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DTI Building Technology 4C-Temp&Stress Welcome to 4C-Temp&Stress

1. Welcometo 4C-Temp&Stress

Wecometo 4C-Temp&Stress*, the software that handles thermad, maturity and stress analysisin concrete
structures. 4C-Temp&Stress provides the ability to outline your projects, carry out full or approximated
calculations and view the results in a graphical interface that provides an intuitive and efficient work
environment.

Thismanud will help you understand the basic ementsin 4C-Tempé&Stress and how to use the program.
It contains both technica information and step by step ingtructions to help you describe your projects. The
following itemstell you where to find information in the manual.

Applicationsof 4C-Temp&Stress
Section 2, Applications of 4C-Temp&Stress, describes the practical applications of 4C-Temp&Stress
to analyse concrete curing.

Hardware & Software

For information about hardware and software requirements, system effect and how to install and start 4C-
Temp&Stress, please see section 3, Hardware & software, and section 4, 4C-Temp&Stress and Windows
3.1.

4C-Temp&Stress Fundamentals and Features
Section 5, 4C-Temp&Stress fundamentals and features provides a view over fundamentals and features
in 4C-Temp&Stress. Each module and its features is introduced in this section.

The Project editor
How to define dl parts of aproject - like geometry and therma and static boundary conditions - is described
in section 6, Project Editor, and 7, Material Database.

The Project solver
How to activate the calculations is described in section 8, Project Solver.

Result Viewer
How to present the calculated results is described in section 9, Result viewer.

Tutorials
A genera view of how to define projects in order to make temperature calculations, temperature and
approximated stress ca culations or temperature and stress cal culations respectively is given in section 10,
Tutorials.

* 4C-Temp&Stress: Concrete, Control, Casting, Curing - Temperature and Stress calculations.

11
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2. Applications of 4C-Temp&Stress

4C-Temp&Stress is a computer program designed to determine how temperatures and stressesvary in a
two-dimensional polygonal area (with or without holes).

Perpendicular to the two dimensiond area arbitrary plane strain and plane stress situations can be handled.
The materia properties are congtant or develop as afunction of maturity in hardening concrete structures.

The following analyses can be performed:

Thermal anaysis: Determination of the temperatures as afunction of place and time (transient anay-
ss).

Thermal analysisis based on:

° thermal boundary conditions such as external temperature, insulation,
cooling pipes, heating wires etc.

° internal heat generation by the materias

° in the case of hardening concrete structures. casting program.

The thermal boundary conditions can be changed according to a prescribed program. Thiswill occur in
hardening concrete structures during form work remova and when cooling pipes are switched on or off.

Stress analysis: Determination of the stresses as afunction of place and time (transient analysis).

Stress analysisis based on:

° external loads and supports

° thermal expansion obtained by a previous thermal analysis

° how stiffness and strength properties develop as a function of maturity,
where the maturity is found from the thermal analysis

° creep and relaxation of materials.

The externa loads can be described as functions of time.

Typicaly, 4C-Temp&Stress can be used in analysing:

° linear-elastic disks in a plane stress or plane strain situation.
° hardening and restrained concrete structures. A further discussion isfound in section 2.1.

All computations are based on the finite dement method. 4C-Temp&Stress performs automatically all the
operations necessary to transform the physica problem into aformulation that can be handled by the finite
eement method. For example, the user specified geometry is automatically divided into triangular plane
elements. These elements are able to describe a quadratic variation of temperature and stress.

2-1
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21  Temperature and Stress Simulation in Hardening Concrete Structures
Introduction

During the hardening process of concrete energy is released as heat. Due to temperature differences the
concrete will try to expand or contract. If the concrete surface is colder than the interior of the concrete
structure, the contraction at the surface may cause stress larger than the tensile strength and cracks are
formed. This situation will typically occur at the maximum temperature difference between the surface
and the interior.

When cagting takes place upon an existing concrete structure the relative stiffness will have an influence
on whether or not cracks are formed during the hardening process. Crack formation caused by the presence
of an adjacent concrete structure will typicaly take place when the newly cast concrete isin the cooling
phase, i.e. after the generation of heat of hydration has stopped.

General

T he above mentioned phenomena may occur when awall is cast upon an existing concrete structure (see
figure 2.1).

Figure2.1
Wall cast on existing deck.

The phenomenamay aso occur in anumber of other situations, but the wall/deck example is well-suited
for the demonstration of the mechanisms involved.

On basis of the heat of hydration in the hardening concrete and the therma boundary conditions of the struc-
ture (type of form work, insulation, outdoor temperature etc.) the temperature distribution is calculated
asafunction of time. In astructure Smilar to the one shown in figure 2.1 the temperature distribution will
not change from one cross section to another (except close to the end surfaces). An example of such atempe-
rature distribution calculated with 4C-Temp&Stress is shown in figure 2.2. From figure 2.2 it is seen that
the deck cools the bottom part of the wall and that the deck itself is heated.

When thewall is exposed to atemperature riseit will try to expand in dl directions. As shown schematically
in figure 2.3a it is not possible for the wall to expand freely in the longitudinal direction because it is
restrained by the deck.

2-2
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Thismeansthat the wall and the deck are subject to compressive and tensile stresses respectively acting
perpendicular to the crass section. In the cross section plane stresses are caused by temperature differences
(see figure 2.3b). Due to the heat of hydration a 3-dimensiona stress situation is created irrespective of
the temperature distribution being 2- or 3-dimensional.

104 105

1o

Figure2.2
Isotherms in the hot wall and the cold deck.

(a) (b)

Figure2.3a- b
Temperature induced deformations.

In order to determine the stress Situation and with that the cracking risk it is necessary to know the modulus
of elasticity, the cregp and relaxation and the tensile strength of the hardening concrete as a function of
maturity.

Dueto the change in e.g. the modulus of dasticity in the concrete during the hardening period, the stress
analysis requires a considerable computational effort. Although a 3-dimensional stress distribution exists,
frequently it turns out that this stress distribution is constant from one cross section to the next when moving
in the longitudinal direction of the wall/deck structure.

2-3
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Thisisthe case in the wall/deck situation when a given cross section is situated at such a distance from
the ends that these do not influence the stress distribution in the observed cross section. In the end zones
the stress situation is changing due to the free movement of the end surfaces (see figure 2.3a).

In most cases thiswill cause areduction of the stressleve in the end zones. Therefore, the stress distribution
at a certain distance from the end zones will be governing.

The use of 4C-Temp&Stress makes it possible to perform the following caculations for hardening concrete
structures:

° temperature distribution
° stress distribution
° distribution of the tensile stress/strength ratio.

Thermal Analysis
In the calculation of the temperature distribution it is possible to specify:

° the heat of hydration of the concrete
° thermal boundary conditions (insulation, heating mats, cooling pipes etc.)
° casting schedule (casting time, casting temperature).

The therma boundary conditions can be specified as functions of time corresponding to form work removal,
start/stop of cooling, etc.).

Stress Analysis

As previoudy dated the temperature development causes a 3-dimensiond stress digtribution. If it is assumed
that the stress didtribution is congtant in the longitudind direction the problem can be treated as a disk (see
figure 2.4a), where a plane e astic strain distribution originating from the deformation is in equilibrium
with the shear forces caused by the temperature induced stress (see figures 4b 1-2-3).

—O0—

O
0

Figure 2.4a
Disk forces.

2-4
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Figure 2.4a shows how the disk forces are generated due to the temperature differences. Figure 2.4b-1 shows
the stress developed if the structure is totaly restrained so that no displacements take place in the
longitudina direction. The stress distribution depends directly on the temperature and the stiffness of the
concrete (both are functions of time).

8 temp. @ otemp- @ ~~ N temp.

— temp.
Figure 2.4b-1
Temperature induced shear forcesin atotally restrained cross section.
8 defo. odefo. @ ~ N defo.
@ - My,

Figure 2.4b-2
Shear forces originating from deformation in cross section with free longitudinal deformation and fixed
curvature.

Figures 4b-2 and 4b-3 show the stress distribution caused by the deformation when the cross section is
only restrained against curvature (thisis for instance the case with long structures on soil or foundation)
and when the cross section deforms freely (for instance in the case of short structures).

2-5
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Equilibrium is obtained when:

Nten‘p * Ndefo =0
and
Mten‘p * Mdefo =0

The stress calculation is based upon:

° the results from the thermal analysis
° the development of stiffness, strength, creep and relaxation properties as a function of maturity
° static and geometrical boundary conditions (load, support conditions etc.).

® @
€ defo. ) defo. ~ defo.
— 4 fM
_/° / o
Figure 2.4b-3

Shear forces originating from deformation in free cross section.

The gtatic loads can be specified as functions of time. Loads coplanar with the area can be single forces
and trapezoidal line loads acting on the boundary. The loads which are related to the plane strain are a
normal force and the components of two bending moments. The forces may for instance originate from
the tensioning of tendons or from dead load of the structure.

In addition to the calculation of the stress distribution as a function of time aso the degree of utilization
of the tensile strength is calculated as a function of time.

Stress Approximation

As stated in the preceding paragraph the stress analysis can be treated similar to the disk calculation of
the cross section of the structure with a plane elastic strain distribution acting perpendicular to the disk.
If it is assumed that the Poisson ratio is equal to zero, the analysis can be divided into two separate parts.
Given these conditions the first part determining the stress distribution perpendicular to the cross section
isvery simple and is performed together with the temperature calculation.

2-6
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Because the computationa work required by the generd stress caculaion is rather heavy, the approximate
stress calculation isashort cut to obtain an indication of whether or not the general stress calculation will
yield an acceptable result.

The approximate stress distribution will indicate primarily whether there isarisk of crack formation due
to the presence of adjacent structures with restraining effect.

2-7
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3. Hardware and Software

This section provides a system guide to 4C-Temp&Stress, which covers hardware & software requirements,
the effect of the system configuration and how to install 4C-Temp&Stress.

3.1 Hardwareand Software Requirements

Minimum system configuration

Hardware: PC 486DX 33 MHz
RAM 8 Mb*
HDD 4C-Temp&Stress system files 25Mb
HDD Win32S system files 25Mb
HDD project files 20 Mb
Drive 3Y%" or 5Y4"
Display adapter VGA
Display VGA
Mouse IBM compatible

* For temperature calculations 4 Mb RAM may be sufficient.
Software: DOS 5.0 and Windows 3.1 (or later releases)

Recommended system configuration

Hardware: PC Pentium
RAM 8-16 Mb
HDD 4C-Temp&Stress system files 25Mb
HDD Win32S system files 25Mb
HDD project files Min. 100 Mb
Drive 3v2" or 5v4'
Display adapter SVGA
Display SVGA
Mouse IBM compatible
Printer Laser Printer (PostScript)
Software: DOS 6.2 and Windows 3.11 (or later releases)

or Windows NT 3.5 (or later release) or Windows 95

3.2  System Effect
The calculation time depends on the following items
° Windows system resources (see the Windows User guide "Optimizing Windows")

° The project Sze. Especidly the Calculation parameters specified by the user (see the section 6.6
about the calculation parameters).
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3.3 Limitations
There are certain limitations in 4C-Temp&Stress about task-size. In the current version

96000 integers
32000 floats

can be utilized in the formulation of atask.

Furthermore 200000 integers are used for the bandwidth-optimization of the equations. The maximum
number of nodes which can be handled is 9998. Nodes are found at the corners, in the middle of the edges
and in the centre of the element. All these limitation can be adapted, if necessary.

Thermal and stress analyses require a large amount of memory. The memory is used for equilibrium
equations.

Figure 3.1 shows a structure which needs about 12 Mb internal memory (RAM). Tasks which need more
than 16 Mb RAM have to be executed in a 32 bit WINDOWS-NT environment. Figure 3.2 shows a
structure which needs about 32 Mb RAM.

It is recommended to command an amount of memory which can hold the operating system, 4C-
Temp&Stress-computer program and the above mentioned equilibrium equations. Otherwise the computer
program uses the harddisk as internal memory and this will increase the time of calculation by 100-200
times. The structure in Figure 3.1 can only just be handled in a 16 Mb internal memory. The calculation
times are 2 hours and 8 hours respectively for thermal and stress anayses (PC-486, 66 Mhz).

F et 9

arrma

Figure3.1
Structure which needs about 12 Mb RAM. The cross-section has a width of app. 16 m and contains 22
heating cables.
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Figure 3.2
Structure with needs of about 32 Mb RAM. The cross-section has a width of app. 29 m and contains 64
heating cables.

34 I nstallation

The installation includes creating the 4C-Temp&Stress directories and copying the system files to the
appropriate directories, using the supplied installation program.

Place the 4C-Temp&Stress disk No. 1 in the high density diskette drive of your computer.

In Windows run the SETUP program on that drive. Y ou may do this by typing A:SETUP under the File
Run menu in the Program Manager. If running Windows 95 or Windows NT 4.0 select the Start-Run menu
item.

Theingdlation program makes anew program group for 4C-Temp&Stress (Default is DTI Applications).
Before starting the program the security key must be placed in one of the parallel ports of the computer.
If aprinter is connected to the used parallel port the security key must be placed between the computer
and the printer and the printer has to be turned on.

Y ou can now start 4C-Temp&Stress by clicking the program icon with the DTI logo and the title 4C.
Thefirg time 4C-Temp&Stress is started awarning appears saying that the file DEFAULT.SET ismissing.
Click the OK button to continue. The message can be avoided in future runnings by creating
DEFAULT.SET as described in section 6.7.1.

The first time you run 4C-Tempé& Stress the system information must be updated in order to make your
company name appear on the print-outs.

Place the disk named System information in the high density disk drive of your compuiter.

Sdect the menu item [Project] and the sub item [Update system information]. Double click on the relevant
drivein thelist (normally [a]). Click the OK button.

NB! If you run into problems while working with Windows and 4C-Temp&Stress and want to install 4C-
Tempé&Stress again remember to backup the database files, otherwise the ingtallation will overwrite the
database files that include your concrete records, cement records etc.

3-3
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4. 4C-Tempé& Stress and Windows

This section gives ashort introduction of how 4C-Temp&Stress is working in the Windows environment,
so that you will be able to gart 4C-Temp&Stress from Windows, and how Windows and 4C-Temp&Stress
handle mouse movement/click and dso how to optimize Windows, if 4C-Temp&Stress needs more memory.
For more specific information about the Windows environment and how to optimize Windows see the
Windows User Guide.

41 Howto Start 4C-Tempé& Stress
Y ou start 4C-Temp&Stress in Windows 3.1x as follows.

° Double click the 4C-Temp&Stress program icon, or
° Click the 4C-Temp&Stress program icon and press the [Enter] key on the keyboard.

You start 4C-Temp&Stress in Windows 95 and Windows NT as follows:

° Select the Start-Programs-DTI Applications menu
° Select the 4C-Temp&Stress program item.

4.2  MouseHandling

4C-Temp&Stress is based on mouse handling to make the handling of objects (volumes like a base, awall
etc.) and Functions (toolbar start function buttons like start Result Viewer or start Generate finite element
mesh) fast and easy. The menus and windows can be activated through the mouse or keyboard, like all other
Windows gpplication of course. How to draw and define objects or select tool bar buttons, see the sections
6.1 and 6.2. For more general information about mouse- and keyboard handling, see the Windows User
Guide section Windows Basic, Basic Mouse and Keyboard Techniques.

43  Memory

4C-Temp&Stress is atrue Windows application that takes full advantage of the memory features that
Windows 3.1 provides. 4C-Temp&Stress requires (recommends) 8-16 Mb free memory to carry out stress
ca culations depending on the complexity of the project . The more memory in the system - the more complex
projects and "equations-heavy" stress calculations can be performed! See section 3.3 for information about
the limitations. With the recommended system configuration and the recommended Windows setup there
will be no problems performing the temperature and approximated stress calculation on a medium-sized
project. If the project is getting large and complex, it might be necessary to optimize the system by
increasing the physical amount of memory on the PC. This requires technical assistance.

NB! Thewindow in 4C-Temp&Stress for the temperature and stress ca culation shows the required amount
of memory in kb (buffersize: equations, temperature and stress) to perform the current calculation. Y ou
can compare the required memory for the equations with the installed memory on you PC and remember
to deduct the memory that Windows requires itself.
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5. 4C-Temp&Stress Fundamentals and Features

This section outlines aview over some of the most important fundamental's that will be used in this manual
and describes the features in 4C-Temp&Stress. The featuresin 4C-Tempé&Stress are identified by the three
main modules based on the three main tasksin handling temperature, maturity and stress analysisin concrete
congructions. The three main tasks and the corresponding modules are Specifying the Project, (Project
Editor), Do the Calculations, (Project Solver) and View the Results, (Result Viewer).

51  Program Structure

The following table provides a short introduction of each module in 4C-Temp&Stress and shows the
abbreviations for each module, that will be used in the rest of this manual.

Modules | Abbrevia- Introduction
tions
Project Editor PE The PE is the place where you outline and edit your projects and the
concrete database.

To outline aproject includes drawing the congtruction (volumes), placing
and specifying the cooling pipes, heating wires, boundary conditions,
loads and supports. Besides specifying the calculation parameters and
activating the calculations. Projects will be stored on the disk in a
Project Database, where you can load old projects - edit and rename
them - as you wish.

The PE isaso the place where you handle the concrete database and all
the mix-material databases. The databases will be available whenever
you enter the PE no matter which project you are outlining.

Project Solver PS The PS is the module that takes care of project caculations like
Generating the Finite Element Mesh (FEM) and calculating the
temperature, maturity, approximated stress and stress devel opments.

Before any cdculation of temperature, maturity or stress developments,
a generation of the FEM is required. The FEM will be generated on
basis of the specified calculation parameters which are specified under
the menu item Calculation in the PE module.

After generating the FEM calculation of temperature, maturity or stress
developments can be executed. All input calculation parameters required
for one of these cdculations are pecified under the menu item Calcula-
tion in the PE module.

The cdculations are executed inside the PE module. This makesit fast
and easy to edit calculation parameters and redo a calculation.
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Result Viewer RV The RV isthe module that takes care of displaying the resultsin either
an x/y-diagram or an isocurve view. Results generated by the PS are
either temperature, maturity, strength, approximated stress or stress as
afunction of time and place.

All these results can be presented in an x/y-diagram showing the results
asafunction of time. The diagram can contain either the average values
for each cast, the min. and max. values for each cast or the resultsin
specified geometry points.

All the calculated results can aso be presented as isocurves showing the
valuesin the cross section at a specified time after casting.

52  What isaProject?

A project coversdl the information that is necessary to carry out temperature- or stress calculations and
it is divided into the following subjects:

° Calculation parameters e.g. Total time process, Time step desired etc.

° Volumes e.g. Dimensions, Materia type, Start temperature etc.
° Cooling pipes e.g. Faces, Diameter, Temperature function etc.

° Heating wires e.g. Faces, Diameter, Flux function etc.

° Surfaces e.g. Trans. coef. functions, Shield def. etc.

° L cads e.g. Factor, Angle (x-axis), Load function etc.

° Momentum e.g. Factor, Momentum function etc.

° Supports e.g. Point and Line, Fixed displacement etc.

° Texts e.g. Comments to the structure

° View e.g. Grid size, Scaling mode, Zoom etc.

When you have outlined your project you can save the project in the project database. The project database
coversal the projectsthat you have created and saved on the disk in the directory C:\AC\DAT or another
valid directory. Each project in the project database has the extension .prj. Y ou can then carry out the
caculaions and view the results. For more specific information about how to outline a project see section
6 and 7, how to carry out calculations, see section 8 and finally how to view results, see section 9.

4C-Temp&Stress will bein the Project Editor module a starting point. From inside the PE you can switch
to ether the project database by clicking the menu item [Project], the materia database by dlicking the menu
item [Database] or the Result Viewer module by clicking the appropriate toolbar button or the menu item
[Project]. The PSis activated when you start a calculation by clicking either the appropriate toolbar buttons
or menu items. For more information about each program module see the following sections. The project
database is introduced in the PE section.

53 Project Files

All the information about and results of a project are saved in files with the same project name but with
different suffixes. In the following ligt the content of the project files with different suffixes are described:

.PRJ Thefile contains dl the input data which you have defined in the PE. Thisfile is created
when you have saved the project.
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TIXT

JOB /.PRO

EXP

.TEM

.MAT

.DIS

.DMP

.RV1

Thefile contains dl theinformation used in the caculations. Thisfile is created when you
have generated the finite element mesh.

The files contains the information about the project name, date etc.

The file contains the information about the project which is used in the RV including the
generated FEM. Thisfile s created when you have generated the finite element mesh.

The file contains all the calculated temperature results. This file is created when the
temperatures have been calculated.

The file contains all the calculated maturity results. This file is created when the
temperatures have been calculated.

Thefile contains dl the cal culated approximated stress results. Thisfile is created when
2%, dimension is selected and the temperatures have been calculated.

Thefile contains dl the calculated stress results. Thisfileis created when the stresses have
been calculated.

Thefile contains dl the calculated node displacements. There are no access to these from
4C-Temp&Stress. Thisfileis created when the stresses have been calculated.

The file contains information about the calculation in ASCII format. After calculation of

approximated stress the file will contain the strain plane given in four coloumns containing
time [hours] golm/m| K, [J1/m] K, [1/m].

Notice that thefile is rewritten without the strain planeif a stress calculation is performed

later on'!

The file contains information about RV salections.

All the materials used in the project are saved in the database files which contains the materials of al the
defined projects. The database files are listed in the following:

concrete.dbs
cement.dbs
aggregat.dbs
minadd.dbs
chemadm.dbs
mixother.dbs
water.dbs
material.dbs
soil.dbs
insulat.dbs

Contains the concrete materias

Contains the cement

Contains the aggregates

Contains the mineral additives

Contains the chemica additives

Contains other types of concrete constituents
Contains the water

Contains the types of materials which are not concrete
Contains the soil materials

Contains the insulation materials.

For the time dependent concrete propertiesit is possible to use datafiles with measuring values. These
datafiles have the following suffixes depending on the type of data:

HET
.EMO
THX
.POI

Heat development

E-Modulus devel opment
Thermal expansion coefficient
Poisson devel opment
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.CST
TST
STA
VIS

VIS

.SPR
.SPR
.CPO

Compressive strength development
Tensile strength development

Initial strain devel opment

Creep - visco 1 development

Creep - visco 2 development

Creep - spring 1 development

Creep - spring 2 development

Creep - creep poisson ratio development.

When the work with a project has been finished and you want to save the project on a disk, you may save
all the listed files.

To be able to reconstruct the project you only have to save the .PRJ file, the database files and the used
datafiles with measured concrete property data.

NB! If an old project file and its database files are copied into the working directory remember to save the
existing database files in another directory. Otherwise these will be overwritten and lost.

54
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6. Project Editor

This section will help you understand the structure in the Project Editor (PE) and the basic elementsinside
and how to use them. The section is divided into several subsections that describe the general structurein
PE and the basic dementsin PE. The basic element subsections provide step by step instructions to help
you outline and analyse your projects. The term a project wasintroduced in section 5.2.

6.1. General

Figure 6.1 showsthe PE jugt after you have entered 4C-Temp&Stress and with no project loaded. The figure
introduces some of the elementsin the PE.

# 4C-Temp & Stress [no name] HE E
Froject  Calculation  Volumes  Sufaces Loads Databaze Options Help
E M I I o ] e 1 @ \éﬁ?o:ftn1o.3an,s.oaom
o i
3
T
[ |

| _’I_‘

Figure 6.1

4C-Temp&Stress - Project editor.

The PE menu itemsis placed horizontally in the top of the PE. The PE menu includes al the menu items
to be used for outlining your project. Each menu item contains amenu bar and all the subjects in the menu
bars can be selected independently of the selected PE mode button.

For more specific information about how to use the menu items and a step by step description of them,
seethe following sections:

Project: Section 6.7
Calculation: Section 6.6 and 8
Volumes: Section 6.2 and 6.3
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Surfaces: Section 6.3
Loads: Section 6.4
Database: Section 7

Options: Section 6.2

6.2 Geometry Mode

This section will hep you understand the structure of the Geometry Mode in the project editor. Click the
Volume mode button in the vertica tool bar to select the Geometry mode. In Geometry mode it is possible
to define the geometry of the construction. Any construction consists of either rectangles, polygons, circles
or points or acombination of these geometries. All the geometries are drawn by using the mouse like you
do in any other drawing program. This section provides step by step instructions to help you outline
volumes, cooling pipes and heating wiresin your projects.

6.2.1 View Options

Before you start defining any volumes you may setup the view on the screen.

6.2.1.1 View Settings

Select the menu item [Options] and the sub menu item [View settings] and the view settings dialog box
will pop up. The View settings cover information about the current view by defining the Grid step size and
the Scaling mode.

Yiew settings

Gnd step size

x-dir p-dir
Rulers (1000 [{1000 |
Snap [100  |[[100 |

Scaling mode
* mm 7 cm = dm

Figure 6.2
View settings dialog box.

Grid step size Identifies the size of the grid (Rulers) and the distance between the increments
on the ruler (Snap). The volumesthat you draw are forced to adhere to the ruler
increments if you have selected snap to grid. See section 6.2.1.3.

Scaling mode I dentifies the units of the rulers. The units can either be mm, cm or dm.

Theview settingsisapart of the project. This option makes your project geometry appear the same way
when you retrieve the project as when you closed the project.

NB! Changing Scaling mode to a more coarse unit (eg. from mm to cm) during the project will result in
loss of precision.
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6.2.1.2 Scale Font

In the menu item [Options] you can also select the submenu items [Scale font up] and [Scale font down].
Thesetwo options are used to scale the text on the screen up or down so that you aways will be able to
read the text independently of whether you have zoomed the view in or out. Select the current scale font
option and the text on the screen will be changed immediately.

6.2.1.3 View Buttons

Three view buttons are placed in the vertical tool bar: Zoom , Grid and Snap to grid .

Zoom Click the zoom button and four buttons will pop up.
These buttons meke it possible to zoom in @ to zoom out @ to zoom in on aspecified
area by framing the area and to zoom out to full paper size .
Please notice the view in the upper right corner of the PE. If the view is 1.1 the zoom in
option isnot available. However, if you have to zoom in and the units in the view settings

have been sdlected to be cm or dm you may change the unitsto mm or cm. Thiswill make
the drawing bigger.

Grid Click the grid button if you want to show the grid.

Snaptogrid  Click the sngp to grid button if you want the volumes to be adhered to the ruler snap. NB!
Thesngp to grid is on when the button contains a red dot with a green square around in
the intersection between the two lines.

6.2.2 How to Draw Volumes

From ageometrical point of view avolumeis either a Rectangle, a Circle, a Polygon or a Point. A point

illustrates a cooling pipe or a heating wire. The location and the size of the volume is handled automatically

by . Automatically means that you do not have to enter the coordinates of the centre or the corners, just
place the cursor and click the left mouse button. The following four submode buttons show the different

drawing modes that you can select from the horizontal tool bar in the PE. Y ou must select one of these
submodes before you can draw a volume.

@ Rectangle.
@ Circle.
IE Polygon.

Point - Cooling pipe or heating wire.

Y ou can only draw volumesin the View area, with the mouse, when the PE isin Geometry & Therma mode
and the Object mode is Volume.
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Draw arectangle

Sdect the submode button Rectangle. Locate the position where you want to draw
the rectangle. Notice the cursor position in the upper right corner of the PE. Place
the cursor at the upper Ieft corner of the desired rectangle, click the left mouse
button and keep it down, move the cursor (mouse) to the bottom right cor ner
of the desired rectangle and release the left mouse button. See figure 6.3.

# AC-Temp & Stressz [no name] # AC-Temp &k Strezs [no name]

Project  Calculation Molumes Swrfaces  Loads Project  Calculation  Wolumes Suface: Loads

@ Wil 1, face 2
e
=

11, face 3 il 1 Wil 1, face 1

i cclg:

! ‘ol 1, face 4
e

Figure 6.3
Draw a rectangle.

Figure 6.4
Empty rectangle.

The Volume dialog box will pop up immediately after you have drawn avolume. If you want to see the
empty volume before you edit the volume parameters, just click the OK button. See Figure 6.4.

Draw acircle

Draw a polygon

Select the submode button Circle. Locate the position where you want to draw
the circle. Notice the cursor position in the upper right corner of the PE. Place
the cursor at the centre of the desired circle, click the left mouse button and keep
it down, and move the cursor (mouse) to a corner of the rectangle that touch
the desired circle. When you release the mouse button a circle or an ellipse will
be drawn and calculated as a polygon with the desired number of faces. The
desired number of faces can be specified in the Calculation parameters as
described in section 6.6.8.

Select the submode button Polygon. Y ou may follow the cursor positionin the
upper right corner of the PE. Place the cursor at the starting point of the desired
polygon, click the left mouse button and keep it down, move the cursor (mouse)
to the 2. point, click the left mouse button and keep it down, move the cursor
(mouse) to the next point, click the left mouse button and keep it down etc. To
be able to dose the polygon the ending point must be identical with the starting
point. The polygon can dso be dlosed by double clicking at the last point before
the starting point. If two points are identical in a polygon an error will appear
when the FEM is generated. It is then necessary to move the two points apart from
each other.
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Draw a point Cooling pipes or Heating wires. Select the submode button Point. The location
isidentified by the centre of the cooling pipe/heating wire and will be handled
automaticdly by . Locate the position where you want to place a c-pipe/h-wire.
Notice the cursor position in the upper right corner of the PE. Place the cursor
at the location of the desired coordinates and click the left mouse button. See
figure 6.5 and 6.6. NB! No intersection between the c-pipes/h-wires and the
border of the volume is allowed.

# AC-Temp & Stressz [no name] # AC-Temp &k Strezs [no name]

Project  Calculation Molumes Swrfaces  Loads Project  Calculation  Wolume: Suface: Loads
@ Wil 1, face 2 @ ‘ol 1, face 2
11, face 3 winh. 1 “Winl 1, face 1 I 1, face 3 '\Qﬁﬂ Wil 1, face 1
% "wire 1
f%’ Wil 1, face 4 * Wil 1, face 4
Figure 6.5 Figure 6.6
Draw a cooling pipe/heating wire. Cooling pipe/heating wire in volume.

TheVolumedidog box includes alist of al volumes (rectangles, circles and polygons) in the project and
all the parameters that you need to specify for each volume. The volume that you have drawn will bee high-
lighted in the list. See section 6.3.1 about the parametersin the Volume diaog box.

A specid c-pipelh-wire didog box will pop up immediately after you have drawn a c-pipe or ah-wire. If
you want to seethelocation of the c-pipelh-wire, before you enter the parameters, just click the OK button.
Seefigure 6.6. The c-pipe/h-wire didog box includes alist of all c-pipes/h-wiresin the project and all the
parameters that you need to specify for each c-pipe/h-wire. The c-pipe/h-wire that you have drawn will
bee highlighted in the list. See section 6.3.3 about the parameters in the c-pipe/h-wire diaog box.

6.2.3 How to Edit Volumesand C-pipes/H-wires

There are two ways you can edit avolume or a cooling pipe/hegting wire. Y ou can either edit the geometry
or the parameters shown in the dialog box for either volumes or c-pipes/h-wires.

Volume geometry You can edit the geometry of a volume in three ways depending on the object
mode, which can be either volume, surface or node mode. Depending on the object
mode you can either move the volume, the surface or the node in the view area.
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The object mode buttons are as follows:

Volume mode
Surface mode

|II Node mode

Y ou can sgect a volume when the Volume mode is sdlected. Click the left mouse
button, when the cursor is above the volume. The nodes in the rectangle that sur-
rounds the volume will become grey after selecting the volume.

Y ou can sHect a surface when the Surface mode is selected. Click the left mouse
button, when the cursor is above the surface. The nodes that extend the line will
become grey after selecting the surface.

Y ou can sdect a node when the Node mode is selected. Click on the left mouse
button, when the cursor is above the node. The node will become grey after
selecting the node.

Sdect the volume, the surface or the node, keep the left button down and move
the cursor to the new location on the displayed view and release the button. If you
want to delete the volume just select the volume and hit the key [Delete] on the
keyboard or click the button Delete object in the horizontal tool bar in the PE:

@ Delete object.

How to move avolume and edit avolume by moving the right side (surface) and
the bottom right corner (node) is shown in figure 6.7 - 6.10.

# AC-Temp & Stressz [no name] # AC-Temp & Stressz [no name]

Project  Calculation Molumes Swrfaces  Loads Project  Calculation “olumes Swrfaces Loads

@ Wil 1, face 2 @
= =

11, face 3 WI@ “Winl 1, face 1 @

rfs S it faced Cf o+
T T

Figure 6.7 Figure 6.8
Move volume. Move volume surface.
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There are two ways you can edit a c-pipe/h-wire, just like volumes. Y ou can either edit the geometry of
the c-pipe/h-wire or edit the c-pipe/h-wire parameters shown in the c-pipe/h-wire dialog box.

C-pipe/h-wire
geometry

The object mode must be Node mode before you can edit the geometry of ac-
pipe/h-wire. Y ou can either delete or move the c-pipe/h-wire around in the view
area.

Y ou can sdect a c-pipe/h-wire with aclick on the left mouse button, when the
cursor is above the c-pipe/h-wire. The c-pipe/h-wire will become grey after
selecting the c-pipe/h-wire.

# AC-Temp & Stressz [no name] # AC-Temp &k Strezs [no name]

Project  Calculation Molumes Swrfaces  Loads Project  Calculation  Wolumes Suface: Loads

Figure 6.9
Move volume node.

Dialog box

Sl |- E

R

Figure 6.10
New volume object.

If you want to move a c-pipe/h-wire select the c-pipe/h-wire, keep the left button
down and move the cursor to the new location in the view area. See figure 6.11.
If you want to delete the c-pipe/h-wire just select the c-pipe/h-wire and press the
key [Delete] on the keyboard or click the button [Delete object] in the horizontal
tool bar in the PE.

@ Delete object

Sdect the volume or the c-pipe/h-wire as described above and then select the PE
menu Volumes and the menu item Edit volumes or Edit Cooling pipes/h-wires.
Thiswill bring up the dialog box for volumes or for cooling pipes/h-wires. See
figure 6.12 where the menu item is selected. Otherwise select the volume/c-pipe/h-
wire as described above and then select the pop up button or just double click
the volume/c-pipe/h-wire and the dialog box will pop up directly.
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# AC-Temp & Stressz [no name] # AC-Temp & Strezz [no name]

Project  Calculation Molumes Swrfaces  Loads Project  Calculation  Wolumes  Surfaces  Loads

Eﬁ

[m] I 1, face 3 Wil 1 wal 1, face 1

Her
Epipe."ll-lu.lire
o——-—-
!% % il 1, face 4

T T

Figure 6.11 Figure 6.12
Select and move cooling pipe. Edit volume, cooling pipe or heating wire.

6.2.4 How to Draw Morethan One Volume

When a structure consists of more than one volume, for instance when awall is placed on a deck, it is
important that the connection between the two volumes is correct.

The congruction joint between the wall and the deck have to be well-defined by identical nodes in the deck
and the wall. See figure 6.13 and 6.14.

Figure 6.13 Figure 6.14
The structure consists of two volumes: The nodes by the construction joint are
Deck and wall. defined for both the deck and the wall.

To obtain the identical nodes in the construction joint it is necessary to draw the deck as a polygon with
6 faces and the wall may be drawn as arectangle or a polygon with 4 faces. See section 6.2.2.
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6.3 Thermal Mode

This section will help you understand the structure of the Thermal Mode in the project editor. Click the
volume mode button in the vertical tool bar to select the thermal mode. In Thermal mode it is possible to
define the type of materials that the structure consists of - like concrete, steel or soil - and to define the
thermal boundary conditions for the structure - like ambient temperature, wind velocity, insulation material,
cooling pipes and heating wires. This section provides step by step instructions to help you outline the
thermal part of your projects.

6.3.1 Volumes

This section defines the volume parameters and describes how to identify a volume and specify the
parameters for the volume.

The volume didog box will pop up immediatdly after you have drawn the volume. If you have dready drawn
avolume, you can edit the volume parameters by selecting the volume dialog box as described in section
6.2.3. The volume dialog box includes alist of al volumesin the project and al the parameters that you
need to specify for each volume. The volume that you have drawn or selected will bee highlighted in the
list.

The Volume didog box is divided into three subareas: The volume list, the current volume definition and
the fill material. See figure 6.15. The subareas of the dialog box are described in the following.

Yolume M aternial M aternial name
foundation Concrete  HETEE old | Frint
iwall Concrete  HETEK
glab Concrete HETEK

Ok

Help
Current ¥olume Fill material
MHame wall Matenal type | Concrete j|
Type Polygon Matenal name |HETEK j|
Size 600 by 6240 [ mm ] Thickness 1. | [m]

Start time [h]
Bename | Temperature [°C]
Save HNew |
Figure 6.15

Volume dialog box.
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Volumelist

Current volume

The volume list includes a list of dl volumes in the project identified by the
volume name, the material type and the material name. The volume name is
described under current volume. The materia type and the material name are
described under fill material. The volume that is highlighted in the volume list
is the current volume.

Name: Identifies the current name of the volume. Click the button Renameto
change the name of the volume (max. 19 characters).

Type: Identifies the volume type (rectangle or polygon).

Size: Identifies the size of the rectangle that includes the volume. The units are
the type selected in the view settings, see section 6.2.1.1.

New: Makesit possbleto define avolume by width/height, radius or coordinates
in adatafile. When New is selected the New Volume dialog box will pop up. Enter
the desired name of the new volume. The type can be Rectangle, Circle or
Polygon. Click the down arrow button and select the desired type. Depending of
the selected type different parameters must be entered.

Rectangle: Enter the centre coordinates of the desired rectangle together with the

size given by width (X) and heigh (y). The units are the type selected in the view
settings, see section 6.2.1.1.

HNew volume E

Yolume

Mame |-::unt:rete Ok

Type |He-::tangle j| Cancel
% Y Help

Center |2|]["] | |2|]|]|1 | [ mm ]

Size (1000 |[1000 | [mm]

Figure 6.16
New volume dialog box corresponding to the type Rectangle.

It must be ensured that the entire rectangle is within the area limited by 0<x<32
m and 0<y<32 m.

Circle Enter the centre coordinates of the desired circle/dllipse together with the
radius in the x- and y-direction.(Equal x- and-radius gives a circle). The units
are the type selected in the view settings, see section 6.2.1.1.
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HNew volume E

Yolume
Mame |-::unt:rete | Ok
Type |Eimle j| Cancel
X Y Help
Center |2|]["] | |2|]|]|1 | [ mm ]
Radius (1000 [[1000 | [mm]
Figure 6.17

New volume dialog box corresponding to the type Circle.

It must be ensured that the entire circle/dlipse is within the area limited by
0<x<32 m and 0<y<32 m.

Polygon: A polygon can be defined by corresponding values of x- and y-

coordinates to the corners. Click the down arrow button and select the desired
datafile.

HNew volume E

Yolume
Mame |-::unt:rete | Ok
Type [Polygon ~]|  Editfile | Cancel
File |Wj| Create file | _
Help
Figure 6.18

New volume dialog box corresponding to the type Polygon.

A new datdfile can be created by clicking the Create file button. This will make
the Datafile editor appear. Enter the corresponding values of x- and y-
coordinates. Thereisalimit of 50 set of coordinates. The cursor is moved with
the mouse or the [Tab] key. If necessary the list can be scrolled by the up- or
down arrow button to the right of the list. When the OK button is pressed the
filename can be entered. The file must have the suffix *.POL. The units are the
type sdlected in the view settings, see section 6.2.1.1. The coordinates are saved
in metres.
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Fill material

NB! Files created by use of other editors can be used. The format of the datafile
must be two columns containing (x [m], y [m]) values. st en blank. The file must
have the suffix *.POL.

I mportant! No matter if the datafile is created by 4C-Temp&Stress or by other
editors each point must be defined only once. (4C-Temp&Stress will automati-
caly close the polygon). Double points may lead to errors during the FEM-mesh
generation. It must be ensured that each point iswithin the arealimited by O<x<32
m and 0<y<32 m.

A datafile can be edited by clicking the Edit file button This will make the
Datdfile editor appear. The changeswill not affect previous defined volumes. Files
with more than 50 points can not be edited with the datafile editor, but the values
will be used in the calculations.

When OK is pressed in the New volume dialog box the geometry can only be
edited by use of the mouse (see section 6.2.3). E.g. if a polygon isto be changed
by means coordinates it must be deleted and a new one must be created.

NB! | order to create a volume by width/height, radius or datafile at least one
volume need to be defined earlier with the mouse. (Eventually a rectangle can be
drawn by mouse and then deleted later on).

Save: Makes it possible to save the coordinates of the selected volume in a
datefile. Enter the desired name of the datafile. The suffix must be *.POL. The
geometry is saved as corresponding values of x- and y-coordinates in metres to
each corner.

If apolygon created by datafile is changed by mouse, the changes in coordinates
will not be saved in the file unless Save is selected.

Material type: Identifies the type of material connected to the volume. The
materid type can be either none, concrete, material or soil. Click the down arrow
button and select the type that matches the desired type. The type identifies the
database from where the current material will be loaded.

Hint! Holesin the structure can be made by drawing a volume with fill material
type None. Holes must be placed totally inside the contour of another volume.
Otherwise the hole must be drawn as a part of the contour by drawing the volume
as a polygon.

Material name: |dentifies the name of the current material that is saved in the
database for the selected materia type. Click the down arrow button and select
the name that matches the desired name from the material database.

Thickness Identifies the thickness of the volume in the direction perpendicular
to the view plane. Enter the desired thickness of the volume in metres [m]. If the
desired calculation is 2 dimensiona the rea thickness of the volume must be
entered. If the calculation is 2%z dimensional a standard thickness of 1 misto be
recommended. NB! None of the externd loads which can be specified as described
in section 6.4.2 are depending on the thickness.
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Start time: Identifies the starting time from which the volume is part of the
project calculations. For volumes of fresh concrete the start time is typically the
casting time. Enter the desired starting time in hours [h].

NB! There must always be at least one volume with start time=0 h.

Temperature Identifies the temperature at the starting time. For volumes of fresh
concrete the temperature is typicaly the mix temperature. Enter the desired
temperaturein [°C].

6.3.2 Surfacesand Thermal Boundary Conditions

This section defines surface parameters and describes how to identify surfaces and how to specify and edit
boundary conditionsin the PE.

Y ou can select asurface when the Surface mode E is selected. Click on the left mouse button, when the
cursor is above the surface. The nodes that extend the line will become grey after selecting the surface. When
a surface is selected you can define the surface parameters by selecting the PE menu [Surfaces] and the
menu item [Edit surfaces]. This will bring up the Surface dialog box. Otherwise select the surface as
described above and then select the pop up button or just double click the surface and the surface dialog
box will pop up directly.

The Volume surface dialog box includes alist of al volume surfaces in the project. The selected surface
will be highlighted in the list. The Volume surface dialog box is divided into three subareas: The surface
list, the current face and the boundary condition. See figure 6.19 and the description of the subareas of the
dialog box below the figure.
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VYolume surfaces

Face Boundary condition

¥ol 1. face 1 [none]
Yol 1, face 2 [none]
Yol 1. face 3 [none]
Yol 1, face 4 [none] Ehaiad Bk
Yol 1. face 5 [none]
Yol 1, face b none
W all. vertical Form/Plast foil
Yol 2, face 2 [none]
Yol 2, face 3 [none]
Yol 2, face 4 [none]

Curmrent face Boundary condition

Hame Wall, vertical |Fulm.r'F'Iast foil
Yolume Yol 2
Coordinates  [4800.3800] - [4800.5800] | Create Hew | |

Bename face... | Edit | |

| Delete |

Figure 6.19
Volume surface dialog box.

Surfacelist The Surfaceligt includes aligt of dl surfaces in the project identified by the face
name and the connected boundary condition. Select aface by adlick on the desired
facein the ligt and the specified parameters will pop up in the Current face area
and the connected Boundary condition will pop up as well.

Current face Name: Identifies the current name of the surface. The surfaces are automatically
named, so that the name illugtrates the connection to the volume. E.g. Vol 1, face
1issurface number 1 on volume number 1. This name can be renamed with a
more practical name, that perhaps illustrates the location of the surface - like
Wall, vertical.

Volume Identifiesthe name of the current volume that the surface is connected
to.

Coordinates: ldentifies the globa coordinates for the current surface by the
coordinates of the starting and the ending point.
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Boundary condition  Click the down arrow button to select the desired boundary condition for the

current surface. If no boundary condition is created - click the Create new button
to creste anew boundary condition and enter the name of the boundary condition
in the dialog box that appears. How to define and edit the boundary condition,
See section 6.3.2.1.

If severd surfaces are supposed to have the same boundary condition select the
boundary condition for the first surface, press the [Shift] button on the keyboard
down and click the other surfaces to copy the selected boundary condition.

6.3.2.1 Thermal Boundary Conditions

A therma boundary condition may describe:

A convection heet flow out of (or into) the volume. The heat transfer to the surroundings from the
surface can be expressed in terms of atemperature difference and a heat transfer coefficient, k,
so that the heat flow, q, is:

q=k-(T-T,)

where T, is the external temperature and T is the surface temperature of the volume.

The externa temperature must dway's be specified when the therma boundary condition describes
convection heat flow.

The heat transfer coefficient may be specified directly or alternatively specified by definition of
the form work, the insulation and the wind velocity. Based on these parameters the heat transfer
coefficient, k, is determined as.

SERERGM)

where
k = overal transmission coefficient [kIm?h°C]
O = convective surface transmission coefficient [kIm?h°C]
e = thickness of insulation and of form work, respectively [m]
A = thermal conductivity [k¥mh°C]

An approximate value for o by forced convection can be calculated as a function of the wind
velocity:

20 + 14 - v for v < 5 m/sec

I

e

25,6 - vo78 for v > 5 m/sec

I

e

where v isthe wind velacity by forced convection [m/sec].
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° Radiation. The radiation can be expressed as.

q = Col(T,+273)*-(T+273)"]

Where

T = surface temperature [°C]

Text = externa temperature [°C]

C. = radiation coefficient [kYm?/h/°CY
° A prescribed temperature on a surface, not depending on internal and external temperatures.
° A prescribed heat flux, not depending on internal and external temperature.
° A combination of convection heat flow, a prescribed hesat flux and radiation.

The therma boundary condition is defined as a function of time which makes it possible to define the thermal
boundary condition according to a prescribed curing schedule.

The boundary condition dialog box will appear when you create a new boundary condition or when you
want to edit the current one. The boundary condition dialog box is divided into three subareas. The name,
the functions and the current function. See figure 6.20 and the description of the subareas of the diaog box
below the figure.

Boundary condition - faces |

Hame Current function: Temperature

‘ form Temperature 15

Create new |

Functions
< Temperature |Temperature 15 j| Copy | Bename. .. |
= Wind velocity |wind 5 j| View |
- Shield def. form =
= Tr. coef. [cony.] | form 3|
" Flux | =] Ok Help |
» Radiation | j|
Figure 6.20

Boundary condition dialog box.

Name | dentifies the name of the current boundary condition.

Functions Identifies the references to functions that is valid for the current boundary
condition. A function can be either a Temperature -, Wind velocity -, Shield def.
-, Tr. coef. -, Flux - , or a Radiation-function. The current function is marked
in the radio buttons on the left side of the area. Click the radio button to select
anew current function. Click the down arrow button on the right side to select
areference to another function.
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Current function

Temperature

Identifies the salected function which is marked in the radio button. The four

buttons: Edit, Create new, Copy, Rename and View are connected to the current

function. If no function is created - click the Create new button to create anew

function and enter the name of the function in the dialog box that appears. Click

the Edit button to edit the current function. To visudize the current function click

the View button. The five different types of functions are described in the
following.

A temperature function can be either alinear or a sine function of time.

Linear

The linear function is described as a parameter function with a number of (Time [h],
Temperature [°C]) vaues. Thelimit of (Time, Temperature) valuesis 50 values, and the
last Timevaue (t,) must be greater than or equal to the total process time specified in the
calculation parameters. See section 6.6.5 about the total processtime. In figure 6.21 an

example of alinear temperature curve as a function of time is shown.

Model View

TEMPERATURE FUNCTION

---------------------------------------------

____________________________________________

temEerature

Cancel

| e |

Print

Figure 6.21
A linear temperature function

When you sdlect alinear temperature function the Linear temperature function dialog box
will pop up as shown in figure 6.22. Enter the time values in the left column and the
temperature vaues in the right column. Place the cursor in the desired field (either with
the mouse or the Tab key) and enter the desired vaue for either time or temperature.
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Scroll thelist with aclick on the up- or down arrow button to the right of the list to see
the entire list of time-temperature values - if necessary !

Edit temperature function

temperature
time temperature
[ hours ] [ degreesz C ]

0] 20. +

12 20.

13. 10. J OK

30. 15.

LCancel
el
View
+]
Figure 6.22

Linear temperature function dialog box.

Sine The sine function is described by three parameters. Start time, Minimum and Maximum.
With these three parametersit is possible to define a temperature function with a cycle
of 24 hours, where the sine curve can be displaced aong the time axis. In figure 6.23 the
sine curve as a function of time is shown together with an example of how to define the
three parameters.

Start time: Identifies the start time in hours [h] in the 24 hours notation for the sine
function. The start time defines where on the time axis of the sine curve the concrete work
begins. E.g. if the maximum temperature is reached a 2 p.m. and the minimum
temperatureisat 2 am. thetime zero will bea 8 am., and if the gart time of the concrete
work isat 10 am. the start time on the sine function must be ( 10-8 ) = 2 h. Seefigure
6.23.
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Temperature [°C]
25~

Maximum 20
2 p.m
159 10am.
? " \/
Minimum 5

2 a.m.

O I f f f T 1
0o 2 6 12 18 24 30
Time [h]

Figure 6.23
A sine temperature function.

Minimum: Identifies the minimum temperature value in [°C] for the Sine function e.g. 5°C.
Seefigure 6.23.

M aximum: ldentifies the maximum temperature value in [°C] for the sine function e.g.
20 °C. Seefigure 6.23.

When you select a sine temperature function the Temperature function dialog box will
pop up as shown in figure 6.24. Place the cursor in the desired field (either with the mouse
or the Tab key) and enter the desired start time value, the minimum and the maximum
temperature in the three fields.

I Edit temperature function I

| Temperature 2

Curve parameters

Start time [h] 114
i [ ]1°C)
M aximum [*C1] | Yiew LCancel

Figure 6.24
Sne temperature function dialog box.

Wind Velocity

A wind velocity function is a piecewise constant function of time. The Wind velocity function is described
as aparameter function with a number of (Time [h], Wind velocity [m/sec.]) values. The limit of (Time,
Wind veocity) values is 50 values, and the last Time value (t,,) must be greater than or equal to the total
process time specified in the calculation parameters. See section 6.6.5 about the total process time. In figure
6.25 an example of a piecewise constant wind velocity curve as afunction of time is shown.
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Maodel View
[mis] wind velocity
- wind
: 1 1 1 1 1 1 1 1 1
S e e Cancel |
: 1 1 1 1 1 1 1 1
S S SN PR Print
4'5— 1 1 1 1 1 1 1 1 LI
E 1 1 1 1 : 1 1 1
LUl e A
R I S St S
SR R S
: 1 1 1 1 : 1 1 1
25 -_———-1————:————:- ——————— |————:-———+————|————|-———
: : : : 1 : 1 1 1
: 1 1 1 1 : 1 1 1
2.00 L CEEF SRR
15:I | | [ [ L | L | [ [ L1 1 1 time
3 G ] 12 15 18 M 2427 [h]
Piecewise curve

Figure 6.25
A Wind velocity function.

When you Edit the wind ve ocity function the wind velocity function dialog box will pop up similar to the
Temperature function dialog box shown in figure 6.22.

Shield Def.

A shield definition function is a piecewise constant function of time. The shield definition function is
described as a parameter function with anumber of (Timeinterval [h], Shield def.) values. Thelimit of (Time
interval, Shield def.) values is 50 values, and the last Time value (t,,) does not have to be greater than or
equa to thetota process time specified in the calculation parameters. If the last Time value is smaller than
thetotal processtime the surface will be handled as an unprotected surface in the rest of the processtime.

When you edit the shield definition function the Shield definition dialog box will pop up as shown in figure
6.26. The Shield definition dialog box is divided into four subareas: Name, list of insulation materials,
database and current selection.
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Shield definition

Hame D atabaze
Form / unprotected Insulation |Etha foam, 6 mm |£I
Lizt of inzulation materials | Add to list I | Create new I
0.00 4800 Form bord, 19 mm
Current selection
Mame Form bord, 19 mm
Thickness 0019 [m]
Thermal cond. 036 [ kdimihi*C ]
Time interval |0. |to[48.  [[h]
Copy from databaze I | Bemove from list I
Bemt Bl by dune wderesd (1]4 Cancel Eadn

Figure 6.26
Shield definition dialog box.
Name I dentifies the name of the current shield definition function.

List of insulation
materials

Database

Current selection

Theligincludes al the selected insulation materids together with the timeinterval
wheretheinsulation is placed on the surface. More than one insulation material
can be placed on the surface in the same time interval, and the time intervals are
also alowed to overlap each other. When the surface is unprotected the list of
insulation materials will be empty.

Identifies the type of insulation material to be selected from the record in the
insulation database. Click the down arrow button to view and select the desired
insulation materia. Click the Add to list button to select the current material.
The cursor will then be placed in thefirst field of the time interval in the Current
selection subarea. See the section below. If you want to define a new insulation
materia click the Create new button and the Create new insulation dialog box
from the database will pop up. For further details, see section 7.6 about the
insulation database.

I dentifies the selected insulation material that has been added to the list. The
i dentification includes the name, the thickness and the thermal conductivity of the
insulation as it has been defined in the insulation database. Further the current
time interval where the insulation is placed on the surface is defined in this
subarea. Place the cursor in the left field (either with the mouse or the Tab key)
to enter the time of placing the insulation on the surface and move to the right field
(with the Tab key) to enter the end time when to remove the insulation.
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Tr. Coef.

The selected type of insulation in a time interval can be changed when it is
highlighted in the list of insulation materials. Select the desired new insulation
materid in the database record and click the Copy from database button. This
will change the current insulation material in the list.

Click the Removefrom lis button to remove the current insulation from the list
of insulation materials

A Heat transfer coefficient function is a piecewise constant function of time similar to the wind vel ocity
function as shown in figure 6.25. The hegt transfer coefficient function is described as a parameter function
with anumber of (Time [h], Heat tr. coef. [k¥m*h°C]) values. The limit of (Time, Heat tr. coef.) values
is50 values, and the last Time value (t,,) must be greater than or equal to the total process time specified
in the calculation parameters. See section 6.6.5 about the total processtime.

Theheat tr. coef. function can either be generated automatically based on the defined wind velocity- and
shield definition functions, or the hest tr. coef. function can be defined by typing the values directly.

Generated
automatically

Typed directly

When awind velocity function and ashield definition function have been defined
the hest tr. coef. function will be generated automatically when you click the OK
button in the Wind velocity or the Shield definition didlog box. The generated heat
tr. coef. function will be named with the name of the boundary condition and it
will contain a parameter function with anumber of (Time, Heat tr. coef.) vaues.
The Heat tr. coef. values are calculated as described in the beginning of this
section 6.3.2.1.

When you Edit the hest tr. coef. function the Hest tr. coef. function dialog box
will pop up smilar to the Temperature function dialog box shown in figure 6.22,
and it is then possible to see the calculated heet tr. coef. values. If you want to
change the caculated vaues place the cursor in the current field and type a new
vaue. When you click the OK button the changed function will be saved and the
selection of wind velocity- and shield definition functions will be cleared.

These functions are no longer the basis for the selected heat tr. coef. function. If
you regret the change of the heat tr. coef. function you can just select the wind
velocity- and the shield definition functions again.

If you do not change the calculated values the wind velocity- and the shield
definition functions are ill the basis for the heat tr. coef. function. To keep the
wind ve ocity- and the shield definition functions selected you must leave the heat
tr. coef. function dialog box by clicking the Cancel button instead of the OK
button.

Instead of defining awind velocity- and a shield definition function from which
the heat tr. coef. function will be generated you can define the heat tr. coef.
function directly. If you have selected a current hest tr. coef. function click the
Edit button otherwise click the Create new button, the heat tr. coef. dialog box
will pop up and you can type the (Time, Heat tr. coef.) values directly.
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It is possible to control the temperature on a surface directly not depending on
internal and externa temperatures. The desired surface temperature must be
defined in a temperature function and a heat tr. coef. function must be defined
where the heat transfer coefficient is 10° k¥m?h°C or greater. Thisis used for
cooling pipes of stedl or for steel form work in water.

NB! When the surface is a construction joint between two volumes the heat transfer through the surface
to the surroundings will be zero. This condition is defined by setting the heat transfer coefficient to zero.

Flux

A flux function is a piecewise constant function of time smilar to the wind velocity function as shown in
figure 6.25. The flux function is described as a parameter function with a number of (Time [h], Flux
[kInh]) values. The limit of (Time, Flux) valuesis 50 vaues, and the last Time value (t,) must be greater
than or equa to thetotal process time specified in the calculation parameters. See section 6.6.5 about the
total processtime.

When you Edit the flux function, the flux function dialog box will pop up similar to the Temperature
function dialog box shown in figure 6.22.

Radiation

A radidion is a piecewise congant function of time similar to the wind velocity function as shown in figure
6.25. The radiation function is described as a parameter function with anumber of (Time [h], Radiation
[kI¥m?/h/°CY) vaues. Thelimit of (Time, Radiation) valuesis 50 values, and the last Time value (t,) must
be greater than or equal to the total process time specified in the calculation parameters. See section 6.6.5
about the total processtime.

When you Edit the radiation function, the radiation function dialog box will pop up similar to the
Temperature function dialog box shown in figure 6.22.

6.3.3 Cooling Pipes/ Heating Wires

This section defines the cooling pipe/heating wire parameters and describes how to identify cooling
pipes/hesting wires and how to specify the parameters.

The c-pipelh-wire didog box will pop up immediately after you have drawn the c-pipefh-wire. If you have
aready drawn a c-pipe/h-wire you can edit the parameters by selecting the c-pipe/h-wire dialog box as
described in section 6.2.3. The c-pipe/h-wire dialog box includes alist of all c-pipesh-wiresin the project
and al the parameters that you need to specify for each c-pipefh-wire. The c-pipefh-wire that you have drawn
or selected will be highlighted in the list.

The c-pipelh-wire didog box is divided into three subareas. The current list, the current definition and the
boundary condition. See figure 6.27 and the description of the three subareas below the figure.
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I Cooling pipes ! Healing wires I

Current list
Mame Boundary condition | R
CpipefHwire 1 Cooling pipe e
Hadp
Ok
Current definition Boundary condition
Faces ICI [1 |Euuling pipe |£I
Diameter 0.032 [m] Edit | Copy
)
Coordinates [6000,5950] [mm]
| Create new | Bename.__
| Delete
Figure 6.27
Cooling pipe/ heating wire dialog box.
Current list The Current list includes alist of &l c-pipes and h-wires in the project identified

by the c-pipe/h-wire name and the connected boundary condition. Select a c-
pipe/h-wire by a click on the desired c-pipe/h-wire in the list and the specified
parameters will pop up in the Current definition area and the connected Boundary
condition will pop up aswell.

Name: |dentifies the current name of the c-pipefh-wire. Click the Rename button
to change the name of the c-pipe/h-wire.

Current definition Faces. Identifies the number of faces used to describe the geometry of the c-
pipe/h-wire. In 4C-Temp&Stress c-pipes/h-wires are drawn and calculated as
polygons, where the number of faces can be defined by the user. E.g. 4 faces
means that the c-pipes/h-wires are drawn as squares.

Diameter: Identifies the outer diameter of the cooling pipe in metres[m]. E.g.
0.032 m.

Coordinates: |dentifies the coordinates for the centre of the current c-pipe/h-wire.
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Boundary condition  Click the down arrow button to select the desired boundary condition for the
current c-pipe/h-wire. If no boundary condition is created - click the Create new
button to create a new boundary condition and enter the name of the boundary
condition in the dialog box that appears.

Thetherma boundary condition for a cooling pipe does dways consist of alinear
temperature function and a directly typed heet tr. coef. function. The heat tr. coef.
for a cooling pipe with full water flow can be calculated as:

where

k = heat transfer coefficient [kIm?h°C]
e = wall thickness of the cooling pipe [m]
A = thermal conductivity of the c-pipe materia [k¥mh°C]

NB! Similar to the congruction joints the heat transfer will aso be zero from the
surface of a cooling pipe where the coaling is switched off. Then the heat tr. coef.
must be zero.

The thermal boundary condition for a heating wire does always consist only of
aflux function [kI¥mh].

How to define and edit the boundary conditions see section 6.3.2.1.

If severd c-pipes/h-wires are supposed to have the same dimension and boundary
condition, select the boundary condition and define the dimension for the first
c-pipe/h-wire, pressthe [Shift] button on the keyboard down and click the other
c-pipes/h-wires to copy the selected boundary condition and the defined
dimension.

6.4 Load Mode

This section will help you understand the structure of the Load Mode in the project editor. Click the load
mode button in the vertical tool bar to select the mode. In Load modeit is possible to define how the structure
is supported and to define severd types of static loads - like point loads, line loads, x- and y-momentums.
This section provides step by step instructions to help you outline the static part of your projects.

6.4.1 Supports

Supports are used in stress calculations. Supports are not used in approximated stress calculations.

The supports selected must ensure that the structure is unable to perform rigid body displacement. If the

structure is able to perform rigid body displacement the stress cal culations will be interrupted with an error
message saying : "Singular matrix system".
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6.4.1.1 Definition

In 4C-Tempé&Stress supports can be added as point supports or line supports. A point support is added
to asingle structure node. A line support is added at a structure surface. Adding aline support actually
means that identical supports are added to all FEM-nodes at the surface selected.

In each of the corner nodes of the FEM-dement the displacement field is described by 6 parameters. These
are: The displacement in x- and y-direction (u, and u,), the strain in x- and y-direction (g,=u, , and e,~u, )
and the deviation in x- and y-direction (u,, and u,,). One or more of these parameters can be fixed in order
to create supports.

Fixed displacement: x-direction: No digplacement of the selected FEM-node(s) in the x-direction.

(u, =0).
y-direction: No digplacement of the selected FEM-node(s) in the y-direction.
(4,=0).
Fixed gtrain: x-direction: No strain in x-direction (e,=u,,=0).

y-direction: No strain in y-direction (e,=u,,=0).

Fixed deviation: x-direction: The displacement in the x-direction is held constant in the y-
direction (u,,=0).

y-direction: The displacement in the y-direction is held constant in the x-
direction (u,,=0).

Hint! Sometimes the shear stress t,, is required to be zero. The shear stressis given as:.

Ty = G- (uX’y + uy’X)

where

G = shear modulus of elasticity [MPa]
Uyy = deviation in x-direction

Uy = deviation in y-direction

If 7,, should be fixed the deviations in both directions must be fixed.

6.4.1.2 How to Add and Edit a Support

1. Click the Point or Line support button.
2. Select the node or the surface to be supported.
3. Click the Add Support E button. This makes the support dialog box appear. The support dialog

box is divided into two subareas. The current list and the current selection. See figure 6.28 and
the description below the figure.
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Edit support

Current list

Point 1 Paint 2

1.30 . 2.70
1.30 . 2.70 200,270

Current zelection

Fixed dizplacement | Fixed strain Fized deviation Bename cumrent selection
| ¥-direction | ¥-direction | | ¥-direction

v| ¥-direction | ¥-direction frededer varead vedsolon

Figure 6.28

Support dialog box.

Current list I dentifies dl the supportsin the project by the name and the position of each sup-
port.
The podtion of apoint support is given by the global coordinates of the selected
point.
The position of aline support is given by the globa coordinates of the two end
points of the selected surface.
The support can be renamed by clicking the Rename button.

Current selection The support highlighted in the list is the current support. One or more of the

parameters described in section 6.4.1.1 can be fixed by marking the parameter.
See the examplesin section 6.4.1.3.

Supports can be selected by clicking the Point or Line support submode button and then clicking the desired
point or surface. Note that the structure point or the end points of the surface respectively are greyed.

Supports can be deleted by sdlecting the current support and pressthe key [Deete] on the keyboard or click
the button [Delete object] in the tool bar.

The parameters of a support aready added can be edited in three different ways:
1. Double click the support to be edited. Thiswill bring up the dialog box immediately.

2. Sdect the PE menu [Loads] and then the menu item [Edit supportg]. If a support has been selected
first thiswill be the current support.
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3. Click the Point or Line support submode button and click the dialog pop up button. If a support
has been selected first this will be the current support.

6.4.1.3 Examples

Example 1: Structure Placed on Totally Stiff Ground.

7

Figure 6.29
Structure placed on totally stiff ground.

The supports chosen to the structure shown in figure 6.29 are:

° Line support at surface from A to B
Fixed displacement in y-direction.
Fixed deviation in y-direction.

° Point support in A (or B)
Fixed displacement in x-direction

Comments:
If deviation in y-direction is not fixed at surface AB, the boundary will be able to "bulge" between FEM-
nodes. Usually the distance between the FEM-nodes is so small that thisis without importance.

If the point support is left out the structure can perform rigid displacement.
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Example 2: Symmetrical Structure.

On adgructure that is symmetrical in all conditions, calculations only need to be performed on half of the
structure.

b
LLLLILLLL

A

Figure 6.30
Symmetrical structure. The structureis placed on totally stiff ground.

In the symmetry line there will be no displacementsin the x- direction. Also the shear stress t,, will be zero.
The supports chosen to the structure shown in figure 6.30 are:
° Line support at surface from B to C

Fixed displacement in x-direction.

Fixed deviation in x-direction.

Fixed deviation in y-direction.

° Line support at surface from A to B
As described in example 1.

Comments:

The structure can not perform rigid displacement as the displacement in B is fixed in both directions through
the line supports.

Example 3: Symmetrical Structurewith Antimetrical L oad.

Calculations only need to be performed on half of the structure of this type.

Stresses, strains as well as displacements will be antimetrical in this type of structure. This means that
displacements in y-direction and strains become zero in the symmetry line.
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Figure 6.31
Symmetrical structure with antimetrical load. The structureis placed on totally
stiff ground.

The supports chosen to the structure shown in figure 6.31 are:

° Line support at surface from B to C
Fixed strain in x-direction.
Fixed strain in y-direction.
Fixed displacement in y-direction.
Fixed deviation in y-direction.

° Line support at surface from A to B
As described in example 1.

Comments:.
The structure can not perform rigid displacement as the displacement in B is fixed in both directions through
the line supports.

6.4.2 Sedf-Weight
The sdf-weight can be turned on and off and the direction of the self-weight can be defined. How to do this
is described in section 6.6.9. In default salf-weight is turned off.

6.4.3 Point Loads

6.4.3.1 Definition

In4C-Temp&Stress a point load can be added as either a XY -point load or a Z-point load. A point load
can be moved around on the structure in the same way as a cooling pipe, see section 6.2.3.

The XY -point load is aload in the xy-plane working over the total thickness of the structure. It is given
in[MN]. A XY-point load can be placed at an arbitrary point inside or at the surface of the structure. XY -
point loads placed outside the structure are neglected. The direction of the XY -point load is given by the
angle with the x-axis taken positive anticlockwise. A XY -point load is positive in the direction defined by
the angle with the x-axis. See figure 6.32.
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Figure 6.32

Examples of XY-loads.

TheZ-point load is a point-load in the z-direction (perpendicular to the cross section). Adding a Z-point
load corresponds to adding anormal force and two components of a bending moment to the cross section.
A Z-point load can be placed anywhere inside or outside the structure. A Z-load is positive corresponding

to tension and negative corresponding to pressure at the cross section. It isgivenin [MN].

The vaues of both types of point-loads at a given time are calculated as the product of a Factor and aload
function. The load function is a piecewise constant function of time. The load function is described as a
parameter function with a number of (Time [h], Load [MN]) values. The limit of (Time, Load) valuesis
50, and the last Time value (t,) must be greater than or equa to the total process time specified in the
caculation parameters. See section 6.6 about the total processtime. In figure 6.33 an example of a piecewise
constant load curve as a function of time is shown.

Model View

[hn]

1.0

(k]

0.6

0.4
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point load

------------------------------------------

Piecewise curne

example
a—

time
1]

- Qancel o
Print

Figure 6.33

A load

function.
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6.4.3.2 How to Add and Edit a Point L oad

Click the Point load button.

1.
2. Choose between XY -load or Z-load by clicking the XY ortheZ button.
3. Click at the point where the load shall be placed. This brings up the Point load dialog box. The
Point load dialog box is divided into four subareas. The current list, the current definition, the
function and the coordinates. See figure 6.34.
Point loads
Current list
Mame Point Function
Pload 2 9.290 , 6.320 example
Pload 2 9.350 . 11.430 example
Rename | Delete load |
Current definition Function
Help
Factor IZI [1 ‘ | example jl
Direction =r
i Ok
Angle [x-axis] [*] LT | HEE LR |
Copy | Bename.._. |
i 9350
Coordinates - % [mm] View |
y [mm]
Figure 6.34
Point load dialog box.
Current list Identifies dl the point loads in the project by the name, the position and the load

function of each load.

The position of a point load is given by the global coordinates of the selected
point.

The load can be renamed by clicking the Rename button.

Current definition The point load highlighted in the list is the current point load.
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Function

Coordinates

Factor: Identifies the factor to be multiplied by the load function.

Direction: |dentifies whether the point load isin the XY -plane or in the Z-direc-
tion.

Angle: Identifies the angle with the x-axis for XY -point loads.
Click the down arrow button to select the desired load function. If no suitable

function is created - click the Create new button to create a new function and
enter the name of the function in the dialog box that appears.

Edit point load function
‘ example
time point load
[ hours ] [MN ]
0, 0. =
12 0.5
24 1. OK
48 1.
LCancel
Help
Figure 6.35

Load function dialog box.

When you creste anew function or when you want to edit the current one the load
function dialog box will pop up as shown in figure 6.35. Enter corresponding
values of time and load.

The definition of the load function is described in section 6.4.3.1. The function
is saved when clicking the OK button.

NB! Changing aload function will influence all loads using this function.

The name of the function can be changed by clicking the Rename button. The
new name will automatically be used for al loads connected to the function as
soon as the Point Load diaog box isleft.

Defines the position of the point load. The position can be changed by changing
the coordinates. The unit corresponds to the unit of the View settings (see section
6.2.1).
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The parameters of a Point load dready added can be edited in the same way as editing a Point support. Point
loads can be deleted in the same way as deleting a support. (see section 6.4.1.2).

Furthermore Point loads can be moved by changing the coordinates or by clicking the point to be moved,
keeping the left mouse button down, moving the curser to the new location and then releasing the button.

6.4.4 LinelLoads

6.4.4.1 Definition

A lineload isaload in the xy-plane working over the tota thickness of the structure. It is givenin [MN/m].
Lineloads can only be placed at a structure surface. The direction of the line load is given by the angle with
the x-axis taken positive anticlockwise. A lineload is positive in the direction defined by the angle with the
x-axis. See figure 6.32 in section 6.4.3.1.

Thevdue of alineload a agiven timeis caculated asthe product of a Factor and aload function in MN/m
as described in section 6.4.3.1.

6.4.4.2 How to Add and Edit aLineL oad

1. Click the Line load @ button.

2. Select the structure surface to be loaded.

3. Click theadd line load @ button. Thisbrings up the Line load dialog box. The Line load dialog
box is divided into three subareas; The current list, the current definition and the function. See
figure 6.36.
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Linear loads B

Current list

Hame Point 1 Point 2 Function
swl 9950, 12.770 9.000 , 12.750 self weigth

14 600 12850 9950 12770  szelf weig

Current definition Function Bename
Factor [1 ‘ |self weigth j|
Angle [x-axiz] [*1

Edit | Create new | LS
Delete current definition | Copy | Bename... | Help

Yiew |

Figure 6.36
Line load dialog box

TheLineload didog box is almost identical to the XY -point load dialog box except that the position of a
lineload is given by the global coordinates of the two end points of the selected surface. See the description
in section 6.4.3.2.

The parameters of aLine load aready added can be edited in the same way as editing a Line support. Line
loads can be deleted in the same way as deleting a support. (see section 6.4.1.2).

6.45 Momentum

6.4.5.1 Definition

The structure can be added a momentum around an axis in the xy-plane working on the total cross section.
The momentum must be given as the momentum around the x-axis and the momentum around the y-axis
(seefigure 6.37).

The value of a X-momentum and Y -momentum respectively a agiven time is calculated as the product
of aload function in [MNm] and a Factor. See the description of load functionsin section 6.4.3.1.
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Figure 6.37

6.4.5.2 How to Add and Edit a Momentum

1. Click the X-momentum or Y-momentum button. This brings up the X-momentum or
Y -momentum dialog box as shown in figure 6.38.

‘cmomentum defiiion |
Eunction |MATMSHTMENNG—_ - 0K

Factr [1- |

Cancel
Edit | Copy | View |
Hew | Bename | Help
Figure 6.38

X-momentum dialog box.

Enter the Factor and salect aload function as described in section 6.4.3.2.

The parameters of a X- or Y-momentum can be edited in the same way as adding a momentum. Otherwise
select the PE menu [Loads] and then the menu item [Edit X-momentum] or [Edit X-momentum]. A genera
X- or Y-momentum can be deleted by setting the Factor to zero.
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6.4.6 Examples

Example 1:

Prestressed Beam

The stresses in the middle cross section of a ssmply supported beam are desired. The dimensions of the beam
are 0.5 x 1.0 x 5.0 m. In 4C-Temp&Stress the structure is modelled as a rectangular cross section with
dimensons0.5x 1.0 m.

Thebeamis prestressed with 2 MN at 48 hours after casting. At 72 hours after casting the form work is
removed. This releases a momentum M, due to self-weight. The density of the concrete is 2300 kg/m®. In
the middle cross section M is calculated as:

9

|-

M, = -
8

- (2300 kg/m® - 05 m:- 1.0m- 10 m/s?)- ( 5 m)? = 0.0359-10° Nm

Py |

2 _ .. w-h-qg-12
7Epwhgl

M, is added as a X-momentum with Factor = -1. Theload function is shown in figure 6.39. The X-Momen-
tum is negative in order to get tension in the underside.

Notice that the self-weight included in 4C-Tempé&Stress must be turned off.

The Prestressforceis added as a Z-Point-Load with Max value = -1 and load function as shown in figure

6.40.

0.035

0.030

0.025

0.0z0

0015

0.010

0.005

=

MOMENTUM FUNCTION

[MMrm] marmenturm

selfweigth

ok |

——————————————————————————————————————
——————————————————————————————————————

--------------------------------------

______________________________________

BT

96 192 288 384 480

Fiecewize curve

time
[h]

Cancel |

Figure 6.39
X-Momentum function
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Model View 1]

POINT LOAD FUNCTION

[MN] pointload

L E E E E E prestress

- | | : | | Cancel |
a0 f-- ; ; : ; —=

~ . . i . . Print |
T e S
N ——|,—
L R g e R booooes
|j._._'"._."'l"""'I"""'I"""'I"""'I"""' time

' 96 192 288 384 480 [h]

Piecewizse curve

Figure 6.40

Load function for Z-point load.
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6.5 Text Mode

This section will help you understand the structure of the Text Mode in the project editor. Click the text
mode button in the vertical tool bar to select the mode. In Text mode it is possible to add text on arrows
and text in boxes to the drawing shown in Volume mode. This section provides step by step instructions
to help you outline the text part of your project.

6.5.1 General

The Text mode contains two different writing modes that may be selected from the horizonta toll bar in
the PE. Y ou must select one of these submodes before you can write atext.

Text on arrow
Text in box.

With these two writing modesit is possible to ad text to the drawing of a structure as shown in figure 6.41.
The possibilities in the two writing modes will be described in the following sections.

| This is a wall om a deck.

Talater mlek

=P

ot ol lis an oldbaze slab

Vol 2is avewly casted wall

Tdater autlet

Z:
Pipe 3

ol

Figure 6.41
Example of the possibilitiesin Text Mode.
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6.5.2 Text on Arrow

Thiswriting mode makes it possible to write text in connection with adrawn line. The line may be with
or without an arrow in the end. How to create such atext is described in the following:

1. Select the submode button Text on arrow .

2. Draw thelinefarrow by placing the cursor at the starting point of the desired line/arrow. The arrow
will be drawn at the garting point. Click the left mouse button and keep it down, move the cursor
to the ending point of the ling/arrow and release the left mouse button. This makes the Edit Project
Text dialog box appear.

3. Writethe desired text in the project text field and define the type and placement of the text and
the line/arrow. See the Edit Project Text dialog box in figure 6.42 and the description below.

Edit Project Text

Project text

Level 515
Text form

R P e v| Arrow

U Elpanan v| Box

Hadp
Honzontal alignment Yertical ahganment
= Tops (1] 4
= Centers = Centers
 Right sides <+ Bottoms = ance)

Figure 6.42
Edit Project Text dialog box.

The Edit Project Text diaog box is divided into three subareas. Project text, Text form and Horizon-
tal/vertical alignment.

Project text  Identifiesthe text on the line/arrow. Place the cursor in the field and write the desired text
(max 30 characters).

Text form Identifies the form of the drawn line and the written text.

Arrow: A tickmark in the square identifies that an arrow will be drawn at the Sarting point
of theline. If no tickmark is visible no arrow will be drawn on the line.

Box: A tickmark in the square identifies that the text will be written in a rectangular box.
On the screen the background colour in this box isred. If no tickmark is visible the text
will be written without any box.
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Alignment | dentifies the horizonta and vertical placement of the text at the end point of the linefarrow.
Horizontaly the text can be placed so that the end point of the line/arrow is placed either
on the left side, on the centre or on the right side of the rectangle that includes the text.
Similar thetext can be placed so that the end point of the line/arrow verticaly is placed
either on the top, on the centre or on the bottom of the rectangle that includes the text. See
figure 6.43.

Left side, Top Center, Tap Right side, Top

N =
\ Ceﬂtt; Center

— Right side, Center

AR

Left side, Bottom Center, Bottom Fight side, Bottom

Figure 6.43
The combinations of horizontal and vertical alignments to connect the end
point of the line/arrow with the text field.

Asshown in figure 6.41 this writing mode can be used to write texts like levels of the structure and in- and
outlet of the cooling weter. In this case the possibility of drawing aline without any text or arrow together
with the facilitiesin text form and horizonta /verticd aignments have been used in different combinations.

All written text in text mode can be scaled up and down by selecting the menu item [Options] and the
submenu items [Scae font up] or [Scale font down]. The box around the text will automatically be scaled
up together with the text but the line/arrow connected to the text will keep unchanged.

A drawn ling/arrow can be moved in the same way as a volume. Select the line/arrow with a click on the
left mouse button when the cursor is above the line/farrow. The nodes that extend the line/arrow will become
grey after sdlecting the line/arrow. Keep the mouse button down and move the cursor to the new location
and release the button. When aline/arrow is selected the text can be edited by double clicking on the
line/arrow. Thiswill bring up the Edit Project Text dialog box.

Thelength and direction of adrawn line/arrow can not be changed. In these cases it is necessary to draw
anew linegfarrow and ddete the old one. The text from the old ling/arrow can be copied to the new linefarrow
as described in the following:

° Double click on the old line/arrow so that the Edit Project Text dialog box appears.

° Highlight the text with the mouse, keep the [Ctrl] key on the keyboard down and press the [Insert]
key on the keyboard. Thiswill copy the selected text to the Clipboard. Leave the dialog box.

° Draw the new ling/arrow and place the cursor in the Project text field in the Edit Project Text dialog
box.
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° Keep the [Shift] key on the keyboard down and press the [Insert] key on the keyboard. This will
copy the text from the Clipboard into the project text field.

° Click the OK button and anew ling/arrow with the old text has been created.

° Select the old line/arrow and press the [Delete] key on the keyboard.

6.5.3 Textin Box

Thiswriting mode makes it possible to write text without any line or arrow connected to the text. The text
may be placed in abox or it may be without the box. How to create such atext is described in the following:

1. Select the submode button Text in box |i|

2. Draw therectangle that surrounds the desired text by placing the cursor at the upper left corner
of the desired rectangle, click the left mouse button and keep it down, move the cursor to the bottom
right corner of the desired rectangle and release the left mouse button. This makes the Edit Project
Text dialog box appear.

3. Writethe desired text in the project text field and define whether the text shall be in abox or not.
See the Edit Project Text dialog box in figure 6.44 and the description below.

Edit Project Text

Project text
Thiz iz a wall on a deck.
Text form
R P e | A
U Elpanan v| Box
Healp
Honzontal alignment Yertical ahganment
= Lab sudes  Yops oK
@ Denters @ Dentess
o Fighd aidey O Betiamy = ance)
Figure 6.44

Edit Project Text dialog box.

The Edit Project Text diadog box is divided into three subareas. Project text, Text form and Horizon-
tal/vertical alignment.
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Project text  Identifiesthe written text. Place the cursor in the field and write the desired text (maximum
80 characters). The text may be written in more than one line. To change line you must
keep the [Ctrl] key on the keyboard down and press the [Enter] key on the keyboard.
The size of the box around the text will automatically be generated from the amount of
written text. The text can be copied to other boxes in the same way as the text on arrows.
See section 6.5.2.

Text form | dentifies whether the text isin abox or not.

Box: A tickmark in the square identifies that the text will be written in a rectangular box.
On the screen the background colour in this box is yellow. If no tickmark isvisible the
text will be written without any box.

Alignment I dentifies the horizontal and vertical placement of the text in the box. The placement of
the text is alwaysin the centre of the box.

All written text in text mode can be scaled up and down by selecting the menu item [Options] and the
submenu items [Scae font up] or [Scale font down]. The drawn box around the text will keep unchanged
which means that the box can be to small for the written text if the text is scaled up. Then the text will
not be visible on the screen.

A written text can be moved in the same way as a volume. Select the text with a click on the left mouse
button when the cursor is above the text. The nodes that extend the rectangle around the text will become
grey after selecting the text. Keep the mouse button down and move the cursor to the new location and
release the button. When atext is selected the text can be edited by double clicking on the text. This will
bring up the Edit Project Text dialog box.

6.6 Calculation Parameters

The geometry, the thermal and the gtatic conditions of a project describe the type of project on which 4C-
Temp&Stress is caculating. Further, it is necessary to describe how 4C-Tempé&Stress are going to execute
the calculations and the required accuracy of the results. Thisis described by some calculation parameters.
This section describes the calculation parameters and how to setup the parameters in different types of
calculations.

6.6.1 General

The calculation parameters include al the specific parameters that are required by the calculations. Al
caculation parameters are placed in one didog box caled calculation parameters dialog box. To open this
diadog box click the menu item [Cd culation] in the PE menu and the menu item [Parameters] in the menu
bar. Thiswill bring up the calculation parameters dialog box as shown in figure 6.45.
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Calculation parametlers

Thermal analyszis Time specifications Circles
Total process time [ h] | Mo of faces [1
U Biationay Time step, desired [ h] Self smeight
Stress analysis Time step Factor [ 1 i
“+ Based on thermal results Monlinear calculations Direction X I:I [1]
~* Mot bazed on thermal rezults Convergence criteria [1 Direction Y I:I [1

Dimenszions Meszh, node generation

% 2.dimensional Percentage of the largest extend

# Plane stress Min. dizstance to border [%1] Halp

= Plane strain Density, internal nodes [ %]
Density, border nodes [ %] 0K
- - Density around c-pipes [ %1
_| Mo strain in z-direction Radius around c-pipes [ %1 K

| Ho rotation around x-axis

< 2% dimensional

| Mo rotation around y-axis

Figure 6.45
Calculation parameters dialog box.

The calculation parameters dialog box is divided into eight areas that separate different groups of
parameters. The eight groups of parametersinclude Thermal analysis, Stress analysis, Dimensions, Time
specifications, Mesh node generation, Non-linear calculations, Circles and Self weight.

The following subsections describe each group and the parameters.

6.6.2 Thermal Analysis

Click one of theitems Trangent or Sationary to select the desired therma analysisform of the calculations.
If no temperature calculation is desired the selected analysis form will beignored. The basic idea of the
thermal analysis form is described in section 2.

Transent | dentifies that the calculated temperatures are as a function of place and time. In
this case conditions are allowed to vary as a function of maturity.

Stationary | dentifies that the cal culated temperatures correspond to the temperatures which
will appear after avery long time. In this case all conditions must be constant.
Thisanaysis form is not implemented in 4C-Tempé&Stress Yet.

6.6.3 StressAnalysis
Click one of theitems Based on thermd results or Not based on thermal results to select the desired stress

andysisform of the caculations. If no stress caculation is desired the sdlected analysis form will be ignored.
The basic idea of the stress anadysis form is described in section 2.
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Based on thermal results Identifies that the calculated stresses will be based on results from a
previous thermal caculation including thermal expansion and materia
properties which are functions of maturity.

Not based on thermal results  Identifies that the calculated stresses will be based on constant material
properties and not on results from a previous analysis. Only external
loads are applied.

6.6.4 Dimensions

Click one of theitems 2-dimensond or 2v~-dimensond to sdect the desired dimension of the calculations.
The basic idea of the dimensions is described in section 2.1.

2 dimension Identifies that the geometry is treated like a disk.

Plane stress The geometry is treated like adisc in a plane stress situation.

Plane strain The geometry is treated like adisc in a plane strain situation.

2% dimension Identifies a plane strain situation where it is possible to specify cross-sectiona

load and support conditions.

If "2%/>-dimengion” is specified an approximated stress analysis - as described in
section 2.1. - is performed together with the temperature analysis. This facility
is primarily used in analysing hardening concrete structures.

Sdect the desired specifi cations which concern requirements to the strain plane:

No strainin

z-direction The strain contribution arising from deformation is zero at origo.
No rotation

around x-axis The curvature around the x-axis is zero.

No rotation

around y-axis The curvature around the y-axis is zero.

NB! The requirements to the strain plane concerns the total cross-section.

If for instance atunnd cross-section is congdered the separate foundations will be forced to work together
also at the time where topslab and walls have not yet been cast. Unless the foundations are identical and
placed at the same leve thisis not correct. In this case the two foundations should be calculated separately.
6.6.5 Time Specifications

Enter the desired time specifications that will be used in the calculations.

Total processtime The time period in which the calculation will take place [h].
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Timestep, intended  The "total process time" is divided into a number of intervals. The parameter
specifiesthe length of theinterva [h]. In the case of thermal analysis the intended
time step will automatically be subdivided when modifications in the thermal
boundary conditions are observed.

In the case of hardening concrete structures a one-hour time step will usually be
sufficient.

In calculations which are time-independent the time step should be set equd to
the total processtime.

Time step factor | dentifies the "Integration method". Depending on the time step factor, a, different
integration methods can be performed:

a= 0.0 forward difference
a= 0.5 central difference
a= 1.0 backward difference

Usualy a= 0.5 will be convenient.

If the structure is exposed to thermal shock, then oscillations may occur.
Numerica damping can be introduced by using an adightly different from 0.5.

6.6.6 Mesh Node Generation

The structure is automatically divided into triangular elements. These elements are able to describe a
quadratic temperature- and stress-field. The validity of the results depends on the element mesh. The field
which can be described by a certain mesh, hasto be able to describe the solution of the specified problem.

For agiven physicd problem aminimum density of the element-mesh is required. Five parameters control
the dendity of the eement-mesh. If two cdculations are performed on different eement-meshes, equal results
indicates that the, most rough mesh is fine enough, in the present case. If the results are different no
conclusions can be made.

The validity of the calculation can also be demonstrated by an evaluation of the obtained results. The
calculated temperature and stress isocurves have to be continuous and differentiable.

When computing stress calculations in connection with mesh generation as well as result evaluation pay
atention to singular points. Singular points occur in connection with:

° asingle-force or support affecting the structure
° re-entrant corners

Inasingular point the stresses are locally extremely high. The finite element method cannot handle such
stresses and they will not occur in practice. In practice the stresses are reduced by a non-linear behaviour
of the materid (e.g. formation of cracks). When evaluating the results do not attach to great importance
to theresults in the singular point areas, but concentrate on the stresses in other areas. These results are
independent of the local stress concentrationsin the singular points. (Saint Venant's principle.)

6-46



DTI Building Technology 4C-Temp&Stress Project Editor

If the stressresult to be evauated is Stuated close to asingular point, the size of the area affected by stress
concentration in the singular point has to be examined in each individua case. If an increased element
graduation around asingular point does not change the stress result in a given point, such point is outside
the area affected by the stress concentration.

When searching for extreme results by showing minimum and maximum results pay attention to that the
stress concentration of the singular points can be handled as being either minimum or maximum results.

In volumes of hardening concrete a fine mesh is generated along the border of the volumes. This makes
it possible with arougher mesh in the rest of the structure to describe the temperature- and stressfield in
volumes of hardening concrete, when these are exposed to thermal shocks such as a sudden removal of the
insulation.

NB! Although a structure is clearly symmetrical, the automatically generated finite el ement mesh might
not be symmetrical.

The following five parameters are al defined as percentage of the largest extent of the total structure.

Min. distanceto border Nodes are not generated at a distance from the border of the structure
smaller than the specified value.

Density, internal nodes Dendty of the mesh which isbasis for the generation of interna nodes.
Density, border nodes Nodes are generated at the border by the specified density.
Density around c-pipes Inacircular areaaround cooling-pipes, heating wires and concentrated

loads the density can locally be increased to the specified value.
Radius around c-pipes This parameter describes the extent of the area with an increased node-density.

NB! The distance between the nodes of the elements must be greater than 1 mm.

6.6.7 Non-Linear Calculations
In calculations including creep a convergence criterion must be defined.

Inagiven time step the creep strains are changed by Ae,. In each time step the Size of Ae, iS determined
by aniterative solution of the non-linear equations described in section 7.2.10. A satisfying result is said
to be reached when the norm of the changesin Ae,., among two iterations relative to the norm of Ae,
islower than the convergence criterion defined. The norm is defined as the square root of the sum of squares
of Agg.q, Over the cross section.

If the convergence criterion chosen istoo low it never will be fulfilled on a given time step. 4C-Temp&Stress
will then ask you to use a higher criterion. Before changing the convergence criterion it is recommended
to redo the calculation using a smaller time-step and/or a finer element-mesh.

The vdidity of the results depends on the convergence criterion. If the convergence criterion chosen is too
high the calculated creep stresses in a given time step will not be correct. This makes the total stresses
wrong. Furthermore the error will sum up during time as the creep stresses depends on the absolute level
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of thetota stresses. If two calculations are performed with different convergence criteria, identical results
indicate that the highest criterion islow enough, in the present case.

Enter the desired convergence criterion that will be used in the calculations including creep. If no
calculations including creep are desired the entered convergence criterion will be ignored.

As a start value the convergence criterion may be set at 1073,

6.6.8 Circles

Asdescribed in section 6.2.2 circular volumes will be caculated as polygons with a certain number of faces.
The necessary number of faces of the polygon depends on the required accuracy of the results.

Notice that the cross section areais dways smaller than the drawn circle but with a number of faces larger
than 12 the difference between the areas will be acceptable in most types of caculations.

Enter the desired number of faces to be used on circles. If no circles are included in the calculations the
entered number of faces will be ignored.

As astart value the number of faces may be set at 12.

6.6.9 Sdf Weight

Sdf weight can be taken into account or neglected. In default it is neglected. When atick mark is placed
self weight is taken into account. In this case the direction of the self weight must be specified by a
directiona vector.

Direction x The x-component of the directiona vector.

Direction y The y-component of the directiona vector.
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6.7  Project Iltems

All theitems necessary to handle the projects in the project editor are included in the menu item [Project].
In this section the menu item [Project] will be described and dl the items to handle the projects like loading,
saving and printing the project will be introduced.

|2 0][H=@ Calculation
Mew project...

Yolumes Sud

Load project...
Sawve project
Save project as...
Setup project

Print subject
Print functions
Print calculation parameters

Result viewer...
Exit Al

Figure 6.46
Menu item Project.

Figure 6.46 shows the menu bar that appears when you click the menu item [Project] in the PE menu. Each
of the menu itemsis a part of the project handling in 4C-Temp&Stress, except the two last menu items:
[Result viewer] which opensthe RV and [Exit] which makes you exit the 4C-Temp&Stress program. In
the following sections each of the remaining menu items in the Project menu bar will be described.

6.7.1 New Project
When you want to create a new project in the PE, select the menu item [New project].

Thiswill load the project caled DEFAULT.SET which isadefault project containing the desired standard
view and optionsin 4C-Temp&Stress. The loaded project will be unnamed when it is loaded into the PE
which protects the default project from being overwritten.

The standard view and options which are loaded when you select [New project] can be changed as often
as you wish by doing the following:

select the menu item [New project]

define the standard view and options like in an ordinary project

select the menu item [Save project ag], see the dialog box in figure 6.46

place the cursor in the project file field, delete *.prj, type default.set and click the OK button
select the menu item [New project] to protect the default project from being overwritten.
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6.7.2 Load Project
When you want to load an old project into the PE, select the menu item [Load project].

Thiswill bring up theload project dialog box as shown in figure 6.47. Load the current project in one of
the following ways.

° double click on the project name in the project list, or

° click on the project name in the project list and then click the OK button, or

° type the name of the project file - with the suffix .PRJ - that you want to load and click the OK
button.

Load project

Project file [man.prj |

Path e:‘dchdat

Project List

LCancel

Figure 6.47
Load project dialog box.

6.7.3 Save Project

When an dready exigting project have been changed you may save the changes by selecting the menu item
[Save project]. This will overwrite the existing project with the changed project. If you do not want to
overwrite the existing project you may select the menu item [Save project as] instead.
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6.7.4 SaveProject As
When you want to save a project under a new name select the menu item [Save project ag].

Thiswill bring up the save project as dialog box as shown in figure 6.48. Save the current project in one
of the following ways:

° double click on one of the project namesin the project list - thiswill bring up a dialog box that
asksyou if you want to overwrite the already existing file, or

° click on one of the project names in the project list and then click the OK button - thiswill bring
up adialog box that asks you if you want to overwrite the already existing file, or

° type the new name of the project file - with the suffix .PRJ - that you want to save and click the
OK button.

Save project as.__. |

Project file |man.pri |

Path e ddchdat

Project Lizst

demol.prj

LCancel

Figure 6.48
Save project as dialog box.

NB! The project name may consist of maximum 8 characters and it must have the suffix .PRJ. The 8
characters may be |etters, numbers and other symbols like hyphen (-) and percent (%).

The characters may not be the letters: a8 @ and & or symbols like space (), full stop (.), question mark (?)
or asterix (*).

6.7.5 Setup Project

Before you gtart the calculations or print out any of the information about a project you may setup some
information about the project. Such information is printed on all documentation sheets connected to the
current project. Select the menu item [Setup project]. Thiswill bring up the Project setup dialog box as
shown in figure 6.49.
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Parts of the project information are generated automatically, other types of information have to be typed
in.

Company | dentifies the name of the company who is the owner of the 4C-Temp&Stress program.
Thisinformation is generated automatically.

Address | dentifies the address of the company who isthe owner of the 4C-Temp&Stress program.
Thisinformation is generated automatically.

Client | dentifies the name of the company who isthe client in the case. Thisinformation you may
typein.

Name | dentifies the name of the contact person at the client company. Thisinformation you may
typein.

Project Setup

Project informations

Company: DTl Building Technology

Addrezs:  For demonsztration only 11

Client: |Euncrete Enterprize | Project: demol

Name: |Dr. FL Y. Ash | | 1dn:  XX-AADDD7

Bef. nr: 12345 Date: 12-09-1995
Initials: Time: 1452

EEandn oK ‘ Cancel

Figure 6.49
Project setup dialog box.

Ref. no. Identifies the reference number in the current case. This information you may typein.

Initials Identifiestheinitias of the person who has created the current project. This information you may
typein.

Project Identifies the name of the file in which the current project is saved. Thisinformation is
generated automatically.

Id-no. | dentifies the identification number of the current project. This number is a security number
to ensure that al printed documentation sheets are connected to the same version of the
project. The number is automatically updated each time the project is saved, calculated
or printed if something in the project have been changed.

Date Identifies the date where the documentation sheet has been printed. Thisinformation is
generated automatically.
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Time | dentifies the time where the documentation sheet has been printed. This information is
generated automatically.

6.7.6 Print Project

All dements of the described project may be printed out as documentation for the temperature and stress
calculations.

The three menu items in the [Project] menu bar: [Print subject], [Print functions] and [Print calculation
parameters] are used to print al types of information about the current project except the used materials
from the material database which are printed out directly from the database as described in section 7.2,
7.4,75and7.6.

[Print subject] With this menu item you may print out the subject which is shown on the screen
at the moment where you sdlect thisitem. This means that a documentation sheet
may be printed for each of the different object modesin Volume, Load and Text
mode. The different types of documentation sheets are:

° Volumes, including size, material type, material name, thickness, start
time and start temperature

° Faces, including name of boundary condition and name of functions

° Nodes, including faces, diameter and boundary condition for cooling
pipes and heating wires

° Supports, including fixed displacements, fixed strains and fixed
deviations for point and line supports.

° Loads, including max. load, angle and load function for point and line
loads and momentum

° Texts, including volumes with size, materia type, materia name,

thickness, start time and start temperature.

[Print functions] With this menu item you may print out al the different types of functions used
inthe project. All types of functionswill be printed out independent of the selected
object mode. The different types of functions are:

temperature

wind velocity

shield

heat transfer coefficient
flux

radiation

load factor

[Print calculation
parameterg| With this menu item you may print out all the specified calculation parameters
in the project.

When you select one of the three printing items the Print dialog box will pop up on the screen as shown
infigure 6.50. The Print dialog box is a standard windows dialog box which isused in alot of different
programs. Thereforeit is very general and some of the items are greyed because they are not used in 4C-
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Temp&Stress. Select aways the Print range All because neither Selection nor Pages are used in 4C-
Tempé&Stress.

Printer: Default Printer [HP Lazerdet 474M
I_:_"u_slﬁ_-::_r_ipt on \\pczalihpl25p

 Print Range

Print Quality: |E|]l] dpi Copies:

Lt ber i L] Collate Copies

Figure 6.50
Print dialog box.

The current printer type can be changed and specified by selecting the Setup button. Further, the printing
quality can be selected by clicking on the down arrow button and select the current quality.
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7. Material Database

This section describes the structure of the materia database in the PE and how to define, edit and update
amaterial in the database.

7.1 Database Structure

T he database which is common to dl the defined projects contains dl necessary information about the used
materials in the project. The database consists of several sub-databases that together covers almost all
types of materiads. Y ou can sdect each sub-database by clicking the menu item [Database] and then click
the menu item with the name of the sub-database: [Concrete], [Materid], [Sail], [Insulation] or the concrete
congtituents. [Cement], [Aggregate], [Mineral additive.], [Chem. Admixture.], [Others] or [Water].

The databases are described in the following sections.
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7.2 Concrete Database

Select the menu item [Concrete] in the menu bar. The concrete database dialog box will then pop up as
shown in figure 7.1. The concrete database dialog box includes alist of al the defined concretes in the
database and aligt of property buttons for all the necessary properties you may define for each concrete.
The sdlected concreteis highlighted in the current list. To the left of each property button there is a square
button that shows whether the property is defined for the current concrete or not. If the checkmark isvisible
the property is defined.

Concrete Databaze |
Current List | Mix proportions Create Mew
HETEEK.

HETEK old
o I Properties Delete
| Heat Print
" E-modulus Bename
V| Poiszon ratio Copy
v Thermal exp.
Save
I Initial strain
Cancel
d Creep
v| Comp. strength Help
v| Tensz. strength
Figure7.1
Concrete database dialog box.

A new concrete may be defined by dicking the Create new button and enter the name of the new concrete
in the dialog box that appears. The dready existing concretes may be Renamed, Copied, Deleted or
Printed on paper by selecting the current buttons.

The properties of the selected concrete may be defined and edited by clicking the button of the current
property and the dialog box of the current property will pop up. In the following each of the property dialog
boxes will be shown and described.

7.2.1 Mix Proportions

Sdlect the Mix Proportions button to define what kind of materials and matching contents that go into the
current concrete. NB! Mix Proportions do not need to be defined.
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When you have sdlected the Mix proportions button the Mix proportions dialog box will pop up as shown
infigure 7.2. The Mix proportions didog box is divided into three areas: The current list, the database and
the current constituent.

Mix proportions

Current List Databasze
Concrete constituents Content Type |Eement databaze |1|
PC [R/IS/MASG 3711
Renne granit 0/4 669.2 Hame ||:r|: [RAS/MAZG) |£I
Granit 478 J40.1
Granit 8/25 797.3
Public supply 153.1 e st e
Sika Aer 15 09 Aokl o caprend bl | Create new __.
Plastiment A40 2.2
Current constituent
Denzity 3100 [ kgfm* ]
Content |371.1 [ ka]
Bemove constituent [1].4 I ‘ Cancel
Figure 7.2
Mix proportions dialog box.
Current list Thecurrent list includes al the selected concrete constituents together with the

specified content [kg] of each condtituent. When you select a concrete constituent
in the database and click the Add to current list button it will be added to the
current list. A concrete congtituent can be deleted from the current list by clicking
the Remove constituent button.

Database The database is based on selections from the Concrete constituents database.
Anyhow, it is possible to create a new concrete constituent inside the concrete
database by clicking the Create new button, but you have to enter the appropriate
concrete constituent database to edit an existing constituent. See section 7.3.

First you have to select the Type of concrete constituent you want to add to the
current list: Click the down arrow button to get a list of al the Concrete
constituent sub-databases and select the database that you want to pick a
congtituent from. Click for instance the cement database.

Secondly you have to select the Name of the concrete congtituent you want to add
to the current list: Click the down arrow button to get a list of the concrete
condtituent names in the sub-database and select the name you want to add.
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Current constituent

7.2.2 Properties

When you have sdlected both the Type and the Name of the concrete constituent
click the Add to current list button and the concrete constituent will be shown
in the current list. The cursor will be placed in the Content field in the current
condtituent area where you have to type the desired content of the concrete
constituent in [kg].

| dentifies the current highlighted concrete constituent. The identification includes
the density [kg/m’] that has been defined in the concrete constituent database and
the content [kg] of the current material which you have to type directly in the field.
You can edit the content of the materia in thisfield, but you have to enter the
appropriate database to edit the density. After adding a concrete constituent and
specifying the content you can continue with another constituent until the current
list of concrete congtituents shows the complete composition of the current
concrete.

Select the Properties button to define the genera properties of the concrete. These properties are al
characterized by a constant value independent of the age of the concrete.

When you have selected the Pr oper ties button the Concrete properties dialog box will pop up as shown
in figure 7.3. The Concrete properties dialog box is divided into three areas: The concrete name, the typed
properties and the calculated properties.

Concrete properties ] |

Concrete: HETEK

Slump [ mm ] Act. energy factor 1 [ 4f/mol ]

W/C ratio [ ka/kg ] Act. energy factor 2 [ 4/molf*C ]

Air content EI [ %]

Specific heat 1.02 [ kdfkg/C ] Total yolume 1.003 [ m*/m? ]

Thermal cond. [kJ/m/h/*C ] Cement 284.3 [ ka/m* |

Density, measured [ kg/m?® ] Cement + min. add. 3561 [ ko ]
Density, calculated 23360 [ kgfm?® ]

Update view._. (1] 4 Cancel

Figure 7.3
Concrete properties dial

Concrete name

Typed properties

0g box.

Identifies the current concrete selected in the current list in the concrete dialog
box. Seefigure 7.1.

Identifies all the properties that you have to define by placing the cursor in the
field (with either the mouse or the Tab key) and typing the current values.
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Sump: Identifies the measured dump of the concrete [mm]. The dump isnot used
in the calculations.

W/C-ratio: Identifies the equivaent water-cement ratio of the concrete defined

as.
3
WIC-ratio = Water content [kg/m>]
Eqv. cement content [kg/m?]
where

Eqv. cement content = C + 2-MI + 0.5-FA

where

C = Cement content [kg/m?]
M = Micro silica content [kg/m?]
FA = Fly ash content [kg/m?]

The w/c-ratio is not used in the calculations.

Air content: Identifiesthe measured air content in the fresh concrete [%]. If the
mix proportion is specified the air content is used otherwise it is not.

Specific heat: Identifies the specific heat capacity of the concrete [kJkg°C]. If
the Mix proportion of the concrete is specified the specific heat capacity will be
calculated automatically as:

n

yom:- Coi

i=1

Cp,conc. = n
2. m
i=1
where
Cocone. = SPecific heat capacity of the concrete [kIkg°C]
m = content of concrete constituent no. i [ka]
Cpi = gpecific heat capacity of concrete const. no. i [kJkg°C]
n = number of concrete condtituents

If the mix proportion of the concrete is not specified you may type the value of
the specific heat capacity directly [kJkg°C].

Thermal cond.: Identifies the thermal conductivity of the concrete [k¥mh°C].
If no value is known the following values may be used:

° fresh and hardening concrete: 8 kJmh°C
° hardened concrete: 6 kJ/mh°C
° hardened light weight concrete: 3 kJmh°C

Density measur ed: |dentifies the measured density of the fresh concrete [kg/m?].
If the mix proportion of the concrete is specified the calculated density will be
used in the calculations otherwise the measured density will be used.
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Calculated properties

7.2.3 Heat

Act. energy factor 1 and Act. energy factor 2: Identifies the two factors
describing the activation energy of the concrete. The activation energy is used to
calculate the maturity of the concrete.

The maturity is defined as equivalent age at 20°C as follows:
t
M,, = fH(O) dt
0

where H(0) is the temperature function, i.e the relative rate of hardening at
temperature O compared to the rate at 20°C, defined as:

H(0) = exp E Ll L - !
R 293 273 + 0

where
R = gas constant = 8.314 Jmol °C
0 = concrete temperature [ °C]
E = activation energy [Jmol], defined as.
E=f,+f,(20-0) for 0 <20°C
E=f, for 0 > 20°C
where
f = activation energy factor 1, default value = 33500 Jmol
f, = activation energy factor 2, default value = 1470 Jmol °C

Identifies the calculated properties based on the specified mix proportions.

Total volume: Identifies the total volume of the specified concrete constituents
including the air content [m”].

Cement: |dentifies the content of cement in 1 m® concrete [kg/n]. The calculation
is based on the specified cement content in Mix proportions and the calculated
total volume.

Cement + min. add.: Identifies the content of cement plus mineral additivesin
1 concrete [kg/n™]. The content in 1 n?? is calculated on basis of the specified
contents of cement and mineral additivesin Mix proportions and the calculated
total volume.

Density, calculated: Identifies the density of the concrete [kg/m?] calculated on
basis of the contents of the specified materialsin Mix proportions and the total
volume. If the calculated dengity is present it will be used in the temperature and
stress cal cul ations otherwise the measured density will be used.

Select the Heat button to define the adiabatical heat development of the current concrete.
The heat development can either be described by measured values saved in a datafile or by the three
parameters Q. T, and o that describe the following mathematical exponential approximation to the heat

devel opment:
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o) - Q.- ep| | 2|

. p ™

where

QM) = heat development at the maturity M [kIkg]
Q. = total heat devel opment [kIkg]
Te = time constant [h]

o = curvature parameter [-]

M = maturity [h]

A graphica presentation of the approximated exponential heat development is shown in figure 7.4.

Qy

to te =ty - exp(l/a) Maturity
(logarithmic scale)

Figure 7.4
Approximated exponential heat devel opment.

When you have selected the Heat button the Heat devel opment dialog box will pop up as shown in figure
7.5. The heat development dialog box is divided into three areas: The datafile, curve parameters and the
basis for the heat development.

e e e e et

| Heat development

(> Filename ® Cu
(kAs) | Foed
Time [h] | Fixed
Curvature [1 | Fized

Calculation message: il

Basis for parameters

* Cement only
- » Cement + mineral additives
Content [/ || [ka/m?]

Figure 7.5
Heat devel opment dialog box.
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Datafile

| dentifies the current datafile with measured vaues of the heet development. Click
thecirceto theleft of [Filename] if the datafile values shall be used directly in
the temperature caculations. The format of the datafile must be two columns con-
taining (Maturity [h], Heet development [kJKkg]) vaues for the total process time
specified in the caculation parameters and the name of the datafile must have the
suffix .HET. See section 6.6.5 about the total process time.

Click the down arrow button to select the desired datafile. If no suitable datafile
is created click the Create file button to create a new datafile. When you click
the create file button the Datafile editor will pop up as shown in figure 7.6 and
you may enter corresponding values of maturity and heat devel opment. When
corresponding values have been specified you may click the OK button and a
dialog box will appear where the name of the new datafile must be specified.

The new datafile can now be selected in the datafile list. If you want to edit or
view an existing datafile select the file in the list and click the Edit file button.
Thiswill make the Datafile editor ppear. Notice that the limit of (maturity, heat
development) values in the Datafile editor is 50. Files with more than 50
corresponding values can not be edited or viewed in the Datéfile editor but of
course the values may be used in the calculations.

D atafile editor |
hetek._het
maturity heat
development
[h] [kifkg ]
0] 0 -
0.53 0.
1.68 0.5 1].4
1.93 1.8
2.19 1.9
2.44 2.3 Cancel
2.7 3
2.97 37
3.22 47
348 48 Help
3.74 a1
4 h1i
426 6.5
452 .2
479 a8
h.06 82
h.32 9.3
h.59 104 LI
Figure 7.6

Datafile editor dialog box.
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Curve parameters

Basisfor the
heat development

7.2.4 E-Modulus

Identifies the three parameters Q.. [kJKg], t. [h] and e [-]. The three parameters
can either be typed directly or they can be generated automatically from the
measuring vauesin the datafile. Click the circeto theleft of [Curve parameters]
if the temperature caculations shal be based on an approximated heat
development instead of a datéfile.

Each of the three parameters can be typed directly in the current fields. If a
datefile is selected and the circle to the left of [Curve parameters] is selected, the
three parameters may be generated automatically when you click the Generate
button. Notice the automatic generating needs three start vaues for the parameters
which you must type in the fields before generating.

If you want to fix any of the three parametersin the generating, click the square
so atickmark is shown at the current parameter.

In the calculation message box a message will pop up when the generating is
finished to tell you whether it has been possible to generate the three parameters
or not. If the generating does not succeed you may try again with some new start
values and perhaps one of the parameters fixed.

Click the View button to see the approximated exponential heat devel opment
based on the curve parameters together with the values specified in the datéfile.
If no datefile is selected only the approximated devel opment is shown.

The curve parameters are shown on the graph together with the parameters of the
linear moddl described as

M
‘EO
NB! For an old concrete with high hydration degree there will be no more heat

development. In this case the total heat development must be identified with a
zero.

QM) =Q,-In

Identifies whether the heat development is defined as heat development in
proportion to the content of cement or in proportion to the content of cement plus
minerd additivesin the concrete. Click the squar e to the left of the current basis
and if the mix proportions of the concrete are specified the content of cement or
cement plus minera additivesin 1 m® concrete will be identified in the Content
field. If the mix proportion of the concrete is not specified, type the current
content in the content field [kg/m”].

Sdect the E-modulus button to define the devel opment of the modulus of elasticity of the current concrete.
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The modulus of dagticity development can either be described by measured values saved in a datafile or
by thethree parameters E., [MPa], T, [h] and « [-] that describe a mathematical exponential approximation
to the E-modulus development similar to the one for the heat development described in section 7.2.3. Notice
that the parameters t, and o do not have to be identicd with the t, and « defined for the heat devel opment.

When you have sdlected the E-modulus button the E-modulus development dialog box will pop up as shown
infigure 7.7. The E-modulus development dialog box is divided into two areas: The datafile and the curve

parameters.

T

E-moduluz development

none |ﬂ

frenorais

Calculation message:

@ Curve parameters (1] 4

Total [MPal | Fixed
Time [h] | Fixed Cancel
Curvature [1 _ | Fized

LCreate file

d

Edit file

Yiew. ..

il

Figure 7.7
E-modulus dialog box.

Datafile

Curve parameters

Identifiesthe current datafile with measured vaues of the E-modulus devel opment.
Click thedircleto the left of [Filename] if the datafile values shall be used direct-
ly in the calculations. The format of the datafile must be two columns containing
(Maturity [h], E-modulus [MP4]) values for the total process time specified in
the calculation parameters and the name of the datafile must have the suffix
.EMO. See section 6.6.5 about the total processtime.

Click the down arrow button to select the datefile. Similar to the properties of
heat devdlopment new datafiles can be created and the existing datafiles can be
edited by clicking the Create file and the Edit file buttons respectively. See
further description in section 7.2.3.

| dentifies the three parameters E,, [MPal, <. [h] and o [-]. The three parameters
can either be typed directly or they can be generated automatically from the
measuring vauesin the datafile. Click the circeto theleft of [Curve parameters]
if the calculations shall be based on an approximated devel opment instead of a
datefile.
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7.2.5 Poisson Ratio

Each of the three parameters can be typed directly in the current fields. If a
datefile is selected and the circle to the left of [Curve parameters] is selected, the
three parameters may be generated automatically when you click the Generate
button. Notice the automatic generating needs three start vaues for the parameters
which you may type in the fields before generating.

If you want to fix any of the three parametersin the generating, click the square
so atickmark is shown at the current parameter.

In the calculation message box a message will pop up when the generating is
finished to tell you whether it has been possible to generate the three parameters
or not. If the generating does not succeed you may try again with some new start
values and perhaps one of the parameters fixed.

Click the view button to see the gpproximated exponential E-modulus devel opment
based on the curve parameters together with the values specified in the datéfile.
If no datefile is selected only the approximated development is shown.

The curve parameters are shown on the graph together with the parameters of the
linear model described similar to the one for the heat development.

NB! For an old concrete with high hydration degree the E-modulus will be fully
devedoped from the beginning of the caculations. In this case the time constant
must be identified with a zero.

Select the Poisson ratio button to define the poisson ratio development of the current concrete.

The poisson ratio development can either be described by measured vaues saved in adatafile or by the
four parameters v,,v.., T, and « that describes the following mathematical exponential approximation to
the poisson ratio development:

V(M) = vy = (vy = Vv.) exp

where
v(M)
Vo

<

)

Te

o
M

poisson ratio development at the maturity time M [
poisson ratio of the fresh concrete [
poisson ratio of the hardened concrete (Total) [-
time constant [
curvature parameter [
maturity time defined as equivalent age at 20°C [h]

o
e
M

A graphical presentation of the approximated exponential poisson ratio development is shown in figure

7.8.
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No

\

Ny

to  Te= 1 exp(l/o) Maturity
(logarithmic scale)

Figure 7.8

Approximated exponential poisson ratio devel opment.

When you have selected the Poisson ratio button the poisson ratio development dialog box will pop up
asshown in figure 7.9. The poisson ratio development dialog box is divided into two areas. The datefile
and the curve parameters.

Properties

Poizzon ratio development

! Filename @ Curve parameters (1] 4 I
|nune |i| Total [1] _ | Fixed
Time [h] _ | Fixed Cancel

Fonorats Curvature IZI [1 || Fized
Calculation meszage: Fresh [] | Fixed Hel
| |

Yiew
Create file
Edit file
Figure 7.9

Poissons ratio development dialog box.

Datafile

| dentifies the current datafile with measured vaues of the poisson ratio develop-
ment. Click thecirdetotheleft of [Filename] if the datafile values shall be used
directly in the caculaions. The format of the datafile must be two columns con-
taining (Maturity [h], Poisson ratio [-]) valuesfor the total process time specified
in the calculation parameters and the name of the datafile must have the suffix
.POI. See section 6.6.5 about the total processtime.
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Click the down arrow button to select the datefile. Similar to the properties of
heat devdlopment new datafiles can be created and the existing datafiles can be
edited by clicking the Create file and the Edit file buttons respectively. See
further description in section 7.2.3.

Curve parameters Identifiesthe four parameters v, (Fresh), v., (Totd), T, (Time) and « (Curvature).
Click thedircdeto theleft of [Curve parameters] if the caculations shall be based
on an approximated development instead of a datafile and type the four
parameters in the current fields.

Click the View button to see the approximated exponential poisson ratio
development based on the curve parameters together with the values specified in
the datafile. If no datafileis selected only the gpproximated development is shown.

The curve parameters are shown on the graph together with the parameters at the
linear moddl described as

M

To

V(M) = v, = (v, - V) - In

NB! For an old concrete with high hydration degree the poisson ratio will be fully
devedoped from the beginning of the caculations. In this case the time constant
must be identified with azero and the fresh value must be identical with the total
value.

7.2.6 Thermal expansion coefficient

Select the Thermal exp. button to define the thermal expansion coefficient development of the current
concrete.

The thermal expansion coefficient development can either be described by measured values saved in a
datafile or by a constant.
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Properhies
Thermal expansion development
" Filename {* Curve parameters 0K
none j| Total 8.7000e-06| [1/°C ]
LCancel
Help
Yiew...
Create Fle
Edit file
Figure 7.10

Thermal expansion development dialog box.

When you have selected the Thermal exp. button the therma expansion coefficient development dialog
box will pop up as shown in figure 7.10. The thermal expansion coefficient development dialog box is
divided into two areas: The datafile and the curve parameters.

Datafile

Curve parameters

Identifies the current datafile with measured vaues of the therma expansion
coefficient development. Click the circle to the left of [Datéfile] if the datafile
vauesshdl beused in the calculations. The format of the datafile must be two
columns containing (Maturity [h], Therma exp. [1/°C]) values for the tota
process time specified in the caculation parameters, and the name of the datafile
must have the suffix .THX. See section 6.6.5 about the total process time.

Click the down arrow button to select the datefile. Similar to the properties of
heat devdlopment new datafiles can be created and the existing datafiles can be
edited by clicking the Create file and the Edit file buttons respectively. See
further description in section 7.2.3.

| dentifies a congtant value of the thermal expansion coefficient. Click thecircle
to the left of [Curve parameterd] if the calculations shall be based on an constant
thermal expansion coefficient .

Click the View button to see the therma expansion coefficient devel opment
defined by datefile or a constant.
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7.2.7 Compressive Strength

Sdect the Comp. strength button to define the compressive strength development of the current concrete.

The compressive strength development can either be described by measured values saved in a datafile or
by the three parameters S.... [MPal, 1. [h] and « [-] that describe a mathematical exponential approximation
to the compressive strength development similar to the one for the heat development described in section

7.2.3.

When you have sdlected the Comp. strength button the compressive strength devel opment dial og box will
pop up as shown in Figure 7.11. The compressive strength development dialog box is divided into two areas:
The datefile and the curve parameters.
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Figure 7.11

Compressive strength development dialog box.

Datafile

Curve parameters

| dentifies the current datafile with measured vaues of the compressive strength
deveopment. Click the circle to the left of [Datafile] if the datafile values shall
be used directly in the calculations. The format of the datafile must be two
columns containing (Maturity [h], Comp. strength [MPa]) values for the tota
process time specified in the caculation parameters, and the name of the datefile
must have the suffix .CST. See section 6.6.5 about the total process time.

Click the down arrow button to select the datefile. Similar to the properties of
heat devdlopment new datafiles can be created and the existing datafiles can be
edited by clicking the Create file and the Edit file buttons respectively. See
further description in section 7.2.3.

Identifies the three parameters S.. [MPal, 1, [h] and « [-]. The three parameters
can either be typed directly or they can be generated automatically from the
measuring vauesin the datafile. Click the circeto theleft of [Curve parameters]

if the calculations shall be based on an approximated devel opment instead of a
datefile.
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Each of the three parameters can be typed directly in the current fields. If a
datefileis selected and the circle to the left of [Curve parameters] is selected the
three parameters may be generated automatically when you click the Generate
button. Notice the automatic generating needs three start vaues for the parameters
which you may type in the fields before generating.

If you want to fix any of the three parametersin the generating, click the square
so atickmark is shown at the current parameter.

In the calculation message box a message will pop up when the generating is
finished to tell you whether it has been possible to generate the three parameters
or not. If the generating does not succeed, you may try again with some new start
values and perhaps one of the parameters fixed.

Click the View button to see the approximated exponential compression strength
development based on the curve parameters together with the values specified in
the datafile. If no datafileis selected only the gpproximated development is shown.

The curve parameters are shown on the graph together with the parameters of the
linear model described similar to the one for the heat development.

NB! For an old concrete with high hydration degree the compressive strength will
be fully developed from the beginning of the calculations. In this case the time
constant must be identified with a zero.

7.2.8 Tensle Strength

Select the Tens. strength button to define the tensile strength development of the current concrete. The
tensile strength can either be an uniaxia tensile strength, atensile splitting strength or a tensile bending
strength.

Thetendle strength development can either be described by measured va ues saved in a datafile or by the
three parameters S, [MPal, t. [h] and « [-] that describe a mathematical exponential approximation to
the tensile strength development similar to the one for the heat development described in section 7.2.3.

When you have selected the Tens. strength button the tensile strength development dialog box will pop
up as shown in figure 7.12. The tensile strength development dialog box is divided into two areas. The
datafile and the curve parameters.
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Figure7.12

Tensile strength devel opment dialog box.

Datafile

Curve parameters

| dentifies the current datafile with measured vaues of the tengile strength develop-
ment. Click thecirdetotheleft of [Filename] if the datafile values shall be used
directly in the calculations. The format of the datafile must be two columns
containing (Maturity [h], Tens. strength [MPa]) values for the total process time
specified in the caculation parameters and the name of the datafile must have the
suffix .TST. See section 6.6.5 about the total process time.

Click the down arrow button to select the datefile. Similar to the properties of
heat devdlopment new datafiles can be created and the existing datafiles can be
edited by clicking the Create file and the Edit file buttons respectively. See
further description in section 7.2.3.

| dentifies the three parameters S, [MPal, 1, [h] and « [-]. The three parameters
can either be typed directly or they can be generated automatically from the
measuring vauesin the datafile. Click the circeto theleft of [Curve parameters]
if the calculations shall be based on an approximated devel opment instead of a
datefile.

Each of the three parameters can be typed directly in the current fields. If a
datefile is selected and the circle to the left of [Curve parameters] is selected, the
three parameters may be generated automatically when you click the Generate
button. Notice the automatic generating needs three start vaues for the parameters
which you may type in the fields before generating.

If you want to fix any of the three parametersin the generating, click the square
so atickmark is shown at the current parameter.

In the calculation message box a message will pop up when the generating is
finished to tell you whether it has been possible to generate the three parameters
or not. If the generating does not succeed, you may try again with some new start
values and perhaps one of the parameters fixed.
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Click the View button to see the approximated exponential tensile strength
development based on the curve parameters together with the values specified in
the datafile. If no datafileis selected only the gpproximated development is shown.

The curve parameters are shown on the graph together with the parameters at the
linear model described similar to the one for the heat development.

NB! For an old concrete with high hydration degree the tensile strength will be
fully developed from the beginning of the calculations. In this case the time
constant must be identified with a zero.

7.2.9 Initial Strain

Sdect the I nitial Strain button to define the initial strain development of the current concrete. Theinitia
strain can for instance be the measured autogenous shrinkage of the concrete. It can not be any type of strain
that requires calculations of combined heat and moisture transportation. The initial strain to which a
structure is exposed will result in an expansion or a contraction of the structurein al directions. Initia
strain resulting in expansion is caculated positive. This means that shrinkage must be defined as a negative
initial strain.

Theinitia strain development can only be described by measured values or generated values saved in a
datefile.

When you have selected the initial strain button the initial strain development dialog box will pop up as
shown in figure 7.13. Theinitia strain development dialog box is divided into two areas: The datafile and
the data based on area.

Properties
Initial strain development QK
Filename Data based on:
Cancel
|demu_sta |£I ) Time @ Maturity
| LCreate file | Edit file Yiew. Fiadn

Figure 7.13
Initial strain development dialog box.

Datafile I dentifies the current datefile with measured or generated values of the initia
strain development. Select the name of the datafile in the list. The format of the
datafile must be two columns containing (Time or Maturity [h], Initial strain
[m/m]) vauesfor the total process time specified in the calculation parameters,
and the name of the datafile must have the suffix .STA. See section 6.6.5 about
the total processtime.
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Similar to the properties of heat development new datafiles can be created and
the existing datafiles can be edited by clicking the Cr eate file and the Edit file
buttons respectively. See further description in section 7.2.3.

Data based on Identifies whether the values of initial strain are as a function of time [h] or maturity [h].
Click the current circle to select the basis.

7.2.10 Creep
Select the Cregp button to define the creep parameters of the current concrete.
When cregp isincluded in the project alinear visco dastic materia model will be used. In 4C-Tempé& Stress

thisis described by arheologica modd as shown in figure 7.14. The modd congsis of two Kelvin-elements
in seria connection.

Viscol Visco2

L [

Ll L

S
< —
Springl Spring2
| | | |

ecreep 1 ecreep 2

Figure 7.14
Creep model.

Viscol and Visco2 are the viscosity of the pistons. Springl and Spring2 are the spring constants of the
springs. These properties can change as a function of maturity.

The creep strain velocity is calculated from

d e _ 2 c Springi.
dt i1\ Visco, Visco, o
Where . isthetotal creep strains of Kelvin element no. i. C, ., and  contain
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creepi
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where v, is the creep poisson ratio.

When you have sdlected the Creep button the creep development dialog box will pop up as shown in figure
7.15. Then you can define in which datafiles the development of the four parameters of the Kelvin e ements
and the creep poisson ratio are described.

L= e

‘ ¥isco development | 114 I
Yizco 1 |demu.vis |£I -
Spring 1 |nune |£I O
Yizco 2 |nune |£I O
Spring 2 |nune |£I O
Creep poisson |nune |£I O -
Hefp
Figure 7.15
Creep development dialog box.
Viscol Sdect the name of the datafilein thelist. The format of the datafile must be two columns

containing (Maturity [h], Viscol [MNeh/m?]) values for the total process time specified
in the calculation parameters. The name of the datafile must have the suffix .\VIS. See
section 6.6.5 about the total process time. If none is selected the piston is left out cor-
responding to Viscol(M) = «, Thisisthe default selection.
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Springl Sdlect the name of the datefile in thelist. The format of the datafile must be two columns
containing (Maturity [h], Springl [MN/m?]) values for the total process time specified
in the calculation parameters. The name of the datafile must have the suffix .SIR. See
section 6.6.5 about the total process time. If none is selected the spring is left out
corresponding to Springl(M) = 0. Thisis the default selection.

Visco2 Analogous with Viscol
Spring2 Analogous with Springl

Creep poisson Sdlect the name of the datefilein thelist. The format of the datafile must be two columns
contaning (Maturity [h], e, ) valuesfor thetota processtime specified in the calculation
parameters. The name of the datafile must have the suffix .CPO. See section 6.6.5 about
the total process time. If none is selected the creep poisson is left out corresponding to

weep = 0. Thisisthe default selection.

Similar to the properties of heat development new datafiles can be created and the existing datafiles can

be edited by dicking the Create file and the Edit file buttons respectively. To show which of the five types

of datafiles you will creste or edit click the circle to the right of the current type of file before clicking the

Createfile or Edit file button. See further description in section 7.2.3

NB! When creep is taken into account a convergence criteriamust be defined as described in section 6.6.7.

7.3 Concrete Constituents

Each type of concrete congtituents hasits own sub-database. The types of concrete condtituents are: Cement,
Aggregate, Mineral additive, Chemical admixtures, Water and Others.

Y ou can select each sub-database separately from the menu item [Database] and then click on the sub-
database with the type of concrete condtituents you want to select. The procedure to follow is the same for
all types of concrete constituents. In the following the procedure will be described for the Cement sub-
database.

Select the menu item [Cement] in the menu bar. The cement database didog box will then pop up as shown
infigure 7.16. The cement database dialog box includes alist of all the defined cements in the database.
A new type of cement may be defined by clicking the Create new button and enter the name of the new
cement in the diadlog box that appears. The dready existing cements may be Edited or Deleted by selecting
the current button.
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Cement database

Current List Edit I

PC (R/IS/MA/G)
PCA/HS /EA/G
PEC [A/MS/MA/G ; | Croate New

Delete

Save

i

Cancel

Figure 7.16
Cement database dialog box.

When you Edit an exigting or Create a new type of cement, the cement dialog box will pop up as shown
in figure 7.17. In the cement dialog box you may define the necessary properties for the current cement
type: Identification, dengity, specific heat and therma cond.. To accept the new cement click the OK button,
otherwise click the Cancel button.

Identification Identifies the cement type with aname of maximum 19 characters. When you edit a cement
type the name cannot be changed. If you want to change the name Create a new cement
type and Delete the old one.

Density I dentifies the density of the current cement type [kg/m”].

Specificheat  Identifies the specific heat capacity of the current cement type [kJkg°C].

Identification |

~ 1] 4
Density 2900. [ ko/m® ] —

Specific heat [ kJ/kg/'C |

Thermal cond. [ | [kJ/m/h/°C ]

Figure 7.17
Cement dialog box.

Cancel

NB! If no vaueisknown the following values may be used for the different types of con-
crete constituents:

Cement, aggregates, minera additives and other solid constituents: 0.84 kJkg°C
Chemical additives, water and other liquid congtituents: 418 kJkg°C
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Thermal

cond. | dentifies the therma conductivity of the current cement type [k¥mh°C]. It is not necessary
to define the thermal conductivity of the constituents and in this version of the program
the specified values will not be used in any of the calculations.

7.4 Materials

All types of materials besides concrete and soil may be defined in the Material sub-database. Select the
menu item [Materials] in the menu bar. The material database dialog box will then pop up as shown in
figure 7.18. The materid database dialog box includes alist of all the defined materialsin the database -
like steel, glass, air and polystyrene. The selected material is highlighted in the current list.

Material database

Current List | Edit I
Air
Create New
Matenal 2

Save

Cancel

Hadn
Figure7.18

Materials database dialog box.

A new materid may be defined by dicking the Create new button and entering the name of the new materia
in the dialog box that appears. The already existing materials may be Edited, Deleted or Printed by
selecting the current button.
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[T |

Identification
Density
Specific heat

E-modulus
Poizzon ratio
Comp. strength

Tenzile strength

Thermal conduct. [ kd/mshi*C ] ————
Cancel
Thermal expansion [1/°C] —

| |
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Figure 7.19

Material dialog box.

When you Edit an exigting or Create a new type of materid, the materid dialog box will pop up as shown
infigure 7.19. In the materid dialog box you may define the necessary properties for the current materia
type: Identification, dengity, specific heat, thermal conduct., thermal expansion, E-modulus, poisson ratio,
comp. strength and tendile strength. All the properties of the material are characterized by a constant value
independent of the age of the material. To accept the new materia click the OK button, otherwise click

the Cancd button.

| dentification

Density

Specific heat
Thermal conduct.
Thermal expansion
E-modulus
Poisson ratio
Comp. strength

Tensle strength

| dentifies the material with a name of maximum 19 characters. When you Edit
amateria the name cannot be changed. If you want to change the name Create
anew material and Delete the old one.

I dentifies the density of the current material [kg/m?].

Identifies the specific heat capacity of the current material [kJkg°C].
Identifies the thermal conductivity of the current material [kYmh°C].

I dentifies the thermal expansion coefficient of the current material [°C™].
Identifies the modulus of elasticity of the current material [MPal.

Identifies the poisson ratio of the current material [-].

Identifies the compressive strength of the current materia [-].

| dentifies the tendile strength of the current material [-]. The tensile strength can

either be an uniaxia tensile strength, a tensile splitting strength or a tensile
bending strength.
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75  Sail

Sdlect the menu item [Soail] in the menu bar. The soil database dialog box will then pop up similar to the
material database dialog box described in section 7.4 and shown in figure 7.19. The soil database dialog
box includes alist of all the defined soils in the database and the procedures to follow when you want to
edit, delete or creete anew soil materid are the exactly the same as described in section 7.4 for the materia
database.

7.6 I nsulation

Sdect the menu item [Insulation] in the menu bar. The insulation database dial og box will then pop up as
shown in figure 7.20. The insulation database didog box includes aligt of dl the defined insulation materials
in the database. A new type of insulation may be defined by clicking the Create new button and entering
the name of the new insulation in the dialog box that appears. The dready existing insulation materias
may be Edited, Deleted or Printed by selecting the current button.

Insulation databaze B |

Current List Edit

Etha foam, 6 mm Create New
Foam plast. 10 mm =
Foam plast. 20 mmm
Foam plast, 30 mm Delete
Foil with 5 mm air space
Form bord. 19 mm =
Form bord, 25 mm Print
Plast foill

Plywood

Plywood form work
steel form 3mm

Timber formwork, 32 mm
Winter mat. 100 mm Cancel
Winter mat, 55 mm

i

Save

Help

Figure 7.20
Insulation dialog box.

When you Edit an existing or Create a new type of insulation, the insulation dialog box will pop up as
shown in Figure 7.21. In theinsulation didog box you may define the necessary properties for the current
insulation materid: |dentification, thickness and thermd cond.. To accept the new insulation material click
the OK button, otherwise click the Cancel button.
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Create new insulation |

Identification [Winter mat. 55 mm | oK

Thickness [m]
Thermal cond. [ ki/mih/*C ] Cancel

Figure 7.21
Insulation dialog box.

I dentification | dentifies the insulation type with a name of maximum 19 characters. When you
edit an insulation type the name cannot be changed. If you want to change the
name Cr eate a new insulation type and Delete the old one.

Thickness Identifies the thickness of the current insulation type [m].

Thermal cond. Identifies the thermal conductivity of the current insulation type [kJ/mh°C].
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8. Project Solver

This section will help you understand how to use the Project solver (PS) which is a separate module of 4C-
Temp&Stress. In thissection it is described how to art the three different cdculationsin 4C-Temp&Stress:
The FEM generaion, the temperature calculation and the stress calculation. In the following sections each
of these cadlculation types are introduced including the necessary parametersto each of the calculation types.

8.1. GenerateFinite Element Mesh

When dl dements of a project including the project setup and the caculation parameters have been defined
and saved in afile you may activate the finite element mesh generation.

To activate the FEM generation click the generate FEM button or select the menu item [Calculation]
and then the menu item [Generate]. This will activate the PS and a message box will pop up showing the
number of generated elements. If a caculation of a project with the current file name has been executed
earlier, adidog box will pop up first and ask you if you want to continue the calculation. If any changes
have been made in the project a new FEM must be generated before further calculations.

When the FEM generation has been executed, the generated FEM may be shown and printed out from the
RV.

8.2. Calculate Temperatures

You have to generate a FEM before you can activate the temperature calculation. Otherwise 4C-
Temp&Stress will make a beep sound. If the Caculation parameters are set for 2%~-dimensions the
temperature calculation will include caculations of temperature, maturity and approximated stress.
Otherwise it will include only calculations of temperature and maturity.

To be able to execute the temper atur e and maturity calculations at least the following material properties
must be defined for al used materiasin the project:

Concrete Properties (pecific heat capacity, thermal conductivity and dendity) and Heeat devel opment
Material Density, specific heat capacity and thermal conductivity
Sail Density, specific heat capacity and thermal conductivity.

To be able to execute the approximated stress calculations at least the following material properties
besides those mentioned above must be defined for all used materials in the project:

Concrete Therma expansion development, E-modulus development and Tensle strength
devel opment

Material Thermal expansion, E-modulus and Tensile strength

Soil Thermal expansion, E-modulus and Tensile strength.
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To activate the temperature cal culation click the calculate button or select the menu item [Cal culation]
and then the menu item [ Temperature]. This will activate the PS and a message box will pop up showing
the current time step and the processing of the temperature calculation.

When the temperature cal culation has been executed, 4C-Temp&Stress will make a beep sound and the
results of the temperature calculation may be shown and printed out from the RV.

8.3 Calculate Stresses

Y ou have to generate a FEM before you can activate the stress calculation. Otherwise 4C-Temp&Stress
will make abeep sound. If the stress calculation is supposed to be based on thermd results, the temperature
caculation has to be executed before you activate the stress calculation. If any changes have been made
in the project since the last temperature calculation a new FEM generation and a new temperature
calculation must be executed before further stress calculations.

To be able to execute stress cal culations based on thermal results at least the following material properties
must be defined for al used materiasin the project:

Concrete Properties (specific heat capacity, thermal conductivity and density), Heat development,
E-modulus development, Therma expansion devel opment, Poisson ratio devel opment and
Tensile strength development

Material Density, specific heat capacity, thermal conductivity, thermal expansion, E-modulus,
Poisson ratio and Tensile strength

Sail Density, specific heat capacity, thermal conductivity, thermal expansion, E-modulus,
Poisson ratio and Tensile strength.

Besides supports to ensure that the structure is unable to perform rigid body digplacements must be defined.

To be able to execute stress calculations not based on thermal results at least the following material
properties must be defined for all used materialsin the project:

Concrete E-modulus devel opment, Poisson ratio development and Tensile strength devel opment
Material E-modulus, Poisson ratio and Tensile strength
Sail E-modulus, Poisson ratio and Tensile strength.

Besides supports to ensure that the structure is unable to perform rigid body digplacements must be defined.

To activate the stress calculation select the menu item [Calculation] and then the menu item [Stress]. This
will activate the PS and a message box will pop up showing the current time step and the processing of
the stress calculation.

When the stress calculation has been executed, 4C-Temp&Stress will make a beep sound and the results
of the stress calculation may be shown and printed out from the RV.
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9. Result Viewer

This section will help you understand the Structure in the Result Viewer (RV), the basic dementsin it and
how to use them. The section isdivided into several subsections that describe the general structurein RV
and the basic dementsin RV. The basic dement subsections provide step by step instructions to help you
present and analyse the results of your projects.

9.1 General

Theresult viewer is asgparate module in 4C-Temp&Stress which you may activate from the project editor.
When a project has been defined in the PE and the calculations of either temperature or stress or both have
been executed al the results of the calculations can be presented in the RV.

Y ou can activate the RV in the following ways:

° click the RV button E in the vertical tool bar of the PE or
° select the menu item [Project] in the horizontal tool bar of the PE and then select the menu item
[Result viewer].

When you have sdlected the RV it will be opened and pop up on the screen. If no results are loaded in the
RV the menu bar in the RV will only include the menu items: Project, Window and Help. When results
from aproject are loaded in the RV, the menu bar will include the menu items. Mode and Analysis as well.
Each menu item contains a menu bar. The menu item [Analysig] contains three different menu bars
depending on which mode you have sdected in the menu item [Mode]. Figure 9.1 shows the result viewer
when no results are loaded.

= H e PP || -

| Project Window Help

Figure9.1
4C-Tempé&Stress - Result Viewer.
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The results of the calculations of your project can be presented in several waysin the RV. The different
types of results which can be presented are the following:

° The geometrical contour of the cross section (disk) including specified points
° The generated finite element mesh including specified points

° An x/y-diagram showing either the temperature, the maturity, the strength, the approximated stress
or the stress results in specified points as a function of time

° An x/y-diagram showing ether the min./max. temperature, the min./max. maturity, the min./max.
strength, the min./max. approximated stress or the min./max. stress results of each cast as a
function of time

° An x/y-diagram showing either the average temperature, the average maturity, the average strength,
the average approximated stress or the average stress results of each cast as a function of time

° An x/y-diagram showing either external or internal temperature difference as function of time

° Isocurves showing either temperature, maturity, strength, approximated stress or stress results
in the cross section at any specified time after casting.

How to sdlect these different ways of presenting the results will be described in section 9.3, 9.4 and 9.5.

9.2 Load and Print Results

If aproject where the cal culations have been executed is loaded into the PE before the RV is selected, the
results of the project will automatically be loaded when you open the RV and the geometrical contour of
the disk defined in the project together with the generated FEM will be shown at once.

If aproject with no calculated resultsis loaded into the PE before opening the RV you may load the results
from another project directly into the RV asfollows:

° select the menu item [Project] and in the menu bar select the menu item [Load results]

Thiswill bring up the Load project results dialog box which is shown in figure 9.2.
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Result Viewer

Load project results

Result file |.e:r.p

Path e ddchdat

Hesult List

an¥l1k.exp
demol._exp
demo?.exp

Pag bl

e

LCancel

Figure 9.2

Load project results dialog box.

Theinformation about the calculation resultsis saved in a file with the same name as the project, but with
the suffix .EXP. The results will be loaded when you:

° double click on the result name in the result list, or

° click on the result name in the result list and then click the OK button, or

° type the name of the result file - with the suffix .EXP - that you want to load and then click the
OK button.

In 4C-Temp&Stress it is possible to show results from severa projectsin the RV at the sametime. For
exampleif you want to compare the ca culated results from two different projects you can do so by loading

both files into the RV and then tile the window as described in section 9.6.

All the ways of presenting the results can be printed out by selecting the menu item [Project] and the menu
item [Print view]. The dialog box Print will then pop up as shown in figure 9.3. The Print dialog box is
a standard windows dialog box which is used in alot of different programs. Therefore it is very genera
and some of theitems are greyed because they are not used in 4C-Temp&Stress. Select aways the Print

range All because neither Selection nor Pages are used in 4C-Temp&Stress.
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Printer: Default Printer [HP LaszerJet 4/4M
I_:_"u_slﬁ_-::_r_ipt on Mpesal Vhpl25p

~ Print Hange

i Sl

i oy
| |

Print Quality: | 600 dpi Copies:

[ #vint to Fider [ Collate Copies

Figure 9.3
Print dialog box.

The current printer type can be changed and specified by selecting the Setup button. Further, the printing
quality can be selected by clicking on the down arrow button and select the current quality.

9.3 Geometry Mode

There are three different modes in the RV: Geometry mode, Diagram mode and Isocurve mode. This section
describes the elements in geometry mode and the types of results which you are able to present by using
the geometry mode. Diagram mode and isocurve mode are described in section 9.4 and 9.5 respectively.

Select the menu item [Mode] and the menu item [ Geometry] to activate geometry mode in the RV.

In geometry modeit is possible to see the geometrical contour of the disk and the generated finite el ement
mesh. Further, you may define up to ten analysis points in which the calculated values can be shown as
afunction of timein diagram mode. How to use the RV in geometry mode will be described in the following.

Y ou can Zoom in on the view by pressing the [Shift] button on the keyboard down and at the same time
with the mouse draw arectangle around the part of the view that you want to zoom in. Y ou can zoom in
several times. Y ou can zoom out to full view by clicking the left mouse button.

Y ou can select up to ten analysis points insde the structure by pressing the [Ctrl.] button on the keyboard
down and a the same time move the cursor to the place indde the structure where the analysis point is and
then dlick the left mouse button. Natice that the X,y coordinates of the cursor position are shown in the upper
right corner of the screen. The coordinates of the selected analysis points are written in the note area to
theright of the view. If you want to change the coordinates or remove a selected point, see section 9.3.2.

The different types of geometry view can be selected in the menu item [Andysig]. In the menu bar of
Andysisthere are four menu items: Settings, points, volumes and geometry system. These menu items will
be described in the following sections.
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9.3.1 Settings
In this section the menu item [Settings] will be described.

Sdect the menu item [Anadlysig| and the menu item [Settings]. This will make the Geometry settings dialog
box appear as shown in figure 9.4.

Geometry settings

General

> Contour of disk

(118

“+ Finite element mesh: Cancel

_ | Show Node points
| Show Node values

| Maximize zcale

Figure 9.4
Geometry setting dialog box.

In the didog box you can sdect whether you want to show only the contour of the disk (the cross section)
or you want to show the generated FEM in the disk.

Y ou can dso select to maximize the scale which means that the cross section will be zoomed out as much
aspossblein both x- and y-direction individually. Notice that the geometrical shape of the cross section
may be changed when you select maximize scale.

If you choose to show the FEM it is possible also to show the node points in each finite element and the
numbers of the node points used in the calculations. In figure 9.4 the FEM is selected, and in figure 9.5
an example of atunnel structure with this selected view is shown.

# Result Viewer - [e:\dc\dat\anv1k] HEE
= Project Mode Analpsis  Window Help _I_I- = 5'
. X:17.46
Geometry Analysis via.02
Points
Finite element mesh

Figure 9.5
Geometry analysis - Finite element mesh.
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9.3.2 Poaints

This section describes the menu item [Points]. Sdlect the menu item [Analysis] and the menu item [Points].
Thiswill make the Specify andysis points didog box gppear as shown in figure 9.6. As described in section
9.3 you can select up to ten individual analysis points inside the disk, and in diagram mode you are able
to see the calculated values in these points as a function of time.

The andysis points can be pointed out as described in section 9.3 by using the [Cirl.] button and the mouse,
but you can aso type the coordinates of the andysis points directly into the Specify analysis points dialog
box.

To define an analysis point you may place the cursor in the x-coordinate field and type the global x-
coordinate of the current analyss point. Move the cursor to the y-coordinate field (either with the Tab key
or the mouse) and type the globa y-coordinate of the current point. It is also possible to change the label
of the point: Just move the cursor to the label field and write the desired text.

To sdect the current point you may click the square to the Ieft of the current point so atickmark is shown.

All ten points can be deleted by clicking the Clear Analysis points button.

Specify analyzis points
Analyziz point[s]
Points: X-coordinate: Y-coordinate: Label:
v Point 1: |5_ | |5_5 | |"l|l|l"a|| - out. |
v| Point 2: [9.6 | 9.5 | [wall - in. | Cancel
v| Paint 3: [14.6 | 1285 | [Slab-top |
v| Point 4: [14.6 | 1235 | [Salb-bot | He
v| Point 5: (9.3 | 7.2 | [wall-m |
| Point B: |u_ | |u_ | |F"uintE |
| Paint 7: (0. | [0 | [Point7 |
_| Point 8: [0. | [0 | |Point8 |
_| Point 9: 0. | [0 | [|Pointa |
_| Point 10 0. | [o. | [Point10 |
Clear Analyzis points |
Figure 9.6
Foecify analysis points dialog box.

In the dialog box on figure 9.6 five points have been selected. When you click the OK button the five
selected points will appear as shown in the example in figure 9.7.

9-6



DTI Building Technology 4C-Temp&Stress Result Viewer

# Result Viewer - [e:\dc\dat\anv1k] HEE
= Project Mode Analpsis  Window Help _I_I- = 5'
. ®:13.05
Geometry Analysis vi8.11

Paints
I Wall - out.
top [8.00; 9.50]
Salb - bot Wall - in.
[9.60; 9.50]
Slab - top
[14.60,12.85]
Salb - bot
[14.60;12.35]
Wall - m
Wall¥ail- in. [9.30; 7.20]

all -[m

]

Cantour of disk

Figure 9.7
Geometry mode - Contour of disk with analysis points.

9.3.3 Volumes

This section describes the menu item [Volumes]. Select the menu item [Anaysis] and the menu item
[Volumes]. Thiswill bring up the Specify analysis volumes dialog box as shown in figure 9.8. Y ou may
sdlect up to five individual volumes in the project for which you want to show the results in diagram and
isocurve mode.

Specify analysis volumes

Analyziz volume[z]

Yolumes: Yolume ID [label]:
Volume 1 [Vol 1

Volume 2 |Vol 2

Yolume 3 | [none)

Yolume 4 | [none)

Yolume 5 | [none)

Clear Analyziz volumes

Figure 9.8
Foecify analysis volumes dial og box.

Click the down arrow button to the right of thelist and select the current volume in the list. The names
inthelist are the same as the names of the volumesin PE. Thefivefirst namesin the list will automatically
be selected when you open the RV.

The sdlection of all five volumes can be deleted by clicking the Clear Analysis volumes button.

9-7



DTI Building Technology 4C-Temp&Stress Result Viewer

9.3.4 Geometry System

This section describes the menu item [Geometry system]. Select the menu item [Analysis] and the menu
item [Geometry system]. This will make the Geometry system dialog box appear as shown in figure 9.9.

Geometry sypztem |

Analyzis identifies 0K

Analysis: Geometry Analysis

Result mode: Contour of dizk

Result type: Cancel
Options Print

v/ 3D framed + Spstem colors ol

¢| Data list < All colors to black -

Background color |

Line color

Figure 9.9

Geometry settings dialog box.

The geometry system dialog box contains the identification of the selected view and the genera options

of the view.

Analysis
identification

Options

Print

Background colour

Line colour

| dentifies the type of andysis and the selected result mode. The result typeis hever
used in geometry mode.

Identifies the general options of the view. When both tickmarks are shown the
frame around the view area will be 3-dimensiona and the coordinates of the
selected andysis points will be shown in the note area. To remove these options
just click on the current square so the tickmark disappears.

| dentifiesthe if the system colours are to be used when printing the view or if all
colours shdll be printed as black. How to print is described in section 9.2. NB!
System colours will be printed as gray tones unless the printer is able to print
colours. Some gray tones may be difficult to see at the print. If thisis the case
select All colours to black.

| dentifiesthe background colour of the view area. To change the colour just click
on the background colour button and select the new colour in the colour dialog
box that pops up.

| dentifies the line colour in the view area. To change the colour just click on the
line colour button and select the new colour in the colour dialog box that pops

up.
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9.4  Diagram Mode

This section describes the elements in Diagram mode and the types of results which you are able to present
by using the Diagram mode.

Select the menu item [Mode] and the menu item [Diagram] to activate Diagram modein the RV.

The caculated results are either temperatures, maturities, strengths, approximated stresses or stresses. In
Diagram mode it is possible to show al these types of results as afunction of time. Further the x/y-diagram
can contain either the results in up to ten specified analysis points, the min./max. values for each cast or
the average values for each cast. For temperature results temperature differences can be shown as well.
How to use the RV in Diagram mode will be described in the following for each of the five types of results:
Temperatures, maturities, strength, approximated stresses and stresses.

The different types of diagram views can be sdlected in the menu item [Andysg]. The menu bar of Analysis
includes the items [Points] and [V olumes] which are identical with the itemsin Geometry mode. See the
description of the two items in the sections 9.3.2 and 9.3.3. The menu item [Settings] is connected to the
selected analysis type in such away that there exists a menu item [Settings] for each of the five analysis
types. The layout of all the diagram views may be changed as described in section 9.4.6.

9.4.1 Temperature Analysis
In this section the temperature analysis view and its menu item [Settings] will be described.
Sdect the menu item [Analysig] and the menu item [ Temperature]. Thiswill make the x/y-diagram showing

the min/max. temperatures for each cast asafunction of time appear. This view is the default view of the
temperature analysis. An example of thisview is shown for atunnel structure in figure 9.10.

# Result Yiewer - [e:\dc\dathanv1k] M= ES
= Project Mode Analpsis  Window Help _I_I- = 5'

Temperature Analysis

*C Temperature

wall-hin

:\X\\ wall-han

* N 3 It
j slab-Min
______ [P

J | slab-Max

! 3 T AT
4 foundation-hin

%rx\ XX& foundation-hax
, “Try —

Hx

50

45

40

35

30

25 ik | HEH B A APy %{%—*ﬁm e

Time

20 1 1 1 | 1 1 1 1 | 1
24 48 2 96 120 144 168 192 216 Hours
Winimum and Maximum pr. Volume {cast)

Figure 9.10
Diagrammode - Temperature analysis - Min./max. values for each cast.
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To show another view of the temperature analysis select the menu item [Analysis] and the menu item
[Settings]. Thiswill make the Diagram settings - temperature analysis diaog box appear as shown in figure
9.11.

Diagram settings - temperature analysis |

Temperature mode

> Temperature in specified point(z]

» Average temperature pr. cast

* Min/max temperature pr. cast

Temperature differences

» External

 Internal

1] Cancel Help

Figure9.11
Diagram settings - temperature analysis dialog box.

In this didog box you can sdlect whether you want to show the temperatures in up to ten specified analysis
points - see section 9.3 about how to specify the analysis points - the average temperatures for each cast,
the min./max. temperatures for each cast, the externa or internal temperature differences. To change the
selected view, just click the square to the left of the current view.

When sdlecting the first three temperature modes clicking the OK button will pop up the new view on the
screen. Sdecting the externd or interndl difference will bring up new dialog boxes as shown in figure 9.13
and 9.15.

External temperature difference

The external temperature difference D, is calculated as

Ayew 1S the difference between maximum average temperature (observed at timet,,) and the actua
average temperature in the structural component for which the risk of cracking is assessed (cf figure
9.12)

trex is the time of maximum average temperature in the structural component for which the risk of
cracking is assessed

Aqp  isthedifference between the average temperature at timet,,, and the actual average temperature
in the previoudly cast concrete (cf. figure 9.12)
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Temp. [°C]

e time
Figure 9.12
The development of the average temperature in adjacent
structures

The externd temperature differenceis specified in the externa temperature dialog box as shown in figure
9.13.

Diagram zettings - External temperature difference

OId volume[z] Hew volume[z]

| foundation jl | wall j|
| [none] jl |EE j|
| [none] jl | [none] j|
| [none) jl | [none) j|
| [none) jl | [none]) j|

Clear Old volumes | Clear Hew yolumes |

1].4 Cancel | Help |
Figure 9.13

External temperature dialog box.

In this dialog box you can select the structural component for which the risk of cracking is assessed and
the previously cast concrete. Click the down arrow button to the right of the lists and select the current
volume in the list. The names in the lists are the same as the names of the volumesin PE.

Old volume(s): Select the volumes representing previoudly cast concrete. The average temperature is
caculated asthe average temperature of the selected volumes. Y ou can select up to five
Old volumes.
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The sdlection of al five Old volumes can be deleted by clicking the Clear Old
volumes button.

New volume(s): Select the volumes representing the structural component for which the risk of
cracking is assessed. The average temperature is calculated as the average
temperature of the selected volumes. Y ou can select up to five New volumes.

The sdlection of dl five New volumes can be deleted by clicking the Clear New
volumes button.

When you click the OK button the external temperature diagram will pop up on the screen.

In figure 9.13 the external temperature difference between superstructure and foundation of a tunnel
structure is selected. Thisview is shown in figure 9.14.

= Project Mode Analpsis  Window Help _I_I- = 5'
Temperature Analysis
*C Temperature
= Avg. Old Part
a5 E T foundation
o
E Avg, MNew Part
40 f slab
E wizll
35 L x —
E ]
E Dext
0[E § me ------ G------
Ly Mwm
25
20§ ELEHEE EEIEELIEEIEIEIZIEEL:I=l=1=]=]=]: == ]=] =] =}
F L] EEEEE
15 am‘“a
E IZEE
10
- a
— ]
5E -
E a !
gE_1 8% 1 ! 1 1 1 ! ! | |Time
24 48 72 96 120 144 168 192 216 Hours
External difference
Figure9.14

Diagram mode - Temperature analysis - External difference

Internal temperatur e difference

Theinternal temperature difference in a section is defined as the difference between two of the following
temperatures. Average temperature in the section, minimum temperature in the section, maximum
temperature in the section and temperature in selected points. The internd temperature difference is specified
in the interna temperature dialog box as shown in figure 9.15.
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Diagram zettings - Internal temperature difference

Line definition

Start point |"H'a|| - put. jl
End point  (Wall - in. =]

Differences

Difference 1 |,ﬁwg_ jl = |Hin. j|
Difference 2 |Ha:r.. jl - |Hin. j|
Difference 3 |A.\rg. jl - |[nune] j|
Difference 4 |Ha:|r.. jl - |[nune] j|
Difference 5 |00 = - |[nune] j|

T — iffcrences |

Max.

Start point i

End point =

(1].4 Cancel | Help |

Figure 9.15
Internal temperature dialog box.

The section in which theinternal temperature difference is analysed is specified by the line from the start
point selected to the end point sdlected. Click the down arrow button to the right of the lists and select the
analysis points to be used.

NB! At least two analysis points must be specified before the internal temperature difference mode can
be selected. See section 9.3 about how to specify analysis points.

Y ou can sdlect up to five differences to be viewed. Click the down arrow button to the right of the lists and
select the temperature to be used in the difference:

Avg. average temperature in the section
Min. minimum temperature in the section
Max. maximum temperature in the section

Start point temperature in the start point selected
End point temperature in the end point selected
(none) zero temperature

When you click the OK button the internal temperature diagram will pop up on the screen.
In figure 9.15 the internd temperature differencein the wall of atunnd structureis defined as the Avg.-Min

temperature and Max.-Min. respectively. Also the average, minimum and maximum temperatures are
selected to be shown. This view is shown in figure 9.16.
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= Project Mode Analpsis  Window Help _I_I- = 5'
Temperature Analysis
*C Temperature
Line start
Wall - out
¥
50 o E Line end
Ea H;x Wall - in
[}
N Pax, Avg-Min.
40 m”mx
E E;éé hane-in.
E Eéﬁ ﬁﬁ _— — = — — -
30HE E. Avg
[ ol | | | |- TR
7 Manx.
______ e oo
20 Min
10
MW
‘ . PP B , ‘ Time
24 48 12 96 1200 144 168 192 216 Hours

Internal difference

Figure 9.16

Diagram mode - Temperature analysis - Internal differences

9.4.2 Maturity Analysis

In this section the maturity analysis view and its menu item [Settings] will be described. As a part of the
temperature calculation 4C-Temp&Stress calculates the devel oped maturity in every point of the cross

section. Similar to the temperatures the maturities can be shown as a function of time.

Sedlect the menu item [Analysis| and the menu item [Maturity]. Thiswill bring up the x/y-diagram showing
the min/max. maturities for each cast as afunction of time. This view is the default view of the maturity

anaysis.

To show anather view of the maturity analysis select the menu item [Analysis| and the menu item [ Settings).
This will make the Diagram settings - maturity analysis dialog box appear as shown in figure 9.17.

Diagram settings - maturity analysis

M aturity mode

~» Maturity in gpecified point[s]

“* Awverage maturity pr. cast

+ Min/max maturity pr. cast

Figure 9.17
Diagram settings - maturity analysis dialog box.
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Y ou can select whether you want to show the maturities in up to ten specified analysis points, the average
meaturities for each cagt or the min./max. maturities for each cast. To change the selected view, just click
the square to the left of the current view. When you click the OK button the new view will pop up on the
screen.

In figure 9.17 the average maturities for each cast are selected and for atunnel structure this selected view
is shown in figure 9.18.

= Project Mode Analpsis  Window Help _I_I- = 5'
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Figure 9.18
Diagram mode - Maturity analysis - Average values for each cast.

9.4.3 Strength Analysis

In this section the strength analysis view and its menu item [Settings] will be described. As a part of the
temperature calculation 4C-Temp&Stress calculates the devel oped strength in every point of the cross
section. Similar to the temperatures the strengths can be shown as a function of time.

Sedlect the menu item [Andyss] and the menu item [Strength]. This will bring up the x/y-diagram showing
the min./max. compressive strength for each cast as afunction of time. Thisview is the default view of
the strength analysis.

To show another view of the strength andysis sdlect the menu item [Andysg] and the menu item [Settings].
This will make the Diagram settings - strength analysis dialog box appear as shown in figure 9.19.
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Diagram zettings - strength analyzsis

Strength mode

“* Strength in Analysiz Point(s): 1] 4
 Average Strength pr. Yolume [cast]

> Min/max Strength pr. Yolume [cast) Cancel

Strenagth type

<+ Compressive strength Help

 Tensile strength

Figure 9.19
Diagram settings - strength analysis dialog box

Y ou can select whether you want to show the strength in up to ten specified analysis points, the average
strength for each cast or the min./max. strength for each cast. To change the selected view, just click the

sguare to the left of the current view.

For each of the three modes you can select whether the shown strength shal be the compressive or thetensile

strength.

When you click the OK button the new view will pop up on the screen.

In figure 9.19 the compressive strength in specified points is selected and for the tunnel structure this

selected view is shown in figure 9.20.

# Result Yiewer - [e:\dc\dathanv1k] M= ES
= Project Mode Analpsis  Window Help _I_I- = 5'
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Figure 9.20
Diagram mode - Srength analysis - Compressive strength in selected
points.
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9.4.4 Approximated Stress Analysis
In this section the approximated stress analysis view and its menu item [Settings] will be described.

Sdect the menu item [Analysis] and the menu item [Stress Approximation]. Thiswill make the x/y-diagram
showing the min./max. gpproximated normal stresses, a,, for each cast as afunction of time appear. This
view isthe default view of the approximated stress anaysis.

To show another view of the approximated stress analysis select the menu item [Analysis] and the menu
item [Settings]. Thiswill make the Diagram settings - approximated stress analysis dialog box appear as
shown in figure 9.21.

Inthisdiaog box you can select whether you want to show the gpproximated stresses in up to ten specified
analysis points - see section 9.3 about how to specify the analysis points - the average approximated stresses
for each cast or the min./max. approximated stresses for each cast. To change the selected view, just click
the square to the left of the current view.

For each of the three modes you can select whether the shown approximated stresses shall be the normal
stresses, a,, or the ratio between the main tensile stress and the current tensile strength.

Diagram settings - approx. stress analysis

Stresz mode
~+ Stress in Analysis Point(s] 1] 4

> Awverage Stress pr. Yolume [cast]

# Min/max Stress pr. Volume [cast] Cancel
Stress type
~ Normal stress. o, Hein

7 Main tenzile strezz / tengile strength ratio

Figure 9.21
Diagram settings - approx. stress analysis dialog box.

When you click the OK button the new view will pop up on the screen.

In figure 9.21 the min./max. ratio between the main tensile approximated stresses and the current tensile
strength for each cast are selected and for atunnel structure this selected view is shown in figure 9.22.
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Figure 9.22
Diagram mode - approx. stress analysis - stress/strength ratio.

945 StressAnalysis

In this section the stress analysis view and its menu item [Settings] will be described.

Sdect the menu item [Analysis] and the menu item [Stress]. This will make the x/y-diagram showing the
min./max. norma stresses, o, for each cast as afunction of time appear. Smilar to the approximated stress

analysis, this view isthe default view of the stress anaysis.

To show another view of the stress andlys's select the menu item [Analysis] and the menu item [ Settings].
This will make the Diagram settings - stress analysis dialog box appear as shown in figure 9.23.
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Diagram settings - stress analysis

General

| Average of results on element border

Strezs mode

“+ Stress in Analysiz Point(s]

+ Average Stress pr. Yolume [cast]

~+ Min/max Strezz pr. Yolume [cast]

Stress type

Cancel

~* Hormal stress component. oy,

~* Hormal stress component. oy

+ Shear stress component, Txy

<+ Mormal stress component, [

» Max. main tensile stress

» Max. main compressive stress

» Main tensile stresz / tensile strength ratio

Figure 9.23
Diagram settings - stress analysis dialog box.

Inthis didog box you can select whether you want to show the stressesin up to ten specified analysis points
- see section 9.3 about how to specify the analysis points - the average stresses for each cast or the
min./max. stresses for each cagt. To change the selected view, just click the square to the left of the current
view.

When the x/y-diagram shows minimum and maximum stresses pay attention to singular points as described
in section 6.6.6.

For each of the three modes you can sdect whether the shown stresses shdl be one of the three normal stress
components, o,, 6, Or a,, the shear stress component, 1, the maximum main tensile or compressive stresses
or the ratio between the main tensile stresses and the current tensile strength.

For dl views you can select to average the cd culated results on the border of the finite eements. This option
is used to abtain more smooth curves.

When you click the OK button the new view will pop up on the screen.
In figure 9.23 the norma stress component, a,, in up to ten specified points is selected and for the tunnel

structure this selected view is shown in figure 9.24. The specified point is the point near the bottom of the
wall shown in figure 9.7.
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Figure9.24
Diagram mode - Stress analysis - Normal stress component, a,, in
specified analysis point.

9.4.6 Diagram System

In dl the different types of diagramswhich are described in the sections above it is possible to change the
layout of the diagram such as the grid and the scaling on the axes.

This section describes the menu items [Diagram system], [X-axis] and [Y-axig].

Select the menu item [Analysis] and the menu item [Diagram system]. This will bring up the Diagram
system dialog box as shown in figure 9.25.
Diagram System |

Analyziz identifies
Analysis: Stresz Analysis

Result mode: Analyziz point[s]

Result type: Mormal stress component, 22

Gnd Misc. Print
“ Individual _| 3D framed > System colors
¥| Legends “# All colors to black (1] 4
» Tick marks
Border
> Coarse ¥ 1. azes Background color Cancel
R e .
i Line color
2 Fine | Frame Help
Figure 9.25

Diagram system dialog box.
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Thediagram system didog box contains the identification of the selected view and the genera options of

the view.

Analysis
identification

Grid

Misc.

Border

Print

Background colour

Line colour

| dentifies the type of andyd's and the selected result mode. The result type is used
only for approximated stresses and stresses.

Identifies the type of grid on both axes.

Individual: Thetypeof grid is defined for each of the axes in each of their

diaog boxes
Tickmarks: No grid, only the tickmarks will be shown
Coarse: The grid will follow the coarse tickmarks
Fine: The grid will follow the fine tickmarks.

Identifies whether the 3-dimensional frame around the view area and the
identification of the curvesin the note area (legends) shdl be shown or not. When
the tickmark is visible the selection will be shown.

Identifies whether the frame and the axes shall be shown or not. When the
tickmark is visible the salection will be shown.

| dentifiesthe if the system colours are to be used when printing the view or if all
colours shall be printed as black. How to print is described in section 9.2. NB!
System colours will be printed as gray tones unless the printer is able to print
colours. Some gray tones may be difficult to see at the print. If thisis the case
select All colours to black.

| dentifiesthe background colour of the view area. To change the colour just click
on the background colour button and select the new colour in the colour dialog
box that pops up.

| dentifies the line colour in the view area. To change the colour just click on the
line colour button and select the new colour in the colour dialog box that pops
up.

To et up the layout of the x-axis select the menu item [Anaysis] and the menu item [X-axis]. Thiswill
make the Time axis dialog box appear as shown in figure 9.26.
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| Unit | Hours
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Type Scaling
“+ MNommal  Fixed
= Logayiihue “* Automatic
Grid OK
> None Coarze intersects: (7
A : C |
- Tick mark: Fine intersects: |2 ance
“# Coarse
* Fine Hadn
Figure 9.26

Time axis dialog box.

The dialog box contains the identification and the layout of the x-axis.

L abe
Unit

Scale

Type

Scaling

Grid

I dentifies the name of the x-axis.

Identifies the unit of the values on the x-axis.

| dentifies the start and end vaue on the x-axis. If the scaling is fixed the start and
end value of the scale may be changed.

| dentifies whether the x-axisislogarithmic or norma. The logarithmic typeis not
implemented in 4C-Temp&Stress Yyet.

Identifies whether the number of coarse and fine intersects and the scale are
generated automatically or are fixed.

| dentifies the type of grid on the x-axis. If the scaling is fixed the coarse and fine

intersects may be changed.

None: No vertical grid lineswill be shown
Tickmark: No grid, only the tickmarks will be shown
Coarse: The grid will follow the coarse tickmarks
Fine: The grid will follow the fine tickmarks
Coarse intersects: The number of coarse intersects

Fine intersects: The number of fine intersects.

To set up the layout of the y-axis select the menu item [Analysis| and the menu item [Y-axis]. Thiswill
make adidog box smilar to the one for the x-axis shown in figure 9.26 appear. All the set up options are
also the same as described for the x-axis.
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9.4.7 Savingin datafile

The results corresponding to the different types of diagrams described in the sections above can be saved
in a datafile (e.g. temperatures in specified points) .

Specify the diagram to be saved as described in section 9.4.1-9.4.5. Select the menu item [Analysis| and
the menu item [Create datafile]. Thiswill bring up the Datafile dialog box as shown in figure 9.27.

Create datafile B4 |

Result file |test.dat |

Path e ddchdat

Hesult List

LN T

LCancel

29 ¢33

£ <
L |

Figure 9.27
Datafile dialog box.

Specify the name of the datefile including the suffix.

NB! The datafile name may consist of maximum 8 characters. The suffix may consist of maximum 3
characters. The characters may be letters, numbers and other symbols like hyphen (-) and percent (%).

The characters may not be the letters: a8 @ and & or symbols like space (), full stop (.), question mark (?)
or asterix (*).

When you click the OK button the results corresponding to the selected diagram will be printed in an
ASCII-datafile. The first row will contain headings of the columns corresponding to the labels of the
diagram. The first column will always contain the time.

NB! If avolumeiscast at atime grester than O, the result value saved in the file will be 99999 for al time
steps until casting of the volume independent of the type of diagram.
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95 | socurve M ode

This section describes the elementsin 1socurve mode and the types of results which you are able to present
by using the Isocurve mode.

Select the menu item [Mode] and the menu item [Isocurve] to activate Isocurve modein the RV.

The caculated results are either temperatures, maturities, strengths, approximated stresses or stresses. In
Isocurve modeit is possible to show al these types of results asisocurves at any specified time after casting.
How to use the RV in Isocurve mode will be described in the following for each of the five types of results:
Temperatures, maturities, strengths, approximated stresses and stresses.

In the same way asin Geometry mode you can Zoom in on the view by pressing the [Shift] button on the
keyboard down and at the same time with the mouse draw ar ectangle around the part of the view that you
want to zoom in. Y ou can zoom in severa times. Y ou can zoom out to full view by clicking the left mouse
button.

When the calculated values are the same in a whole finite e ement, isocurves can not be drawn. Instead
the finite dement mesh will be drawn.

Similar to the Diagram mode the different types of isocurve views can be selected in the menu item
[Andysis). Themenu bar of Analysisincludes the menu item [V olumes] which isidentical with the item
in Geometry mode. See the description of the item in section 9.3.3. Similar to the Diagram mode the menu
item [Settings] is connected to the selected analysis type in such a way that there exists a menu item
[Settings] for each of the five analysis types. The layout of dl isocurve views may be changed as described
in section 9.5.6.

9.5.1 Temperature Analysis

In this section the temperature analysis view and its menu item [Settings] will be described.

Sdect the menu item [Andyd ] and the menu item [Temperature]. If no isocurve analysis has been shown
before, thiswill bring up the temperature isocurves at the time zero hours after start calculations. At time
zero there are no temperature gradients over the cross section and that is why the whole FEM is shown
at time zero. Thisview isthe default view of the temperature analysis. If an isocurve view has been shown

before, the temperature isocurves will be shown at the same time as the previous one.

To show another view of the temperature andysis select the menu item [Analysis] and the menu item [ Set-
tings]. Thiswill make the Isocurve settings - temperatures dialog box appear as shown in figure 9.28.

In this dialog box you can specify the desired type of view.
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Isocurve settings - temperatures

General

Time after casting Hours

Cast number

Number of izsocurves |7]

_ | Show Finite Element Mezh

v| Show curve level

_ | Maximize zcale

Figure 9.28
I socurve settings - temperatures dialog box.

Time after casting Identifies time after start calculations where the isocurves will be shown [h].

Cast number Identifies the number of the casting (volume) in which the isocurves will be
shown. The number corresponds to the successon shown in the list in the Specify
analysis volumes didog box. Seefigure 9.8. The value zero will cause isocurves
to be shown in the selected volumes. See section 9.3.3. If no volumes are selected
isocurves will be shown in the hole cross section.

Number of isocurves Identifies the number of isocurves to be shown.

Show FEM When atickmark is visible in the square the generated finite element mesh will
be shown together with the isocurves.

Show curve level When atickmark isvisible in the square the vaues of theisocurves will be written
on the curves.

Maximize scale When atickmark is visible in the square the view of the cross section will be

zoomed out as much as possible in both x- and y- direction individualy. This
means that the geometrical shape of the cross section may be changed.

When you have specified the new type of view just click the OK button and the new view will pop up on
the screen.

In figure 9.28 seven temperature isocurves together with curve levels at the time 72 hours after start
calculations are selected and this selected view for atunnel structure is shown in figure 9.29.

All the important data of the view such as time after start calculations and min. and max. temperatures
for each casting are written in the note area to the right of the view area.

Some of the vaues of theisocurves can be very difficult to read, but you can either select alower number
of isocurves or you can zoom in on the interesting part of the view.
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Figure 9.29
I socurve mode - Temperature analysis.

9.5.2 Maturity Analysis
In this section the maturity analysis view and its menu item [Settings] will be described.

Select the menu item [Analysis] and the menu item [Maturity]. If no isocurve analysis has been shown
before, thiswill bring up the maturity isocurves at the time zero hours after start calculations. Similar to
the temperature andysis there are no maturity gradients over the cross section at time zero and that is why
thewhole FEM is shown a time zero. Thisview isthe default view of the maturity analysis similar to the
temperature analysis. If anisocurve view has been shown before, the maturity isocurves will be shown at
the same time as the previous one.

To show anather view of the maturity analysis select the menu item [Analysis| and the menu item [ Settings).
This will make the Isocurve settings - maturity dialog box appear as shown in figure 9.30.

This didog box is similar to the dialog box for temperature analysis shown in figure 9.28.

When you have specified the new type of view, just click the OK button and the new view will pop up on
the screen.

In figure 9.30 seven maturity isocurves together with curve levels at the time 72 hours after start calculations
are selected and this selected view for atunnel structure is shown in figure 9.31.
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Isocurve settings - maturity

General

Time after casting Hourz

Cast number

Humber of izocurves |7

_ | Show Finite Element Mezh
¥| Show curve level
| Maximize zcale

Figure 9.30
I socurve settings - Maturity dialog box.
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Figure 9.31
I socurve mode - Maturity analysis.

9.5.3 Strength Analysis
In this section the strength analysis view and its menu item [ Settings] will be described.

Select the menu item [Anaysis] and the menu item [Strength]. If no isocurve analysis has been shown
before, thiswill bring up the isocurves at the time zero hours after start calculations.

If anisocurve view has been shown before, the strength isocurves will be shown at the same time as the
previous one.

To show another view of the strength andysis sdlect the menu item [Andysg] and the menu item [Settings].
This will make the Isocurve settings - strength dialog box appear as shown in figure 9.32.
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lzocurve zettings - strength ¢
General
Time after casting Hours
Cast number EI oK
Humber of izocurves
Cancel
| Show Finite Element Mezh
| Show curve level
| Maximize zcale Help

Strength type

<+ Compressive strength

> Tenszile strength

Figure 9.32
I socurve settings - strength dialog box.

Thisdiaog box contains the same genera settings as the dialog boxes for temperature and maturity. Further
it is possible to select whether the isocurves are going to show the compressive or the tensile strength.

In figure 9.32 seven compressive strength isocurves together with curve levels at the time 72 hours after
start calculations are selected and this selected view for the tunnel structure is shown in figure 9.33.

# Result Viewer - [e:\dc\dat\anv1k] HEE

= Project Mode Analpsis  Window Help _I_I- = 5'

Strength Analysis e

DATA:
] Time 72,00
283 hin 26.80
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foundation
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wiall

hin 2833
hWax 3506
slab

hin 2660
hWax 3367

5060 AE0EDANANBDADEDFADED .1

lsocurnve
Compressive strength

Figure 9.33
Isocurve mode - Srength analysis - compressive strength
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9.5.4 Approximated Stress Analysis
In this section the approximated stress analysis view and its menu item [Settings] will be described.

Sdect the menu item [Anays ] and the menu item [Stress gpproximation]. If no isocurve analysis has been
shown before, thiswill bring up the isocurves at the time zero hours after start calculations,

If anisocurve view has been shown before, the approximated stress isocurves will be shown at the same
time as the previous one.

To show another view of the approximated stress analysis select the menu item [Analysis] and the menu
item [Settings]. Thiswill make the I socurve settings - approximated stresses dialog box appear as shown
in figure 9.34.

Isocurve settings - approx. stresses

General

Time after casting Hours

Cazt number

Humber of 1z0curves ¥

__ | Show Finite Element Mezsh

| Show curve level

| Maximize zcale

Stress type

~» Main tensile strezs f tensile strength ratio

Figure 9.34
I socurve settings - approximated stresses dialog box.

Thisdiaog box contains the same genera settings as the dialog boxes for temperature and maturity. Further
it ispossible to select whether the isocurves are going to show the approximated normal stresses, o, , or
the ratio between the main tensile approximated stresses and the current tensile strength.

In figure 9.34 seven gpproximated normal stress isocurves together with curve levels at the time 72 hours
after start calculations are selected and this selected view for atunnd structure is shown in figure 9.35.
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Figure 9.35
Isocurve mode - Approximated stress analysis - Normal stress component,
0,

955 StressAnalyss
In this section the stress analysis view and its menu item [Settings] will be described.

Sdect the menu item [Anayss] and the menu item [Stresd]. If no isocurve analysis has been shown before,
thiswill bring up the isocurves at the time zero hours after start calculations. If an isocurve view has been
shown before, the stress isocurves will be shown at the same time as the previous one.

To show another view of the stress andlys's select the menu item [Analysis] and the menu item [ Settings].
This will make the Isocurve settings - stresses dialog box appear as shown in figure 9.36.

This dialog box contains the same general settings as the didog boxes for temperature, maturity and
approximated stress. See section 9.5.1.

Besides, you can select to average the calculated results on the borders of the finite elements. This option
is used to obtain continuous isocurves. If you do not salect to average the resullts on the borders of the finite
elements, you can see whether the generated FEM is too rough to describe the calculated distribution of
the stresses. If the isocurves are very discontinuous afiner FEM is required.
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Isocurve settings - stresses

General

Time after casting
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Humber of isocurves

| Average of results on element border
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» Max. main compression ztress
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Figure 9.36
I socurve settings - stresses dialog box.

Y ou can select whether the isocurves are going to show one of the three normal stress components, oy, o,
or o,, the shear stress component, t,,, the maximum main tensile or compressive stresses or the ratio
between the main tensile stresses and the current tensile strength.

When you click the OK button the new view will pop up on the screen.
In figure 9.36 seven normal stress component, o,, isocurvesin volume No. 2 together with curve levels

and average results on element borders at the time 72 hours after start calculations are selected and this
selected view for atunnel structure is shown in figure 9.37.
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Figure 9.37
Isocurve mode - Sress analysis - Normal stress component, o,.

9.5.6 Isocurve System

In dl the different types of isocurve views described in the sections above it is possible to change the general
layout of the view.

Sdect the menu item [Andys g and the menu item [l socurve system]. This will make the Isocurve system
dialog box appear as shown in figure 9.38.

lzocurve zystem E3
Analyziz identifies oK
Analysis: Strezs Analysis
Result mode: lzocurve
Reszult type: Mormal strezs component, sy Cancel
Options Print
| 3D framed = Spstem colors
. Help
| Data list < Al colors to black
Background color Line color
Figure 9.38

I socurve system dialog box.

The Isocurve system dialog box contains the identification of the selected view and the general options
of the view.
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Analysis

identification | dentifies the type of andyd's and the selected result mode. The result type is used
only for approximated stresses and stresses.

Options Identifies whether the 3-dimensional frame around the view area and the
identification of the isocurves in the note area shall be shown or not. When the
tickmark is visible the selection will be shown.

Print | dentifies the if the systemn colours are to be used when printing the view or if all

colours shall be printed as black. How to print is described in section 9.2. NB!
System colours will be printed as gray tones unless the printer is able to print
colours. Some gray tones may be difficult to see at the print. If thisis the case
select All colours to black.

Background colour | dentifiesthe background colour of the view area. To change the colour just click
on the background colour button and select the new colour in the colour dialog
box that pops up.

Line colour | dentifies the line colour in the view area. To change the colour just click on the
line colour button and select the new colour in the colour dialog box that pops

up.
9.6 WindowsView
Asdescribed in section 9.2 it is possible to have results from severa projectsin the RV at the same time.

When severd reault files are loaded into the RV some of the result windows are hidden behind the others.
To arrange the windows select the menu item [Window].

Window Wl
LCascade Shift+F5
Tile Shift+F4
Arrange loons
Cloze Al

v Bediaw

v 1 e’dchdathdemaol

Figure 9.39
Menu itemsin [Window] .

Cascade Click the Cascade item and the loaded result windows will be resized and arranged
overlapped with each title bar visible.

Tile Click the Tile item and the loaded result windows will be resized and arranged side by
sde.

If you load another result window after you use the Cascade or Tile item, it will overlap the arranged
windows. To include it among the arranged windows, select the Cascade or Tile item again.
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Arrangelcons If you have minimized some of the result windows by clicking the minimize button an

Close All

Redraw

List of files

icon will pop up on the screen. If you have many icons you can arrange the icons by
selecting the menu item [Arrange Icons).

The minimized result windows will be maximized again if you click on the current icn and
select the menu item [Restore] or if you double click on the icon.

Click the [Close dl] item and dl the result fileswill be closed and the RV will be empty.

When atickmark is shown at the [Redraw] item the window in the RV will be redrawn
every time one of the menu bars have been opened. If no tickmark is shown the window
in the RV will be empty until the right mouse button is double clicked or the [Redraw]
item is selected again.

This item makes it possible much faster to define al options of a view, such as mode,
analysis type, settings and axes.

All the windows with loaded results can be selected in the list of files by clicking the
current file. Thiswill alter the selected window into the active window and the view in
the window can then be changed.
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10. Tutorials

10.1 Temperature calculation

This section describes how to define projectsin order to make temperature calculations. If approximated

stress and/or stress calculations are to be performed later on read section 10.2 or 10.3 instead.

1. Define material properties

Sdect the menu item [ Database] and the relevant sub item [Concrete], [Soil] and/or [Materias).
The properties to be defined are shown in table 10.1.

Property Concrete Soil Materia
Specific heat and density + + +
Thermal conductivity + + +
Heat development + - -
Compressive strength (+) (+) (+)
Tensile strength (+) (+) (+)
See section 7.2 75 7.4
Table 10.1

Properties needed for temperature calculations

+ Required.

(+) Optional. Srength values are only needed if you want the devel opment of the strength
in the structure to be calculated. The strength does not influence the temperature

calculation.

Y ou may be prompted for other properties when leaving a dialog box. Y ou can type any value as
these do not influence the temperature cal culation.

2. Define cr oss-section

Click El to sdect volume mode.

Draw the geometry as described in section 6.2.2 - 6.2.4. If necessary the view of the screen can
be changed as described in section 6.2.1.

Select materia type (e.g. concrete) and material name and define start time and temperature as
described in section 6.3.1. The thickness can be set to 1 (does not influence the temperature

calculation).
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3. Define thermal boundary conditions

Click E to select surface mode, then double click on the desired surface. Define the thermal
boundary condition as described in section 6.3.2.1.

4. Define cooling pipes/heating wires

Click 2 and then dlick at the desired position of the cooling pipe / heeting wire. Define the
boundary condition as described in section 6.3.3.

5. Define calculation parameters
Select the menu item [Calculation] and the sub item [Parameters]. Define the parameters as
described in section 6.6. Sdlect Dimensions to 2-dimensiond, otherwise approximated stresses will

be cdculated (if alowed by the hardware-key). Define Time specifications and change Mesh Node
generation if necessary.

6. Calculate

Click @I to generate the FEM mesh. Click j to calculate temperatures.

7. View results

Click E to view results as described in section 9.

8. Documentation

Material properties
Print out the material properties by using the menu item [Database] and the relevant sub-item
[Concrete], [Soil] or [Materiasg]. Click on the desired concrete/soil/material and select Print.

Geometry, boundary conditions etc.
Print the subject shown on screen by selecting the menu item [Project] and the sub item [Print
subject].

Print out the functions used (temperature, wind, etc.) by usng the menu item [Project] and the sub
item [Print functions].

Print out the calculation parameters by using the menu item [Project] and the sub item [Print
calculation parameters).

Results
Print out the results shown in the Result Viewer. Give the desired result type (see sect.9). Select
the menu item [Project] and the sub item [Print view].
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10.2 Temperature and approximated stress calculation

This section describes how to define projects in order to make temperature and approximated stress
caculations. If stress calculations are to be performed later on read section 10.3 instead.

1. Define material properties

Sdect the menu item [ Database] and the relevant sub item [Concrete], [Soil] and/or [Materias).
The properties to be defined are shown in table 10.2.

Property Concrete Sail Material
Specific heat and density + + +
Thermal conductivity + + +
Heat development + - -
E-modulus + + +
Thermal expansion coefficient + + +
Initial strain (autogenous shrinkage) (+) - -
Creep (+) - -
Compressive strength (+) (+) (+)
Tensile strength + + +
See section 7.2 7.5 74

Table 10.2

Properties needed for temperature calculations

+ Required.

(+) Optional. Compressive strength values are only needed if you want the devel opment of
the strength in the structure to be calculated. Neither the compressive nor the tensile
strength influence the temperature or stress calculation.

Y ou may be prompted for other properties when leaving a dialog box. Y ou can type any value as
these do not influence the calculations.

2. Define cr oss-section

Click El to sdect volume mode.

Draw the geometry as described in section 6.2.2 - 6.2.4. If necessary the view of the screen can
be changed as described in section 6.2.1.

Select materia type (e.g. concrete) and material name and define start time and temperature as
described in section 6.3.1. The thickness can be set to 1 (does not influence the temperature or
approximated stress calculation).
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3. Define thermal boundary conditions

Click E to select surface mode, then double click on the desired surface. Define the thermal
boundary condition as described in section 6.3.2.1.

4. Define cooling pipes/heating wires

Click 2 and then dlick at the desired position of the cooling pipe / heeting wire. Define the
boundary condition as described in section 6.3.3.

5. Define loads
Click to select Load Mode.

Click and to add Z-point loads as described in section 6.4.3. XY -point loads and line-
loads will not influence the calculated stresses.

Click to add a X-momentum or to add an Y -momentum as described in section 6.4.5.

6. Define calculation parameters
Select the menu item [Calculation] and the sub item [Parameters]. Define the parameters as

described in section 6.6. Sdect Dimensions to 2%2-dimensiona and define the requirements to the
strain plane (section 6.6.4). Define Time specifications and change Mesh Node generation if

necessary.
7. Calculate

Click @I to generate the FEM mesh. Click j to calculate temperatures and approximated
stresses.

8. View results

Click E to view results as described in section 9.

9. Documentation

Material properties
Print out the material properties by using the menu item [Database] and the relevant sub-item
[Concrete], [Soil] or [Materiasg]. Click on the desired concrete/soil/material and select Print.

Geometry, boundary conditions etc.
Print the subject shown on screen by selecting the menu item [Project] and the sub item [Print
subject].
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Print out the functions used (temperature, wind, etc.) by using the menu item [Project] and the sub
item [Print functions].

Print out the calculation parameters by using the menu item [Project] and the sub item [Print
calculation parameters).

Results
Print out the results shown in the Result Viewer. Give the desired result type (see sect.9). Select
the menu item [Project] and the sub item [Print view].
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10.3 Temperatureand stress calculation

This section describes how to define projectsin order to make temperature and stress cal culations.

1. Define material properties

Sdect the menu item [ Database] and the relevant sub item [Concrete], [Soil] and/or [Materias).
The properties to be defined are shown in table 10.3.

Property Concrete Sail Material
Specific heat and density + + +
Thermal conductivity + + +
Heat development + - -
E-modulus + + +
Thermal expansion coefficient + + +
Poisson ratio + + +
Initial strain (autogenous shrinkage) (+) - -
Creep (+) - -
Compressive strength (+) (+) (+)
Tensile strength + + +
See section 7.2 7.5 74

Table 10.3

Properties needed for temperature calculations

+ Required.

(+) Optional. Compressive strength values are only needed if you want the devel opment of
the strength in the structure to be calculated. Neither the compressive nor the tensile
strength influence the temperature or stress calculation.

Y ou may be prompted for other properties when leaving a dialog box. Y ou can type any value as
these do not influence the calculations.

2. Define cr oss-section

Click El to sdect volume mode.

Draw the geometry as described in section 6.2.2 - 6.2.4. If necessary the view of the screen can
be changed as described in section 6.2.1.

Select materia type (e.g. concrete) and material name and define start time and temperature as
described in section 6.3.1. The thickness influence calculated stresses in disk calculations. If disk
calculations are not to be performed the thickness can be set to 1.
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3. Define thermal boundary conditions

Click E to select surface mode, then double click on the desired surface. Define the thermal
boundary condition as described in section 6.3.2.1.

4. Define cooling pipes/heating wires

Click L] and then dlick at the desired position of the cooling pipe / heating wire. Define the
boundary condition as described in section 6.3.3.
5. Define loads
Click to select Load Mode.
Click and or to add point loads as described in section 6.4.3.
Click @ and @ to add line loads as described in section 6.4.4.

Click to add a X-momentum or to add an Y -momentum as described in section 6.4.5.

6. Define supports
Click E to select Load Mode.

Click or to select point or line supports. Select the node or the surface to be supported
and click IZ‘ to add the support. Define the support as described in section 6.4.1.

7. Define calculation parameters
Select the menu item [Calculation] and the sub item [Parameters]. Define the parameters as
described in section 6.6. Select Dimensions to 2-dimensional for disk calculations or 2%
dimensiona for plain strain situation. If 2-dimensional select plane stress or strain. For 2%

dimendiona define the requirements to the strain plane (section 6.6.4). Define Time specifications
and change Mesh Node generation if necessary.

8. Calculate
Click @I to generate the FEM mesh. Click j to calculate temperatures and approximated
stresses. Select the menu item [Cdculate] and the sub item [Stress] to calculated stresses.

9. View results

Click E to view results as described in section 9.

10-7



DTI Building Technology 4C-Temp&Stress Tutorials

10. Documentation

Material properties
Print out the material properties by using the menu item [Database] and the relevant sub-item
[Concrete], [Soil] or [Materiasg]. Click on the desired concrete/soil/material and select Print.

Geometry, boundary conditions etc.
Print the subject shown on screen by selecting the menu item [Project] and the sub item [Print
subject].

Print out the functions used (temperature, wind, etc.) by using the menu item [Project] and the sub
item [Print functions].

Print out the calculation parameters by using the menu item [Project] and the sub item [Print
calculation parameters).

Results
Print out the results shown in the Result Viewer. Give the desired result type (see sect.9). Select
the menu item [Project] and the sub item [Print view].
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