deleted. 

5 Elements and element properties

In this section the available element, the elements table and their properties are described. 

5.1 Available elements

In LONGSTAB five different elements are available of which the names from now on will be 

written in capitals, see table 1. For example: “BEAM” denotes “beam element”, etc. 

BEAM, SPRING and SPRELPLA are the usual elements to build a LONGSTAB model. 

SPRELFRA is an additional fracture element, which might be useful in special models. 

FRICTION is only used in dynamic analyses (see section 7.3). 
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5.2 Element table

the element name description of the element 

BEAM Located between two nodes. Can be used to model the rail, sleeper, 

bridge deck or supporting column. 

SPRING

SPRELPLA

SPRELFRA

These three types of spring element are eityher located between two 

nodes or their connectivity is defined by a kinematic and can be used 

to model different elastic, plastic and fracture behaviour of the 

fasteners, ballast or supporting blocks. 

FRICTION Either located between two nodes or its connectivity is defined by a 

kinematic and is used to model damping in dynamic analyses. 

Figure 18. 

 All elements in the model are listed in the element data table, see figure 18. The first column of 

this table shows the unique element number. In the second and the third column the element 

name (see table 1) and element type number are displayed. This number refers to the element 

properties. If this number is zero no properties have been defined yet. As soon as the first 

property data for an element has been entered all zero type numbers will change into the first 

defined type number. 

The fourth column shows the element connectivity. BEAM elements have to be connected with 

two nodes, see the fifth column. All other elements can be connected with two nodes or their 

connectivity can be defined by a kinematic, see figure 20. The nodes or kinematic have to be 

chosen from a list with available nodes cq. kinematics. Section 4.1 describes the node input 

and the kinematic input is explained in section 4.2. 

The last column in figure 18 shows whether an element is geometrically linear or non-linear. 

This option can be chosen in the connectivity dialogue box in figure 20. The BEAM is 

geometrically non-linear, all other elements are geometrically linear. The forces and 

deformations in the BEAM are calculated in the displaced situation. 

Figure 19.       Figure 20. 

For each element name in table 1, a data table with the defined element types can be listed, 

see figure 21 (example of the SPRING elements). In the first column in figure 21 the type 

number is shown. The second column lists a summary of the element properties. Type 
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numbers can be added or deleted and properties can be edited with the corresponding buttons. 

The element properties will be discussed in sections 5.3 to 5.7. 

Figure 21. Figure 22. 

5.3 BEAM properties

The Timoshenko beam element is implemented in the LONGSTAB kernel as a geometrically 

non-linear beam element. The beam element has a bending and a shear stiffness in two 

perpendicular directions. Furthermore the beam element has an axial and a torsional stiffness. 

Therefore the beam has 12 degrees of freedom (six in each node). It can be used anywhere in 

the xyz-space between two nodes.  

The track model is defined in the so-called global coordinate system in figure 1. However, the 

BEAM properties, see figure 22, are defined in a so-called local coordinate system. Figure 23 

shows the global (XYZ, denoted with upper case capitals) and default local (xyz, denoted with 

lower case capitals) coordinate systems. The local x-axis is defined from the first to the second 

node as mentioned in the element table. The local y-axis is user defined by a so-called vector 

Y-local. Y-local is a vector in the global coordinate system. The local y-axis is defined 

perpendicular to the local x-axis and will be situated as much as possible in the direction of the 

user defined Y-local. Should Y-local be unfortunately defined in the local x-axis, the local y-axis

is not uniquely defined and the program automatically uses Y-local=(1,0,0). This results in a 

local y-axis in the direction of the global x-axis. The local z-axis is perpendicular to the local x-

axis and the local y-axis. The direction of the local z-axis follows the definition of a right-handed 

coordinate system, which is positive in the directions as shown in figure 23. 
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Figure 23. 

Figure 24.      Figure 25. 

After the definition of the local coordinate system, the behaviour of the BEAM has to be 

defined. The material constants are defined by Young’s modulus E, Poisons ratio  (denoted by 

nu in figure 22) and coefficient of thermal expansion  (denoted by alpha in figure 22). Some 

values for the material constants have been given in section 2.4.1. The coefficient of thermal 

expansion will only be used by the program if a thermal load is applied to the beam, see 

section 6.3. 

Each node connected to the BEAM has 6 global degrees of freedom: displacements in the 

global X, Y and Z direction and rotations in the global X, Y and Z direction, for examples see 

figure 24. 

Axial deformation  is in the local x direction,

shear deformation y is in the local y direction,

shear deformation z is in the local z direction,

bending deformation z is in the local z direction,

bending deformation y is in the local y direction and

torsional deformation x is in the local x direction.

For every local deformation a profile property has to be entered. These properties are: 

cross-sectional area A,

Timoshenko shear coefficient y (denoted by ETAy in figure 22),

Timoshenko shear coefficient z (denoted by ETAz in figure 22),

bending moment of inertia Iz,
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bending moment of inertia Iy and

torsional moment of inertia Ix.

The specific mass  (in kg/m
3
) is an input parameter. In LONGSTAB version 1.0 this parameter 

is not used. (In a later version of the program it will be possible to use the specific mass as 

input parameter for the inertia of the BEAM. Then this inertia will be additional to the inertia 

table in section 5.8. In this version of the program, all inertia of the BEAM has to be entered in 

the inertia table.) 

The static weight due to the specific mass is neither accounted for in the static nor in the 

dynamic analysis. These forces have to be entered in the DOFload table. 

The profile properties of the BEAM can be chosen from the rail profile library, see figure 25, or 

they can be entered manually. After choosing a rail profile from the library, the user can 

manually change the profile properties. The rail profile library can be changed or extended by 

the user with the Structural tables pop-up menu, see section 3.3. 

Figure 26. 

With these profile properties the forces in the middle of the BEAM are calculated as 

GI=MGA=VEI=M

GA=VEI=MEA=N

xxxzzzyyy

yyyzzz

in which 

)+(12

E
=G

N is the axial force in the local x direction, 

Mz is the bending moment in the local z direction, 

Vy is the shear force in the local y direction, 

My is the bending moment in the local y direction and 

Vz is the shear force in the local z direction, 

Mx is the torsional moment in the local x direction. 

It should be noted that Mz corresponds with Vy and My with Vz.

With regard to the element connectivity, see section 5.2, so-called Knl added option is available 

for a geometrically nonlinear BEAM. If this option is selected (on) the analysis will use the non-

linear matrices of equations (2.63) and (2.64). When this Knl added option is not selected (off), 

the analysis only uses equation (2.63). The analysis with the Knl added option selected is 

faster, but numerically less stable than when this option is not selected. Numerical instability 

might occur especially in case of a buckling analysis with thermal loads. 
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The elements in the model have to be small enough to cover the bending modes that are of 

interest (wave-length). As a rule at least 8 elements per wave length (full sine curve) are 

required for sufficient accuracy. 

As results of the analysis the deformations and forces as in equation (6) are written to file, see 

section 8.1. These values correspond to the deformations and the forces in the middle of the 

beam element. 

5.4 SPRING properties

DS

s

e

Figure 27. 

Three different options are available for the force(s)-deformation(e) behaviour of a SPRING, 

see figure 26. The force s is in [N] and the deformation e in [m]. 

The first option is shown in figure 26 as well as in figure 27 and represents the linear elastic 

spring. The constant stiffness DS [N/m] defines the behaviour as in equation (8). 

eDS=s

Initial force sini and deformation eini are default 0.0, but can be given another value. 

e1

s1,s2
s4

s3

e2 e3 e4

s

e

Figure 28.      Figure 29. 

The second option is a self defined spring stiffness. Examples of its force-deformation 

behaviour are shown in figures 28 and 2 The details of the behaviour is illustrated in a graph 

with positive deformations by the points (e1,s1) (e2,s2), etc. The behaviour of the negative 

deformations and of the unloading path is shown in figure 2 Unloading always starts with the 

initial stiffness as defined by (e1,s1). The unloading path is symmetric to the continued loading 

path, i.e. the loading path from the point where unloading started, see figure 2 All stiffnesses 

have to be less than or equal to the initial stiffness in order to avoid unloading paths that cross 

the loading path. With deformations e larger than the last given point in the graph (in figure 29 

point (e4,s4)), the corresponding force s remains constant. An initial force sini or an initial 
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deformation eini at time=0 with the self defined stiffness has to be smaller than or equal to s1

and e1 respectively. 

The third option is a time dependent stiffness. In that case different values for the stiffness DS

can be entered in a sequence of time steps. The time steps have to be a sequence of positive 

numbers (time 0). The time values are positive reals in case of dynamic analyses and have to 

be integers in case of static analyses. The stiffnesses for the various time steps are detailed in 

a graph by points (time1,DS1), (time2,DS2), etc. If  time1 is not zero, DS1 is used for the time 

interval between time=0 and time1. Between the given time steps the values of DS are linearly 

interpolated. For time steps beyond the last specified time value the value of DS is kept 

constant on its last value. 

5.5 SPRELPLA properties

SPRELPLA is an elasto-plastic spring with three different options for its force(s)-deformation(e)

behaviour, see figure 30. 

DS

emax

emin

smin

smax

s

e

Figure 30.      Figure 31. 

The first option, the elasto-plastic spring,  is shown in figure 30 as well as in figure 31. The 

constant stiffness DS [N/m] defines the force-deformation behaviour when force s is between 

the maximum force smax and the minimum force smin. If smax or smin is reached the spring 

becomes plastic and starts yielding. In contrast with the self-defined SPRING in section 5.4, 

the behaviour of the SPRELPLA with negative deformations may differ from the behaviour with 

positive deformations, i.e. smin may have another value than -smax. Unloading follows the 

stiffness DS, see figure 31. The limited yielding of the element is optional. If limited yielding is 

selected a value for the minimum deformation emin and the maximum deformation emax has 

to be entered. If either one of these is reached, the element will collapse. After collapse force s

in the element will be zero with all further deformations. Default the initial force and the initial 

deformation are zero, but they can be given another value between smax and smin or the 

corresponding deformation. 

The second option, see figure 30, is a time dependent stiffness. In addition to the first option 

different values for the stiffness DS can be entered for a sequence of time steps. The input of  

DS is similar to the time dependent stiffness DS of the SPRING (third option) in section 5.4. 

The third option is the so-called Coulomb SPRELPLA as shown in figures 32 and 33. The 

constitutive behaviour of this element has also been described in section 6.2 for the 2D-option 
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and in section 6.3 for the 3D-option.  The stiffness DS [N/m] defines the force-deformation 

behaviour if force s is between the maximum force smax and the minimum force smin. In case 

of the Coulomb SPRELPLA smax=-smin. The value of smax depends on force sref, which is the 

force in a reference SPRING. This dependency is defined by equation (9). 

(phi)tans-c=smax ref

In which c is the cohesion in [N] and phi is the angle of internal friction in [
 360

degrees]. Figure 

34 illustrates equation (9).

The reference element has to be a SPRING. Note that the sign of sref is very important, i.e. if 

sref  is tension (+)the value of smax differences substantially from sref  is compression (-). 

If smax or smin is reached the SPRELPLA becomes plastic and starts yielding. The value sref

of the current time increment may vary due to the currently calculated deformations. Therefore, 

in order to avoid many iterations, the stress in the reference SPRING of the previous load 

increment is used as value for sref.

It is optional to enter a minimum value for smax by a so-called sresidu, see figure 34. This 

parameter is used when track is lifted, which has been explained in chapter 6. Default 

sresidu=0.

smin=-smax

smax= c - sref  tan(phi)

DS

s

e

Figure 32. Figure 33. 

sresidu

smax= c - sref  tan(phi)

c
sref 

smax

phi

s

smin

smax

elimit

DS

smax * slimit

e

smax * (1-slimit)/2

Figure 34      Figure 35. 

Furthermore, the Coulomb SPRELPLA may have softening, i.e. the value of smax will be 

lowered as a function of the so-called plastic deformation epl, see figure 35. The plastic 

deformation is defined as 
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DS

smax
-|e|=epl

in which |e| is the absolute value of the element deformation e. According to Samavedam 

(1993), softening in the lateral track behaviour can be described as 

]2*slimit)-(1+[slimit*smax=s )
elimit

e
(-

pl

in which slimit is a value between 0 and 1 and defines s for epl= . The variable elimit is the 

plastic deformation at which the right part of equation (11) becomes smax*(1+slimit)/2, see also 

figure 35. No softening occurs with the default slimit=1.0. The behaviour in case of unloading is 

shown in figure 35. 

Sofar, the Coulomb SPRELPLA with the 2D-option has been described, see figure 32. The 3D-

option is an extension of the 2D-option in which the yield limit smax not only depends on force 

sref in the reference SPRING (equation (9)), but also on the force in a reference SPRELPLA 

sreference-sprelpla. The current SPRELPLA refers to the reference SPRELPLA and visa versa. All 

properties of the reference SPRELPLA have to be equal to those of the current SPRELPLA 

except for the reference number. 

Figure 36 shows the combined yield criterion for force scurrent-sprelpla in the current SPRELPLA 

with a fixed reference force sref. The 3D-yield criterion is assumed to be 

smaxs+s
2

sprelplareference-

2

sprelplacurrent-

2

in which smax is given by equation (9). The value of smax is limited to sresidu in the same way as 

in the 2D-option. 

s

s

reference-sprelpla

current-sprelpla

smax
s

s

current-sprelpla

reference-sprelpla

s
current-sprelpla

s
reference-sprelpla

s
ref

sc  - ref tansmax

Figure 36.    Figure 37. 

Incorporating the influence of the vertical force sref of the reference SPRING as in equation (9) 

into equation (12) results in a three-dimensional yield criterion as shown in figure 37. 

Chapter 6 includes more explanation and examples of the Coulomb SPRELPLA. 

5.6 SPRELFRA properties

The SPRELFRA, see figure 38, is a fracture element, which means that force s decreases in 

the positive deformation direction at ecr, see figure 3 Between ecr and eu force s linearly 

decreases to zero. Stiffness DS can either be constant or time dependent. For the input in case 

of a time dependent stiffness, the reader is referred to the third option for the SPRING in 

section 5.4. If the deformation has been larger than ecr the unloading behaviour will follow the 

dotted line in figure 3 This means that stiffness DS, in case of a positive deformation e,

decreases after ecr has been reached. When eu is reached stiffness DS is zero with a positive 
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deformation e. With a negative deformation e, figure 39 always remains unchanged. Finally an 

initial deformation eini or an initial force sini can be entered (initial values have to be e ecr) . 

DS ecr eu

s

e

Figure 38. Figure 39. 

5.7 FRICTION properties

The FRICTION element is only used in dynamic analyses and introduces damping in the 

model. The FRICTION has three different options for its force(s)-velocity (deformation rate _) 

behaviour, see figure 40. 

The first option, a constant friction coefficient DF, is shown in figure 40 as well as in figure 41. 

The constant DF defines the force-velocity behaviour as 

eDF=s

The second option is a time dependent friction coefficient DF. Then different values for DF can 

be entered in a sequence of time steps. The input of DF is similar to the time dependent 

stiffness DS of the SPRING in section 5.4. 

The third option is a self defined friction coefficient. Its force-velocity behaviour for all time 

steps is shown in figure 42. The details of the behaviour are illustrated in a graph by points 

(er1,sf1) (er2,sf2), etc. With velocities higher than the last point in the graph (point (er3,sf3) in 

figure 42), the corresponding force remains constant. Also with velocities smaller than the first 

point in the graph (point (er1,sf1) in figure 42), the corresponding force remains constant. 

Figure 40. 
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DF .

s

e
er3

.
er2er1

sf1
sf2

sf3

e

s

Figure 41. Figure 42. 

5.8 Inertia table

Figure 43.       Figure 44. 

With the inertia table, see figures 43 and 44, mass-inertia (lumped mass) is added to the 

DOFs. The inertia table is only used in dynamic analyses. A force due to the static weight has 

to be entered as a DOF load. When the force unit is [N], the length unit is [m] and the time unit 

is [s] the inertia unit is [N s
2
/m] or [kg] for the DOF directions X, Y and Z and [Nm s

2
/rad] or [kg 

m
2
] for the DOF directions PHIX, PHIY and PHIZ . 

6 Supports and loads

In this section the support table, the mechanical and the thermal loads will be described. 

6.1 Support table

The DOFs (degrees of freedom) in a node can be either free or supported. Default all DOFs 

are free. If a DOF is defined as supported, the displacement (or rotation) of the DOF is 

prescribed. The support table is shown in figure 45. 
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Figure 45.       Figure 46. 

Adding or editing supports is possible with the dialogue box in figure 46. The first and most 

used option is: the DOF is zero in all time steps. 

The second option is a constant, but non zero, prescribed DOF. This option can only be used in 

dynamic analysis. 

The third option is a prescribed DOF as a function of time. This function is entered in a table 

and shown in a graph. The first point in the graph has to be the displacement at time=0.

Between the given points is linearly interpolated and after the last point the DOF is constant. 

The time values are positive reals in case of dynamic analysis and integers in case of static 

analysis. With time dependent supports in a static analysis the program has to be executed 

load controlled (and not arc-length controlled), see section 7.2. 

Figure 47 shows the generation option for the supports. A selection of DOFs (the nodes with 

one or more directions) can be made along a straight line in the model. After pressing the GO-

button, the supports will be generated immediately. Supports will be created for all DOFs that 

exist at the moment of generation. Existing supports for the selected DOFs will be overwritten. 

After the generation, the supported DOFs can be changed again with the support box in figure 

46.

Figure 47. 

6.2 DOF load table (mechanical loads)

Mechanical loads are applied to DOFs, see figure 48. Loads in the X, Y or Z direction are point 

loads and loads in the PHIX, PHIY and PHIZ direction are moments.  
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Figure 48.       Figure 49. 

Adding or editing DOF loads is possible with the dialogue box in figure 4 The load sequence 

has to be entered in a table and is shown in a graph with the details button. The graph, see 

figure 50, represents the load as a function of time. The first point of the graph is the load at 

time=0. Between the given time points the load is linearly interpolated and after the last point 

the load remains constant. Different DOFs can have different time points. 

In static analysis time values have to be positive integers. In this list gaps may occur, i.e. 0, 1, 

4, 6 etc. However, in case of thermal loads the list of all DOFs may not have gaps. The 

program will give an error message when this is detected. In dynamic analysis time values may 

be positive reals. 

In static analysis the model has to show equilibrium at time=0, therefore the load usually  has 

to start at zero, see section 7.2. In dynamic analysis the load at time=0 can be nonzero and a 

constant nonzero value, see figure 49, may be entered. 

Figure 50.      Figure 51. 

Figure 51 shows the generation option for the DOF loads. A selection of DOFs (the nodes with 

one or more directions) can be made along a straight line in the model. After pressing the GO-

button, the loads will be generated immediately. The generation will only create loads for 

existing DOFs and will overwrite existing DOF loads. All generated DOF loads get an identical 

time dependent load. After the generation, individual DOF loads can be changed with the load 

box in figure 4 
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6.3 Thermal load table

Uniform temperatures can be applied to a BEAM element. The temperature will affect the axial 

strain  in the beam as shown in equation (14). 

T=

with

T-T=T 0

in which  is the coefficient of thermal expansion of the BEAM, T is the current temperature 

and T0 is the temperature at time=0. If axial strains are prevented the temperature will result in 

the axial force N of equation (16). 

TEA=N

In which E is the Young’s modulus and A is the cross-sectional area of the BEAM. 

Also thermal loads, see figure 52, can be applied to BEAMs. Adding or editing thermal loads is 

possible with the dialogue box in figure 53. Temperature T applied to the BEAM has to be 

defined in a graph as a function of time with the details button. The first point of this graph is 

T0, see equation 15, which is the temperature at time=0. Between the given time points the 

temperature is linearly interpolated and after the last point the temperature remains constant. 

In the analysis kernel of the program, the thermal load sequence is mapped to the DOF load 

sequence. Therefore it is essential that all time points used in the thermal loads graph are also 

used (once or more) in the DOF loads graph. Therefore first the DOF loads have to be entered 

and then the thermal loads. If no DOF load is applied to the model an arbitrary DOF load with a 

zero value has to be applied to all time points that will be used in the thermal load graph. 

Thermal loads applied to different BEAMs may use different time points (as long as these time

points are also used by any DOF load). Between the given time points the temperature load is 

linearly interpolated and after the last point the temperature load remains constant. In static 

analysis the time values have to be positive integers. In this list no gaps may occur. In dynamic 

analysis the time values may be positive reals.

In figure 53 it also has to be specified whether the analysis is dynamic or static nonlinear. 

Figure 52. Figure 53.  
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Figure 54. 

Figure 54 shows the generation option for thermal loads. A number of BEAM elements can be 

selected. After pressing the GO-button, the thermal loads will be generated immediately. The 

generation will only create thermal loads for existing BEAMs. This generation will overwrite 

existing thermal loads. After the generation, the temperatures applied to the BEAMs may be 

changed again with the temperature box in figure 53. 

7 Executive commands

In LONGSTAB three different execute command types are available. The first is a system

check, see section 7.1. The second command type is static nonlinear and will be described in 

section 7.2 and the third is dynamic direct integration and will be described in section 7.3. 

For the static nonlinear and the dynamic analysis command the number of time steps and the 

number of time increments within these steps as well as the maximum number of iterations and 

steps have to be defined, see also figure 55. 

time step

time increment

iteration

load increment
load step

time

load

Figure 55.      Figure 56. 

The analysis type is shown in the third column in figure 56. The static and the dynamic 

command cannot be used together, but each command can be given more than once. This is 

convenient if, for example, the analysis has a number of large load steps followed by a 

buckling situation in which the load steps have to be very small. In that case the first execute 

command defines the large load steps and the second command defines the following small 

load steps. The second column in figure 56 shows whether the execute command is performed 

(active=x) or skipped (active=’ ‘). If execute commands are added or edited dialogue boxes as 

described in the next three sections will appear. 
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7.1 Execute system check

Figure 57. 

Properties

With the system command as shown in figure 57 the input is checked if the ‘check input’ option 

is enabled. 

Testlevel and trace have been used for detailed debugging during the development of the 

program. The values of  testlevel and trace, see figure 57, are integers between 0 and 10. 

Testlevel defines the output results of internal procedure data and trace defines the output of 

internal procedure names that are used in the program source. Both parameters are default 0, 

which means that no internal source data will be printed in filename.out. With increasing values 

these data will be more extensive. 

7.2 Execute static nonlinear analysis

In static nonlinear analysis the loads, temperatures and prescribed supports have to be defined 

by time steps that have to be integers. 

At time=0 the model has to be in equilibrium. This means that the initial forces sini and initial 

deformations eini in the element as well as the DOF loads and the prescribed supports have to 

be in equilibrium at time=0. FRICTION and mass-inertia do not have any influence in static 

analysis.

Figures 58 and 59 show the execution properties for the static non-linear analysis. These 

properties will be discussed separately. 

Figure 58. Figure 59. 
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Control

If the analysis is load (and/or displacement) controlled, the DOF loads, thermal loads and the 

prescribed support displacements are applied to the model in positive load increments. If 

prescribed supports are defined, the analysis is displacement controlled and has to be 

executed with the Load/Displacement controlled option in figure 58. 

In case of arc-length control, the load increment is determined by a so-called arc-length that 

depends on the loads and the computed displacements of the DOFs in the model. The load 

increments may also become negative. In the arc-length controlled case no prescribed support 

displacement is allowed. The basics of the load and the arc-length controlled analysis are 

described in chapter 3. 

The accuracy eps defines whether the unbalance force vector Fres is sufficiently small 

compared to the load increment force vector Fincr. The definition is 

F.uepsF.u incrincrresincr

in which uincr is the displacement increment in the current load increment. The vector Fres is 

the external load minus the internal forces in the elements, for more details see section 3.4. 

The recommended and default value of eps=0.0001.

In case of an arc-length controlled analysis, a value for psi2 has to be entered. The 

recommended and default value of  psi2 is 1.0, which means that the contribution of the 

displacements in the model uincr  to the arc-length is equal to the contribution of the loads Fincr.

With psi2>1.0 the contribution of the loads increases an with psi2<1.0 the contribution of the 

computed displacement increases. See section 3.2 for more details on psi2.

Increment

The load increment can be either fixed or automatic. When a load increment is fixed, a value 

for incr between 0 and 1 has to be given. For example, if incr=0.02 the load step will be applied 

in 50 load increments. When a load increment is automatic, the value of incr defines the first 

load increment an all succeeding increments will be determined by the program, also see 

advanced - automatic control. The magnitude of the last increment in a load step will be 

chosen in such a way that the total load step is equal to the user defined load at time.

The value of maxstep (advanced option) is the maximum number of load increments, counted 

from the first load step and the first load increment. The default value of maxstep is 250. The 

current analysis command will stop if maxstep has been reached. Subsequently the analysis 

will only continue if maxstep is higher in a following analysis command. 

The value of maxiter (advanced option) is the maximum number of iterations in a load 

increment. The default value is 200.  When maxiter has been reached a message will appear 

in the analysis log-message box and in filename.out. The analysis will continue with the next 

load increment even if no sufficient equilibrium has been obtained. 

Output

The value of psc defines the analysis progress results that have to be written to the screen in 

the analysis log-message box. 

The value of pou defines the analysis output results that have to be written to filename.out.

The value of psc defines the analysis plot graph results that have to be written to filename.grd.

This file is used for the on screen result graphs. 

The default values of psc, pou and pgr are zero, which means that no results will be written to 

file or screen. If psc=1 all increment results will be written to screen. If pou=10 the results of 

every tenth increment will be written to filename.out, etc. 

Stiffnesses

Default the ‘Full N(ewton) R(aphson)’ method will compute the stiffness matrix in all iterations 

of each load increment. 
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Advanced - stop criterion

The analysis will usually stop when the last load step or the last prescribed support has been 

reached. Selection of the option maxsn will stop the analysis when time=maxsn.

If the relative stiffness option is enabled the analysis will stop when the relative stiffness 

reaches a minimum (min) or maximum (max) value. This relative stiffness is defined as the 

stiffness of the current increment divided by the stiffness in the first increment of this execution 

command, see Bergan (1982). 

Advanced - automatic control

If no thermal loads are applied the automatic increment incr is determined (see Bergan (1982)) 

by

k-k

dkb
*incr=incr i1+i

i1+i

in which incr
i+1

 is the current load increment, incr
i
 is the previous load increment, dkb is 

user-defined, k
i+1

 is a value representing the current stiffness in the model and k
i

 is the 

previous stiffness. A usual value for dkb is in the range of 0.05 to 0.1. The values of taumax

and taumin limit the value of incr
i+1

 in equation (19) with 

taumax*incrincrtaumin*incr 1+i

In which incr is the user defined first load increment. 

In case of thermal loads and automatic control, the value of dkb is not used. The values of 

taumax and taumin are used to limit 
2
, see equation (3.25), in the current load increment i+1

by

taumax*)(*2)(*2taumin*)(*2 2 i2 1+i2 i

The recommended value for taumin is 0.9 and for taumax 1.1, for further information see 

section 3.2. 

7.3 Execute dynamic direct integration analysis

The analysis type as shown in figure 60 is dynamic direct integration. Loads, temperatures and 

prescribed supports have to be defined as a function of time. FRICTION and inertia are only 

used in dynamic analysis. Figures 60 and 61 show the execution properties for the dynamic 

direct integration analysis, which will be discussed below. 

Method

The analysis method has to be dynamic. Generally, the accuracy parameter eps defines when 

the displacements of the current iteration uiter are sufficiently small compared to the 

displacements of the current increment uincr

*

incr

*

iter .ueps.u

in which 
*
 is the impulse vector. The recommended and default value of eps=0.0001.
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Figure 60. Figure 61. 

Increment

Nstep is the number of time increments and lstep is the length of these time increments. The 

parameter tstart defines the start time of the analysis. Default tstart=0.0. If tstart is not 0.0 the 

initial element conditions are valid for time=tstart and the loads start with the loads at  

time=tstart. The value of maxiter is the maximum number of iterations in a time increment. The 

default value is 200. When maxiter has been reached a message will be written in the analysis 

message box and in the output file. The analysis continues with the next time increment even if 

no sufficient equilibrium has been obtained. Each time increment has to be small enough to be 

able to follow the highest frequencies of interest. Generally, 8 time points are sufficient to 

describe the full sine curves of these frequencies. 

Output

Identical to the static nonlinear executive command, see section 7.2. 

Stiffnesses

Identical to the static nonlinear executive command, see section 7.2. 

Advanced - gamma2

A value for gamma2 can be entered, for details see Kok (1995). Generally, the default value of  

gamma2=-3 has to be used. Only for undampened models with a short response time a value 

of gamma2=2 can be recommended since this value leads to very accurate results for these 

cases. However, with gamma2=2 the analysis may become numerically unstable. 

8 Output

Data files for large models with many load increments may become very large. This will slow 

down the analysis. Therefore the user has to precisely define which data are relevant. In 

section 8.1 the data for the output print file are selected and in section 8.2 the data for the 

graphical output file are selected. Both selections have to be made before the analysis is 

executed. After execution these data can be viewed. This will be explained in sections 8.3. and 

8.4.

8.1 Print command / numerical results

In the execute command pou defines which load steps or increments have to generate the 

output results in filename.out. When the analysis has been concluded this ASCII-file can be 

edited with the Numerical Results command in the Execute pop-up menu. Then Wordpad is 

started to edit (or print) this file. The data in this file can also be shown graphically as XY-plots, 
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in which the coordinate is shown on the x-axis and the selected data on the y-axis, see section 

8.4.

This section deals with the definition of the output results that have to be printed or plotted 

(with XY-Print Plots). Figure 62 shows the four available result options: DOFloads, 

displacements, reactions and element deformations and forces. 

Figure 62. 

Figure 63.      Figure 64. 

If DOF loads, displacements or reactions are selected the accompanying DOFs will be 

selected in the dialogue box in figure 63. The elements are selected in the dialogue box in 

figure 64. On the left-hand side of these boxes a list of all available DOFs cq. elements is 

displayed and on the right-hand side the selected DOFs cq. elements are listed. With the > and 

< buttons one ore more DOFs cq. elements can be selected or unselected. With >> and << all 

available DOFs cq. elements will be selected or unselected. 
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8.2 Plot command

In the execute command pgr defines which load steps or increments have to generate the plot 

results in filename.grd. This ASCII-file is used by the option show XY-Plots, see section 8.3. 

This section defines the output results that have to be printed in this file. Figures 65 and 66 

show the available result options. 

Figure 65.      Figure 66. 

General

In static analysis the step-option and in dynamic analysis the time option have to be enabled. 

In dynamic analyses the step option may also be enabled. 

DOF related output

The velocity and impulse options are only available in dynamic analysis. The DOF loads, 

displacements and support reactions are also available in static analysis. For each option a 

number of DOFs has to be selected, see figure 63. 

Element related output

Deformations and forces in the middle of the elements can be plotted. For each option a 

number of elements has to be selected, see figure 64. 

Advanced - element related output

Detailed element information can be selected in the plot-advanced dialogue box, see figure 66. 

The options are related to the element properties in section 5. 

8.3 Show XY-Plots

When the analysis has been completed Show XY-Plots option of the Execute pop-up menu can 

be chosen. Figure 67 will appear in which the x- and y-axis of the plot can be selected. After 

pressing the ‘show’ button, the plot in figure 68 will appear. If the data grid option is selected 

the numerical results will be shown together with the plot, see figure 68. Extensive help is 

available by pressing the help button in figure 68. 
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Figure 67.      Figure 68 

8.4 Show XY Print Plots

When the analysis has been concluded the Show XY-Print Plots option of the Execute pop-up 

menu can be selected. Figure 69 will appears in which the x- and y-axis of the plot can be 

selected. On the x-axis the coordinates of the model are printed and on the y-axis the required 

data is shown. After pressing the ‘show’ button, the plot in figure 70 will appear. In this plot 

several options can be set. If the data grid option is selected the numerical results will be 

shown together with the plot, see figure 70. An extensive help is available by pressing the help 

button in figure 70. 

Figure 69.       Figure 70. 
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