
 

 

ISY Design 

User manual  

 

 

 

 

 

 

 

 

 

 

 

 

 

                                            Static Beam 

 Version 2.5 



ISY Design Version 2.5  

 

 

The ISY Design program system is prepared and owned by: 

 

 

 

Norconsult Informasjonssystemer AS 

Vestfjordgaten 4 

1338 SANDVIKA, Norway 

 Main switchboard: (+47) 67 57 15 00 

© Copyright 2012-2023 Norconsult Informasjonssystemer AS 

Updated links to e-mail and Internet can be found in the program under Help. 

Note: 

The contents of this document may be changed without prior notice.  

Norconsult Informasjonssystemer accepts no liability for any errors in this user manual. 

 



 

 NOIS AS Innholdsfortegnelse i 

  

  Version 2.5 ISY Design 

 

 

Contents 

Contents i 

Introduction 4 

Function .................................................................................................................. 4 

Licence model ......................................................................................................... 4 

Installation and licensing ........................................................................................ 4 

Support ................................................................................................................... 5 

User interface 6 

Toolbar .................................................................................................................... 6 

File .............................................................................................................. 6 

Home.......................................................................................................... 6 

Layout ........................................................................................................ 6 

Navigation menu ..................................................................................................... 6 

Message bar ............................................................................................................ 6 

Signs in graphical and alphanumeric input data ..................................................... 7 

Practical application 8 

Modelling the construction .................................................................................... 8 

Results ................................................................................................................... 10 

Tips and tricks ....................................................................................................... 10 

Load states (groups) ................................................................................ 10 

Directions and signs ................................................................................. 11 

Axial forces and biaxial calculations ........................................................ 11 

Generation of load combinations ............................................................ 11 

Buckling and axial forces .......................................................................... 11 

Hinges ...................................................................................................... 11 

Cut and paste ........................................................................................... 11 

Theoretical basis 13 

General information ............................................................................................. 13 

Material data ........................................................................................................ 13 

The stiffness of a column ...................................................................................... 13 

Statics using the matrix method ........................................................................... 14 

Matrices and vectors used in the calculations ........................................ 15 



ISY Design Version 2.5  

 

ii Innholdsfortegnelse  NOIS AS 

Division of members into elements ........................................................ 15 

Sign .......................................................................................................... 15 

Stiffness of the beam .............................................................................. 16 

Axial forces .............................................................................................. 17 

Moment and shear forces ....................................................................... 17 

2. order effects ........................................................................................ 17 

Hinges ...................................................................................................... 18 

Total stiffness matrix of the element ...................................................... 19 

Creating the stiffness matrix of the model ............................................. 20 

Solving the equation set .......................................................................... 21 

Load vector .............................................................................................. 21 

Support forces and section forces on the element ................................. 22 

Displacement control .............................................................................. 22 

Load combinations ............................................................................................... 23 

Load combination generation (EC0 Appendix A1) .................................. 23 

Super-positioning of load cases .............................................................. 29 

Value extremes ........................................................................................ 30 

Load trains ............................................................................................................ 30 

Calculation method ................................................................................. 30 

Super-positioning of load trains .............................................................. 31 

Restrictions 32 

Error messages from the program ....................................................................... 32 

Version history 33 

Version 1.0 ............................................................................................................ 33 

Version 1.1 ............................................................................................................ 33 

Version 1.2 ............................................................................................................ 33 

Version 1.2.1 ......................................................................................................... 33 

Version 1.3 ............................................................................................................ 33 

Version 1.4 ............................................................................................................ 33 

Version 1.5 ............................................................................................................ 34 

Version 1.5.1 ......................................................................................................... 34 

Version 2.0 ............................................................................................................ 34 

Version 2.1 ............................................................................................................ 34 

Version 2.2 ............................................................................................................ 34 

Version 2.2.1 ......................................................................................................... 35 

Version 2.3 ............................................................................................................ 35 

Version 2.4 ............................................................................................................ 35 

Version 2.4.1 ......................................................................................................... 35 



 

 NOIS AS Innholdsfortegnelse iii 

  

  Version 2.5 ISY Design 

 

 

Version 2.4.2 ......................................................................................................... 35 

Version 2.4.3 ......................................................................................................... 35 

Version 2.5 ............................................................................................................ 36 

Version 2.5.1 ......................................................................................................... 36 

Version 2.5.2 ......................................................................................................... 36 



ISY Design Version 2.5  

 

4  Introduction  NOIS AS  

Introduction 

Function 
ISY Design Static Beam is a tool utilized to calculate section forces and displacements on continuous 
beams. The key features are as follows: 

 Unlimited number of different user defined cross sections. 
 Unlimited number of support types – including springs. 
 Different cross section within the same span is supported.  
 Unlimited number of load cases and load combinations.  
 Point loads, point moments, line loads, load trains and prescribed displacements/rotations 

are supported.  
 Automatic generation of load combinations according to Eurocode (load standard). 
 Calculation of section forces, displacements and support forces. 
 Graphical illustrations of the results. 
 Automatic generation of printable report with a summary of the model and presentation of 

the calculated results.  

Licence model 
The modules in ISY Design are available in two versions – Standard and Enterprise. The additions to 
Enterprise compared to Standard are described for each individual module. The Standard version 
replaces corresponding modules in G-PROG Technics, while the Enterprise version provides a range 
of new options that have been requested. 

 

The following are the Enterprise additions compared to the Standard: 

 Loads in two directions 
 Axial forces and 2. order theory 
 Hinges 
 Prescribed displacements/rotations 
 Load trains 
 Load states (load groups) 
 Several national annexes (the standard version has one optional annex, while Enterprise 

have Norwegian, Swedish, Danish and Finnish). 

Contact NoIS to get access to the Enterprise version. 

Installation and licensing  
ISY Design uses the same licensing system as a range of other ISY products. If you want to keep track 
of all your licences, there is a separate program (ISY License) providing this option. This requires 
separate installation but does not have to be installed to use ISY Design. This program is available 
from our website. 

Single user licence 

Licence for installation on one local PC.  

Multiple user licence 
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Licence for installation on a server so that multiple users can use the program. The licence server 
controls the number of simultaneous users.  

Support 
REMARKS: Users outside Norway should preferably contact their local vendor for support. 

Norconsult Informasjonssystemer AS has its own support service where prompt help is available to 
customers. Give us a call or get in touch by e-mail. 

User support  (+47) 67 57 15 30 

E-mail  support.isydesign@nois.no  

Internet https://www.nois.no/  

It is often easier to help you if you send an e-mail containing the document/file you are asking about. 
If you need an answer quickly, we recommend that you also phone. We also have remote control 
tools so that we can view your screen, or you can view our screen.  

To further reinforce our support service, we have invested in a joint support system aimed at 
improving our communication with you in connection with user support. Our customers can 
continue using telephone and e-mail services, but the new solution gives both us and you a range of 
new options for structured follow-up of each customer and each individual case.  

The support service is set up with a portal with “your page” where you can register as a user, report 
cases and follow up the status of your own cases. The portal also has a separate page offering access 
to questions and answers on a range of subjects. You can register as a user by logging in to the 
support pages on our website. Use the link in the program. 

 

mailto:support.isydesign@nois.no
https://www.nois.no/
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User interface 
We will start off by describing a selection of details from the program. See “User manual ISY Design 
General” for a more comprehensive list.  

Toolbar 
This has three tabs: File, Home and Layout. There are also several shortcuts at the top of the screen. 

 

File 

The standard menus for document management and printing can be found here. Licence 
information, document options, user manuals and company information are also available here. 

Home 

All the options available for inputting and editing data are displayed here. The contents vary in that 
they are adapted according to what is displayed on screen. Note that in the calculation group the 
button “Settings” opens the possibility to edit calculation settings. 

Layout 

The contents here vary as well, but some features are the same. 

Navigation menu 
The Navigation menu (see the figure below) provides access to the entire model and all calculation 
results. This is designed to allow you to follow it from the top downwards.  

  

Message bar 
If it turns out that the model is unstable, or if you have input invalid data, this is displayed in the 
message bar (see the figure). All errors, warnings and information messages end up here. The same 
is true for failed validations. 



 

 NOIS AS  User interface    7  

  

  Version 2.5 ISY Design 

 

 

 

 

To provide a better overview, messages that appear several times are collected together in a node 
that can be opened in the same way as folders in Windows Explorer. Detailed information on the 
cause of the message is also displayed here. In most cases, you will also be able to double-click on 
the message to display the window in which the message was generated.  

Signs in graphical and alphanumeric input data 
The program uses a coordinate system with the x-axis inwards, the y-axis to the right and the z-axis 
upwards. This is shown below in the left-hand corner of the Graphics window. In this illustration the 
x-axis is brown, the y-axis is green, and the z-axis is blue. 

 

 

However, because most users are accustomed to x-y-coordinates when describing a plane, we have 
chosen to display the numeric y-coordinates with averted sign in the alphanumeric tables. 
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Practical application 
Several typical applications are reviewed here. A selection of options in the program are described 
for each step. The examples do not cover everything, but they should be sufficient to help you 
understand the rest yourself. 

Note that the details in the screenshots may differ slightly from what you can see in the program. 

Modelling the construction 
1. Create a new static beam document as shown in the figure below.   

 

 
 

2. Input material data (follow the Navigation menu). 
 

3. Input data describing the geometry of the model. 

Hint:  In most cases it is more practical to select all cross sections and any user 
defined support types first.  

 The star next to the name of the cross section/support type specifies the 
favourite (default) when creating new members and supports in your model. 
 

  
 

 If you define a spring support, you have the option to calculate the spring 
constants in a wizard.  
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4. Model geometry – defining the model 
 

 You can change both member lengths and location of the joints as you see fit. 
 Joints can be placed and moved graphically as well.  

 
5. Loads 

 
 Define the load cases to be included. 
 Load trains are defined similarly. 
 Specify the loads to be included in each load case/train. 

 Numerical addition: Use the table. 

 Graphical addition: Choose Point load/Line load as the tool and click on 
the model.  

 

   
 

 If «User defined» is selected as the category, the 𝜓-factors can be set at your 
own discretion. Otherwise, they are predetermined in accordance with Table 
NA.A.1.1 in NS-EN-1990.  

 Prescribed displacements and rotations are limited to directions where the 
joint is fixed. 

 

6. Load combinations  
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 Press the “Generate load combinations”-button to get all load combinations of 
the relevant load cases in accordance with 6.4.3.2 and 6.5.3 in NS-EN 1990. 
Note that you may choose to overwrite previously generated load 
combinations.  
 

 
 

 Other load combinations you may create and define yourself.  
 

Results 
1. The results are shown in tables. Expand them to get a closer look at the details.  

 

 

 
 The results are shown as curves in the graphics window too. Double-click an 

element of your choice to get a dialog displaying the results of the element.  

Tips and tricks 

Load states (groups)  

ISY Design specifies loads on load cases, but the program also supports several load states per load 
case. Then the load case is seen as a load group. A load state is a set of loads (point loads, line loads, 
etc.) that operate simultaneously and have no information about load type and load factors. 
Therefore, a load state must be included in a load case (load group) before it can be combined in a 
load combination. 

Loads are specified by default on the load case, but if there are two or more included load states, 
loads are specified there, and the program displays these as a tree list. You can add load states by 
pressing the button to the right of the name of the load case, or by right-clicking on the load case. 

Note that load states that are included in a load case are mutually exclusive. This means that only 
one load state can occur at a time in the calculations. 
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Directions and signs 

In our experience this is sometimes confusing to the competent user as well. Therefore, a more 
detailed explanation is presented in the chapter Sign in the theory section. This way you can refresh 
your memory regularly. In addition, the graphics usually indicate the correct directions.  

Axial forces and biaxial calculations 

When you choose to calculate with two axis and axial forces it is necessary to include more data to 
describe the cross sections and support types. To minimize mistakes, we have chosen to handle this 
in such manner: 

By changing from one axis to two, the area moment of inertia about the vertical axis is set to a 
default value. At the same time a warning is displayed to make sure that you remember to 
verify/change the value.  

When axial forces or biaxial calculation is included, the existing supports will be fixed in the new 
degrees of freedom. In the case of the reversed operation, the relevant values will be removed. Note 
that the default supports Pinned (YZ) and Slider (YZ) will be undefined and must be set anew.  

If you choose biaxial calculation or axial forces after you have gone through these data groups, it is 
thus necessary to revisit them.  

Generation of load combinations  

When you choose to generate load combinations the previously generated load combinations will be 
replaced if you have chosen to do so (the option is in the dialog for the generation of load 
combinations). The user defined load combinations will remain unaffected.  

Buckling and axial forces 

Because ISY Design Static Beam is a pure static calculation program (no design), there is no 
calculations determining the initial imperfection, or other side forces which is required by the 
Eurocodes for design. Thus, only axial forces (no side forces) will not result in any 2. order effects. 

Hinges 

The stiffness matrix will not be singular when hinges are included in the model, even when parts of 
the construction are instable. This happens because hinges are internal degrees of freedom only. 
Consequently, these types of constructions will be able to be calculated without error messages. 
However, the results are of course not valid. Normally they result in unreasonable displacement, 
while the forces have normal values still.  

Cut and paste 

ISY Design gives you the option of copying the contents of an individual input data field to the 
clipboard and then pasting this information into another data field or another program. It is also 
possible to copy one or more rows from tables in this way. 
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It must be noted that some input data fields and the tables have contents that cannot be copied into 
ISY Design in this way. Therefore, it is necessary always to check data after performing a copying 
function of this kind. 
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Theoretical basis 

General information 
The formulae are applicable to calculation of static beams in accordance with the following 
standards, with Norwegian, Swedish, Danish and Finnish national annexes. See User Manual ISY 
Design General for more information on included versions of the standards and associated national 
annexes.  

 Eurocode 0, EN 1990 (EC0) 
 Eurocode 1, EN 1991-1-1 (EC1-1-1) 
 Eurocode 1, EN 1991-1-2 (EC1-1-2) 

 

The program uses the constants and formulae specified in the relevant national annex, but it is also 
possible to use the recommended values specified in the standard version. In this case, note that you 
are not allowed to use these calculations for structures in any countries, and they are intended only 
as a basis for comparison. 

If the formulae are taken directly from the standard, the item/table number in the standard is 
specified. 

Throughout the theoretical basis it is assumed that the order of the degrees of freedom in matrixes 
are 𝑥, 𝑦, 𝑧, 𝜃𝑦 and 𝜃𝑧. Even though not all matrixes will include them all, the same order is kept. 

Material data 
In ISY Design Static Beam the material data consists of the following values. 

𝐸 Modulus of elasticity 

𝛾 Material weight density 

𝐾𝑓𝑖  A factor connected to the constructions reliability class. (See EN 1990 Table B3) 

 

The value of 𝐾𝑓𝑖  is determined by the reliability class of the construction. The standard version of 

Eurocode specifies that 𝐾𝑓𝑖 = 0,9 for RC1, 𝐾𝑓𝑖 = 1,0 for RC2 and 𝐾𝑓𝑖 = 1,1 for RC3. This can be 

chosen from a pull-down-menu in the application. RC2 is the default assumption in new documents. 

Norwegian annex: 𝐾𝑓𝑖 = 1,0 for RC3, otherwise equal to standard version 

Swedish annex: 𝛾𝑑 replaces 𝐾𝑓𝑖 , but has the same function. 𝛾𝑑 = 0,83 (RC1), 𝛾𝑑 = 0,91 (RC2), 𝛾𝑑 = 1,0 (RC3) 

Danish annex: Equal to standard version 
Finnish annex: Equal to standard version 

The stiffness of a column 
This chapter specifies how the stiffness of a column, positioned above and/or below the beam, is 
calculated. (The same applies to beams in front, and behind, the member.) 

 

𝐾𝜃𝑦,𝑐 =
12

4 − 𝑘𝑠

𝐸𝑐𝐼𝑦,𝑐

𝐿𝑐
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𝐾𝑥,𝑐 =
12

4 − 3𝑘𝑠

𝐸𝑐𝐼𝑦,𝑐

𝐿𝑐
3  

 

𝐾𝑦,𝑐 =
12

4 − 3𝑘𝑠

𝐸𝑐𝐼𝑧,𝑐

𝐿𝑐
3  

 

𝐾𝑧,𝑐 =
𝐸𝑐𝐴𝑐
𝐿𝑐

 

 

𝐸𝑐 The column’s modulus of elasticity 

𝐼𝑦,𝑐 The column’s moment of inertia about the beam’s y-axis 

𝐴𝑐 Column area 

𝐿𝑐 Column length 

𝐾𝜃𝑦,𝑐 Column bending stiffness 

𝐾𝑥,𝑐 Bending stiffness of the column (Support spring for the beams x-axis) 

𝐾𝑦,𝑐 Bending stiffness of the column (Support spring for the beams y-axis) 

𝐾𝑧,𝑐 Axial stiffness of the column (Support spring for the beams z-axis) 

𝑘𝑠 Clamping factor at the end of the column. Specified by user. The value must be 
between 0, fully clamped, and 1, hinged support.  

Statics using the matrix method 
The static calculation is based on the elemental method. The program calculates the stiffness of the 
individual beam and column elements, builds the beam's stiffness matrix and finds the inverse 
matrix, the beam's flexibility matrix. Load vectors are constructed. Displacements, section forces and 
support forces are calculated. 

 

The program employs the Euler-Bernoulli beam theory which assumes that plane cross-sections 
stays plane. This is usually a good assumption, but for short, tall and thick beams may yield some 

inaccuracy. The rule of thumb is that Euler-Bernoulli is accurate when 
𝐿

𝐻
≥ 15. 

 

The beam is divided into short elements (default is 20 elements per member). Each element 
therefore has several degrees of freedom, and the matrix calculation must contain axial forces, 
moment and shear forces. Supports are then defined as points where one or more displacement 
directions are locked, usually to 0. To handle the 2. order effects, the stiffnesses must be modified 
for elements that have axial force, which usually leads to an iteration process. 

 

The size of the matrices and vectors varies based on the choices that the user makes. For example, if 
it is not selected to include forces in the x-direction, the rows and columns in the matrices related to 
this are removed. Correspondingly for forces in the y-direction and moments about the z-axis if 
biaxial calculation is not selected.  
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Matrices and vectors used in the calculations 
 

K Global stiffness matrix 

F Global flexibility matrix 

R Global load vector 

r Global displacement vector 

k Local stiffness matrix 

f Local flexibility matrix 

S Local load vector 

v Local displacement vector 

 

Division of members into elements  

We divide the model into spans, bounded by supports. Each span is divided into a user-defined 
number of elements - the default value is 20. Before division, nodes are placed at all joints, point 
loads, and start and end points for line loads. Remaining nodes are then divided into the different 
parts of the span. Each part should have x number of elements, the number of elements being 
determined by the length of the section relative to the span and how many the user wanted.  

 

If any nodes coincide when modelling (less than x% of the elements' ideal length (field length / 
number of elements)), the user gets a warning that allows him to adjust the location of the load.  

 

In the calculation, we provide a warning if the size of the smallest and largest elements is x% (where 
x is about 10,000).  

Sign 

Sign rules 
In the theoretical basis and the calculations, we consistently employ a right-hand coordinate system. 

 

The user interface (what you see on the screen and the printed report) has a few signs that are 
changed. This has been implemented so that the sign rules are in accordance to what you are used 
to. All signs are specified below, and we have marked those that differ from the theoretical basis. 

 

Load type Primary axis 
(in code) 

Primary axis 
(in GUI) 

Secondary 
axis (in code) 

Secondary 
axis (in GUI) 

Axially 
(in code) 

Axially 
(in GUI) 

Point/line 
loads 

Positive 
upwards 

Positive 
downwards 

Positive 
inwards 

Positive 
inwards 

Positive 
towards 
the right 

Positive 
towards 
the right 

Moment Positive 
clockwise 

Positive 
clockwise 

Positive 
counter-
clockwise 

Positive 
counter-
clockwise 
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Prescribed 
displacemen
t 

Positive 
upwards 

Positive 
downwards 

Positive 
inwards 

Positive 
inwards 

Positive 
towards 
the right 

Positive 
towards 
the right 

Prescribed 
rotation 

Positive 
clockwise 

Positive 
clockwise 

Positive 
counter-
clockwise 

Positive 
counter-
clockwise 

  
 

Support 
forces 

Positive 
upwards 

Positive 
upwards 

Positive 
inwards 

Positive 
inwards 

Positive 
towards 
the right 

Positive 
towards 
the right 

Support 
moment 

Positive 
clockwise 

Positive 
clockwise 

Positive 
counter-
clockwise 

Positive 
counter-
clockwise 

    

Section 
forces  

Positive 
turns 
element 
clockwise 

Graphically 
drawn 
positive 
upwards 

Positive turns 
element 
clockwise 

Graphically 
drawn 
positive 
upwards 

Positive 
is tension 
(deviates 
from 
theory) 

Positive 
is 
tension  

Moment in 
cross 
section  

Positive 
yields 
tension at 
the bottom 

Graphically 
drawn 
positive 
downwards 

Positive 
yields 
tension in 
the back 

Graphically 
drawn 
positive 
upwards 

    

Displaceme
nt 

Positive 
upwards 

Positive 
downwards, 
graphically 
drawn 
according to 
actual 
displacemen
t 

Positive 
inwards 

Graphically 
drawn 
according to 
actual 
displacement 

Positive 
to the 
right 

Graphic
ally 
drawn 
positive 
upward
s 

Rotation Positive 
clockwise 

Positive 
clockwise 

Positive 
counter-
clockwise 

Positive 
counter-
clockwise 

    

 

The term "clockwise" assumes that a vertical section is considered from the front, which is the same 
as the graphical representation in 2D, and that the x-axis goes from left to right. The horizontal 
section is considered from above. 

Stiffness of the beam 

The beam has constant stiffness within each member. The stiffness is based on the geometry of the 
cross section in accordance with the elasticity theory.  

 

Modulus of elasticity is specified as user input.  

The application allows different cross section data for each member. Utilised data is as follows. 

 

𝐴 Cross section area 

𝐼𝑦 Moment of inertia about the y-axis 

𝐼𝑧 Moment of inertia about the z-axis 
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On the other hand, shear stiffness is disregarded.   

Axial forces 

𝒌𝒙 =
𝐸𝐴

𝐿
[
1 −1
−1 1

] 

Moment and shear forces 

𝒌𝒊 =
𝐸𝐼𝑖
𝐿3 

[

12 −6𝐿 −12 −6𝐿
⋮ 4𝐿2 6𝐿 2𝐿2

⋮  12 6𝐿
𝑆𝑦𝑚. ⋯ ⋯ 4𝐿2

] , 𝑤ℎ𝑒𝑟𝑒 𝑖 ∈ {𝑦, 𝑧} 

 

2. order effects 

We have investigated three alternative calculations of 2. order effects. We landed on the following 
choice, Matrisestatikk1. When calculating 𝑘 the absolute value of 𝑁 is used, while the formulae that 
are employed are depended on the sign the axial force – whether the force is in compression or 
tension.  

 

𝑘 = √
𝑁

𝐸𝐼
 

 

𝜙1 = {

𝑘𝐿

2
cot (

𝑘𝐿

2
) 𝐹𝑜𝑟 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛

𝑘𝐿

2
coth (

𝑘𝐿

2
) 𝐹𝑜𝑟 𝑡𝑒𝑛𝑠𝑖𝑜𝑛

 

 

𝜙2 =

{
 
 

 
 1

12

𝑘2𝐿2

(1 − 𝜙1)
𝐹𝑜𝑟 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛

−
1

12

𝑘2𝐿2

(1 − 𝜙1)
𝐹𝑜𝑟 𝑡𝑒𝑛𝑠𝑖𝑜𝑛

 

 

𝜙3 =
1

4
𝜙1 +

3

4
𝜙2 

 

𝜙4 = −
1

2
𝜙1 +

3

2
𝜙2 

                                                           
1 «Matrisestatikk – Statiske beregninger av rammekonstruksjoner» by prof. Kolbein Bell, Tapir 
Akademisk Forlag, Trondheim 2011. 



ISY Design Version 2.5  

 

18  Theoretical basis  NOIS AS  

 

𝜙5 = 𝜙1𝜙2 

 

 

𝒌2 =
2𝐸𝐼

𝐿3

[
 
 
 
6𝜙5 −3𝐿𝜙2 −6𝜙5 −3𝐿𝜙2
⋮ 2𝐿2𝜙3 3𝐿𝜙2 𝐿2𝜙4
⋮ 6𝜙5 3𝐿𝜙2

𝑆𝑦𝑚. ⋯ ⋯ 2𝐿2𝜙3 ]
 
 
 

 

 

Hinges 

Hinges are accounted for in the element stiffness matrix by finding an equivalent stiffness that 
results in zero moment.  

𝑲𝒓 = 𝑹 

 

[

𝑘11 𝑘12 𝑘13 𝑘14
𝑘21 𝑘22 𝑘23 𝑘24
𝑘31 𝑘32 𝑘33 𝑘34
𝑘41 𝑘42 𝑘43 𝑘44

] [

𝑟1
𝑟2
𝑟3
𝑟4

] = [

𝑅1
𝑅2
𝑅3
𝑅4

] 

 

The matrix is split into two groups when the end of the element has hinged rotation about the y-axis. 
The degree of freedom of the hinge is placed in the second group. (Note that all symbols are new 
here) 

 

[
𝑘11 𝑘12
𝑘21 𝑘22

] [
𝑟1
𝑟2
] = [

𝑅1
𝑅2
] 

 

𝑘11𝑟1 + 𝑘12𝑟2 = 𝑅1 

 

𝑘21𝑟1 + 𝑘22𝑟2 = 𝑅2 = 0 

 

𝑟2 = −𝑘22
−1𝑘21𝑟1 

 

𝑘11𝑟1 − 𝑘12𝑘22
−1𝑘21𝑟1 = 𝑅1 

 

(𝑘11 − 𝑘12𝑘22
−1𝑘21)𝑟1 = 𝑅1 

 

Expanding the matrices 

 

([

𝑘11 𝑘12 𝑘13
𝑘21 𝑘22 𝑘23
𝑘31 𝑘23 𝑘33

] −
1

𝑘44
[

𝑘14
𝑘24
𝑘34

] [𝑘41 𝑘42 𝑘43]) [

𝑟1
𝑟2
𝑟3
] = [

𝑅1
𝑅2
𝑅3

] 
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([

𝑘11 𝑘12 𝑘13 0
𝑘21 𝑘22 𝑘23 0
𝑘31 𝑘32 𝑘33 0
0 0 0 0

] −
1

𝑘44
[

𝑘14𝑘41 𝑘14𝑘42 𝑘14𝑘43 0
𝑘24𝑘41 𝑘24𝑘42 𝑘24𝑘43 0
𝑘34𝑘41 𝑘34𝑘42 𝑘34𝑘43 0
0 0 0 0

]) [

𝑟1
𝑟2
𝑟3
𝑟4

] = [

𝑅1
𝑅2
𝑅3
𝑅4

] 

 

(𝒌 − 𝒌ℎ𝑖𝑛𝑔𝑒)𝒓 = 𝑹 

 

Where the row and column of the hinge is zero.  

 

Hinge at the end 

𝒌ℎ𝑖𝑛𝑔𝑒 =
1

𝑘44

[
 
 
 
 𝑘14

2 𝑘14𝑘42 𝑘14𝑘43 0

⋮ 𝑘24
2 𝑘24𝑘43 0

⋮ 𝑘34
2 0

𝑆𝑦𝑚. … … 0]
 
 
 
 

 

 

Hinge at the start 

 

𝒌ℎ𝑖𝑛𝑔𝑒 =
1

𝑘22

[
 
 
 
 𝑘12

2 𝑘12𝑘23 𝑘12𝑘24 0

⋮ 𝑘23
2 𝑘32𝑘24 0

⋮ 𝑘24
2 0

𝑆𝑦𝑚. … … 0]
 
 
 
 

 

 

Degrees of freedom sorted in normal order 

 

𝒌ℎ𝑖𝑛𝑔𝑒 =
1

𝑘22
[
 
 
 
 𝑘12

2 0 𝑘12𝑘23 𝑘12𝑘24
⋮ 0 0 0

⋮ 𝑘23
2 𝑘32𝑘24

𝑆𝑦𝑚. … … 𝑘24
2 ]
 
 
 
 

 

 

 

Hinges on both sides can also be derived, but since the inverse hinge become a matrix instead of a 
scalar, the result will be somewhat more complex. We therefore assume that elements have hinges 
on one side only. If the user has modelled in a way that causes hinges on both sides of an element, 
an error message will be displayed, and the hinges are ignored. 

Total stiffness matrix of the element 

                  𝑢1 𝑣1 𝑤1 𝜃𝑦1 𝜃𝑧1 𝑢2 𝑣2 𝑤2 𝜃𝑦2 𝜃𝑧2 
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𝒌 =

[
 
 
 
 
 
 
 
 
 
 
 
𝑘𝑥,11 0 0 0 0 𝑘𝑥,12 0 0 0 0

⋮ 𝑘𝑧,11 0 0 𝑘𝑧,12 0 𝑘𝑧,13 0 0 𝑘𝑧,14
𝑘𝑦,11 𝑘𝑦,12 0 0 0 𝑘𝑦,13 𝑘𝑦,14 0

⋮ 𝑘𝑦,22 0 0 0 𝑘𝑦,23 𝑘𝑦,24 0

𝑘𝑧,22 0 𝑘𝑧,23 0 0 𝑘𝑧,24
⋮ 𝑘𝑥,22 0 0 0 0

𝑘𝑧,33 0 0 𝑘𝑧,34
⋮ 𝑘𝑦,33 𝑘𝑦,34 0

𝑘𝑦,44 0

𝑆𝑦𝑚. ⋯ ⋯ ⋯ ⋯ 𝑘𝑧,44]
 
 
 
 
 
 
 
 
 
 
 

 

 

𝑢1 Related to displacement in the x-direction in end 1 
𝑣1 Related to displacement in the y-direction in end 1 
𝑤1 Related to displacement in the z-direction in end 1 

𝜃𝑦1 Related to rotation about the y-axis in end 1 

𝜃𝑧1 Related to rotation about the z- axis in end 1 
𝑢2 Related to displacement in the x-direction in end 2 
𝑣2 Related to displacement in the y-direction in end 2 
𝑤2 Related to displacement in the z-direction in end 2 

𝜃𝑦2 Related to rotation about the y- axis in end 2 

𝜃𝑧2 Related to rotation about the z- axis in end 2 

Creating the stiffness matrix of the model 

The stiffness matrix of the model is created by adding the element stiffness matrices to the model 
stiffness matrix. Which rows and columns the element stiffness matrix’s components should be 
added into the model stiffness matrix is determined using the compatibility matrix a.  

 

𝑲 = 𝒂𝑇𝒌𝒂 

 

As an example, consider an element with 10 degrees of freedom that spans from node 2 to 3 in a 
model of two members. We then get the following matrices.  

 

𝒂 = [
𝟎 𝑰 𝟎
𝟎 𝟎 𝑰

] 

 

𝑲 = [ 𝒌𝟏𝟏 𝒌𝟏𝟐
𝒌𝟏𝟐 𝒌𝟐𝟐

] 

 

Where I and 0 are the 10x10 identity matrix and 0-matrix. 𝑘11, 𝑘12, 𝑘21 and  𝑘22 are 5x5 matrices 
from end 1 and end 2 in the element stiffness matrix. In practice, it is never necessary to establish 
the compatibility matrix.  
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In every support points there can be 2 rotational springs (𝐾𝜃𝑦,𝑐 og 𝐾𝜃𝑧,𝑐) and 3 translational springs 

(𝐾𝑥,𝑐, 𝐾𝑦,𝑐 og 𝐾𝑧,𝑐). The spring constants of the support shall be added directly into the diagonal part 

corresponding to the degree of freedom in the stiffness matrix. 

 

If a degree of freedom is locked/clamped the row and column values are set to zero while the 
diagonal element is set to 1.0. 

Solving the equation set 

In ISY Design Static Beam a matrix library is employed to solve the equation system 𝑲𝒓 = 𝑹 for the 
element displacements 𝒓. 

Load vector 

The load vector is constructed by the load lumping principle. This implies an approach where we 
transform evenly distributed loads to point loads in the nodes. Since there are nodes under all point 
loads, these can be added straight into the load vector. (Exception here are point loads in load trains, 
which can be between 2 nodes. In this case, the point loads are distributed to the two closest 
nodes.) In addition, there are nodes at the start and end of all line loads, and can thus distribute 
loads to nodes according to the following principle: 

 

 For each line load that is located above a node 

 Find the intensity of the line load at a point that lies 25 % in at the element at the 
right of the node. 

 Multiply the intensity with 50 % of the length of the element at the right side and 
transform this to a point load acting directly in the node.  

 Do the corresponding at the left side of the node. 
 

Then the «fictional» nodal forces from the line loads in node number 𝑖, together with the existing 
point loads (and moments), are added to the global load vector 𝑹. 

 

𝑹 =

[
 
 
 
 
 
 
⋮
𝑃𝑥,𝑖
𝑃𝑦,𝑖
𝑃𝑧,𝑖
𝑀𝑦,𝑖
𝑀𝑧,𝑖
⋮ ]
 
 
 
 
 
 

 

 

As mentioned, this is an approximation. When the beam is divided into 20 elements, it may be a 
deviation from the exact calculation by a few percent. The deviation is proportional to the shear force 
in the element and inversely proportional to the number of elements in the member. Therefore, if 
there is a need for a greater accuracy, you must increase the number of elements per member. 
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Prescribed displacements 
When a degree of freedom has a prescribed displacement or rotation, this must be handled in the 
load vector. Fixed degrees of freedom may be considered a special case of prescribed displacements 
where the displacement is set to 0. As prescribed displacements are handled as loads, they are also 
scaled according to the gamma and psi factors on the load combination they are included in.  

 

A prescribed displacement modifies the load vector, 𝑹, in the following way 

 

𝑹 ∶= 𝑹 − 𝑑 ∑ 𝒌𝒊𝒋
𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑 
𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠

 

where 𝒌𝒊𝒋 is the vector in the stiffness matrix at column number 𝑗. 

 

𝑹𝑗 = 𝑑 

 

When the contribution of the element stiffness matrix is subtracted from 𝑹 it is important to 
subtract the correct degree of freedom in 𝑹 depending on which element that is considered. 

 

𝑗 The index in the load matrix of the degree of freedom that is prescribed 
𝑑 The value of the prescribed displacement 
𝒌 The element stiffness matrix, including 2. order effects correction 

Support forces and section forces on the element 

𝒓 = 𝑭𝑹  results in element rotations and displacements in each node. 

 

From the compatibility matrix 𝒂 the displacements of the element are found. Accordingly, the section 
forces are calculated using the formula below.  

𝑺 = 𝒌𝒗 

 

The unbalanced section forces in the support points are the support forces. These are found by 
considering the section forces of associated elements on the left and right side of the node where 
the support is defined. 

 

𝑷𝑠 = ∑ 𝑺
𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑
𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠

 

Displacement control 

For serviceability limit state combinations one can choose to add displacement control. This is done 
in the calculation settings. The program supports two types of displacement requirements. If both 
are included, the most critical requirement will be used in the displacement control. The following 
requirements can be set: 

 Constant maximum value, 𝛿𝑚𝑎𝑥. 
 Dynamic 𝐿/𝑥-requirement per member. 
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 𝑥 is user defined. 

 𝐿 is length of the current member. 

The requirements for displacement are set separately in the y- and z-direction. In addition, we can 
choose which serviceability limit state combinations to control for displacement. This choice is also 
done in the calculation settings. 

Note: 

 The program controls the selected requirements per member. This may in some cases be 
overly conservative. 

 In a two directional calculation, the requirement for displacement will be controlled in each 
direction separately. 

 Displacements in x-direction (tension/compression of beam) are not controlled. 

Load combinations 
Each load case is combined in accordance with EN 1990. 

 

It is possible to select between several load combination types: 

 Ultimate limit state (STR) 
 Quasi-permanent (Serviceability limit state) 
 Frequent (Serviceability limit state) 
 Characteristic (Serviceability limit state) 
 Fire (Accident) 
 Accident 
 None (will not be calculated) 

 

The static calculation utilizes axial forces and 2. order effects so super-positioning of the load cases 
are not possible. The load combinations are constructed according to the formulae below, calculated 
and relevant results are stored. 

Load combination generation (EC0 Appendix A1) 

The program can generate a proposal of combinations based on the load cases defined and the rules 
that Eurocode specifies for constructing load combinations. The program can generate load 
combinations of type serviceability limit, ultimate limit and fire situations. 

 

It is worth noticing that load trains are treated different by the standard depending on the type of 
load train. The program selects the values for traffic loads based on the normal/frequently used 
values, but both the 𝜓-factors and the 𝛾-factors of a load combination with load trains must always 
be especially considered.  

Ultimate limit state 
The ultimate limit state combinations are constructed in a slightly different way in the different 
national annexes. Selected national annex will therefore affect how the combinations are generated. 
If the annex is changed, the auto calculated values will be updated in accordance with the new 
national annex. Note that this applies for both generated and user defined load combinations. On 
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the other hand, new load combinations will not be generated based on the new national annex. It is 
up to the user to determine whether he/she wants to do that. Values that are user-defined (that are 
no longer auto calculated) are not updated either.  

 

The program constructs ultimate limit state combinations from the standard version of Eurocode by 
formula 6.10a in EN 1990 (no dominating load cases), and one combination by formula 6.10b, for 
each dominating load case.  

 

∑𝛾𝐺,𝑗𝐺𝑘,𝑗
𝑗≥1

+𝛾𝑃𝑃 + 𝛾𝑄,1𝜓0,1𝑄𝑘,1 +∑𝛾𝑄,𝑖𝜓0,𝑖𝑄𝑘,𝑖
𝑖>1

 

(6.10a) 

 

∑𝜉𝑗𝛾𝐺,𝑗𝐺𝑘,𝑗
𝑗≥1

+𝛾 𝑃𝑃 + 𝛾𝑄,1𝑄𝑘,1 +∑𝛾𝑄,𝑖𝜓0,𝑖𝑄𝑘,𝑖
𝑖>1

 

(6.10b) 

 

Norwegian annex: Equal to standard version 
Swedish annex: (6.10a) is modified ∑ 𝛾𝐺,𝑗𝐺𝑘,𝑗𝑗≥1 +𝛾𝑃𝑃, otherwise equal to standard version 

Danish annex: (6.10a) is modified to ∑ 𝛾𝐺,𝑗𝐺𝑘,𝑗𝑗≥1 +𝛾𝑃𝑃, and more load combinations are generated.  

See «Load combinations by the Danish annex ».  
Finnish annex: (6.10a) is modified ∑ 𝛾𝐺,𝑗𝐺𝑘,𝑗𝑗≥1 +𝛾𝑃𝑃, otherwise equal to standard version  

 

+ Means «is combined with» (considered as usual +) 

𝚺 Means “combined effect of” 

𝑮 Permanent loads 

𝑸 Variable loads 

𝑷 Preloading (Permanent effect where a construction is affected by controlled forces 
and/or controlled deformations) 

𝜸𝑮 Partial factor for permanent effects 

𝜸𝑸 Partial factor for variable effects 

𝜸𝑷 Partial factor for preloads 

𝝍𝒐 Factor for combination value of a variable effect 

𝝍𝟏 Factor for frequent values of a variable effect 

𝝍𝟐 Factor for quasi-permanent value of a variable effect 

𝝃 Reduction factor for unfavourable permanent loads G 

 

𝜉 = 0,85 

Norwegian annex: 𝜉 = 0,89  
Swedish annex: 𝜉 = 0,89 

Danish annex: Not in use (𝜉 = 1,0 in code) 
Finnish annex: Equal to standard version 

 

Prescribed displacements are considered preloads and are included in the “variable” 𝑃 in the 
equations above. The constant 𝛾𝑃 is needed. However, it is unfortunately not defined anywhere but 
in the Swedish annex to EN 1990, section A1.3.1(1). P-loads are described in EN 1993-1-1 section 
2.3.1 and 1999-1-1 section 2.3.1, where it says 
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 «The effects of uneven settlements or imposed deformations or other forms of prestressing 
imposed during erection should be taken into account by their nominal value 𝑃𝐾 as 
permanent action and grouped with other permanent actions 𝐺𝐾 to a single action (𝐺𝐾 +
𝑃𝐾). » 

 

We have chosen to implement the Swedish annex and set 𝛾𝑃 = 𝛾𝐺. The numerical values can be 
found in chapter “𝜸𝒔𝒖𝒑 and 𝜸𝒊𝒏𝒇”. 

 

Other values of the variables in the table above are described in chapter “𝝍-factors of load cases”. 

Serviceability limit state 
When generating serviceability limit state combinations, a quasi-permanent combination (formula 
6.16b) and, for each dominating load, a frequent combination (6.15b) and a characteristic 
combination (6.14b) are constructed. The program uses the 𝛾- and 𝜓-values from appendix A1, 
buildings.  

 

∑𝐺𝑘,𝑗 + 𝑃 +∑𝜓2,1𝑄𝑘,𝑖 

(6.16b, quasi-permanent) 

 

∑𝐺𝑘,𝑗 + 𝑃 + 𝑄𝑘,1 +∑𝜓0,𝑖𝑄𝑘,𝑖
𝑖>1𝑗≥1

 

(6.14b, characteristic) 

 

∑𝐺𝑘,𝑗 + 𝑃 + 𝜓1,1𝑄𝑘,1 +∑𝜓2,𝑖𝑄𝑘,𝑖
𝑖>1𝑗≥1

 

(6.15b, frequent) 

Fire 
Fire situation load combinations are constructed based on the rules in EN 1990 section 6.4.3.3. The 
rules are equal for every national annex. However, the 𝜓-factor that is used on dominating variable 
loads is an exception. A fire load combination is constructed for each dominating load case based on 
formula (6.11b). If there are no dominating load cases a combination without is generated. Because 
the program does not calculate with expansion of materials due to thermal effects from fire we have 
that 𝐴𝑑 = 0. The following equation then presents itself. 

 

∑𝐺𝑘,𝑗
𝑗≥1

+𝑃 +𝜓𝑓𝑖𝑄𝑘,1 +∑𝜓2,𝑖𝑄𝑘,𝑖
𝑖>1

 

(6.11b) 
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𝜓𝑓𝑖 in the above equation is defined in EN 1991-1-2 section 4.3.1(2) and is equal to either 𝜓1 or 𝜓2 

depending on selected national annex. The standard version of Eurocode uses 

 

𝜓𝑓𝑖 = 𝜓2 

Norwegian annex: 𝜓𝑓𝑖 = 𝜓1 for wind loads, otherwise 𝜓𝑓𝑖 = 𝜓2 

Swedish annex: 𝜓𝑓𝑖 = 𝜓1 

Danish annex: 𝜓𝑓𝑖 = 𝜓1 

 Finnish annex: 𝜓𝑓𝑖 = 𝜓1 for snow-, ice- and wind loads, otherwise 𝜓𝑓𝑖 = 𝜓2 

 

𝝍-factors of load cases 

Load type 𝝍𝟎 𝝍𝟏 𝝍𝟐 

Category A: Domestic, residential areas 0,7 0,5 0,3 

Category B: Office areas 0,7 0,5 0,3 

Category C: Congregation areas 0,7 0,7 0,6 (FI: 0,3) 

Category D: Shopping areas 0,7 0,7 0,6 

Category E: Storage areas  1,0 0,9 0,8 

Category F: Traffic and parking areas for small 
vehicles (vehicle weight <= 30 kN and 8 seats in 
addition to the driver’s seat) 

0,7 0,7 0,6 

Category G: Traffic and parking areas for medium 
size vehicles (30 kN < vehicle weight <= 160 kN on 
two axles) 

0,7 0,5 0,3 

Category H: Roofs 0,0 0,0 0,0 

Snow loads2 0,7 (SE: 0,8) 0,5 (SE: 0,6) 0,2 

Wind loads3 0,6 (SE: 0,3) 0,2 0,0 

Temperature (non-fire) in buildings4 0,6 0,5 0,0 

Dead weight 1,0 1,0 1,0 

Prescribed displacements  1,0 1,0 1,0 

Traffic loads (load trains, Table A2.1) 0,75 (NO: 0,7) 0,75 (NO: 0,7) 0,0 (NO: 0,5) 

Table A.1.1 𝜓-factors 

Norwegian annex: Changes compared to the standard version is commented in the table 
Swedish annex: Changes compared to the standard version is commented in the table 

Danish annex: Pretty much the whole table is different. See «Load combinations by the Danish annex» 
Finnish annex: Changes compared to the standard version is commented in the table.  

Separate category for ice (not included in the program, may be added as user defined).  
On access roads with categories F and G 𝜓2 = 0 (not included in the program) 

 

𝜸𝒔𝒖𝒑 and 𝜸𝒊𝒏𝒇 
Every load combination has an upper, 𝛾𝑠𝑢𝑝, and a lower, 𝛾𝑖𝑛𝑓, design partial factor. These factors are 

specified based on various settings, such as load combination type and selected national annex. 

                                                           
2 Lower values may be used in select countries and may be dependent on the location or intensity of 
the snow load.  
3 Eventual modification to account for various geographical areas may be demanded by local 
governments.  
4 Eventual modification to account for various geographical areas may be demanded by local 
governments.  
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The following applies to the standard version of Eurocode: 

Load factor 𝜸𝒔𝒖𝒑 𝜸𝒊𝒏𝒇 

𝛾𝐺 and 𝛾𝑃 (Permanent loads and Prescribed displacements) 1,35𝐾𝑓𝑖 1,0 

𝛾𝑄,1 and 𝛾𝑄,𝑖 1,50𝐾𝑓𝑖 0,0 

𝛾𝑄,1 and 𝛾𝑄,𝑖 for load trains (Table A2.4(B)) 1,35𝐾𝑓𝑖 0,0 

𝛾𝐺 for serviceability limit 1,0 1,0 

𝛾𝑄 for serviceability limit 1,0 0,0 

Table A1.2(B) 𝛾-factors 

Norwegian annex: 𝛾𝐺  and 𝛾𝑃 = 1,35 (ULS) (unaffected by 𝐾𝑓𝑖), otherwise equal to the standard version (EC0: NA.A1.3.1(1)) 

Swedish annex: 𝛾
𝑄,1
= 𝛾

𝑄,𝑖
= 1,50𝐾𝑓𝑖  for load trains, otherwise equal to the standard version 

Danish annex: See «Load combinations by the Danish annex» for ultimate limit state.  
Serviceability limit state is equal to the standard version 

Finnish annex: 𝛾𝐺  and 𝛾𝑃 uses 𝛾𝑖𝑛𝑓 = 0,9, otherwise equal to the standard version  

 

Load combinations by the Danish annex 
For serviceability limit state combinations, the Danish national annex is identical to the standard 
version of Eurocode. Ultimate limit state combinations are, on the other hand, expanded in the 
Danish national annex. Instead of two equations (6.10a and 6.10b) Denmark operate with load 
combinations numbered from 1 to 5.  

 

 In practice, combination numbers 1 and 2 are equal to what the other nations have, with 
combinations constructed based on equations (6.10a) and (6.10b). These are employed with 
constructions that is affected by forces that are not geotechnical. If the construction is only 
affected by geotechnical effects, they can be excludes from the calculations. 

 Combinations number 3 and 4 are also constructed based on equations (6.10a) and (6.10b), 
respectively, but only applies to constructions that are affected by forces caused by 
geotechnical effects. If the construction does not have any geotechnical effects, they can be 
excluded. The same is true if 𝐾𝑓𝑖 = 1,0. 

 Combination number 5 is constructed based on equation (6.10a) and shall be used together 
with numbers 3 and 4 for geotechnical constructions. As for combinations number 3 and 4, 
number 5 does not have to be included if the construction is not affected by geotechnical 
effects.  

 

Similar to the other national annexes, the combinations that are built by equation (6.10a) are 
included once, and the combinations built by (6.10b) are included for each dominating load case. 
Note that (6.10a) do not include variable loads, as opposed to the standard version. Thus, the 
equation looks like this in the Danish annex: 

 

∑𝛾𝐺,𝑗𝐺𝑘,𝑗
𝑗≥1

+𝛾𝑃𝑃 

 

𝛾-factors that are used in the ultimate limit state equations in the Danish annex: 
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Combination no. Equation Load factor 𝜸𝒔𝒖𝒑 𝜸𝒊𝒏𝒇 

1 (6.10a) 𝛾𝐺 and 𝛾𝑃 1,2𝐾𝑓𝑖 1,0 

  𝛾𝑄,1 and 𝛾𝑄,𝑖 0,0 0,0 

2 (6.10b) 𝛾𝐺 and 𝛾𝑃 𝐾𝑓𝑖  0,9 

  𝛾𝑄,1 and 𝛾𝑄,𝑖 1,5𝐾𝑓𝑖 (1,4𝐾𝑓𝑖 for load trains) 0,0 

3 (6.10a) 𝛾𝐺 and 𝛾𝑃 1,2 1,0 

  𝛾𝑄,1 and 𝛾𝑄,𝑖 0,0 0,0 

4 (6.10b) 𝛾𝐺 and 𝛾𝑃 1,0 0,9 

  𝛾𝑄,1 and 𝛾𝑄,𝑖 1,5 (1,4 for load trains) 0,0 

5  (6.10a) 𝛾𝐺 and 𝛾𝑃 1,0 1,0 

  𝛾𝑄,1 and 𝛾𝑄,𝑖 0,0 0,0 

 

As seen in the table above, 𝐾𝑓𝑖  are only used in combination numbers 1 and 2. Numbers 3, 4, and 5 

include 𝐾𝑓𝑖  through the factor 𝛾0 which is used to modify the material factor of the different 

materials. 𝛾0 is not used in ISY Design Static Beam.  

 

𝛾0 = {

1,0 𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝑠 1 𝑜𝑔 2
𝐾𝑓𝑖 𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝑠 3 𝑜𝑔 4

1,2𝐾𝑓𝑖 𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛 5
 

 

The Danish annex also include a large difference compared to the standard version of Eurocode 
concerning the 𝜓-factors on the load cases. The following table is used in Denmark: 

Load type 𝝍𝟎 𝝍𝟏 𝝍𝟐 

Category A: Domestic, residential areas 0,5 0,3 0,2 

Category B: Office areas 0,6 0,4 0,2 

Category C: Congregation areas 0,6 0,6 0,5 

Category D: Shopping areas 0,6 0,6 0,5 

Category E: Storage areas 0,8 0,8 0,7 

Category F: Traffic and parking areas (vehicle weight <= 30 kN) 0,6 0,6 0,5 

Category G: Traffic and parking areas  
(30 kN < vehicle weight <= 160 kN) 

0,6 0,4 0,2 

Category H: Roofs 0,0 0,0 0,0 

Snow loads5 0,6 0,2 0,0 

Wind actions6 0,6 0,2 0,0 

Thermal actions 0,6 0,5 0,0 

Dead weight 1,0 1,0 1,0 

Prescribed displacements 1,0 1,0 1,0 

Traffic loads (load trains, Table A2.1) 0,75 0,75 0,0 

 

                                                           
5 Lower values may be used in load combinations that do not include loads in category E, or in load 
combinations that also include wind loads. This is considered by the user.  
6 Lower values may be used in load combinations that do not include loads in category E. This is 
considered by the user. 
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Super-positioning of load cases 

If there is a linear relationship between loads and static results the calculations may be optimized by 
utilizing the superposition principle of load cases. This is not the case when calculating with axial 
forces and 2. order theory. However, when none of those are included the super-positioning of load 
cases is a great optimization. Thus, load combinations that do not include axial forces or 2. order 
effects will employ the optimization.  

 

When super-positioning of load cases is used we calculate each load case with all factors set to 1,0 
before they are joined in each load combination. First displacements, section forces and support 
forces are found for each load case in a load combination. Then the total displacements, section 
forces and support forces of the load combination are found.  

 

For each load case, 𝑖, the following values are determined. Note that “𝑉𝑎𝑙𝑢𝑒” is the value of either 
displacement, section force or support force for each load case. 

 

𝐶1,𝑖 = 𝛾𝑠𝑢𝑝,𝑖𝜓 ∗ 𝑉𝑎𝑙𝑢𝑒 

𝐶2,𝑖 = 𝛾𝑖𝑛𝑓,𝑖𝜓 ∗ 𝑉𝑎𝑙𝑢𝑒 

𝑀𝑎𝑥𝑖 = max (
𝐶1,𝑖
𝐶2,𝑖

) 

𝑀𝑖𝑛𝑖 = min (
𝐶1,𝑖
𝐶2,𝑖

) 

 

If 𝐶1,𝑖 and 𝐶2,𝑖 have different signs 0 is also included as a value extreme.   

 

𝑀𝑎𝑥𝑖 = max (
𝑀𝑎𝑥𝑖
0

) 

𝑀𝑖𝑛𝑖 = min (
𝑀𝑖𝑛𝑖
0
) 

 

The max and min values of the load combination then become the sum of all inbound load case max 
and min values. Naturally, this is conducted separately for displacements, section forces and support 
forces.  

𝑀𝑎𝑥 =∑𝑀𝑎𝑥𝑖
𝑖

 

𝑀𝑖𝑛 =∑𝑀𝑖𝑛𝑖
𝑖

 

Max and min have accompanying values that shall be summed as well.  
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Value extremes 

Pure static calculation gives three sets of value extremes – one for all ultimate limit state 
combinations, one for all serviceability limit combinations, and one for all accident combinations. 
Extreme values are only made when there are load combinations of the concerned types.  

Load trains 
Load trains may be implemented in two general ways 

1. With the use of influence lines.  
2. Calculate a series of load locations for each load case and join them together in load 

combinations with the use of super-positioning.  
 

We have chosen to implement the second method. However, the first method is noted as a future 
functionality and may be implemented if sought.  

Calculation method 

Load trains are calculated by the following method if axial forces and 2. order effects are excluded in 
the load combination where the train is in use.  

1. Find the value extremes of each load train 
a. Split the distance between the start and end evenly into the amount of part-

distances set by the user. 
b. For each position of the load train 

i. Calculate the load train in the respective location as a normal load case.  
ii. Compare the results with the previous positions of the same load train and 

save the extreme values of displacements, section forces and support forces 
for each element/node.  

2. The load trains are then included in the load combinations as normal load cases but with the 
difference that load cases have one value only while the load train (as load combinations) 
have both max and min values.  

 

If, however, the load train is employed in a load combination that includes axial forces, and 2. order 
effects must be accounted for, the calculations become significantly heavier. All possible 
combinations of all load trains in a load combination must then be calculated separately. This is 
basically conducted by increasing the number of sub-combinations in a load combination 
significantly. First, we find all possible load train positions by splitting the distance between the start 
and end of each train evenly into the amount of part-distances set by the user. Then we find all 
possible combinations of load train positions of all load trains that are included in the load 
combination. For each of these 1-3 sub-combinations are made, as for normal load cases.  

 

Note that calculations on all load combination lines that are not load trains are executed separately. 
Then every sub-combination of the load trains with all other load cases are calculated. The total 
number of sub-combinations of load trains is as follows 

 

(𝑘0𝑝0 + 1)(𝑘1𝑝1 + 1)… (𝑘𝑖𝑝𝑖 + 1)… (𝑘𝑛𝑝𝑛 + 1) 

 



 

 NOIS AS  Theoretical basis    31  

  

  Version 2.5 ISY Design 

 

 

Where 𝑘𝑖 is a factor (1-3) telling the number of sub-combinations because of the load line’s 𝛾-
factors, 𝑝𝑖  is the load train’s number of positions, and 𝑛 is the number of load trains. 

Super-positioning of load trains 

The super position principle assumes a linear relationship between loads and static results. This is 
not the case when axial forces are present or 2. order effects is accounted for. Thus, moveable loads 
with axial forces may be very complicated and time consuming when 2. order effects are accounted 
for, and it is up to the user to limit these kinds of calculations.  

 

Super-positioning load combinations is only possible when axial forces are excluded, or the 
calculations do not employ 2. order theory. If one of these criteria is met the load combinations may 
be super-positioned the same way as load cases but with sets of max/min values as opposed to 
single values.  
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Restrictions 
Most restrictions are accounted for in the section on theory. 

Error messages from the program 
Some of the error messages is displayed because of an unstable static construction. In those cases, it 
may not be possible to determine the exact source of the problem. However, the experienced user 
will normally find the solution of the problem in the Geometry window. If you cannot fix the 
problem or make the error message disappear please contact our support.  
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Version history 
 

This section provides a log for the module described in this user manual. The version number and 
what the revision involves will be described here as ISY Design is revised. 

Version 1.0 
 Launched in ISY Design v. 2.0 
 First version of ISY Design that include Static Beam. 

Version 1.1 
 Launched in ISY Design v. 2.1 
 Load cases can now be “Variable per module”, the same way as in the ISY G-Prog programs.  
 Include a possibility of choosing to start Standard or Enterprise version when creating new 

documents. 
 The results are stored with the documents. (To assure that old/corrected results do not 

remain when opening old files, all files that are created by an older version must be 
recalculated.) 

 Include a possibility to automatically calculate the results on files when opening them (that 
do not have any previous results).  

 The size of saved files is reduced by ca. 95 %. 
 Various improvements/fixes of the user interface.   

Version 1.2 
 Launched in ISY Design v. 2.2 
 Larger files may now be calculated by using the 64-bit version of ISY Design.  
 Various improvements/fixes of the user interface.   

Version 1.2.1 
 Launched in ISY Design v. 2.2.1 
 Sometimes the results of variable load per module would be misleading. This is corrected.  

Version 1.3 
 Launched in ISY Design v. 2.3 
 It is now possible to calculate load trains in the Enterprise version. These may be included in 

combinations in line with load cases. 
 Various improvements/fixes of the user interface.   

Version 1.4 
 Launched in ISY Design v. 3.0 
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 Detailed improvements to the calculations which may lead to changes up to a couple of 
percent. 

 Advanced report printing options – it is now possible to tailor the scope of the report.  
 The user manual is searchable.  
 Several expansions and improvements to the user interface such as increased information in 

the error messages and new functions in the graphical view.  

Version 1.5 
 Launched in ISY Design v. 4.1. 
 The names of generated load combinations reference the equation number in the Eurocode 

that is used. 
 The results are presented in the order they are set. (They were previously presented by 

showing the dominating load combinations first.) 

Version 1.5.1 
 Launched in ISY Design v. 4.2. 
 A bug that caused supports to be fixed in degrees of freedom that previously were 

undefined is corrected. The bug applied to both predefined support types and user defined 
support types and could occur when switching on/off forces in the x-direction and/or biaxial 
calculation.  

Version 2.0 
 Launched in ISY Design v. 4.3. 
 Swedish, Danish and Finnish annexes are now supported, including the generation of load 

combinations.  
 The safety factor 𝐾𝑓𝑖  is added to the material data.  

 Improved control of which load combinations that are generated. 
 Possibility to generate fire combinations. 
 The default values of 𝛾- and 𝜓-factors of load cases that are added to a load combination 

manually are improved.  
 Corrected a bug concerning calculations of 2. order effects combined with prescribed 

displacements.  
 The default value of 𝛾𝑃 is now equal to 𝛾𝐺. 
 New predefined support type with biaxial calculations – Side support. 
 Various minor bugs in user interface are corrected.  

Version 2.1 
 Launched in ISY Design v. 4.4. 
 Chosen load case in the load combination window has graphical presentation.  
 Time consuming calculations may now be aborted.  
 Improved calculations of load trains, and a fault in the calculations of load trains with 

negative 𝛾-factor is corrected.  

Version 2.2 
 Launched in ISY Design v. 5.0. 
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 Calculation settings are included in the report.  
 When generating load combinations, the option to overwrite previously generated 

combinations is added. 
 Increased calculation accuracy for load trains with point loads.  
 A bug in the report that caused some support forces to not be displayed is fixed.  
 Fire load combinations will now be added to the extreme value collection with the rest of 

the accident combinations.  
 The content in the window “Geometry” is moved to its own submenu “Model geometry”. 
 Various minor bugs are corrected.  

Version 2.2.1 
 Launched in ISY Design v. 6.0. 
 Various minor bugs are corrected.  

Version 2.3 
 Launched in ISY Design v. 6.1. 
 Displacement control for serviceability limit state combinations is included. 
 The default value of the 𝜓-factor in load combinations is improved. 
 Various minor bugs are corrected.  

Version 2.4 
 Launched in ISY Design v. 7.0. 
 Changed the use of mass density to weight density in the material data.  
 Various minor bugs are corrected.  

Version 2.4.1 
 Launched in ISY Design v. 7.1. 
 Changes for load combinations according to formula 6.10a for Swedish national annex. 
 Various minor bugs are corrected.  

Version 2.4.2 
 Launched in ISY Design v. 8.0. 
 New load cases will now be considered "dominating" as default. 
 Load case for dead weight will automatically be created for new documents. 
 Various minor bugs are corrected.  

Version 2.4.3 
 Launched in ISY Design v. 8.1. 
 Various minor bugs are corrected.  
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Version 2.5 
 Launched in ISY Design v. 8.2. 
 Load groups (load states) are now supported (in the Enterprise version). See chapter “Load 

states (groups)” for more information.   
 Various minor bugs are corrected.  

Version 2.5.1 
 Launched in ISY Design v. 8.3. 
 Various minor bugs are corrected.  

Version 2.5.2 
 Launched in ISY Design v. 8.3. 
 Improved calculation of permanent part of load cases. 
 Various minor bugs are corrected.  

 


