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1 INTRODUCTION 

Program ATENA-PRE is developed by Červenka Consulting s.r.o. as a direct 

preprocessor for ATENA that is used for nonlinear simulations of structures. In the 

preprocessor ATENA-PRE user can define finite element model with its geometry, 

boundary conditions and specific data for ATENA analysis. When the model definition 

is completed in ATENA-PRE, the input file for ATENA (file name extension: .inp) is 

generated and the simulation can be initiated. The following modules for different types 

of analyses are available: 

• ATENA/Static,   - static 2D and 3D analysis  

• ATENA/Creep,   - creep 2D and 3D analysis 

• ATENA/Transport,   - transport 2D and 3D analysis 

• ATENA/Dynamic   - dynamic 2D and 3D analysis. 

The postprocessing of the simulation is possible in ATENA Studio or ATENA 

Engineering. 
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2 WORKFLOW IN ATENA-PRE 

This document represents the User’s manual for the new module ATENA CeSTaR-2 

software, which was developed during an international collaborative research project 

CeSTaR-2 „Reducing material demands and enhancing structural capacity of multi-

spiral reinforced concrete columns - advanced simulation and experimental validation“. 

The project was supported by the DELTA-2 research program of the Czech 

Technological Agency. The document focus is on the preparation of model data using 

the newly developed pre-processor, which is referred to as ATENA-PRE. For more 

detailed description of material input parameters, analysis execution, postprocessing the 

reader should consult the Example and Validation manual [2]. 

 

When working with ATENA-PRE, the workflow of model preparation is as follows: 

• Select one of the problem types for ATENA. 

• Create a geometrical model. 

• Select material models, define parameters. 

• Assign materials and element type to the geometry.  

• Generate finite element mesh. 

• Create Load cases and assign respective boundary conditions such as supports 

and load. 

• Create loading history by defining in Tasks. 

• Execute finite element analysis with ATENA Studio or AtenaConsole. 

 

The following text has aim to explain the procedure above in more detail to help the 

user to define and execute the ATENA simulation.  

 

Initial part of manual is dedicated to geometry definition while the geometry can be 

created directly in ATENA-PRE, standard export file types from other programs are 

supported for import. Also, ATENA-PRE supports the definition by scripting which is 

very helpful for various geometry shape that can be easily defined by functions along 

with direct definition of points etc.  

 

The following part of the manual describes definition of ATENA model in ATENA-
PRE.  

It is also recommended to go through the ATENA 2023 CeSTaR-2 Example and 

validation manual [2] before starting with one’s own modelling. 
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Fig. 2-1: ATENA-PRE interface 
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3 INSTALLATION AND REGISTRATION 

For installation download the installer package available at company website 

www.cervenka.cz. In section Download choose the ATENA 6.x.x package and when 

the downloading is finished run the installer. ATENA-PRE is inherent part of the 

installer therefore no special selection in needed. 

 

Fig. 3-2: ATENA installer 

After installation open ATENA Center to view your curent licence (use the HASP HW 

Key or join network with NetHASP). Otherwise there is a link to trial licence 

information on company website. Some licence related questions are answered in [3]. 

 

Fig. 3-3: ATENA center – Your licence. 
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4 ANALYSIS TYPE 

When user creates the new model in ATENA-PRE, the Analysis type of the simulation 

in ATENA has to be selected. The configuration of the Analysis type creates the 

compatible data such as units, materials, conditions etc. which are written in the input 

file for ATENA. To set the problem type, in main menu select Settings | Project 
settings. In the pop-up window user selects one of the ATENA Analysis type (Fig. 

4-4): 

• Static  static analyses 

• Dynamic analyses including dynamic loading  

• Transport heat and humidity transfer 

• Creep  creep of concrete. 

 

Fig. 4-4 Project settings menu. 

The analysis type definition must be done before starting input of any data. Executing 

this command later may result in the loss of some of the existing data. 

Other general settings for the project can be specified in the Project settings such as 

3D/2D/Axisymmetric space type, units, location of the project etc. 

However, at the current state of development of ATENA-PRE the Static analysis is 

supported only. 
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5 DEFINITION OF GEOMETRY 

There are more options how to create geometrical model in ATENA-PRE. The model 

can be created directly by defining points, lines, surfaces and volumes. Within the 

interface the definition can be done in two ways. First one utilizes the direct definition 

of geometry parts included in Input tree, see Fig. 5-5, and various options for geometry 

definition in commands panel. Or the second option is scripting of the geometry 

definition that enables to define complicated shapes with mathematical expressions, 

more info including the script sample is in chapter 12.   

 

Fig. 5-5 Input data tree - Geometry. 

 

Another way to define the geometry is to import it from other CAD system in IFC of 

IGES format. The import of ATENA project from older version ATENA 2D and 3D is 

supported as well along with the import for Gid project, see the Import in menu bar Fig. 

5-6. 
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Fig. 5-6 Import of data into ATENA-PRE. 

Creating entities directly in ATENA-PRE has many possibilities. The new point can be 

created with Create point button  in commands panel or button Point in table of 

specifications then the Point create settings appear on the side where the coordinates can 

be specified directly or user can just add point with mouse click in the View window, 

see Fig. 5-7. 

Within commands panel there are buttons to create line, circular arc, nurbs curve, 

polygon surface, surface between two curves,solid from boundary surfaces, solid from 

two opposite surfaces, 2D interface and 3D interface 

. 

 

Fig. 5-7 Creation of point entity. 
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Also the scripting can be used for entity definision. Enter Scripting history, write the 

script command to define point and press execute the script, the geometry will we 

created, Fig. 5-8. 

 

Fig. 5-8 Script history. 

There are of course tools to make changes to existing geometry where used can select 

particular part and change parameters in geometry settings or make groups of 

selections . 

Standard tools like mirror, translation, rotation or dividing of existing entities to cerate 

more point ar included as well . 
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6 MATERIALS 

ATENA analyses offer various material models where user can define parameters based 

on standards or directly from experimental results on test samples.  

Within the Input data tree (Fig. 6-9) the Materials marker sets out following material 

models: 

• Concrete 

• Reinforcement 

• Interface 

• Spring 

• Soil-Rock 

• Steel 

• Elastic. 

More details about respective material is summarized in Table 1. 

 

Fig. 6-9 Input data tree - Materials. 

User chooses material model from the Input data tree to define material that will be later 

assigned to geometrical entities. Generally ATENA is developed to simulate nonlinear 

behavior of reinforced concrete structures, therefore Concrete material is often assigned 

to 2D and 3D entities and reinforcement is mostly represented by 1D entities. Material 

is assigned to geometry in Building element types which comes after Materials in the 

Input tree. 
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Table 1: ATENA material collection in ATENA-PRE 

ATENA-PRE name 
ATENA name (INP command) Description 

Concrete 

Cementitious2 CC3DNonLinCementitious2 

 

Materials suitable for rock or concrete like 
materials. This material is identical to 
3DNONLINCEMENTITIOUS except that this 
model is fully incremental. 
Material properties can be generated 
according the EC2, ModelCode (FRC), SP63. 

CC3DNonLinCementitious2 FRC The material is suitable for fibre reinforced 
concrete. 

CC3DNonLinCementitious2Fatigu
e 

This material is based on the 
CC3DNonLinCementitious2 material, 
extended for fatigue calculation. 

CC3DNonLinCementitious2WithTe
mpDepProperties 

This model is to be used to simulate change 
of material properties due to current 
temperature. The temperature fields can be 
imported from a previously performed thermal 
analysis. 

Cementitiou2 RadWaste CC3DNonLinCementitious2RadW
aste 

Material model is developed for concrete 
structures exposed to radiation. The effect of 
neutron and gamma radiation dose is 
reflected. 

Cementitious2 SHCC CC3DNonLinCementitious2SHCC Strain Hardening Cementitious Composite 
material. Material suitable for fiber reinforced 
concrete, such as SHCC and HPFRCC 
materials. Identical to 
CC3DNonLinCementitious2User except for 
the shear response definition.  

CC3DNonLinCementitious2SHCC 
WithTempDepProperties 

Cementitious2 User CC3DNonLinCementitious2User Materials suitable for rock or concrete like 
materials. This material is identical to 
CC3DNonLinCementitious2 except that 
selected material laws can be defined by user 
curves. 

Cementitious2 Variable CC3DNonLinCementitious2Variabl
e 

In this material model the parameters of 
material behavior are developing in time. 

Cementitious3 CC3DNonLinCementitious3 Materials suitable for rock or concrete like 
materials. This material is an advanced 
version of CC3DNonLinCementitious2 
material that can handle the increased 
deformation capacity of concrete under 
triaxial compression. Suitable for problems 
including confinement effects. 

Reinforced Concrete CCCombinedMaterial This material can be used to create a 
composite material consisting of various 
components, such as for instance concrete 
with smeared reinforcement in various 
directions. Unlimited number of components 
can be specified. Output data for each 
component are then indicated by the label #i. 
Where i indicates a value of the i-th 
component. 
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Material From File CCFromFile 

 

Material model defined by user directly in 
material.inp file. 

Material Random Fields CCMaterialWithRandomFields Material definition to be used in connection 
with SARA software to model material with 
random spatial distribution of material 
parameters. 

Microplane CCMicroplane7 Bazant Microplane material models for 
concrete 

SBETA Material CCSBETAMaterial Older version of the basic material for 
concrete, only suitable for 2-D plane stress 
models 

Reinforcement  

Reinforcement CCReinforcement Material for discrete reinforcement – bars and 
cables. You can generate material properties 
according the EC2 

CCCyclingReinforcement This material is used for cycling loading 

CCReinforcementWithTemp Dep 
Properties 

Material suitable for analyses with 
temperature dependency 

Interface 

Interface CC2DInterface, CC3DInterface Interface (GAP) material for 2D and 3D 
analysis.  

Spring 

Spring Material CCSpringMaterial Material for spring type boundary condition 
elements, i.e. for truss element modeling a 
spring. 

Soil-Rock 

Drucker Prager CC3DDruckerPragerPlasticity Plastic materials with Drucker-Prager yield 
condition. 

Steel 

Steel Von Mises 3D  

 

CC3DBiLinearSteelVonMises Plastic materials with Von-Mises yield 
condition, e.g., suitable for steel. 

CC3DBiLinearVonMisesWithTemp

DepPropertiess 

This model is to be used to simulate change 
of material properties due to current 
temperature. The temperature fields can be 
imported from a previously performed thermal 
analysis. 

Elastic 

Elastic 3D CC3DElastIsotropic Linear elastic isotropic materials for 3D 

Concrete contains various version types of material model depending on the application 

of modelled structure, for more details about different versions see Table 1. In general, 

material Concrete is suitable for quazi-brittle materials such as concrete or rocks. When 

user creates specific Concrete material the dialog for material generation is used, see 

Fig. 6-10. The Prototype of material defines ATENA material model which parameters 
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can be adjusted in Material properties dialog. Default material is Cementitious2 that 

can be generated according to EuroCode 2, Model Code (FRC) or SP63, user can select 

one of the mentioned standards and based on the Strength Class, Safety Format, and in 

some cases Strength Type (sample shape) and specifics for FRC: Type of Fibres and 

Weight of Fibres. When user wants to use other Prototype, the checkbox Change 
prototype (for experts) has to be selected.  Then the Prototype of Concrete material 

can be switched to differet version, see Fig. 6-11 and Fig. 6-11. 

 

Fig. 6-10 Concrete – Generation of material. 

 

 

Fig. 6-11 Concrete – Selection of Concrete Prototypes. 

Default Concrete material that is generated according to selected standard has Material 

properties divided in dialog window into tabs: Basic, Tensile, Compressive, 

Miscellaneous and Generated from, shown in Fig. 6-12.  

The material prototype list box from the Basic tab allows to select the basic 

CC3DNonLinCementitious2, or CC3DNonLinCementitious2WithTempDepProperties, 

where some of the material values can depend on temperature, or 

CC3DNonLinCementitious2Fatigue for modelling high-cycle tensile fatigue.  



 

ATENA 2023 – CeSTaR 2 -  User´s Manual  13 

The basic material parameters are defined in the Basic dialog – the Young’s modulus of 

elasticity E, the Poisson’s coefficient of lateral expansion, the strength in direct tension 

Ft, and the cylinder compressive strength Fc.  

 

Fig. 6-12 Concrete – Basic material properties of Cementitious2. 

The advanced parameters related to tension are defined at the Tensile tab: Fracture 

energy Gf, Fixed Crack coefficient (0 = rotated, 1 = fixed, more details you can find in 

ATENA Theory in section "2.1.6 Two Models of Smeared Cracks"), Crack Spacing, 

Tension Stiffening, Aggregate Interlock, manual definition of Shear Factor, and 

Unloading Factor (0 = the default unloading to the origin, 1 = unloading parallel to the 

initial elastic stiffness). The meaning of the parameters should be clear from the figures 

in the dialog and the help texts. For details on these (and also other) parameters, see the 

ATENA Theory Manual [1].  

Crack Spacing option should be used when the element size is larger than the expected 

crack width. Typically, it should be used in reinforced concrete elements, and is equal to 

the expected crack spacing. In the simplest case, the spacing of ties or stirrups can be 

used to estimate its value. 

Tension Stiffening  - should be used only if reinforcement is present in the model. It 

defines a relative tensile stress minimal limit for cracked concrete. This means the 

tensile stress in the cracked concrete cannot drop below this relative level (i.e., ft times 

tension_stiffening). 

Aggregate size for the calculation of aggregate interlock based on the modified 

compression field theory by Collins. When this parameter is set, the shear strength of 

the cracked concrete is calculated using the modified compression field theory by 

Collins. The input parameter represents the maximal size of aggregates used in the 

concrete material.  

Shear factor that is used for the calculation of cracking shear stiffness. It is calculated 

as a multiple of the corresponding minimal normal crack stiffness that is based on the 

tensile softening law.  

Unloading factor, which controls crack closure stiffness. 
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Fig. 6-13 Concrete – Tensile material properties of Cementitious2. 

The advanced parameters influencing the compressive response are defined at the 

Compressive tab:  

Plastic Strain at peak load eps_cp ( p

cε ) – this corresponds to the total strain at Fc 

from which the elastic part should be subtracted.   

Onset of Crushing Fc0 represents the linearity limit.  

Critical Compressive Displacement wd is the crushing compressive displacement 

after which the compressive stress drops to zero.  

The relative limit for reduction of compressive strength due to cracking Fc Reduction 

controls the limit of Fc reduction due to cracking.  

The checkbox Activate Crush Band Min is used to specify the minimal value of the 

crush band size for compressive concrete crushing. Normally crush band size is 

calculated as a projection of the finite element size in the direction of the highest 

compressive stress. If this value is defined, the crush band size is limited to the provided 

value, i.e., if the calculated crush band size is smaller than the limiting value, the 

minimal values are used. It is recommended to define it as the smallest dimension of the 

compressive element. See ATENA Theory manual [1] chapter on Cementitious2 

material for more details. 

 

Fig. 6-14 Concrete – Compressive material properties of Cementitious2. 
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The Miscellaneous tab contains two additional plasticity-related parameters, the 

Eccentricity Exc defining the shape of the failure surface, and the Direction of Plastic 
Flow Beta, determining volume compaction (Beta<0) or expansion (Beta>0) during 

crushing, i.e., plasticization, and two general parameters: Density Rho (only used in 

dynamic analysis) and the coefficient of Thermal Expansion Alpha (only used when 

the thermal load is applied).  

 

Fig. 6-15 Concrete – Miscellaneous material properties of Cementitious2. 

 

Fig. 6-16 Concrete – Generated from info of Cementitious2. 

The basic material parameters for one-dimensional reinforcement bars is defined in 

material Reinforcement EC2. The dialog Generate material creates stress-strain 

function for bars or tendons based on the reinforcement steel strength class, a few basic 

parameters (elastic modulus, characteristic yield strength, …) and safety format, in Fig. 

6-17. 
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Fig. 6-17 Reinforcement – Generate material. 

When material is generated, the stress-strain function can still be edited by user in 

dialog window in Fig. 6-18 and Fig. 6-19. Also following material prototypes developed 

for cycling loading or temperature dependent properties can be selected. 

CCCyclingReinforcement - Material for cyclic reinforcement. There is a tab  

Menegotto-Pinto where special parameters can be defined. Detailed information about 

these parameters can be find in ATENA Theory Manual [1], section 2.7.5. 

CCReinforcementWithTempDepProperties - This model is used to simulate change 

of material properties due to current temperature. The temperature fields can be 

imported from a previously performed thermal analysis. Reinforcement parameters can 

be generated according to the production method.  

 

Fig. 6-18 Reinforcement – Material properties edit dialogue. 
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Fig. 6-19 Reinforcement – Edit function – stress-strain diagram. 

The Interface material (also called GAP) has been developed to model behavior of 

contacts between volumes, e.g., concrete - steel or thin layers of, e.g., mortar. This 

material should only be assigned to contact volumes (in 3D) or contact surfaces (in 2D 

and axisymmetry), in Fig. 6-20 and Fig. 6-21. 

 

Fig. 6-20 Interface – Basic parameters. 

 

Fig. 6-21 Interface – Micsellaneous. 
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Spring material can be used for point, surface and line springs. Spring can be linear and 

also nonlinear. The linear spring are dfined with stiffness while nonlinear ones are 

defines by force-deformation diagram, Fig. 6-22.  

 

Fig. 6-22 Spring – Basic material properties. 

Soil-Rock material is useful for defining subsoil. It utilizes Drucker-Prager 

plasticity model that can be generated by combination of friction angle and cohesion 

or by compressive and tensile strength, see Fig. 6-23. Generated parameters of 

model can be adjusted, Fig. 6-24. 

 

Fig. 6-23 Soil-Rock – Generate material dialog. 
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Fig. 6-24 Soil-Rock – Material parameters. 

Material Steel includes two material prototypes, the "normal" 

CC3DBilinearSteelVonMises and a variant supporting thermal degradation  

CC3DBilinearVonMisesWithTempDepProperties. It is also possible to define cyclic 

properties through enabling the option Activate Cyclic Params.  

This material model is targeted for volume members made from steel and other similar 

(ductile) materials, i.e., elements which can not be well represented with the 1D 

reinforcement (truss) elements. Note the hardening is not limited, which means it has to 

be checked in post-processing if the ultimate strain has been exceeded.  

 

 

Fig. 6-25 Steel – Material parameters. 

Last of material choices in ATENA-PRE is Elastic. The material is defines by Young’s 

modulus and Poisson’s ratio, there is selection of various common materials like 

concrete, masonry, wood etc. that are available with their respective properties, Fig. 

6-26 and Fig. 6-27. 
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Fig. 6-26 Elastic – Generate material dialog. 

 

Fig. 6-27 Elastic – Material parameters. 
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7 BUILDING ELEMENT TYPES 

Building element types interconnects model features including geometry, material and 

finite elemet types. The main Building element types are directly in the Input data tree 

(Fig. 7-28) while other types are available to choose in Unspecified Building element 

type, see complete list of options in Fig. 7-29. Each Building element type is assigned to 

geometrical entity along with specific material that has been defined by user in Material 

section. Based on the type of entity (point/surface/volume) the finite element properties 

are offered to adjust. The properties mainly include type of finite element, type of FE 

mesh and other idealization specifics when the user works with beam or shell 

approximation, or e.g. plane-stress or plain-strain etc. 

 

 

Fig. 7-28 Input data tree – Building element types. 
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Fig. 7-29 Building element types options. 

BE type properties differ for line, surface or volume, Fig. 7-30. 1D entites (lines) use 

beam static model with quadratic mesh. Beam cross-section is defined by one material 

and the reinforcing bars can be added to it.  

For 2D entities (surface), user can choose between static model with 2D elements with 

thickness or layered 2D shell elements. The plane-stress or plain-strain idealization, and 

linear or quadratic mesh are combined with 2D elements with thickness. Thell elements 

are quadratic only and the shell layers can combine different materials.  

Finally 3D entities (volumes) offer three static models: 3D solid, Beam or Layered 

shell. Solid offers both linear and quadratic mesh while beam and shell use just 

quadratic mesh. Beam and shell can combine base material with reinforcement in 

various cross-section shapes.  
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Fig. 7-30 Building element types – 1D/2D/3D properties. 

FE Model options offer choice og geometrical linearity of the model, more information 

can be find in input file manual [4] also in Fig. 7-31. Along with excetions that can be 

triggered during analysis and terminate the calculation, the choice of ignoring them 

leads to disputable results but might be used in specific cases e.g. to get results when the 

structure is already heavily damaged. 
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Fig. 7-31 Building element types – FE model. 
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8 REINFORCING TYPES 

Reinforcing types serves for definiton of properties of 1D reinforcement elements their 

bond properties, cross section area of bar/tendon or the whole region of reinforcement, 

and also properties for FE meshing, Fig. 8-32.  

Claculator of cross-section area and its perimeter is included as well. 

 

Fig. 8-32 Reinforcing element types – Options. 

There are three RE types bar, tendon and region of reinforcement. Bar and tendon allow 

to assign bond properties  and in Bond tab specify maximum bond strength with bond 

slip function that can be also generated according to Bigaj or Ceb Fib Model Code, Fig. 

8-33.  

 

Fig. 8-33 Reinforcing element types – Bond settings. 
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9 SPRING AND INTERFACE TYPES 

As in previous chapters where material and finite element properties have been assigned 

to geometry, Spring and Interface types serve the same purpose just for spring and 

interface materials. 

Spring types can be assigned to point, lines and surfaces, Fig. 9-34. In all cases the 

mesh of spring types is linear. Based on the geometric entity the spring is specified by 

cross-section area, thickness or just length. The orientation of the spring can be defined 

in the local or global system. More spring can be assigned by activating another spring 

that has different orientation or material. 

 

Fig. 9-34 Spring types. 

Interface is applicable to surface and volume entities, Fig. 9-35. The mesh assigned to 

interface types can be linear or quadratic and for 2D entities the interface thickness has 

to be specified. 

 

Fig. 9-35 Interface types. 



 

ATENA 2023 – CeSTaR 2 -  User´s Manual  27 

10 FE MESH PARAMETERS AND MESH GENERATOR 

The finite element mesh quality has a very high influence on the quality of the analysis 

results, the speed, and memory requirements. Refining only the important parts can save 

a lot of processor time and disk space. 

Partially the finite element mesh settings are described in previous chapters mainly the 

finite element types and its definition, however in this chapter the mesh size, shape of 

finite elements and mesh compatibility are presented, Fig. 10-36. 

FE mesh parameters allows to define mesh settings in specific parts of the model while 

general settings that are applied on the whole structure are adjustable in Mesh generator. 

ATENA-PRE uses T3D mesh generator that is developed by Daniel Rypl [5].  

 

Fig. 10-36 Input data tree – FE mesh parameters. 

First of mesh settings in Fig. 10-37 is mesh size where size of mesh can be default, 

uniform or user defined. Then there is equidistant possibility to ensure the uniform 

mesh size within selected area. Finally the factor option is used to specify the vertex 

mesh size multiplication factor, the default value is 1 and it must not be negative. 

 

Fig. 10-37 FE mesh parameters – Size of mesh. 
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Following mesh settings is mesh type for surfaces and solids Fig. 10-38 and Fig. 10-39. 

Basic option for surface mesh specifies quad-dominant mesh and whether the mesh is 

structured or not. Structured mesh is usually better for identification of elements and 

nodes and gives mostly better results than unstructured. However some complicated 

geometries do not allow to use structured mesh. I case of solids, the static model is 

specified once more to ensure compatibility with BE types.   

 

Fig. 10-38 FE mesh parameters – Mesh type for surface. 

 

Fig. 10-39 FE mesh parameters – Mesh type for solid. 

Section of FE mesh parameters advanced is dedicated to connecting of model part that 

contain incompatible mesh that might be given by different element shape or type, 

basically mostly at places where finite element nodes are not matching on the 

connecting point/line/surface, Fig. 10-40. 
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Fig. 10-40 FE mesh parameters – Master-slave connections. 

More detailed information on meshing and settings of T3D mesh generator are available 

in [5]. 

 

Fig. 10-41 FE mesh parameters – Mesh generator. 
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11 ANALYSIS 

When geometry of the model has assigned material and all necessary parameters of FE 

mesh, analysis data can be created. Analysis data are divided into categories: Load 

cases, Boundary conditions, Monitors, Solution parameters, Tasks and Functions.  

Load cases serve for creating the load types (forces, shrinkage, prestressing etc.) acting 

on the geometrical entity including supports, see Fig. 11-42 and Fig. 11-43. Load cases 

are then combined in Tasks to create the loading history of the whole analysis. 

When the Load Cases and their load types are prepared, the specific Boundary 

conditions can be assigned to entites with buttons in table of specifications 

 in Fig. 11-44. 

 

Fig. 11-42 Load cases – Table of specifications. 

 

Fig. 11-43 Load cases – Load types. 
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Fig. 11-44 Boundary conditions – Types of boundary conditions. 

Then there are Monitors which are very helpful for evaluation of the whole analysis. 

Monitors for various types of load or reactions of the structure resulting from acting 

load are available in table of specifications for different geometrical entities with 

buttons , Fig. 11-45. 

Nonlinear analyses in ATENA generaly offer two different type of solution method 

which are Newton-Raphson and Arc-length method, in Fig. 11-46. Both method have 

their strength and limitation therefore the proper one needs to be set to find the correct 

solution, more information on methods and their detailed settings is available in 

ATENA Theory [1]. The settings of method and other solution parameters are within 

the Solution parametes. 

The main part of Analysis section is Task, there all the previous parts come together and 

the loading history for the analysis can be created. Within Loading history separate 

intervals are defined and their specifics are adjustable in Interval parameters. The 

solution parameters and combination of load cases are defined for each interval 

separately including the number of steps, interval multipliet etc. Finally the diagram of 

load cases action is at the bottom of Tasks settings, see Fig. 11-47. Different loading 

history can be defined in another Task. 

Once the loading history and solution of analysis is set the INP file can be created or 

just previewed, or the analysis can be executed with Run button, see Fig. 11-48. 
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Fig. 11-45 Monitors – Data types. 

 

Fig. 11-46 Solution parameters – Settings of solution method and other 
criteria. 
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Fig. 11-47 Tasks – Creating the loading history. 

 

Fig. 11-48 Tasks – INP preview/save, Run of analysis. 

Finally there is the section with defined and saved Functions. The can be find all the 

general functions that are utilized for the whole model. For example the function of 

material laws like strass-strain diagrams, material properties dependent on 

time/temperature/radiation, function that defines application of load during the loading 

history and many others, example of function dialog in Fig. 11-49. 

 

Fig. 11-49 Functions – Definition of function. 
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12 SCRIPTING IN ATENA-PRE 

Scripting of geometry is great advantage to create complicated geometry that can be 

expressed mathematically. Example of such scripts and its visual results are presented 

bellow.  

The scripting method is especially useful for instance for the parameteric modelling of 

standard structural elements such as for instance the spiral reinforcement as indicated 

below. 

Working with scripts is enabled in table of specification at the last tab Script history in 
Fig. 12-50. The script can be written and executed directly in Script history or user can 

import or export existing scripts. 

 

Fig. 12-50 Script history. 

EXAMPLE 1 – Spiral reinforcement, Fig. 12-51. 

# First spiral 

# -------------------------------------------------- 

#define global parameters 

globalParameter(equation = "diameter = 0.1") # id = 1 

globalParameter(equation = "radius = diameter / 2") # id = 1 

globalParameter(equation = "loopHeight = 0.01") # id = 2 

globalParameter(equation = "loopsCount = 10") # id = 3 

globalParameter(equation = "originX = 0") # id = 4 

globalParameter(equation = "originY = 0") # id = 5 

globalParameter(equation = "originZ = 0") # id = 6 

 

#create first loop from four circular arcs 

circularArc(startPoint = ["originX + radius", "originY", "originZ"], pointOnInterior = ["originX + 

(math.cos(0.78539816339744828) * radius)", "originY + (math.sin(0.78539816339744828) * radius)", 

"originZ + loopHeight / 8"], endPoint = ["originX", "originY + radius", "originZ + 2 * loopHeight / 

8"], createCircle = "False", createCircularSurface = "False") # id = 2 

circularArc(startPoint = 2, pointOnInterior = ["originX + (math.cos(2.3561944901923448) * radius)", 

"originY + (math.sin(2.3561944901923448) * radius)", "originZ + 3 * loopHeight / 8"], endPoint = 

["originX - radius", "originY", "originZ + 4 * loopHeight / 8"], createCircle = "False", 

createCircularSurface = "False") # id = 2 

circularArc(startPoint = 3, pointOnInterior = ["originX + (math.cos(3.9269908169872414) * radius)", 

"originY + (math.sin(3.9269908169872414) * radius)", "originZ + 5 * loopHeight / 8"], endPoint = 

["originX", "originY - radius", "originZ + 6 * loopHeight / 8"], createCircle = "False", 

createCircularSurface = "False") # id = 2 

circularArc(startPoint = 4, pointOnInterior = ["originX + (math.cos(5.497787143782138) * radius)", 

"originY + (math.sin(5.497787143782138) * radius)", "originZ + 7 * loopHeight / 8"], endPoint = 

["originX + radius", "originY", "originZ + 8 * loopHeight / 8"], createCircle = "False", 

createCircularSurface = "False") # id = 2 

#copy loop to get required loops count 

translate(startPoint = [0,0.0,0.0], endPoint = [0,0.0,"loopHeight"], copies = "loopsCount - 1", 

collapse = "True", extrude = "False", curves = [1,2,3,4]) 
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# -------------------------------------------------- 

# Second spiral 

# -------------------------------------------------- 

#define global parameters 

globalParameter(equation = "diameter2 = 0.05") # id = 1 

globalParameter(equation = "radius2 = diameter2 / 2") # id = 1 

globalParameter(equation = "loopHeight2 = 0.015") # id = 2 

globalParameter(equation = "loopsCount2 = 15") # id = 3 

globalParameter(equation = "originX2 = 0.2") # id = 4 

globalParameter(equation = "originY2 = 0") # id = 5 

globalParameter(equation = "originZ2 = 0") # id = 6 

 

#create first loop from four circular arcs 

circularArc(startPoint = ["originX2 + radius2", "originY2", "originZ2"], pointOnInterior = ["originX2 

+ (math.cos(0.78539816339744828) * radius2)", "originY2 + (math.sin(0.78539816339744828) * radius2)", 

"originZ2 + loopHeight2 / 8"], endPoint = ["originX2", "originY2 + radius2", "originZ2 + 2 * 

loopHeight2 / 8"], createCircle = "False", createCircularSurface = "False") # id = 2 

circularArc(startPoint = 52, pointOnInterior = ["originX2 + (math.cos(2.3561944901923448) * 

radius2)", "originY2 + (math.sin(2.3561944901923448) * radius2)", "originZ2 + 3 * loopHeight2 / 8"], 

endPoint = ["originX2 - radius2", "originY2", "originZ2 + 4 * loopHeight2 / 8"], createCircle = 

"False", createCircularSurface = "False") # id = 2 

circularArc(startPoint = 53, pointOnInterior = ["originX2 + (math.cos(3.9269908169872414) * 

radius2)", "originY2 + (math.sin(3.9269908169872414) * radius2)", "originZ2 + 5 * loopHeight2 / 8"], 

endPoint = ["originX2", "originY2 - radius2", "originZ2 + 6 * loopHeight2 / 8"], createCircle = 

"False", createCircularSurface = "False") # id = 2 

circularArc(startPoint = 54, pointOnInterior = ["originX2 + (math.cos(5.497787143782138) * radius2)", 

"originY2 + (math.sin(5.497787143782138) * radius2)", "originZ2 + 7 * loopHeight2 / 8"], endPoint = 

["originX2 + radius2", "originY2", "originZ2 + 8 * loopHeight2 / 8"], createCircle = "False", 

createCircularSurface = "False") # id = 2 

#copy loop to get required loops count 

translate(startPoint = [0,0.0,0.0], endPoint = [0,0.0,"loopHeight2"], copies = "loopsCount2 - 1", 

collapse = "True", extrude = "False", curves = [41,42,43,44]) 

# -------------------------------------------------- 

# Third spiral 

# -------------------------------------------------- 

#define global parameters 

globalParameter(equation = "diameter3 = 0.035") # id = 1 

globalParameter(equation = "radius3 = diameter3 / 2") # id = 1 

globalParameter(equation = "loopHeight3 = 0.04") # id = 2 

globalParameter(equation = "loopsCount3 = 5") # id = 3 

globalParameter(equation = "originX3 = 0.4") # id = 4 

globalParameter(equation = "originY3 = 0") # id = 5 

globalParameter(equation = "originZ3 = 0") # id = 6 

 

#create first loop from four circular arcs 

circularArc(startPoint = ["originX3 + radius3", "originY3", "originZ3"], pointOnInterior = ["originX3 

+ (math.cos(0.78539816339744828) * radius3)", "originY3 + (math.sin(0.78539816339744828) * radius3)", 

"originZ3 + loopHeight3 / 8"], endPoint = ["originX3", "originY3 + radius3", "originZ3 + 2 * 

loopHeight3 / 8"], createCircle = "False", createCircularSurface = "False") # id = 2 

circularArc(startPoint = 127, pointOnInterior = ["originX3 + (math.cos(2.3561944901923448) * 

radius3)", "originY3 + (math.sin(2.3561944901923448) * radius3)", "originZ3 + 3 * loopHeight3 / 8"], 

endPoint = ["originX3 - radius3", "originY3", "originZ3 + 4 * loopHeight3 / 8"], createCircle = 

"False", createCircularSurface = "False") # id = 2 

circularArc(startPoint = 128, pointOnInterior = ["originX3 + (math.cos(3.9269908169872414) * 

radius3)", "originY3 + (math.sin(3.9269908169872414) * radius3)", "originZ3 + 5 * loopHeight3 / 8"], 

endPoint = ["originX3", "originY3 - radius3", "originZ3 + 6 * loopHeight3 / 8"], createCircle = 

"False", createCircularSurface = "False") # id = 2 

circularArc(startPoint = 129, pointOnInterior = ["originX3 + (math.cos(5.497787143782138) * 

radius3)", "originY3 + (math.sin(5.497787143782138) * radius3)", "originZ3 + 7 * loopHeight3 / 8"], 

endPoint = ["originX3 + radius3", "originY3", "originZ3 + 8 * loopHeight3 / 8"], createCircle = 

"False", createCircularSurface = "False") # id = 2 
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#copy loop to get required loops count 

translate(startPoint = [0,0.0,0.0], endPoint = [0,0.0,"loopHeight3"], copies = "loopsCount3 - 1", 

collapse = "True", extrude = "False", curves = [101,102,103,104]) 

 

Fig. 12-51 Script - Parametric circular arcs. 

 

EXAMPLE 2 – Nurbs reinforcement, Fig. 12-52. 

# -------------------------- 

# First spiral 

# -------------------------- 

#define global parameters 

globalParameter(equation = "diameter = 0.1") # id = 1 

globalParameter(equation = "radius = diameter / 2") # id = 1 

globalParameter(equation = "loopHeight = 0.009") # id = 2 

globalParameter(equation = "loopsCount = 30") # id = 3 

globalParameter(equation = "originX = 0") # id = 4 

globalParameter(equation = "originY = 0") # id = 5 

globalParameter(equation = "originZ = 0") # id = 6 

#define points through them nurbs curve will go 

point(location = ["originX+radius","originY","originZ"]) # id = 1 

point(location = 

["originX+(math.cos(0.78539816339744828)*radius)","originY+(math.sin(0.78539816339744828)*radius)","o

riginZ+loopHeight/8"]) # id = 2 

point(location = ["originX","originY+radius","originZ+2*loopHeight/8"]) # id = 3 

point(location = 

["originX+(math.cos(2.3561944901923448)*radius)","originY+(math.sin(2.3561944901923448)*radius)","ori

ginZ+3*loopHeight/8"]) # id = 4 

point(location = ["originX-radius","originY","originZ+4*loopHeight/8"]) # id = 5 

point(location = 

["originX+(math.cos(3.9269908169872414)*radius)","originY+(math.sin(3.9269908169872414)*radius)","ori

ginZ+5*loopHeight/8"]) # id = 6 

point(location = ["originX","originY-radius","originZ+6*loopHeight/8"]) # id = 7 

point(location = 

["originX+(math.cos(5.497787143782138)*radius)","originY+(math.sin(5.497787143782138)*radius)","origi

nZ+7*loopHeight/8"]) # id = 8 
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point(location = ["originX+radius","originY","originZ+8*loopHeight/8"]) # id = 9 

translate(startPoint = [0,0,0], endPoint = [0,0,"loopHeight"], copies = "loopsCount - 1", collapse = 

"True", extrude = "False", points = [1, 2, 3, 4, 5, 6, 7, 8, 9]) 

nurbsCurveThroughPoints(degree = 3, fromPoint = 1, toPoint = 270) 

 

# -------------------------- 

# Second spiral 

# -------------------------- 

#define global parameters 

globalParameter(equation = "diameter2 = 0.3") # id = 1 

globalParameter(equation = "radius2 = diameter2 / 2") # id = 1 

globalParameter(equation = "loopHeight2 = 0.08") # id = 2 

globalParameter(equation = "loopsCount2 = 10") # id = 3 

globalParameter(equation = "originX2 = 0.5") # id = 4 

globalParameter(equation = "originY2 = 0.0") # id = 5 

globalParameter(equation = "originZ2 = 0") # id = 6 

#define points through them nurbs curve will go 

point(location = ["originX2+radius2","originY2","originZ2"]) # id = 1 

point(location = 

["originX2+(math.cos(0.78539816339744828)*radius2)","originY2+(math.sin(0.78539816339744828)*radius2)

","originZ2+loopHeight2/8"]) # id = 2 

point(location = ["originX2","originY2+radius2","originZ2+2*loopHeight2/8"]) # id = 3 

point(location = 

["originX2+(math.cos(2.3561944901923448)*radius2)","originY2+(math.sin(2.3561944901923448)*radius2)",

"originZ2+3*loopHeight2/8"]) # id = 4 

point(location = ["originX2-radius2","originY2","originZ2+4*loopHeight2/8"]) # id = 5 

point(location = 

["originX2+(math.cos(3.9269908169872414)*radius2)","originY2+(math.sin(3.9269908169872414)*radius2)",

"originZ2+5*loopHeight2/8"]) # id = 6 

point(location = ["originX2","originY2-radius2","originZ2+6*loopHeight2/8"]) # id = 7 

point(location = 

["originX2+(math.cos(5.497787143782138)*radius2)","originY2+(math.sin(5.497787143782138)*radius2)","o

riginZ2+7*loopHeight2/8"]) # id = 8 

point(location = ["originX2+radius2","originY2","originZ2+8*loopHeight2/8"]) # id = 9 

translate(startPoint = [0,0,0], endPoint = [0,0,"loopHeight2"], copies = "loopsCount2 - 1", collapse 

= "True", extrude = "False", points = [271, 272, 273, 274, 275, 276, 277, 278, 279]) 

nurbsCurveThroughPoints(degree = 3, fromPoint = 271, toPoint = 360) 

# -------------------------- 

# Third spiral - points 

# -------------------------- 

#define global parameters 

globalParameter(equation = "diameter3 = 0.2") # id = 1 

globalParameter(equation = "radius3 = diameter3 / 2") # id = 1 

globalParameter(equation = "loopHeight3 = 0.2") # id = 2 

globalParameter(equation = "loopsCount3 = 5") # id = 3 

globalParameter(equation = "originX3 = -0.5") # id = 4 

globalParameter(equation = "originY3 = 0.0") # id = 5 

globalParameter(equation = "originZ3 = 0") # id = 6 

#define points through them nurbs curve will go 

point(location = ["originX3+radius3","originY3","originZ3"]) # id = 1 

point(location = 

["originX3+(math.cos(0.78539816339744828)*radius3)","originY3+(math.sin(0.78539816339744828)*radius3)

","originZ3+loopHeight3/8"]) # id = 2 

point(location = ["originX3","originY3+radius3","originZ3+2*loopHeight3/8"]) # id = 3 
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point(location = 

["originX3+(math.cos(2.3561944901923448)*radius3)","originY3+(math.sin(2.3561944901923448)*radius3)",

"originZ3+3*loopHeight3/8"]) # id = 4 

point(location = ["originX3-radius3","originY3","originZ3+4*loopHeight3/8"]) # id = 5 

point(location = 

["originX3+(math.cos(3.9269908169872414)*radius3)","originY3+(math.sin(3.9269908169872414)*radius3)",

"originZ3+5*loopHeight3/8"]) # id = 6 

point(location = ["originX3","originY3-radius3","originZ3+6*loopHeight3/8"]) # id = 7 

point(location = 

["originX3+(math.cos(5.497787143782138)*radius3)","originY3+(math.sin(5.497787143782138)*radius3)","o

riginZ3+7*loopHeight3/8"]) # id = 8 

point(location = ["originX3+radius3","originY3","originZ3+8*loopHeight3/8"]) # id = 9 

translate(startPoint = [0,0,0], endPoint = [0,0,"loopHeight3"], copies = "loopsCount3 - 1", collapse 

= "True", extrude = "False", points = [361, 362, 363, 364, 365, 366, 367, 368, 369]) 

nurbsCurveThroughPoints(degree = 3, fromPoint = 361, toPoint = 405) 

 

#delete intervening points 

delete(deleteLowerEntities = "False", deleteHigherEntities = "False", deleteElementTypes = "False", 

points = "all") 

 

Fig. 12-52 Script – Parametric nurbs curves. 
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