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1 Introduction  
The best way to become familiar with the operation of Diamonds is making 
a few examples. 
 
The examples introduce you to the many functions of the software without 
discussing them one by one. Depending on the acquired licenses, you will 
be able to go through one or more examples. At the start of each example 
the required licenses are communicated. 
 
With Diamonds you can model and calculate a wide range of structures. 
We distinguish the following exercises in this manual: 
 

- Examples in concrete 
• Calculating a continuous beam 
• Calculating a floor slab 
• Calculating a foundation slab  
• Making a 3D model with bearing walls in masonry 
• Calculating the 3D structure with the basement 

- Examples in steel 
• Calculating a 2D frame 
• Calculating a 3D hall 

- Examples in timber 
• Calculating a 2D roof 
• Calculating a 3D hall 

 
In order not to overload the examples, we have summ arized a small 
description of all the functions in the gray frames . For detailed 
information, consult the Reference manual of Diamon ds. 
 
More information on the implementation of the Eurocodes  in Diamonds 
can be found on our website www.buildsoft.eu under the section ‘Support 
– About Eurocodes’ (for the moment only available in Dutch). 
 
Paragraph §2 handles some basic skills  in Diamonds. It is strongly 
recommended you read this paragraph before starting with the examples. 
The examples assume that you have mastered these skills. 
 
Paragraph §3 describes examples in reinforced concrete , paragraph §4 
examples  in steel  and paragraph §5 examples in timber. 
Don’t start with ‘example 3’ when you haven’t tried ‘example 1’. The 
explanation/ comments/ tips … discussed in ‘example 1’, will not be 
repeated in ‘example 3’. 
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2 Basic sk ills  
Start Diamonds. You’ll see this screen: 
 

 
 
In the paragraphs that follows we review briefly: 

- How to manage a project. 
- How to manage a model. 
- How you can draw things in Diamonds. 
- How to select elements. 
- What a ‘configuration window’ is and how you can adjust it. 
- What a ‘design type’ is and how you can adjust it. 

 

2.1 Project management 
With the icon  you create a new project . This function is also available 
through the menu ‘File – New’. 
 
With the icon  you open an existing project . This function is also 
available through the menu ‘File – Open’. 
 
With the icon  you save the current  project . This function is also 
available through the menu ‘File – Save’. 
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With the icon  you obtain a preview of the active window . This 
function is also available through the menu ‘File – Print preview’. 
 
With the icon  you print the content the active window . This function 
is also available through the menu ‘File – Print window’. 
 
With the icon  you open the report manager . This function is also 
available through the menu ‘File – Report Manager’. The report manager 
is discussed in §3.2.8. 
 

2.2 Model management 
The following functions allow you to manipulate the view of the model: 

- Selection of the view 

Click on  
Click on  

  
 

- Moving the model 
o Mouse: keep the scroll (wheel) of the mouse pressed and 

move the mouse. 
o Icon: use the button  

- Zoom in and out 
o Mouse: move the scroll (wheel) of the mouse 
o Icon: use the buttons  and  

- 3D rotate 
o Mouse: keep the scroll (wheel) of the mouse and the SHIFT-

key pressed. Move the mouse. 
o Sliders: move the slider on the right/ under the model to rotate 

the view of the 3D model. 
- Centre the model on the screen:  or F12. 
- Choose representation 

 

OR 
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wireframe transparent  
non-

transparent 
black –

white solid 
colour  solid 

colour  solid wit 
borders 

      
      

- The size of the font can be changed in the pallet on the 
right side of Diamonds. Note that you can also adjust 
the size of the symbols, the loads and the results.  

 
 

- You can change the units and the number of decimals 
thought the menu ‘Options – Units and decimals’. 

 

2.3 Drawing  
Lines can be drawn in different ways:  
 

- Directly on the screen (only in a 2D view):  
o Click once to set the start point. It is not required to draw points 

first. 
o Move the mouse to the position of the end point. The line will 

follow the cursor while you move. 
o Click once more to set the end point.  

 

  
 

- Though coordinates in 2D/3D view: 
o Enter 2 (or 3) coordinates of the axes that you see on the right 

hand side below, separated by a semi-colon. 
Ex: Front view: XY plane => distance in x-direction; distance 
in y-direction 

Click once 

Then once here 
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Ex: 3D view => distance in x-direction; distance in y-direction; 
distance in z-direction 

o Enter an @sign in front of the coordinates to use relative 
coordinates. 
Ex: Top view: XZ plane => @distance in x- direction; distance 
in z- direction 

- ENTER: End drawing of current line. You will be free to continue 
drawing elsewhere in the model. 

- ESC or : End drawing function completely. 
 

2.4 Selecting  
Selected points and lines (without cross section) are represented ‘bolder’. 
Selected lines (having a section) or plates are represented in another 
colour  – by default yellow. 
 

- 1 element: click once on the element 
- Multiple elements 

o Adding to the selection: hold the SHIFT-key down while 
clicking once the other elements. 

o Removing from the selection: hold the SHIFT-key down while 
clicking once the selected elements. 

- Selection window: keep the left mouse button pressed down and 
move the mouse. The selection window will be drawn with a dotted 
line. 

o From left to right: only the elements which are completely  
within the selection window will be selected. 

  

  
 

o From right to left: all elements that are completely or partially 
in the selection window will be selected.  

 

start point 

end point 
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While moving the mouse, the selection window will be drawn in a 
dotted line.  

- Elements from the same design type: hold the CTRL key down while 
clicking on one element of this design type (either one). 

 

2.5 Window configuration  
Diamonds has 4 standard window configurations with accompanying icon 
pallet. You can easily switch between configurations by using the pull-
down list or the icons in the toolbar. 
 

 
 
 
 
  

end point 

start point 
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 Geometry* 

Mesh** 
 Loads Results 

 

* Model 
construction: 
drawing, 
mirroring, 
rotating, 
translating, 
adding sections, 
supports and 
boundary 
conditions,  
definition of 
buckling  and 
lateral buckling 
lengths  

 
** Viewing and 
checking the 
mesh 

 

Load group 
definition, 
adding loads 
and making 
load 
combinations 

 

Viewing global 
and detailed 
results. 

 
The  button allows you to change the model visualization. Depending on 
the chosen configuration, you can check different options which will be 
shown in the configuration. 
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2.6 Types 
When you build up a model in Diamonds, you’ll notice that each element 
(such as a beam, a column, a plate, a footing…) will get a certain colour .  
 
This is because Diamonds recognizes a number of ‘Design Types’ (later 
just called ‘Types’). 
 
You’ll find all the standard defined ‘Types’ in Diamonds when you click on 
the button   in the icon bar. 

  
 

Working with ‘Types’ has two advantages: 
- You maintain overview  thanks to the colour s. 
- You can select all elements from a type at once : hold the CTRL 

key down while clicking on one element of this design type (either 
one). 
 

To assign a type to an element, select the relevant element(s) and indicate 
the desired type from the list of types (or define a new type). 
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2.7 Hot keys 
• SHIFT 

• Select additional elements 
• Aid when drawing orthogonal lines 

• CTRL      Select all elements of the same design type 
• ALT      

• Select elements of the same group  
• Select plate border together with plate 

• DELETE    Delete geometry elements or loads  
(depending on configuration) 

• ENTER     Draw a new line (in drawing function) 
• ESC      End the drawing function (in drawing unction) 
• CTRL + A    Select all elements 
• CTRL + N     New file 
• CTRL + O     Open file 
• CTRL + P     Print screen 
• CTRL + Q     Close Diamonds 
• CTRL + S     Save file 
• CTRL + Z     Undo 
• CTRL + C     Copy data from tables 
• SHIFT + CTRL + Z    Redo 
• SHIFT + CTRL + DELETE     

• Delete plate but not the borders 
• Delete a cutline but not the intersection 

point 
• F1      Open Diamonds Help 
• F2      Calculate concrete reinforcement quantities 
• F3      Steel and timber verification 
• F9      Elastic analysis 
• F10      Maximize 
• F11      Minimize 
• F12      Show everything 
• SCROLL      

• Hold scroll down while moving mouse: pan 
• Scroll: zoom in and out 

• SHIFT + SCROLL down   Rotate (3D orbit) 
• Right click in the drawing field Open ‘Window configuration’ 
• Double click in the drawing field Open ‘Grid settings’ 

 
• Letter ‘a’ or ‘A’   Draw a new line 
• Letter ‘t’ or ‘T’     Opens the translation window 
• Letter ‘r’ or ‘R’    Opens the rotation window 
• Letter ‘e’ or ‘E’    Opens the extrude window 
• Letter ‘d’ or ‘D’   Opens the divide window 
• Letter ‘m’ or ‘M’    Opens the mirror window 
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2.8 Configuration graphical card  
When using Diamonds for the first time the configuration of the graphical 
card is not always optimal. Therefore, we review some common problems 
and their solutions. 
 

2.8.1 Problem 1 
Symptoms: 

- I don’t see the cursor of the mouse. 
- When I draw a line, the line doesn’t appear immediately but after a 

few seconds. 
- When I select elements, it takes several seconds before I see the 

selection. 
 

Operating system: 
- Windows Vista 
- Windows 7 (not on Windows 8 or 10) 

 
Solution: 

- Close Diamonds. 
- Right click the Diamonds icon on your desktop. 
- Click on ‘Properties’ and go to the tab ‘Compatibility’. 
- Check the option ‘Disable desktop composition’. 
- Click ‘OK’. 
- Restart Diamonds. 
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2.8.2 Problem 2 
Symptoms: 

- When drawing, I see the axes multiple times. It’s like Diamonds is 
stuck. 

- Diamonds seems to be reacting slowly. 
- I tried the solution of §2.8.1, but the problem is not (completely) 

solved. 
 
Solution: 

- In Diamonds go to ‘Options’ -> ‘Preferences’. 
- Click on the tab ‘Drawing’. 
- Check or uncheck the option ‘Graphical input using OpenGL’.  
- Click ‘OK’. 
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2.8.3 Problem 3 
Symptoms: 

- I don’t see the names of the axes, although the font size is large 
enough. 

- When looking at the loads, I don’t see the values, although the font 
size is large enough. 

- When looking at the results, I don’t see the values, although the font 
size is large enough. 

 
No graphical problem Graphical problem 

  

 
 
Solution: 

- Go to ‘Options’ -> ‘Preferences’ 
- Click on the tab ‘Drawing’ 
- Check or uncheck the option ‘Fast rendering’. 



 

Getting started with Diamonds   14 

- Click ‘OK’. 
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3 Examples in concrete  
This classic building consists of two identical apartments on the 1st and 
2nd floor and a retail space on the ground level. Unlike the main building, 
which has a rather introverted character, the ground level has a rather 
extrovert character with large glass windows. The main building has a 
basement. 

 
The outer walls of the main building are constructed of load-bearing 
masonry. To ensure a certain flexibility regarding the layout of the building, 
no bearing interior walls are provided. 
 
The floor height of the ground level is 3,2m. The apartments and the 
basement have a height of 2,8m. 
 
There has been opted for a system of preslabs whose bearing direction is 
defined in the figure below. The preslabs bear from front to back and are 
hinged imposed on all walls and beams. During the second phase 
concrete there’s no joint foreseen in the middle of the span. The floor of 
the ground level is poured on site. Between the main building and the 
development, no moments can be transferred. 
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Plan view Front view 

 
The loads on all floors, except the roofs: 

- Dead loads: 3kN/m² 
- Life load: 2kN/m² 

 
The loads on the roofs: 

- Dead loads: 1kN/m² 
 
For all plates, basement walls, beams and column a concrete C25/30 is 
used. We assume the water level is 1m below the ground level. 
 
The model will be made in different steps: 

- We start by calculating the continuous beam on the first floor (§3.1).  
- Next we calculate the plate on the first level (§3.2). 
- In the next model we dimension the base plate assuming there’s no 

basement (§3.3). We take the results of a soil investigation into 
account. 

- In the next step we make 3D model starting from the floor plate we 
just calculated (§3.4).  

- Finally we model the basement and calculate the complete 3D 
building (§3.5).  

 
In the first two examples sufficient attention will be spend to the organic 
calculation (reinforcement, cracked deformation). The last three examples 
focus rather on the extensive modeling functions of Diamonds. 
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3.1 Example 1: Continuous beam  
Required licenses:  ����  2D Bars 

����  Concrete Design 
 

3.1.1 Purpose of the exercise 
In the first example we model and calculate the continuous beam in the 
floor of level 1. We calculate the elastic forces in the beam and determine 
the required reinforcement. We will also calculate the cracked deformation 
and we will check if cracking width is admissible. 
 

 

3.1.2 Defining the structure 
 
Step 1: Go to the ‘Geometry’ configuration 

 
Defining the structure is always done in the ‘Geometry’ configuration. Click 
on  in the icon bar, or select the ‘Geometry’ configuration in the adjacent 
pull down menu. 
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Then check if you are in a front view. If this is not the case, then click on 

the button  in the icon bar or on the button  in the lower right corner 
and select the viewpoint ‘Front view’. This way you activate a vertical 
drawing area. 
 
Step 2: Structure generator 

 
You can insert the structure in Diamonds using different ways: 

- Draw immediately on the screen with the mouse . 
- Draw on the screen by means of coordinates with the keyboard. 

- Use the structure generator . 
- Import a DXF-file. 

 
In this example we’ll use the structure generator. Drawing a structures will 
be handled in example 2 §3.2. 
 

Click on the icon  in the pallet. A dialog window will appear in which 
you can select the form of the structure you would like to generate. Opt for 
a continuous beam. 
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Next Diamonds will ask you the geometric data of the continuous beam. 
Enter the details as shown below: 

- Set the beam to be drawn on the level Y=2,7m. For the remainder of 
this exercise, the level doesn’t matter. But in the next exercise (§3.2) 
we will extend this model to a plate and then it’s useful the beam is 
located on the correct level. 

 

  
 

- Change the lengths of the fields: 
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- Set the lengths of the cantilevers to 0,00m. 

 
 

- Change the cross section of the beam to a rectangle 250x400mm. 
o Click on the button . You will then see the following 

window: 
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o Choose a rectangular shape.  
o Enter the dimensions of the section (B250xH400mm).  
o Select the correct material (Concrete C25/30). 

 
Then click twice on ‘OK’ the draw the structure. You’ll see the image below. 

In the image below we opted for a wireframe representation . But you 

could also opt for a solid representation . 
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There, the structure is completely defined. Now we define the loads. 
 

3.1.3 Defining the loads 
Step 3: Go to the ‘Loads’ configuration 

 
We now leave the ‘Geometry’ configuration and activate the ‘Loads’ 
configuration to enter the loads. Click on the button  in the icon bar or 
select in the adjacent pull down menu the ‘Loads’ configuration. 
 

 
 
About the ‘Loads’ configuration 
With the ‘Loads’ configuration windows comes a separate pallet containing all 
the functions for defining loads and generating combinations. Note that the point 
of view remains unchanged when switching between the configurations. 
 

3.1.3.1 Creating the load groups 
Step 4: Creating load groups 

 
Before defining any loads, you have to make the different load groups. 

Click on the button . You’ll see the following screen: 
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About the window ‘Load groups’ 
• In the menu on top you select to which standard  the safety and 

combinations factors should answer. Currently this is set to ‘EN 1990 [--]’ 
which means Eurocode 0 without a national annex. 

• In some national annexes the safety coefficients also depend on the 
consequence class  and the design lifetime  of the structure. Both are 
linked to the economic and/ or social interest of the structure. A higher/ 
longer consequence class/ design lifetime will lead to higher safety factors. 

• On the right you can enter the climate class . This climate class is 
representative for a certain moisture content of the air/ the timber. Diamonds 
uses the climate class you determine the modification factor ����. The 
modification factor ���� takes the influence of the load duration and the 
moisture content on the strength properties into account. The modification 
factor ���� depends not only on the climate class but also on the type of 
timber and the load duration class. The load duration class  must be 
specified for each load case in the last column. 

• In the table below the load cases ‘Self-weight’, ‘Dead load’ and ‘Life load’ 
are defined by default. You can freely rename or delete them, except for 
‘Self-weight’. The fill-in boxes to the right of the name of each load case 
include the safety � and combination factors � required for the automatic 
generation of the load combinations. 

• We don’t discuss the other parameters in this window. 
 
To keep the example simple, leave the parameters untouched as in the 
figure above. Then click the ‘OK’ button. 
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3.1.3.2 Filling up the load groups 
Now the loads groups are defined, we can assign loads to the structure. 
 
For simplicity, we assume that the beam carries 50% of the loads on the 
floors. The other 50% is distributed between the front and back façade. So 
the beam bears 5m width of the plates.  
 
Step 5: Filling in the load groups ‘Self-weight’, ‘Dead loads’ and ‘Life load’ 

 
- The self-weight  of the beams is calculated automatically by 

Diamonds and cannot be adjusted. 

 
 

- The dead loads  on the beams are determined by the self-weight of 
the floor (4,5��/�² ∙ 5� = 22,5��/�) and the dead loads on 
it (3,0��/�² ∙ 5� = 15��/�). Total dead loads: 37,5��/� 
 

o Use the pull down-menu to activate the load group ‘Dead 
loads’.  

o Now select the beams and click on the button . Note that 
only those icons will be active that can be applied on the 
selected elements. 

o Complete the window as follows: 
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In the ‘Loads’ configuration window the entered loads are graphically 
represented. 

 
 

Using the image above, verify if you’ve defined the load correctly. If 
you made a mistake, you could: 

o double click the relevant element and change the value of the 
loads in the window that appears. 

o OR select the elements and delete the loads with . Define 
the correct load afterwards.  
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- The life load  on the beams is determined as 2,0��/�² ∙ 5� =
10,0��/�. 
o Now select the load group ‘Life load’ from the pull down-menu. 
o Define a life load of 10��/�. 

 

3.1.3.3 Making combinations 
Before starting the calculations we need to generate the combinations first. 
 
Step 6: Making combinations 

 

Click on the button  in the pallet in the ‘Loads’ configuration window 
. A dialog box appears with an empty list of combinations. 

Click on the button , indicate in the pull-down 
menu that you wish to use the classic but conservative Eq. 6.10 and select 
all limit states. 
 

 
 
After pressing ‘OK’, all the combinations required by the standard will 
show, grouped by limit state. If desired, you can change these 
combinations or define combinations yourself . 
One combination can be deleted with . To delete all 
combinations click . 
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Click ‘OK’ to close the window with the load combinations. 
 
The names of the different load combinations are now listed in the pull 
down menu of the pallet ‘Loads’. When you select one of these 
combinations, then the whole of the loads that will act during this 
combination will be shown. 
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3.1.4 Generating the mesh 
Step 7: Generating the mesh 

 
Click on the button  in the icon bar or select the menu instruction 
‘Analysis – Mesh’. Leave everything on default and hit ‘OK’. 
 

 
 

About the mesh generator 
Here you enter the number of elements in which a bar should be divided: 8 
division is a good value. 
Meer information on our support website: 

http://buildsoftsupport.com/knowledge-base/how-to-pick-the-mesh-size/ 
 

3.1.5 The global elastic analysis  
Step 8: Elastic analysis 

 
To start the analysis, select the command ‘Analysis – Elastic Analysis’. 
You can also start the analysis directly using the function key F9 or use 
the icon  on the icon bar. Following dialog box appears: 
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We choose a first order calculation and confirm with ‘OK’. A dialog box 
displays the progress of the calculation. 
 

 
 

The button  allows you to stop the calculation. If you stop the 
calculation, you‘ll have to completely restart it later. 
 
 
Step 9: Go to the ‘Results’ configuration 

 
To see the results of the calculations, you click on  in the icon bar or 
select in the adjacent pull down menu the ‘Results’ configuration. 
 

 
 

About the ‘Results’ configuration 
In the corresponding pallet on the left side of the model window, you’ll see 
several buttons, each representing a specific group of results.  
• Only those buttons for which a calculation is carried out are available.  
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• Once one of these buttons is pressed, the corresponding partial results can 
be retrieved through buttons located below.  

• Then you indicate for which load combination you wish to see the results. In 
a first pull-down menu, select the type of load combination (individual load 
group, ULS FC, ULS SC, SLS RC, SLS FC or SLS QP), then specify which 
load group or load combination must be shown. In the case of a load 
combination you can choose between either an individual load combination 
(indicated by a number) or the envelope. In those situations where the result 
suggests an envelope, it may be possible that for some results you can opt 
for the minimum (min) or maximum (max) results to be displayed. 

 
Below, we list some results. 
 
Step 10: Deformation 

 
By default Diamonds will first show you the vertical deformation in de Y-
direction for the first combination (or the first load group when you also 
made the combinations for the load groups – which is the case in this 

example). You’ll notice that the button for viewing the displacements  
is active. Below it, the button for vertical displacements according to the 
global Y-axis  is active. 
 

 
 
Now select the combination group ‘SLS QP’ and choose for the envelope 
of the results. We notice that: 

- The maximum deflection is 4,3mm. Pay attention! This deflection 
is an elastic deflection! The cracked deformation a fter creep 
can be 3 to 5 times lager!  
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- In all combinations SLS QP and on each position of the beam, 
Diamonds will look for the minimum value of the deflection. 
Those values are represented by the thin line . 
In all combinations SLS QP and on each position of the beam, 
Diamonds will look for the maximum value of the deflection. 
Those values are represented by the thick line . 
Hence this image is called an ‘envelope’ . 

 

  
 
Note that you can arrange the size of the results representation using the 
pallet ‘Size’ located on the right-hand side of the model window.  
 
About the scale 
A symmetrical colour  scale is by default used for all results. However, you may 
choose a different scale in the ‘Results’ configuration . 
 
You should understand the default scale as follows: the limits of the colour pallet 
correspond to the largest positive OR negative value. The colour scale runs from 
-4,3 to +4,3mm. However, the largest or smallest value is displayed above and 
below the scale. Consequently, for this example, only the lower half of the colour 
pallet is used. 
 
 

Step 11: Deformation in the detailed window 

 
Now select all beams. Click on the icon  on the right of the icon bar to 
ask a detailed result. A new window will open. On the left you will find all 
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the buttons of the ‘Results’ configuration applicable for line elements 
(beams and columns).  
 

 
 
Note that in this window the deformations are given according to the local 
axes of the bars. Also the angular rotations ��� (round the local x’-axis) is 
displayed.  
 
Step 12: Stress in the detailed window (bar level) 

 
Now show the elastic stresses (based on the cross section in concrete!) 
for the combination ULS FC envelope. 
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You can retrieve the results at any position using the slider. Moreover, you 
can also enter a distance. Consult for example the results on 2,45m. Enter 
‘2,45’ under the white arrow. 
 
With a combination envelope the determining combination appears. You 
can disable this by clicking once on the button , this will change in . 
 
Click ‘OK’ to close this window. 
 
Step 13: Stress in the detailed window (section level) 

 
Now show the elastic stresses in the cross section for the combination 
ULS FC1. 

- Select the first beam and click on the icon  on the right of the 
toolbar. 

- Or double click the first beam. 
This window opens: 
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You can retrieve the results at any position using the slider. Moreover, you 
can also enter a distance. Consult for example the results on 2,50m. Enter 
‘2,50’ under the white arrow. 
 
Move the mouse over the cross section to see the stresses at any position. 
 
About detailed results on cross section level 
Choose on the left top for which load group  or load combination you would like 
to see the stresses. 
 
With the slider  on top of the window you can set the section for which you would 
like to see a detail of the stresses. By clicking on the distance below the slider, 
you can enter a position of your choice. 
 
Results field with scale: 
• In the results field the selected profile is graphically represented together 

with its principal axes of inertia. When a cross section is double symmetric, 
these axes will coincide with the local axes. 

• On the principal axes you’ll see red points. These are the points for which 
the stress results (� + �� and � + ��) are presented in the global results 
window of Diamonds. The position of these points is determined as the 
intersection of the principal axes with the cross section’s bounding box.  

• When you come near these red points with the cursor, Diamonds will snap 
to them. 

• Move the mouse over the section to see the stresses at the desired place. 
Enter ‘x’ and ‘y’ coordinates to show the stresses at a point of your choice. 
The stresses you find in this window are based on � + �� + �� 

• Compression is negative, tension is positive. 
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Click ‘OK’ to close this window. 
 
 
Step 14: Bending moments �  

Now we visualize the bending moments ��. Click on  in the pallet and 
select the bending moment ��. Choose the combination ULS FC 
envelope. 

 
 
The moment diagram is always displayed on the tension side of the 
element. The sign of the bending moment corresponds to direction of the 
local axes. In this case the local z’-axis is directed upwards and causes a 
positive moment thus tension on the upper side.  
 
 
Step 15: Reactions 

 

Once back in the model window, we click on the button  in the pallet 
to show the reactions. All reactions are displayed separately by Diamonds. 
In this example we are interested in the vertical node reactions in the 
combination 'SLS RC': we select the support reactions . 
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So far the overview of the functionalities in the 'Results' configuration.  
 

3.1.6 Calculating the reinforcement 
About dimensioning reinforced concrete 
With Diamonds you calculate the required longitudinal reinforcement in beams, 
columns, plates and walls. For beams and columns the required transverse 
reinforcement is additionally determined. There is no shear verification for plate 
elements! Punching shear reinforcement is automatically calculated for footings, 
but for plates this calculation has to be started manually! 
 
Before starting the calculation, we check the properties of the used concrete 
and reinforcement steel. 
 
Choose the menu instruction ‘Edit – Material library’ and select the material 
‘Concrete C25/30’ from the left column. Concrete C25/30 is a default material. 

Default materials are marked by . 
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The properties of default materials  are determined using the standards and 
can’t be edited. Should you wish to make adjustments, you’d have to make a 
new material. User defined materials are marked with the icon . 
 
 
On the right of this window you’ll find: 
• The mechanical properties : the Young’s modulus, the (transverse) 

Poisson ratio, the thermal dilatation coefficient and the density. 
• The thermal properties  used in a fire analysis. 
• The strength properties in the tab page ‘Advanced’. In particular we review 

the properties that apply for ‘Eurocode 2: EN 1992-1-1 [--]’.  
 
In the first tab we find the properties of the concrete : the characteristic 
compressive cylinder strength !"#, the tensile strength !"$#, the partial safety 
factor �" and the creep factors � are displayed. Also the limits to which the 
stresses are limited are given. 
 

  
The properties of the reinforcement steel  can be found in the second tab: the 
steel quality of the longitudinal !�# and transverse reinforcement !�%#, the partial 
safety factor �&, the stress limit and the minimum/maximum reinforcement ratio. 
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Now click on ‘OK’ to close the material library. 
 
Step 16: Choosing the concrete standard 

 
Now select the menu instruction ‘Analysis – Concrete standard’ and 
indicate you wish to calculate the reinforcement using the European 
standard EN 1992-1-1. We don’t use a national annex [--]. 
 

 
 
Step 17: Calculating the reinforcement 

 
Next choose the menu instruction ‘Analysis – Calculate reinforcement’, 
press F2 or click on the button  in the icon bar. A window shows you the 
progress of the calculations. 

Once the calculation has ended, the button  for showing the 
reinforcement results will become active. The reinforcement results for line 
and surface elements (e.g. beams, columns, walls and plates) are 
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represented by the same button . As with all the other results, you 
select the desired reinforcement below in the ‘Results’ pallet. Note that this 
time you can’t select a combination. The reinforcement is determined 
using the envelopes of the different limit states. 
 
Visualize the longitudinal reinforcement in the beams: select the 
longitudinal reinforcement '�. The longitudinal reinforcement '� is the 
reinforcement needed to withstand the bending moments �� (bending 
around the strong axis). 
 

  
 
The calculated reinforcement corresponds with the optimal (most 
economic) reinforcement.  
 
The amount of reinforcement is always drawn on the side where it is 
needed. 
 
The thin line  represents the amount of reinforcement needed to meet the 
ultimate limit state ULS only. 
The thick line  represents the amount of reinforcement needed to meet 
the ultimate limit state ULS AND the service limit states SLS (stress, 
minimum required amounts and buckling). 
In places where the thicker line is far away from the thinner line, the service 
limit states SLS are important. This points to a slender beam with a height 
smaller than the optimum height. 
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The three other results are the longitudinal reinforcement for bending 
around the weak axis '� and the transverse reinforcement for bending 
around the strong '%�, resp. weak axis '%�. 
 

  
 
 
Step 18: Reinforcement results in a table 

 
Select the centre span and then click the icon . The reinforcement’s 
results for the centre span are now represented in a table. You will find the 
4 required longitudinal reinforcements (top, bottom, left and right) and the 
transverse reinforcement according to the two main directions ('%� and 
'%�), for each mesh point of the bar. 
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3.1.7 Calculating the cracked 
deformation 

The deflection that you have calculated so far is based on elastic material 
properties as defined in the material library. Nevertheless, in practice the 
deflection of structures in reinforced concrete depends highly on the extent 
to which the concrete is cracked. 
 
The cracking occurs when the bending moment in the rare combinations 
exceeds the cracking moment �( . The cracking moment �( depends on 
the tensile strength of the concrete and the amount of reinforcement 
placed. 
 
If you enter no further specifications, Diamonds will assume that in practice 
just as much reinforcement is placed as calculated by the program (or the 
minimum amount imposed by the standard). But you can also force 
Diamonds to the take the provided reinforcement into account by defining 
practical reinforcement. 
 
Step 19: Assigning practical reinforcement 

 
Visualize one of the four reinforcements results on beams. Select all 
beams using the CTRL-key and press the right button of the mouse once. 
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We provide in all beams: 

- upper reinforcement: 3xØ14 (462mm²) 
- lower reinforcement: 4xØ20 (1256mm²) 

 
In this window you will also find the maximum reinforcement calculated for 
each of the four longitudinal reinforcements. In places where the 
theoretical calculated reinforcement is greater than the practical 
reinforcement, Diamonds will disregard the practical reinforcement when 
calculating the cracked deformation.  
We also indicate that this reinforcement will be distributed on 3 and 4 bars. 
This number is important for the calculation of the crack width.  
Confirm with "OK". 
 
Step 20: Graphical representation of the practical reinforcement 

 
You can include the practical reinforcement in the representation of the 
results. Click on the button  in the icon bar to edit the settings of the 
active (‘Results’) configuration. Select the tab ‘Results’ and indicate that 
you wish to see the practical reinforcement. Click ‘OK’. 
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The figure above shows at a glance the places where additional 
reinforcement should be provided. 
 
 
Step 21: Calculating the cracked deformation 

 
Now we can start the calculation of the cracked deformation. First we 
would like to highlight the fact that with Diamonds either calculate 

- the total deflection   
- or the deflection at a specific time   can be calculated.  

 
The second approach takes into account the time at which a given load is 
active and allows you to estimate the additional deflection which could 
possibly cause damage to partition walls. 
 
We restrict ourselves to the calculation of the total cracked deformation. 
Select the menu command ‘Analysis – Cracked deflection’ or click on  
in the icon bar. The following dialog box will appear: 
 



 

Getting started with Diamonds   44 

 
 
Leave the parameter * unchanged and select the option ‘Compute 
deformation after creep’. Confirm with ‘OK’. A dialog box will show you the 
progress of the calculations. 
 
Step 22: Looking at the results 

 
Once the calculation is finished, you will no longer find the elastic 

deformation but the cracked deformation under this   button. Moreover, 

you can now visualize the cracking widths using the button .  
 
 
Below you can see the cracked deformation +� after creep for the SLS QP 
envelope.  
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Note that this deformation is nearly 3 times larger than the elastic 
deformation. This increase is partly due to creep effects and partly due to 
the cracking of the concrete.  
 
Also the cracking widths need to be evaluated. Thus we find in this 
example a maximal cracking width of 0,23mm under SLS QP. 
 

 
 

With this first example you’ve met the main functions of Diamonds. Many 
of these features will be discussed again in the next examples, but we also 
tried to discuss other features of Diamonds. 
 
We don’t make a report for this (rather simple) example. The following 
example is better suited for this, as this model also contains plates. 
 
Note: you don’t need to save this model, in the next exercise (§3.2) we 
start from scratch. 
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3.2 Example 2: A preslab floor 
Required licenses:  ����  2D Bars 

����  2D Slabs  
����  Concrete Design 

 

3.2.1 Purpose of the exercise 
In this second example we model and calculate the complete floor of the 
first level. We calculate the elastic forces in the beams and determine the 
required reinforcement. We will also check if the cracked deformation is 
admissible. Finally we make a report. 

  

3.2.2 Defining the structure 
Step 1: Start a new project 

Start a new project through the menu command ‘File–New’ or click on .  
 
We could expand the geometry of §3.1, but to show as much functions as 
possible, we don’t. 
 
Step 2: Go to the ‘Geometry’ configuration 

 
Defining the structure is always done in the ‘Geometry’ configuration. Click 
on  in the icon bar, or select the ‘Geometry’ configuration in the adjacent 
pull down menu. 
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Then check if you’re in a top view. If this is not the case, then click on the 

button  in the icon bar or on the button  in the lower right corner 
and select the viewpoint ‘Top view’. This way you activate a horizontal 
drawing area. 
 
 
Step 3: Defining the grid 

 
Before we start with defining a grid. In the icon bar, select the button  
and opt for a standard grid of 1m in all directions. Set the grid active and 
visible. 
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You’re now ready to draw. 
 
Step 4: Drawing the first line 

 
We start by drawing the perimeter of the plates. Active the drawing 

function with the button  of the ‘Geometry’ pallet and draw the back 
edge of the plate. You have the choice to: 
 
- either draw the line using the mouse (click once on both the start an 

end position of the line with the left mouse button). You can rely on the 
coordinates displayed below in the information bar and adapt them 
depending on the movement of mouse. Once the starting point is 
assigned – choose for example the origin as starting point – you will 
also find the projected distances to the starting point and the length of 
the segment to be defined. Move for example the mouse to the point 
where dx = 15m and dz = 0m and indicate this point with the left button 
of the mouse. 

 
 

- either enter the coordinates of both endpoints in the foreseen bar at 
the bottom of the model window. The coordinates of a point are 
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separated by a “;”. If you are in a top view, you only need to enter 2D 
coordinates. 

 

 
 

Each time you enter the coordinates of a point, press the ENTER-key 
of the keyboard. In addition to the input of absolute coordinates, it is 
also possible to enter the endpoint of the line using relative coordinates 
using “@”. 

 

 

So, you’ve drawn you first line. Turn off the drawing function with  or 
use the ESC-key from the keyboard. 
 
 
Step 5: Defining the other lines of the perimeter 

 
Select the line by clicking on it with the mouse. Immediately, a number of 
buttons on the pallet – those that can be applied on the selected element 

– become active. Click on the button  to copy the selected line. 
Complete the dialog box as shown below: 
 

  
 

Click ‘OK’ and you will obtain this drawing: 
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About the ‘Translation’ function 
• In the field ‘N’ you enter the amount of copies you want. When just want a 

translation (= move something), ‘N’ should remain equal to 0. 
• In the three fields below you enter the translation (or copy) vector. 
• When you check the boxes ‘create connecting lines’ or ‘create connecting 

plates’, Diamonds will automatically draw lines or plates between the copied 
items. 

 

Select the centre line and click on  to divide the line in 3 equal parts. 
Confirm with ‘OK’. 
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Thus the position of the columns in the main building is established. 
 
Step 6: Visualizing the node numbers 

 
Before drawing the outline of the extension, we would like to make the 
node number visible. To do so, we need to adjust the window configuration 
‘Geometry’ . Click on  in the icon bar and select the second tab 
‘Geometry’. Here you’ll find all the model information that can be shown 
on the drawing.  
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Indicate in the first column that you wish to see the point numbers and 
click on the button . Confirm that you wish to replace the 
current configuration with these new settings. Each time you now ask this 
configuration, the point numbers will be shown. Click ‘OK’ to close this 
window. 
 
 
Step 7: Drawing the outline of the extension 

 
We now draw the outline of the extension and we start at node 5. Again 

click on the button . The node numbers show you the sequence of 
drawing. Note that you can draw contiguous bars in one movement by 
indicating the consecutive points. End the drawing function using the ESC-
key. 

 
  
To draw the last line you make clever use of the intelligent. This is a cursor 
that detects when he comes near e.g. an existing point or bar. In particular 
the intelligent cursor snaps to the orthogonal projection on the existing bar 
when drawing the second point of the last line. The line between nodes 4 
and 6 will be divided automatically. 
 
To display the structure as large as possible on the screen, click on the 
button  in the icon bar or use the function key F12. 
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Step 8: Generating plates 

 
Once the perimeter of the plates has been drawn, we can generate the 
plates. Select the menu command ‘Select – All’, draw a selection window 
over the complete model or use ‘CTRL + A’. 
 
The entire drawing will be represented in bolt to indicate all the elements 
are selected. 

Now we click on  in the pallet to find the plates. 
 

About the function ‘Generate plates’  
In particular Diamonds searches between which selected bars a plate can be 
formed. Two conditions must be met: 
 

• All the selected bars should lay in the same plane. 
• The bars need to form one or more closed contours. 
 
Diamonds defines three independent plates which are represented in grey. 
If you don’t see the plates, you’re probably in a wireframe representation 

. In such a view only the edges of the plates will be recognizable. You 
can change the representation with the toolbar on right side of the model 

window. If you opt for a transparent view , then the plates are displayed 
in a colour  in addition to the contours. However, the model remains 
transparent so you can see the other elements that might be under the 
plate. 
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Step 9: Editing the plate properties 

 
By default the plates are isotropic and have a thickness of 20cm. You can 
change the properties of one plate by double clicking it. Double click for 
example the plate on the right and change the thickness of the plate to 
15cm. Note that a selected plate element is standard displayed in yellow 
when it’s selected. This is because the plate belongs to a certain ‘Type’. 
For more information see §2.6. 
 

  
 
The two other plates are preslabs. Such plates have an orthotropic 
character, which means that they have a different structure in the two 
perpendicular directions and thus have a different rigidity in both 
directions. For orthotropic plates the main directions coincides by definition 
with the local x’-axis. By default, the local coordinate system of a plate will 
always coincide with the global coordinate system ( x’-axis // X-as and z’-
axis // Z-axis). Because the preslabs now bear from top to bottom, i.e. // to 
the global Z-axis, the local coordinate system of the plate should be 
adjusted. You can make the local coordinate system of a plate visible in 
an analogous manner as displaying the node numbers. Click on  and 
indicate that the local coordinate system of the plates should be displayed. 
Optionally, you can also decide to show other plate information. This time 
we click immediately ‘OK’ so we make a temporary user configuration. The 
desired model information will be visible until you select one of the 
standard configurations (Geometry, Loads, mesh or Results). 
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Now select both plates and click on the button  to adjust the plate 
properties. The modifications being carried out now, will be applied to both 
selected elements. 
 
First give the plate a name and select the second plate type from the pull 
down menu. Enter the total thickness (so preslabs + second phase 
concrete) and the thickness of the preslabs on the right. This means that 
in the preparation of the stiffness matrix in the main direction (// x’-axis) 
the full thickness of the plate is taken into account and the secondary 
direction (// z’-axis) only the thickness of the second phase concrete is 
counted. 
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Leave the assigned material (Concrete C25/30) unchanged. By means of 
the button  you open a new dialog box in which you can define the 
gross coverage of the longitudinal reinforcement. The gross coverage on 
the upper and lower longitudinal reinforcement is the distance from the 
centre of gravity from the reinforcement tot the upper/lower edge of the 
section. Immediately the useful height of the cross section – needed for 
the calculation of the longitudinal reinforcement – can be deduced.  
 
The thickness of the preslabs is 5cm. We assume that the longitudinal 
reinforcement ('�,) is placed in the middle of the preslabs. We don’t 
calculate the distribution reinforcement in the preslabs. However we are 
interested in the number of distribution bars ('�,) we need above the joints. 
From this we know that the coverage of this reinforcement must be greater 
than the thickness of the preslabs. The upper reinforcement ('�& and '�&) 
is placed with a coverage of 35mm. 

 
Complete the dialog box with the information below and confirm with ‘OK’. 
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You’ll see the plate properties again. We now rotate the local coordinate 
system of the plate so the local x’-axis of the plates lies parallel with the 
global Z-axis, for reasons mentioned above. 
 

 
 
Click ‘OK’ so that the new cross section, the orientation and the gross 
covers are assigned to the plates. 
Have you taken the previous steps successfully, then an arrow will indicate 
the direction of the preslabs, at least if in the configuration settings  the 
option for showing the plate orientations is checked. 
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The clarity of this symbol depends on the type of graphical card in your 
computer. In any case, you must recognize this symbol when you take a 

wireframe representation. Simply select the button  in the toolbar on 
the right side of the model window.  
 
Step 10: Defining line supports 

 
The floor is supported by a few walls and columns which we will model as 
simple point and line supports. We start with the line supports. Select the 

following lines using the SHIFT-key and press the button  in the 
‘Geometry’ configuration. 
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Because the endpoints of the lines are also selected when you select the 
lines, you will see two tab pages in this window.  We choose a simple 

support in the second tab (Lines) by clicking immediately on  in the left 
column. Or you can check the three checkboxes (X, Y and Z displacement) 
on the right. Confirm with ‘OK’. 
 
 
Step 11: Defining the points supports 

 
Now select all the points that did not belong to the first selection, in 
particular the point numbers 6, 7, 8, 9, 10, 11, 12 and 13. Again click on 

 and assume a simple support. 
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Step 12: Assigning the beam section 

Select all lines who don’t have a line support and click on  for defining 
a section based on a standard shape. 
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- Note the name of the new cross section. 
- Using the pull down menu under the name, select the desired shape. 

Choose for a rectangular section. 
- Enter the dimensions of the cross-section. They are represented in the 

schematic drawing on the right.  
- All the properties of the cross section are calculated automatically. 
- Underneath select the material. We opt for ‘Concrete C25/30’. Leave 

the coverage on the longitudinal reinforcement as well as the 
orientation of the bars unchanged. By default a gross cover of 35mm 
is used. 

 
Confirm with ‘OK’ and verify if the beams have the defined section. Most 
likely you’ll have to change the configuration settings again. Click on  
and indicate you wish to the see the ‘Border lines’ of the cross sections. 
Click ‘OK’ and opt for a 3D view. You can change the point of view by 
move the sliders on the right and at the bottom of the model window. 
 

 
 
 
 
 
 
 

Now opt for a solid representation (  or ), all the elements will be 
presented volumetrically. The representation in colour also shows you 
which elements belonging to the same design type. 
 



 

Getting started with Diamonds   62 

Step 13: Defining types 

 
From the drawing it follows that a number of standard types have already 
been defined. Beam and plates will be recognized as a separate type. You 
can find all types defined in Diamonds when you click on  in the icon 
bar. 
 

  
 
For example we wish to place the preslabs in a separate design type.  
- Select both plates using the SHIFT-key and click on .  
- Using the button  you define a new design type for which 

you can change the name immediately.  
- We give this type a different colour so that we easily recognize the 

plates. We can even change the colour of the element in case it’s 
selected.  

- Confirm with ‘OK’ and deselect the plates.  
 
If the colour of the plates has changed, you know the design type was 
assigned successfully. In the figure below we opted for a transparent view 

 and we turned off the border lines.   
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Step 14: Adding boundary conditions to the plate’s edges 

 
The penultimate step in building our model consists off adding a few 
hinged lines. It has been said that no moment can be transmitted between 
the main building and the extension. In other words a joint is foreseen 
between both.  
 
- Select the preslab adjacent to the extension together with the edges 

adjacent to the plate. Click the button . 
- In the dialog box that appears, you recognize below an image of the 

selected plate. The selected borders are detected immediately. 
- Deselect all the moments around the edges in the lower half of the 

window.  
- Confirm with ‘OK’. 
 

It’s also possible to only select the plate, click , and then indicate the 
edges in the dialog box using the SHIFT-key. 
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Given both plates along this edge are supported by the beam, you’ll have 
to add another hinged line to the other side. Therefore, repeat the same 
procedure on the other side. 
 

 
 
For the last time change the configuration setting (via ) so the edge 
releases are displayed. 
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Step 15: Hinge at beam end 

 
We define a hinge at the end of beam 9 with the aim of disconnecting the 
continuous beam from the extension. Select the menu command ‘Select – 
Bar number …’ to select bar number 9. Click in the pallet on the button 

. Turn off the transition of moments at the rod end with the largest X-
coordinate and confirm with ‘OK’. 
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Step 16: No buckling check for beams in plate surface 

 
We assume that the beams in the plate surface can’t buckle. Therefore, 
we’ll turn off the buckling check for the beams. 
 

Select the beams and then click the button . Uncheck all boxes for 
buckling. 
 

  
 
There, the structure is completely defined. Now we define the loads. 
 

3.2.3 Defining the loads 
Step 17: Go to the ‘Loads’ configuration 

 
We now leave the ‘Geometry’ configuration and activate the ‘Loads’ 
configuration to enter the loads. Click on the button  in the icon bar or 
select in the adjacent pull down menu the ‘Loads’ configuration. 
 

3.2.3.1 Creating the load groups 
Step 18: Creating load groups 

 
Before defining any loads, you have to make the different load groups. 

Click on the button . You’ll see the following screen: 
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To keep the example simple, leave the parameters untouched as in the 
figure above. Then click the ‘OK’ button. 
 

3.2.3.2 Filling up the load groups 
Now the loads groups are defined, we can assign loads to the structure. 
 
Step 19: Filling in the load groups ‘Self-weight’, ‘Dead loads’ and ‘Life load’ 

 
- The self-weight  of the beams is calculated automatically by 

Diamonds and cannot be adjusted. 
- The dead load  on the plates is 3kN/m². 

o Use the pull down-menu to activate the load group ‘Dead 
loads’.  

o Now select the preslabs (use the CTRL-key) and click on the 

button . Note that only those icons will be active that can 
be applied on the selected elements. 

o Complete the windows as follows: 
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In the ‘Loads’ configuration window the entered loads are graphically 
represented.  
Select the plate from the extension and place a load from 1kN/m² on 
it using the same manner. 

 
- Now select the load group ‘Life load A: housing ’ and define a 

distributed load on the preslabs of 2kN/m².  
We don’t provide any life load on the extension. 

 

3.2.3.3 Making combinations 
Before starting the calculations we need to generate the combinations first. 
 
Step 20: Making combinations 

 

Generate the combinations  as described in §3.1.3.3. 
 

3.2.4 Generating the mesh 
Step 21: Generating the mesh 

 
Click on the button  in the icon bar or select the menu instruction 
‘Analysis – Mesh’. Enter a maximum element size of 0,8m and a minimum 
of 0,4m. 
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Now click ‘OK’ to start the generation of the finite element net. A window 
shows you the progress of the generation. 
 
About the mesh generator 
• Diamonds is an ‘on displacements based’ finite element program. This 

means that the model will be divided in a limited number (= finite) elements. 
The composition of such a finite element mesh is called the ‘mesh 
generation’. 

The properties in the upper half  of this dialog box are related to the division of 
plate elements. 
• The maximum element size  allows you to define a general fineness of the 

mesh. Diamonds will try to subdivide the plate into equilateral triangular 
elements whose edges are equal to the maximum dimension. 

• With the minimum element size , you can manipulate subdivision of 
elements around the smallest lines or very close points. Because this model 
doesn’t contain any points very close to each other, this parameter will not 
have an influence. We can leave this value equal to 0.  

      Note: there are no general rules that guarantee the accuracy of the finite 
elements calculation. Some guidelines concerning the choice of the element 
size can be found in the reference manual. 

The meaning of the other parameters can be consulted on our support website: 
http://buildsoftsupport.com/knowledge-base/how-to-pick-the-mesh-size/. 
 
Step 22: Checking the mesh 

 
Once the mesh is generated, we make the mesh visible with . In a top 
view the model now looks like this: 
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We see that with the entered dimensions, we obtain a dense and regular 
mesh. A mesh consisting of regular (≈ equilateral) triangles is necessary, 
given the quality of the results strongly depend on the shape of the mesh. 
 

3.2.5 The global elastic analysis  
Step 23: Elastic analysis 

 
Follow the same method as described in §3.1.5. 
 
Step 24: Go to the ‘Results’ configuration 

 
To see the results of the calculations, you click on  in the icon bar or 
select in the adjacent pull down menu the ‘Results’ configuration. 
 
Below, we list some results. 
 
Step 25: Deformation 

 

- Click in the ‘Results’ pallet on the button  for viewing the 
displacements. 

- Select the vertical displacement +� according to the global Y-axis.  
- Then select the combination group ‘SLS QP’ and choose for the 

envelope of the results. 
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Because we are looking for the largest downward deflection we 
select the option "min", which indicates the smallest real value. Since 
the downward deflection is oppositely directed to the positive Y-axis, 
we can understand this choice of combination. The maximum 

deflection is 3,8mm. The figure below is shown in wireframe  and 
we opted for a top view. 

 

  
 
 
Step 26: Deformation in the beams only 

 
If for example, you only wish to see the deflection in the beams, select all 
the beams (using CTRL-key) and click on  in the icon bar. Choose for 
a 3D view: 
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Click on  to make all elements visible again and choose for a top view. 

Now we visualize the bending moments ��� in the plates. Click on  in 
the pallet and select the plate result ���. In particular show the maximum 
values of the ultimate limit state FC (ULS FC) envelope. The notation ‘max’ 
refers to the biggest real value. A bending moment is always drawn on the 
side under tension (which shows clearly in a 3D view). The sign of the 
bending moment corresponds to the direction of the local coordinate 
system. In normal cases, the local y’-axis is directed upward, so that 
tension arises in the lower fibers. Here you’ll find the largest moments at 
the supports. 
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If you’re looking for the biggest field moments (biggest negative bending 
moments) then you should choose the combination ULS FC – envelope – 
min. Based on these moments the (lower) longitudinal reinforcement in the 
preslabs is determined. 
 

 
 
Select both preslabs (with the CTRL-key), press the SHIFT-key and select 
the 2 supports in the middle of these preslabs. Click on the icon  on the 
right top of the model window. A new window will open with a plan view of 
the selected plates. On the left you will find all the buttons of the ‘Results’ 
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configuration applicable for plate elements. The figure below shows the 
maximum shear force -� for the envelope ‘ULS FC’. 
 

  
 
We recognize a symmetrical shear diagram relative to the beam support. 
Move the mouse over the drawing, below the corresponding values of the 
selected results will appear. When you come near the selected supports, 
Diamonds will snap to them. This way you can quickly obtain the desired 
result. 
With a combination envelope the determining combination appears. You 
can disable this by clicking once on the button , this will change in . 
To show the combinations again, click again on . 
 
Click ‘OK’.  
 

Once back in the model window, we click on the button  in the pallet 
to show the reactions. All reactions are displayed separately by Diamonds. 
In this example we’re interested in the vertical node and line reactions in 
the combination ‘SLS RC envelope’. We select the line reactions  . 
We only make the results visible for the back edge of the main building 
and double click this line. A dialog box shows the total and average 
reaction force on that line. 
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Down the line we find a uniform distributed upward reaction of ±17kN/m. 
Only in the corners the plate will light up and cause downward reactions. 
Close this dialog. 
 
Now select all line supports and click on . You obtain a table with the 
minimum and maximum values of the reaction forces on the selected line 
supports. 
 

 
 
Close this dialog and make the complete structure visible again by clicking 
on  in the icon bar. 
 
You now have seen all the available results except for the buttons below 
the pallet. They make is possible to view the results along a cut line. We 
are for example interested in the bending moments ���	along a cut line 
parallel to the global Z-axis and through the left column of the main 
building. First show the maximum bending moments ��� for the 
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combination ULS FC envelope and then click on  to draw the cut line. 
Make use of the intelligent cursor. 
 

  
 
The cut line will cross the beam exactly at the height of the column and 

will therefore be divided in two. Click on  to end the drawing function 

and select the button . The result: 
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Also for cutline a detailed result can be asked. Select the complete cutline 
(use the SHIFT-key) and click on  in the icon bar. 
 

 
 

Close the window with ‘OK’ and click on  to see the global results 

again. A cutline can be deleted using . Obviously, this functions is only 
available for the selected cutline. 
 
Now we can calculate the reinforcement and the cracked deformation. 

3.2.6 Calculating the reinforcement 
Step 27: Choosing the concrete standard 

 
Now select the menu instruction ‘Analysis – Concrete standard’ and 
indicate you wish to calculate the reinforcement using the European 
standard EN 1992-1-1. We don’t use a national annex [--]. 
 
Step 28: Calculating the reinforcement 

 
Next choose the menu instruction ‘Analysis – Calculate reinforcement’, 
press on F2 or click on the button  in the icon bar. A windows shows 
you the progress of the calculations. 
 
Step 29: Viewing the results 
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Once the calculation has ended, the button  for showing the 
reinforcement results will become active. 
 
About the message ‘The cross section of some elemen ts is insufficient’ 
If the thickness (or the effective height) of the plates or beams is insufficient to 
provide a valid reinforcement proposal, the following message appears: 
 

 
 
You don’t need to panic immediately with such a message. For plates, the area 
where there is a problem is often very local. In most cases, the reason lies in 
the peak moments that occur at intermediate support or in the vicinity of 
discontinuities, see in this case no averaging of the moments is done. Other 
elements, not taken into account in this calculation will void the peaks. For 
example the width of a support will cap the peak. Therefore always check 
whether a thicker plate is necessary! 
For beams on the other hand a larger cross section will almost always be 
necessary. 
 
The reinforcement results for line and surface elements (eg. beams, 

columns, walls and plates) is represented by the same button . As with 
all the other results, you select the desired reinforcement. 
 
Visualize for example the lower reinforcement parallel to the local x’-as '�, 
in the plates. 
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Reinforcement results are always defined locally. Consequently, we can 
derive the required longitudinal reinforcement in the preslabs from this 
drawing. The number of reinforcements bars for to the global X-direction 
(which is identical to the local x’ direction) an isotropic plate parallel follows 
from the reinforcement '�,. 
 
You will notice that the triangles for which the reinforcement could not be 
calculated, don’t have a colour. We recognize such triangles in the 
connection between the plate and the lower preslab. In addition, each 
plate which an incomplete reinforcement result, is provided with a death’s 
head. This death’s head is always drawn in the geometric centre of gravity 
of the plate on in the point where the problem arises! 
 
You can find the cause of the death’s head by double clicking the plate. 
The dialog for defining practical reinforcement will appear. At the bottom 
you will find the death’s head again indicating the limit state for which no 
valid reinforcement proposal could be made. In our example we see that 
a solution has been found in ULS, while the check in SLS results in too 
much reinforcement to comply the stress control in the rare combinations. 
 
Close this dialog with ‘OK’ and now select the reinforcement '�& to 
visualize the upper reinforcement parallel to the x’-axis. 
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The largest upper reinforcement should be provided near the columns. 
 
Hereafter we show the longitudinal reinforcement in the beams. Select the 
longitudinal reinforcement '� and opt for a 3D representation.  

 
 
The amount of reinforcement is always drawn on the side where it is 
needed. 
 
Note that next to the upper and lower reinforcement we also need web 
reinforcement '�: 
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Step 30: Eliminating the web reinforcement 

 
You can impose in Diamonds you only wish upper and lower reinforcement 
'� (so no web reinforcement '�). To do so, return to the ‘Geometry’ 

configuration  and select the beams. Click on the button for the cross 

section properties  and then on . Choose for ‘only upper 
and lower reinforcement’. 
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You simply need to recalculate the reinforcement for these elements. In 
the image below you’ll find the longitudinal reinforcement '�. There’ll be 
no longer web reinforcement '�. 
 

 
 
For the further development of the exercise: make s ure you have 
reinforcement along all 4 sides of the beams! 
 

3.2.7 Calculating the cracked 
deformation 

Step 31: Assigning practical reinforcement to the beams 

 
Visualize one of the four reinforcements results on beams in the ‘Results’ 
configuration window . Select all beams using the CTRL-key and press 
the right button of the mouse once. 
 
We provide in all beams: 

- upper reinforcement: 2xØ16 (402mm²) 
- lower reinforcement: 2xØ16 (402mm²) 
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Confirm with "OK". 
 
Step 32: Assigning practical reinforcement to the plates 

 
We will now assign practical reinforcement to the plates. Visualize one of 
the four reinforcements results on plates in the ‘Results’ configuration 
window . Select both preslabs and press the right button of the mouse 
once. 
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Provide all plates  of a  
- upper longitudinal reinforcement: rebar mat Ø8 each 150mm 
- upper longitudinal reinforcement: rebar mat Ø8 each 150mm 

 
You either write down the corresponding amount in mm²/m in the fill in 

boxer or you either click on the button  and mark the desired rebar mat 
in the left column. 

   
  
In this window, you’ll find all the rebar mats included in the rebar mat library 
of Diamonds. For more information about the rebar mat library we refer to 
the Reference Manual. When you click ‘OK’ all the required information for 
both the x’ as the z’ direction will be entered. Note that also here, the 
amount of reinforcement bars is requested.  
 

 

Step 33: Calculation of the cracked deformation 

 
Choose the menu command ‘Analysis – Cracked deformation’ of click on 
the button  in the icon bar. Leave the parameter * unchanged and select 
that you wish to take creep into account. 
 
Note: in the area for which no reinforcement proposal could be calculated, 
Diamonds will assume a reinforcement section that corresponds to the 
maximum reinforcement percentage specified with the properties of the 
reinforcement steel (material properties). This way you are not obligated 
to solve the death’s heads and still obtain a realistic cracked deformation. 
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Step 34: Looking at the results 

 
Once the calculation is finished, you will no longer find the elastic 

deformation but the cracked deformation under this   button of the 
‘Results’ pallet. Moreover, you can now visualize the cracking widths using 

the button . 
 
 
Below you can see the cracked deformation +� after creep for the SLS QP 
envelope.  
 

 
 
Note that this deformation is about 3 to 4 times larger than the elastic 
deformation. This increase is partly due to creep effects and partly due to 
the cracking of the concrete (based on the rare combination).  
 
Also the cracking widths need to be evaluated: 
 



 

Getting started with Diamonds   86 

 
 
Note: In §3.4 this model will be further expanded. Hence, you should have 
this file.  
 

3.2.8 Making a report 
In this task you will be asked to make a report of this model which will 
illustrate the strength of the Diamonds Report Manager. 
You can generate multiple report simultaneously and print them at once 
afterwards. This, it is possible to display the geometry and the results in a 
different view in the same report. It’s also possible to show in each report 
a different part of the structure. You will be asked to define these sub 
reports: 
 

1. A sub report with the following data 
o a top view of the plate with the dimensions 
o the cross sections properties of the beams 
o an overview of the used materials 

2. A sub report with a graphical 3D representation of all the load cases. 
Also add the load case data and data about the load combinations. 

3. A sub report with an image of the moments ���, ��� and ���  for 
the combination ULS FC envelope ‘max’ and ‘min’. 

4. A sub report with a representation of the reinforcement results ('�, 
'%�) for all beams, one after the other, together with a 3D view, 
showing geometry with beam numbers. 

 
Generate a global table of contents for these 4 sub reports. 



 

Getting started with Diamonds   87 

3.2.8.1 Dimensions 
Step 35: Dimensions 

 
Before making the reports, we’re defining the dimensions first. We use a 
grid for this. Make sure you’re in the geometry configuration . Choose 

wireframe representation  in a top view . 
 
Open the dialog window for setting the grid . Click on . The 
following windows displays: 

  
 
 
This window allows you to define a (variable) grid that you can use for 
drawing a structure but it can also be used to dimension a structure. 
Proceed as follows: 

- Give the grid a name and choose a colour  (eg. grey) 
- Define in which plane you’d like dimensions. This can be done in 2 

ways: 
o Either fill out the coordinates for ‘Origin’, ‘Point on x’ axis’ and 

‘Point on y’ axis’. 
o Or, mark these coordinates directly in the model geometry 

using the mouse, by clicking the button 
. Start by clicking on the desired 

point of origin. Then an x'-axis will appear, following your 
cursor. Click on a second point to determine the direction of 
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the x-axis. Once the x-axis is fixed, you can analogously define 
the y-axis by clicking on another point. 

 

 
 

Note: zoom out sufficiently before defining dimension lines, 
which makes the identification of the direction of the axes easier. 

 
- Then you must specify in the distances you would like to see in the 

columns ‘x’ and ‘y’ direction. This can be done in 2 ways: 
o If the icon  is active, you will need to add point by point using 

the button . The coordinates of these points can be 
entered manually enter or you can select them in the model 
geometry. 

o When you click once on , it changes in , now you can 
select multiple points in the model geometry without needing 
to click  each time. Press the SHIFT-key while 
selecting. When you select a bar, both points (end & 
beginning) are included in the list. You can specify either 
direction (x ', y') at the same time by changing each  in , 
or you can select each direction separately. 

 

origin 
x’-axis 

y’-axis 
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You can remove point from the list by selecting the point and clicking 
. 

- Finally, specify how you wish to number the directions and whether 
the numbers or annotation lines should be visible in the 
corresponding direction. 

- In the image below only the annotation lines are visible. 
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The dimensions are only asked in the first report, not in the others. So you 
have two possibilities: 

- Either you set the grid visible  and you turn if off in the report 
manager when you don’t want to see it. 

- Either you set the grid invisible  and you turn it on in the report 
manager when you want to see it. 

Since the last option demands the least work, we’ll choose this on.  
Set the grid invisible. 
 

 
 

3.2.8.2 Sub report 1: Geometry 
Step 36: Sub report 1 

 
Choose the menu command ‘File – Report manager’ or click on the icon 

 to open the report manager. 
 
Let us first define the page setting. Click on  and complete the 
dialog window as follows. 
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Make use of the option ‘logo’ the import your own logo into the report. 
 
 
Provide a header and footer on each page. Check the advanced settings 
on the right. Click on the button  and note the title of the document 
in right field. Here you can add your logo if desired. 
 

 
 
Click on ‘OK’. For the footer we choose to show the page numbers on the 
right, starting from ‘1’. 
 

Confirm the page set up with ‘OK’ and click in the button  to start 
composing the first sub report. 
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Click on the button  to open the grid settings. Set the grid with the 
dimensions visible. 
 

 
 
Turn back to the report manager with ‘OK’. 

Click on the button , opt for a top view. 
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Check it the elements are depicted as desired. If that’s not the case, follow 
the advanced procedure in the grey box below. 
 
About the option ‘Modify selection and view’ 
Regardless what you can to display (geometry, loads or results) in the 
calculation note, you have to fix the viewing point (top, front or side view) in the 
first tab. In addition you indicate for which elements this sub report applies. How 
can you do this? Well, you have two possibilities: 
• Using the button  you return to the model window of the 

active configuration where you change the orientation and visibility of the 
elements as you please.  

• Via  you can choose from the default view in Diamonds. Diamonds will 
centre and display the selection as large as possible in the window. 

 
At the bottom of the ‘General’ window, check ‘Report Title’ and ‘Table of 
contents’. The title which will be used is the name of the report, namely 
‘Geometry’. The option ‘Table of contents’ makes a new table of contents 
for this report. The paragraph numbering should be checked. 
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Now select the second tab ‘Geometry’ and indicate you wish to see the 
geometry graphically. 

 
 
The viewpoint is fixed, but the representation method hasn’t. Well in the 
adjacent pull down menu indicate the configuration according to which the 
model should be depicted. We wish to display the geometry of the model, 
so select the ‘Geometry’ configuration. Remember that a lot of model 
information is related to a configuration. Optionally, you can change the 
settings of this configuration via the button . 
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Finally implement the cross-section and material data in the report and 
click ‘OK’. 

 
 

The first sub report is defined. Next we will make a sub report from the 
loads. 
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3.2.8.3 Sub report 2: Loads 
Step 37: Sub report 2 

 

Click on . 
- Name this sub report ‘Loads’. 
- With the button  you can change the scale of the images. Opt for 

. 
- Change the orientation of the plate to a perspective view with the 

button  . 
- Join the table of contents from this report with the table of contents 

from the other reports. For this purpose, check the option ‘Add to 
previous table of contents, with continuous page numbers’. 

 

 
 
Go to the tab page ‘Loads’.  
- Indicate that you want to view the loads graphically. 
- Choose the ‘Loads configuration’. Optionally, you can change the 

settings of this configuration via the button .  
- Then select the type ‘Load group’ and select the 3 load groups. 
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There is also asked to implement the data on the different load groups and 
the composition of the load combinations in the report. Therefor select the 
penultimate and final box. Then click ‘OK’. The second sub report is 
defined. 
 

3.2.8.4 Sub report 3: Global results 
Step 38: Sub report 3 

 
Now, create a new calculation note with . 

- Name this report ‘Global results’. 

- Choose a top view with the button . 
- Join the table of contents from this report with the table of contents 

from the other reports. 
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Go to the tab page ‘Global results’. 
- Indicate that you want to view the results graphically. 
- Choose the ‘Results configuration’. Optionally, you can change the 

settings of this configuration via the button .  

 
 
Next you select which results should be implemented in the report: 

- Click on . 
- Indicate the bending moment ��� from the pull down menu below. 
- Select both envelopes (min and max) from the list with ULS FC 

combinations. 
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Repeat this procedure for the bending moments �.. and �/. (so 
immediately select a new force from the pull down menu and indicate 
which combinations should be displayed) and click ‘OK’. In total, this sub 
report will contain 6 images. 
 
Select the option ‘Insert equilibrium check’. This will give an overview of 
all the (vertical and horizontal) loads and the (vertical and horizontal) 
reactions for each combination. 
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Finally click ‘OK’. The third sub report is defined. 
 

3.2.8.5 Sub report 4: Detailed results 
Step 39: Sub report 4 

 
In a final report should contain a detail result of the reinforcement in the 
beams together with a perspective view showing the geometry with the 
line numbers. 
 

Now, create a new calculation note with . 
- Name this calculation note ‘Detailed results’. 
- Click the button  to record the orientation of the model. 

Then choose a perspective view and just make the beams visible 
through the function .  

- Turn back to the report manager with . 
 

 
 

- Implement this sub report in the table of contents. 
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Now select the tab ‘Geometry’. 
- Check the first selection box. 
- Then click on the button  and select the line numbers in the tab page 

‘Geometry’. 
 

 
 

Confirm with ‘OK’. 
Now activate the last tab 'Detailed results’. 
- Indicate that you want to view the detailed results graphically. 



 

Getting started with Diamonds   102 

- Click the button  and select the longitudinal reinforcement '� and 
shear reinforcement '%� from the pull-down menu located below. 
Check each time the cross check box on the right side. 

 

 
 
Click ‘OK’ to close this window. All four sub reports have been defined. 
The report is ready to be printed. 
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3.2.8.6 Preview  
Step 40: Preview 

 
At any time you can make preview of either the entire calculation note 
either the selected sub report using the button . 
 
Once a calculation note has been properly prepared, you can print it by 
clicking the button . Also you can write the calculation note to an 
RTF file  so that it later can be opened / edited with a text editor.  
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3.3 Example 3: A foundation slab  
Required licenses:  ����  2D Bars 

����  2D Slabs  
����  Concrete Design 

 
We now proceed to the calculation of a general foundation slab on soil. 
We assume no excavation, i.e. the foundation level equals the ground 
level. Furthermore, a cone penetration test has been performed which 
gave us these soil properties: 
 

Layer 
thickness [m] 

0  
[-] 

'  
[-] 

102  
[-] 

00  
[%] 

�� 
[kg/m³] 

�3 
[kg/m³] 

1 120 180 1,0 0,0 1600  2000 
3 350 525 1,0 0,0 1600 2000 
4 260 390 1,0 0,0 1600 2000 
10 340 510 1,0 0,0 1600 2000 

 
- The compression constant 0 and the recompressibility constant ' are 

derived from the cone resistance. 
- The overconsolidation ratio 102 takes into account the effect of 

preloading (or overconsolidation) of the soil. 
- Drainage ratio 00 is a measurement of how much of the pore water is 

already drained.  
- �� and �% are the dry and wet density of the soil. 
 
The groundwater level is 1m below the ground level. 
 

 
 
In the floor pan above the lines correspond to the lower edge of the walls. 
The column bases are represented by points. The foundation slabs has 
and overhang of 0,5m relative to the walls and the columns. The thickness 
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of the plate is 30cm and again we use a concrete quality C25/30. The 
gross cover is 35mm, for both the upper and lower reinforcement. 
 
We assume the following data concerning the loads: 
- Each wall transfers a uniformly distributed vertical line load of 85kN/m 

on the foundation slab as dead load (including the self-weight of the 
upper structure), and 10kN/m for life load. 

- All central columns bear a point load of 600kN on the foundation slab 
as dead load (including the self-weight of the upper structure) and 
100kN for life load. 

- All central columns near the edges bear a point load of 60kN on the 
foundation slab as dead load (including the self-weight of the upper 
structure). 

 

3.3.1 Defining the structure 
Step 1: Start a new project 

 
Start a new project using the menu command ‘File – New’ or click on .  
 
 
Step 2: Go to the ‘Geometry’ configuration 

 
Defining the structure is always done in the ‘Geometry’ configuration. Click 
on  in the icon bar, or select the ‘Geometry’ configuration in the adjacent 
pull down menu. 
 
Then check if you are in a top view. If this is not the case, then click on the 

button  in the icon bar or on the button  in the lower right corner and 
select the viewpoint "Top view". This way you activate a horizontal drawing 
area. 
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Step 3: Setting the level manager 

 
It doesn’t matter at which level (= global Y coordinate) you draw the 
structure, but because we want to recover the foundation plate in §3.4, 
we’ll define levels correctly. 
 
Press the button . Select the ‘Level 1’ and click on ‘Delete’. 
Click ‘OK’ to close the window. 
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Step 4: Changing the step of the grid 

 
Click on  and change the default step to 5m. Confirm with ‘OK’. 
 

  
 
Step 5: Drawing the lines and points on which loads will act 

 

Using the button  draw all construction line to which a lines load will be 
assigned. All segments have a length which is a multiple of 5m. Let the 
left top corner of the drawing coincide with the origin of the global 
coordinate system.  
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Then click on the button  and draw all constructions points. For drawing 
a point, navigate the mouse to a grid point and click once with the left 
mouse button. 
 

 
 

End the drawing function with . To display the structure as large as 
possible on the screen, click  or F12. 
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Step 6: Changing the grid step again 

 
Click on  and change the grid step to 0,5m. Close this window with ‘OK’. 
 
 
Step 7: Drawing the perimeter of the foundation slab 

 

Again activate the drawing function  and draw the contour of the 
foundation slab. Make use of the grid to realize an overhang of 0,5m. 
 

 
 

The foundation can now be defined: 
- Either you only select the external edges of the foundation plate using 

the SHIFT-key. 
- Either you select the entire structure by drawing a selection window or 

pressing CTRL+A. 
 
We conveniently choose the last option: press CTRL+A. Then click on the 

button  so diamonds can start looking for plates. There’s only one 
closed contour present so that one plate will be formed. 
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From the toolbar on the right side of the model window choose a 

transparent representation  so that the plate and all the construction 
lines and points are displayed.  
 

 
 
Step 8: Adjusting the plate properties 

 
By default the plate has a thickness of 20cm. Double click the plate and 
change its thickness to 300 mm. 
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Also check the gross cover on the longitudinal reinforcement. Click on 

 and accept the default cover of 35mm. Conform twice with ‘OK’. 
 
Step 9: Defining the ground level 

 
Because we will be using soil layers, you have to set the ground level. Set 
the ground level to 0,0m. 
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Step 10: Defining the soil properties 

 

Select the plate and click on  . 
- You could prevent the X- and Z-displacement but is not necessary 

since there’ll be no horizontal forces action on the model. 
- For the Y-direction, indicate you wish to use soil layers. 

 

 
 
Now click on . A new soil profile is defined with the button 

. Indicate that the soil parameters have been obtained 
using a static penetrometer test (CPT) and note that the ground water level 
is 1 m below the ground level. 
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Next we start defining the different soil layers and we start with the soil 
layer right below the ground level. Click on  and note the layer 
thickness, the compressibility constant 0, the recompressibility constant 
', the dry ��  and wet �3 mass of the layer in the dialog box. 
 

 
 
Confirm with ‘OK’. Repeat the steps for the other layers in the profile. All 
defined soil layers are neatly displayed under each other: 
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Since we will use these soil layers in a later project (see §3.5), we click on 

. A text file containing all data of the soil layers will be saved at 
a location designated by you. Save the file for example on the desktop. 
Now exit all dialog windows with ‘OK’. That the soil profile is indeed 
assigned to the model is identified by the symbol in the centre of gravity of 
the plate. 
 

 
 
There, the structure is completely defined. 
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3.3.2 Defining the loads 
Step 11: Go to the ‘Loads’ configuration 

 
We now leave the ‘Geometry’ configuration and activate the ‘Loads’ 
configuration to enter the loads. Click on the button  in the icon bar or 
select in the adjacent pull down menu the ‘Loads’ configuration. 
 

3.3.2.1 Creating the load groups 
Step 12: Creating load groups 

 
Before defining any loads, you have to make the different load groups. 

Click on the button . You’ll see the following screen: 
 

 
 
Close this dialog box using ‘OK’. 
 

3.3.2.2 Filling up the load groups 
Now the loads groups are defined, we can assign loads to the structure. 
 
Step 13: Filling in the load groups ‘Self-weight’, ‘Dead loads’ and ‘Life load’ 
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- The self-weight  of the beams is calculated automatically by 
Diamonds and cannot be adjusted. 

- We now define the dead loads : 
o Use the pull down-menu to activate the load group ‘Dead 

loads’.  
o Select all lines except the edge of the foundation slab and click 

on the button  in the pallet. Enter a uniform distributed load 
of 85kN/m. 

 

 
 

o Confirm with the button ‘OK’.  
o Next select the two points in the left top of the model and click 

on . Define a point load of 600kN on them: 
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o Click on ‘OK’. 
o Repeat these steps to assign a dead load of 60kN to the other 

points. 
o Finally define a surface load of 3kN/m² on the foundation slab. 

Select the foundation slab and click on . Enter 3kN/m² and 
confirm with ‘OK’. 

 
Here below we represent the life load in a perspective view. You’ll 
notice that each type of loads is presented in a different colour. If you 
wish the same configuration, then choose the menu command 
‘Show – Window configuration’ or click on . A dialog box appears 
containing all the settings of the ‘Loads’ configuration.  
Select the tab ‘Loads’ and define a different colour for each load type 
by clicking in the corresponding colour  field with your mouse.  
Also note that you can impose a different scale factor for each load 
type. For example in the image below the point loads will be 
represented bigger than the uniformly distributed loads. 
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Click on the button  to save the current settings. 
Confirm that you wish to replace the active configuration by the new 
one. Close this dialog box with ‘OK’. If the loads in general are 
displayed to small, then change the size in the pallet ‘Size’ on the 
right side of the model window (see §2.2). 
 

- Now select the load group ‘Life loads A ’ from the pull down list. 
o Define a line load of 10kN/m on each wall. 
o Define a point load of 100kN coming from the two columns in 

the main building on the two points in the left top of the model.  
o Define a surface load of 2kN/m² on the foundation slab. 
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3.3.2.3 Making combinations 
Step 14: Making combinations 

 

Generate the combinations  as described in §3.1.3.3 
 

3.3.3 Generating the mesh 
Step 15: Generating the mesh 

 
Generate the mesh  as described §3.2.4. 
 
 
Step 16: Verifying the mesh 

 
Once the mesh is generated, we make the mesh visible with . 
In a top view the model now looks like this: 
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We obtain a dense and regular mesh, which will give us good quality 
results. 
 

3.3.4 The global elastic analysis  
Step 17: Elastic analysis 

 
To start the analysis, select the command ‘Analysis’ – ‘Elastic Analysis’. 
You can also start the analysis directly using the function key F9 or use 
the icon  on the icon bar. Following dialog box appears: 
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We opt for a first order analysis and click ‘Next’. 
 
The exact value of the spring constant is not yet known. Therefore the first 
step in calculating the model is determining the correct function of the 
spring constant based on the soil data and a suitable load combinations. 
A number of parameters must be set: 

 
 
The parameters in the second tab page  of this dialog window are linked to the 
soil and terrain properties.    
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• First Diamonds will show you the level of the highest foundation to which soil 
layers where assigned. In this example only one foundation slab is defined 
in the plane Y=0m.  

• In this example we assume no excavation, so that the initial ground level is 
located at Y=0m.  

• Then select a load combination based on which Diamonds should calculate 
the spring constants. Because the largest settlement will be obtained with 
the first quasi-permanent load combination, we select ‘SLS QP1’ from the 
pull down list. 

• The vertical resolution determines the thickness of the successive layers 4ℎ 
which will be considered in the calculation of the settlements. Diamonds 
assumes the vertical resolution to be equal to the chosen maximum size of 
the triangle elements. For a resolution of 60 cm, the setting will be evaluated 
every 60 cm. Do you have a soil profile with C-values each 20 cm, then each 
three layers will be combined to an average C-value.  

• Finally we impose a maximum of 2 iterations. 
 
Once all parameters are entered, we can start the calculations using the 
‘OK’ button. 

 
A dialog box displays the progress of the calculation.  

 
 
Once the progress of the spring constant is determined, the actual elastic 
analysis will be performed. 
 
Step 18: Go to the ‘Results’ configuration 

 
To see the results of the calculations, you click on  in the icon bar or 
select in the adjacent pull down menu the ‘Results’ configuration. 
 

 
 

In the first place we are interested in the settlement of the foundation slab. 

- Click on the button  in the results pallet for viewing the 
deformations. 

- Select the vertical displacement +� according to the global Y-axis. 
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- The combination ‘SLS QP – envelope - min’ shows you the largest 
downward (elastic) deflection in each point under all combinations 
SLS QP. 

In the figure below we opted for a plan view and wireframe representation 

. 
 

 
 
The main building will undergo the largest settlement. 
 
We are also interested in the ground reactions: 

- Click in the pallet on the button  for viewing the reactions; 
- Select the plate reactions 26 according to the global Y-axis. 
- In particular we opt for the largest (real) values of the envelope ‘SLS 

RC max’. 
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Upward reactions are always considered positive. Given the entire plate 
undergoes a downward movement, each feather will be compressed. In 
other words, we find the greatest reactions when we choose the upper 
(max) envelope of the rare combinations. The largest ground stresses are 
concentrated in the corners of the plate. 
 

3.3.5 Calculating the reinforcement  
Step 19: Choosing the concrete standard 

 
Now select the menu instruction ‘Analysis – Concrete standard’ and 
indicate you wish to calculate the reinforcement using the European 
standard EN 1992-1-1. We don’t use a national annex [--]. 
 
Step 20: Calculating the reinforcement 

 
Next choose the menu instruction ‘Analysis – Calculate reinforcement’, 
press on F2 or click on the button  in the icon bar. A windows shows you 
the progress of the calculations. 
 
Step 21: Viewing the results  

 

Once the calculation has ended, the button  for showing the 
reinforcement results will become active. 
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Visualize for example the lower reinforcement parallel to the local z’-as '�, 
in the plates. As expected, the lower reinforcement is situated under the 
columns of the main building. 
 

 
 
On the other hand we find the larges upper reinforcement in the fields 
between the walls and the columns. Here we visualize the upper 
reinforcement parallel to the local z’-axis. 
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The peak reinforcement under the columns probably follows from the 
stress verification in SLS. In that place extra compression reinforcement 
will be provided to limit the compression stresses in SLS QP and RC. 
 
As an example we turn off the stress verifications in SLS for a moment: 

- Choose the instruction ‘ Edit – Material library’ 
- In the left column select the material ‘Concrete C25/30’. 

- Then click on the button . So we make a user-defined material for 
which we can change its properties. 

- Click on the tab page ‘Advanced’ 
- Select the standard ‘Eurocode 2 : EN 1992-1-1 [--]’.  
- In the tab ‘concrete’ in deselect the options for the allowable 

stresses. 

 
 

Click on  to save the changes. Close both dialog window with ‘OK’. 
Assign this new material to the plate using the button  in the Geometry 
configuration. 
Restart the elastic analysis and the calculation of the reinforcement 
. Then you’ll obtain the following result for '�&: 
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Now we see no upper reinforcement is needed under the columns in ULS. 
Which proves that the upper reinforcement came from the stress 
verification in the service limit states. 
 
For the further progress of the exercise, set the m aterial back to the 
default material ‘Concrete C25/30’ and recalculate the model. 
 

3.3.6 Calculating the cracked 
deformation 

Step 22: Assigning practical reinforcement to the beams 

 
We provide the foundation slab with a practical rebar mat: 

- Go to the ‘Results’ configuration . 
- Visualize one of the four reinforcements results on plates.  
- Double click the foundation slab and plate a rebar mat B8-150 in the 

upper and lower reinforcement. 
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Confirm with ‘OK’. 
 

Step 23: Calculating the cracked deformation 

 
Choose the menu command ‘Analysis – Cracked deformation’ of click on 
the button  in the icon bar. Leave the parameter * unchanged and select 
that you wish to take creep into account. 
 
Step 24: Viewing the results 

 
Once the calculation is finished, you will no longer find the elastic 

deformation but the cracked deformation under this   button of the 
‘Results’ pallet. Moreover, you can now visualize the cracking widths using 

the button . 
 
 
Below you can see the cracked deformation +�	after creep for the SLS QP 
envelope ‘min’.  
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The settlement has not increase a lot compared to the elastic deformation. 
However, the largest settlement occurs not only at the edges of the plate 
but also in the area where the plate supports the two central columns. 
 
When we evaluate the cracking of the plate, we can understand the 
increase in settlement in that zone. 

Click on the button  in the pallet and select the cracking width 7#,8 to 
show the cracking width in the bottom of the plate. We opt for the 
combination ‘SLS QP max’. 
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Indeed, the foundation slab under the central columns in significantly 
cracked. The stiffness of the plate will also decrease in that zone which 
explains the increase in settlement. 
 
 
Note: In §3.4 this model will be further expanded. Hence, you should save 
this model. 
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3.4 Example 4: Making a 3D model 
with bearing walls in masonry 

Required licenses: ����  2D Bars ����  3D Bars  
 ����  2D Slabs ����  2D Plates  ����  3D Plates 
 ����  Concrete Design 

 
Instead of calculation the preslab and the foundation slab separately, you 
can opt to enter the building as a whole. Where you have made some 
simple assumptions concerning the dissent of loads in the first examples, 
this time the actual stiffness of the supporting walls and column will be 
taken into account and the descent of loads will be done ‘automatically’. A 
difference in stiffness as well as the differential settling of the foundation 
my cause the deflection pattern and the resultant reinforcement differ from 
the simple 2D model. 

 
 
The fact that this is a classic building consisting of a few levels, allows us 
to use the level manager and its functionalities in Diamonds. We repeat 
that the level height of the ground level is 3,2m and 2,8m of all other floors. 
 
To gain time, we won’t remodel he floor slab but use the 2D model we 
made in §3.2. The model will be built up in different steps: 
 
1. First we will expand the 2Dmodel to a full floor. In other words, we will 

remove the rigid support and replace them with walls and columns with 
a limited rigidity. 

2. Then we copy this floor either using the translation function, either 
using the level manager depending on only a part of the floor or the 
entire floor should be copied. 

3. Finally we define the foundation slab and the soil layers. 
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All walls are constructed of masonry for which you can find the elastic 
properties in the table below: 

 

 
9 6170 N/mm² 
: 0,15 
; 0,000008 /°C 
< 1700 kg/m³ 

 
The columns are made of reinforced concrete C25/30 and have a circular 
cross-section with a diameter of 300mm. 
 
Once the geometry of the model is completed and the loads are places on 
the foundation slab, we calculate the structure. We review briefly some 
results. 
 

3.4.1 Defining the structure 
Step 1: Open the project from §3.1 

 
Open the file from §3.2 using the menu command ‘File – Open’ or click on  

. Next click on the icon  in the icon bar go to the Geometry 
configuration. The preslab is displayed with the following model 
information: 
 

 
 

This plate is normally drawn in the horizontal drawing plane Y = 2,7m. This 
drawing plane corresponds to "Level 1" of the manager level. You can 
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check that the plate actually belongs to this floor by double-clicking it. At 
the bottom you discover to which level to the selected element belongs. 

 
 
Note: if you draw the plate from §3.1 in another horizontal plane, please 
first select the entire plate and translate it to the correct level (Y= 2,7m) 

using the function ). 
 
Step 2: Adjusting the level manager 

 
Click on  in the pallet on the right-hand side. The following 
dialog box appears: 
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Here you will find a list of all levels in the project. At present, only two levels 
defined: a foundation level to 0,00m and a first level with floor height 2,70 
m. Now select the ‘Level 1’ and edit the floor height to 3,20m. The level of 
the floor is automatically adjusted. 

 
 

Note: With 'level' we mean the slab with underlying walls and columns.  
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Close this dialog window and verify if the coordinates of the nodes indeed 
have been adjusted. Double click for example a single node: 

 

  
 

Close this window with ‘Cancel’. 
 
 
Step 3: Replace point and line supports with walls and columns 

 
We now wish to replace all point and line supports with columns and walls. 
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We start by removing the supports. 
- Select the entire model (CTRL+A). 

- Then click on the button  in the ‘Geometry’ configuration and go 
the tab page ‘Lines. 

The locks  on the right side make you aware that the X-, Y- and 
Z-displacement was not set fixed for all bars. You should therefore 

unlock them  before you can set all the displacements free. 
 

 
 
Repeat this procedure for the tab page ‘Points’ . Click ‘OK’. 
 
 
Step 4: Drawing walls 

 

In the pallet click on the button  to start drawing walls. Drawing walls 
is analogous to drawing lines with that difference that a surface (wall) with 
a height equal to the story height is immediately drawn under the line. 
Once all the lines to which a line support was granted are redrawn, click 

  to stop the drawing function. 
 
 
Choose for a perspective view the right dialog box and discover the walls 
have just drawn. The figure below is displayed from a lower point of view. 
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Step 5: Editing the properties of the walls 

 
Select all walls: 

- Either you use the menu instruction ‘Select – Vertical plates’. 
- Either you select them by click on one plate using the left mouse 

button while keeping the CTRL-key pressed in. This selection mode 

is possible since all walls defined using the  function as stored in 
a separate design type. 

Click on the button  in the pallet to change the name and thickness of 
the walls. We leave the material untouched for the moment. 
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Note: if the model would already contains walls with different properties 
(name, plate type and thickness), you can assign this to the selected walls 
(or plates) using the pull down menu in the geometry pallet. The material 
will always refer to the default material. 
 
Step 6: Expanding the material library 

 
The walls are currently made of concrete. Because the material doesn’t 
contain a material with the properties of masonry, we have to define a new 
material: 

- Open the material library using the menu command ‘Edit – Material 
library’. 

- Click on the button . 
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First you’ll be asked to which type the new material belongs to. The 
material type is important for the type of verification that can be performed 
after the elastic analysis. The verification for masonry is not included in 
Diamonds, so no additional verification can be made for this material. We 
select the forth option ‘Other’ and click ‘OK’. 
 
The new material is included in the library. Remains for us to note the 
name and the elastic properties: 
 

 
 
Confirm with ‘OK’.  
 
Step 7: Assigning the material ‘Masonry’ to the walls 

 
We now assign the material ‘Masonry’ to the walls: 

- Select all walls. 
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- Click on the button . 
- Select the just defined material from the list. 
- Then click ‘OK’. 

 

 
 
 
Step 8: Impose the behaviour of masonry to the walls 

 
The masonry walls cannot prevent the floor slab from being lifted up from 
the walls. In addition, for such an elements will always be assumed that 
along its edges no moments can be transferred. 
These very specific conditions can be attributed to vertical walls in 
Diamonds in a simple manner: 

- Select all walls. 

- Click on the button  in the geometry pallet. 
- On top, choose for the option ‘No moment transfer along the edges’. 

Also check that no tension and no arch effect is allowed.  
The masonry walls have mainly a load descending function, not a 
load spreading function. 
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Confirmed with ‘OK’. All walls are now marked with the symbol .  
 

 
 
Note: you should be aware that this symbol indicates that there are only a 
number of specific conditions along the edges of the element imposed. It 
does not mean that also the material properties of masonry are assigned, 
nor that no tensile stress may arise in the element. 
 
Step 9: Defining the columns 

 
Now the properties of the walls are adjusted, we can start defining the 
columns. 

- Choose a top view. 

- Click on the button  in the pallet. 
- To draw a column, simply click a point in the model window. Under 

this point, a vertical line is immediately generated. The height of the 
line again corresponds to the story height of the current level. 

- Define a column among all the nodes which previously were a point 
support. 

- End the drawing function through button . 
- Again opt for a 3D view and you’ll obtain this image: 
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Step 10: Changing the cross-section of the columns 

 
All column have by default a rectangular cross section of 200x200mm in 
reinforced concrete C25/30. To change the cross section:  

- Use the CTRL-key to select all columns at once (this is possible 

because columns defined with  are in a separated design type). 

- Click on  in the pallet. Complete the window like this: 
 

 



 

Getting started with Diamonds   143 

Note: through the pull down menu under the drawing functions in the 
‘Geometry’ pallet you’ll find the already defined cross-sections. 

 
 
So you can immediately select the correct cross-section after you clicked 

on . 
 
 
Step 11: Making the first floor 

 
With this operation the geometry of the ground level is completed. As 
mentioned in the introduction, only the main building will be provided of 
floors. Thus we only need to copy a part of the structure. 

- Select the part you wish to copy. Choose a top view and draw a 
selection window around the main building. This way you will select 
all elements belonging to the active floor (thus the floor slab, the 
supporting walls and the columns). 

- Then click on the button  in the ‘Geometry’ pallet and copy the 
elements once (N =1) in the positive Y-direction. Make sure the 
distance is equal to the height of the selected level (3,2m). If not, the 
elements will overlap. Confirm with ‘OK’. 
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Now choose a front view and select the upper floor slab with edges (use a 

selection window). Click on  and perform a translation (N = 0) this time 
in the negative Y-direction.  
 

 
 
Again click ‘OK’. The floor slab of the second level is now located at the 
level +6,00m, the height of the first level is 2,80m.  
 
 
Step 12: Expand the level manager 

 
Although the model consists of two levels (ground level + first floor), 
Diamonds will recognize only one. Open the level manager with the button 

 and click on  to add a new level. Change the name to 
‘Cover first floor’. Set the height to 2,8m. 
 

 
 
The level will be adjusted automatically. 
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From the moment you click ‘OK’, all points, lines and surfaces belonging 
to the new floor will be recognized by Diamonds. For example double click 
on one of the nodes located at a height of +6,00m. 

 
 
 
Step 13: Making the second and third level  

 
We will now continue with the definition of the second and third level. 

Again, we can copy  the desired parts of the structure. However, since 
this floor is identical to the first level, there’s a much faster method. 
 
In the level manager select the level ‘Cover first floor’ and click on the 
button . Complete the window like here below. This feature has the 
additional advantage that the new floor is directly placed above the current 
floor. 
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Confirm with ‘OK’ and wait until the second level is assigned to the model.  
Note that the new level has the same height as the original level. Change 
the name to ‘Cover second floor’ and click ‘OK’. 
 

 
 
All levels have been defined. 
 
 
Step 14: Modelling the foundation slab 

 
The last thing we have to do is model the foundation slab. There are two 
options: 
 

- You could redraw the foundation slab in the current project. Opt for 
a top view and select the level ‘Foundation’ from the pull down list 
on the right. Note that on the level (+0,00m) a number of points and 
lines have already been defined, namely the lower edges of the walls 
and the feet of the column of the level ‘Cover ground level’. Follow 
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the steps in §3.3.1 to complete the model. Use a spring constant of 
1400kN/m² instead of the soil layers.   
 

- Or you could import the Diamonds file from the already modelled 
foundation slab from §3.3, including all sections, supports and loads. 
Via the menu command ‘File – Import – Import Diamonds’ choose 
the correct file. Enter the new coordinates for the point (0,0,0) or 
indicate them directly on the screen. In this case the point (0,0,0) 
comes to lie at the origin of the 3D model. Confirm with ‘OK’. 
 

 

 
 

 
 
When importing you can decide which load groups should be 
transferred and whether new load groups should be created if 
necessary. Only import the selfweight! 
 
In case the foundation slab was imported on the wrong level, click 
on the button  and import the foundation slag again on the right 
level. 
 

Both options give the same result. 
 

Here below we show the model in a solid representation .  
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Note we didn’t provide any hinges at the column ends. This means that 
the columns are rigidly connected to the beams and the plates. 
 

3.4.2 Defining the loads 
Step 15: Go to the ‘Loads’ configuration 

 
We now leave the ‘Geometry’ configuration and activate the ‘Loads’ 
configuration to enter the loads. Click on the button  in the icon bar or 
select in the adjacent pull down menu the ‘Loads’ configuration. 
 

3.4.2.1 Creating the load groups 
Step 16: Creating load groups 

 
The load groups do not need to be regenerated. After all, we started from 
a file which already contained load groups.  

If desired, you can retrieve them using the button .  
 

3.4.2.2 Filling up the load groups 
Step 17: Filling in the load groups ‘Self-weight’, ‘Dead loads’ and ‘Life load’ 

 
We now continue with entering the various loads.  
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There will be some loads already defined. While copying and importing the 
model the loads were also included. We go over: 
 

- The self-weight  of the beams is calculated automatically by 
Diamonds and cannot be adjusted. 

- Loads in the load group ‘dead loads’  
o On the roofs 
o Select both roofs using the SHIFT-key.  
o Click on the icon . 

A table appears with a summary of all the dead loads 
defined on the selected plates.  

o Click with the left mouse button on a value and change it to an 
uniform load of 1kN/m².  

o Repeat these steps until all values are set to 1kN/m². 
o Click on  to confirm the adjustments. 

 

 
 

 
o On the two préslab floors and foundation slab 3kN/m² is 

applied. 

Set all values 
to 1kN/m² 
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- Loads in the load group ‘life load’  
o On the roofs. 
o Select both roofs using the SHIFT-key.  

o Remove the loads with . 
o On the two préslab floors 2kN/m² is applied. 
o On the foundation slab 2kN/m² is applied. 
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3.4.2.3 Making combinations 
Step 18: Making combinations 

Generate the combinations  as described in §3.1.3.3 
 

3.4.3 Generating the mesh 
Step 19: Generating the mesh 

 
Generate the mesh  as described §3.2.4. 
 
Step 20: Verifying the mesh 

 
Once the mesh is generated, we make the mesh visible with . In a 3D 
view the model now looks like this: 
 

 
 
We don’t see any irregularities, so we can expect good quality results. 
 

3.4.4 The global elastic analysis  
Step 21: Elastic analysis 

 
To start the analysis, select the command ‘Analysis’ – ‘Elastic Analysis’. 
You can also start the analysis directly using the function key F9 or use 
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the icon  on the icon bar. Use the same settings as in §3.3.4 (and make 
sure the ground level is set to 0,00m! ). 
 
This time an iterative calculation is performed. The reason for this is 
definition of the masonry walls: they can’t bear tension at the top. You don’t 
know in advance whether a load combination will cause tension in the top 
of the plates or not. The fact that for some combinations, multiple iterations 
are necessary indicates that some plates indeed will lift up (in the corners). 
 
We don’t pay attention to the results of the elastic analysis for this 
example. 
 

3.4.5 Calculating the reinforcement 
Step 22: Calculating the reinforcement 

 
We calculate the reinforcement  with the same settings as in §3.2.6. 
Also here Diamonds will give the message that for some plates the 
reinforcement could not be calculated. We fail to comply with this warning 
and click ‘OK’. 
 
Step 23: Viewing the results 

 

Once the calculation has ended, the button  for showing the 
reinforcement results will become active. 
 
Visualize for example the lower reinforcement parallel to the local x’-as '�, 
in the plates. 
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Although the supports of the base plate will follow the settlement of the 
foundation, the reinforcement in the fields (apart from those in the corners 
of the preslabs) is practically the same as obtained in §3.2. 

 
Again choose for a 3D view and select the longitudinal reinforcement '� 
in the beams and columns. 
 
Optionally, you can also select elements and only make the results visible 
for this selection using the buttons ,  and . The colour  scale will 
adapt each time as a function of the visible elements in the model window. 
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Note: The actual buckling length of the columns was not taken into account 
when calculating the reinforcement. Since no calculation of the buckling 
lengths was performed, the buckling lengths will be set equal to the group 
length (in this case the length of the columns). Because all column in this 
model are build-in (en thus the buckling length will be smaller than the 
system length) we will obtain a safe result. 
 

3.4.6 Calculating the cracked 
deformation 

Step 24: Assigning practical reinforcement to the beams 

 
Before starting the calculation of the cracked deformation, we verify if all 
beams and plate are provided with practical reinforcement. 
 
When copying or importing the floor, the practical reinforcement is 
included. In principle, the practical reinforcement should be in order for all 
levels. 
 
When you didn’t import the foundation slab, but modelled it again from 
scratch, you should assign practical reinforcement to it. Therefor double 
click the foundation slab (make sure you’re looking at a reinforcement 
result on plates) and complete the dialog window as below: 
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Confirm with ‘OK’. 
 
Step 25: Calculating the cracked deformation 

 
Choose the menu command ‘Analysis – Cracked deformation’ or click on 
the button  in the icon bar. Leave the parameter * unchanged and select 
that you wish to take creep into account. 
 
Step 26: Looking at the results 

 
We show the maximum cracked deformation under the combination ‘SLS 
QP min’ for the floor slab on the first level. 
 

 
 
Note: In §3.5 this model will be further expanded. Hence, you should save 
this model. 
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3.5 Example 5: Modelling the 
basement 

Required licenses: ����  2D Bars ����  3D Bars  
 ����  2D Slabs ����  2D Plates  ����  3D Plates 
 ����  Concrete Design 

 
In the final step we model and calculate the basement. We assume that 
only the main building has a basement, which makes the model will 
contain two foundation slabs on a different level. We use the results of the 
cone penetration test on both foundation slabs. 
 
The basement has a height of 2,8m. The thickness of the walls is 20cm. 
the columns from the above levels are assumed to be continuous. The 
dead load and life are 3kN/m² and 2kN/m². 
 
The water level is 1m below the ground level. The water level can be 
considered as permanent. 
 
 
 
 
 

  



 

Getting started with Diamonds   157 

3.5.1 Defining the structure 
Step 1: Open the project from §3.4 

 
Open the model from §3.4 using the menu instruction ‘File – Open’ or click 
on . Then click on the icon  in the icon bar to go to the ‘Geometry’ 
configuration. Opt for a top view. Make sure the plan of the foundation slab 
is visible. 
 
Step 2: Deleting the old boundary conditions 

 
Before expanding the model, we remove the soil layers we assigned to the 
foundation slab: 

- Select the foundation slab. 

- In the pallet click on the button .  
- Set all displacements free and confirm with ‘OK’. 

 
Step 3: Drawing the basement walls 

 

Next draw with  the two missing lines of the basement walls. 

 
 

Once the button  is pressed again, Diamonds will verify if new plate 
contours can be formed. The foundation will be divided into two plates for 
which the enclosed plate will represent the ceiling of the basement. 
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Step 4: Defining the basement 

 
Now draw a selection window around the basement contour and click on 

the button  in the pallet.  
 

 
 
Copy the plate over a distance of -2,80m and let Diamonds connect the 
two plates by creating the walls. Confirm with ‘OK’ and choose a 3D view: 
an extra floor is added to the model. 
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The thickness of the foundation slab of the basement is 30cm. For the 
basement walls a default thickness of 20cm is assumed. 
 
Step 5: Expanding the level manager 

 
Although the model contains a basement, this floor is not yet recognized 
by the level manager. Open the level manager with the button  
and click on  to add a new level under the foundation with a height of 
2,8m. Change the name to ‘Basement floor’. 
 

 
 
Optionally you can change the name of the ‘foundation’ to ‘cover 
basement’. 
 

 
 
Note: the hidden levels will be drawn in light grey. If you wish to hide them 
completely, then check the option ‘Show hidden parts greyed’ in the tab 
‘General’ with the configuration settings. 
 
Step 6: Cutting the model to easy define the water pressure 
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To define the water pressures later, it is necessary to mark the part of the 
basement below the water level. For that reason we will cut through the 
basement with a horizontal reference plane Y = -1m.  
 

- Select all walls of the basement. 

- Click on the button  in the pallet. 
- Complete the dialog window like this: 

 

 
 
Click ‘OK’. At the height of the cut a cutting line is defined which divides 
the walls. Now the basement walls under Y=-1,00m can be selected 
separately. 
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Note: as an alternative the basement can be split using the button  
in the level manager. Then the basement walls will be organized in two 
separate levels. In the contest of this exercise, this solution may be less 
relevant. 
 
Step 7: Assigning types 

 
In order to facilitate selecting in the future, we wish for the foundation slabs 
and the cellar walls under the water level to stand out from the rest of the 
structure by the assignment of two new design types. 
 

- Select both foundation slabs with the SHIFT-key (take a view where 
you look from the bottom of the model, i.e. move the vertical slider 
downward). 

- Click on the button . 
- Define a new type ‘Foundation slab’ and choose a colour. 
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Click ‘OK’ to assign the new design type to the selected elements. 
 
Then select (again use the SHIFT key) all basement walls below the water 
level (optionally turn the model using the horizontal slider) and again click 
on . Make a new design type ‘Basement walls’ and choose a different 
colour . Confirm with ‘OK’. 
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Step 8: Assigning a cross section to the columns 

 
To the two bars (columns) in the middle of the basement, no cross-section 
was assigned. We therefore assign a circular cross section to the two 
lines: 

- Take a wireframe representation .  
- Select one of the columns with section R300.  
- Click once with the right mouse button and click on ‘Copy properties’. 

 

 
 

- Now select the two columns in the basement. 
- Click with the right mouse button and select ‘Paste – Section, 

material and type’. 
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Step 9: Defining the soil properties 

 
We now define the soil properties. 

- Select the two foundation slabs using the CTRL-key. 

- Click on the button . 
- Prevent the X- and Z-movement. 
- Use the soil layers in the Y-direction.  

We’d like to use the same soil profile as in §3.3. Since we saved the 
different soil layers in a *.txt-file, so now we can import is using the 
button . Indicate the relevant *.txt-file and click ‘Open’. 
The following soil layers should appear: 
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Close all dialog window with ‘OK’. The soil layers is now assigned to both 
foundation slabs although they lay on a different level. 
 
Note: This soil layer profile is defined relative to a certain reference level 
(i.e. the original ground level). During the analysis you’ll be asked to fix 
this reference plane. Once this as happened, Diamonds doesn’t only know 
the soil layers immediately below the various foundation but also the depth 
of the excavation so that any preloading of the terrain can be taken into 
account. Therefore the same soil layers profile is used for both foundation 
slabs! 
 
Step 10: Give the local axis of the plates the same orientation 

 
In principle the geometry of the structure is finished now. However, before 
moving to the ‘Loads’ configuration, it is advisable to adjust the local 
orientation of the basement walls and the foundation slab below the water 
level in such a way that the local y’-axis is always directed outward. Doing 
so, the water pressures can be applied in one operation.  
 
Open the dialog box with the configuration settings  and visualize the 
local coordinate system of the surfaces. 
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In the image above only the elements below the ground water level are 
visible. Now select the two basement walls in the back and the foundation 

slab and click on the button  in the pallet. Change the orientation of the 
local coordinate system by selecting the second button. 
 
Notice that the plate orientation is accompanied by a lock  which means 
that these properties are not identical for all selected elements. Only the 
‘free’ properties will be applied on the selected elements when you close 
this window.  
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As you can see, the direction of the local y’-axis have changed. The x' and 
z' are changed so that the right-handed coordinate system is maintained. 
 

3.5.2 Defining the loads 
Step 11: Go to the ‘Loads’ configuration 

 
We now leave the ‘Geometry’ configuration and activate the ‘Loads’ 
configuration to enter the loads. Click on the button  in the icon bar or 
select in the adjacent pull down menu the ‘Loads’ configuration. 
 

3.5.2.1 Creating the load groups 
Step 12: Creating load groups 

 
The dead and life load acting on the foundation slab of the basement are 
already defined since there were copied with the plate. 
 
Because the water level is situated above the base of the cellar foundation, 
an extra load group is required to defined the water pressures: 
 

- Click on the button . 
- Add a new load group with the button . When we assume 

that the level of the ground water does not vary, we can see it as a 
dead load. Thus the following coefficients apply: 
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Confirm with ‘OK’. 
 
If the load combinations where already defined in the model, Diamonds 
will give you a warning they are no longer conform to the newly defined 
load groups. If desired, you can indicate that you don’t wish to see this 
message in the future, but we recommend you don’t to prevent possible 
errors. 

 
 

3.5.2.2 Filling up the load groups 
Step 13: Filling in the load groups ‘Self-weight’, ‘Dead loads’ and ‘Life load’ 

 
These load are already on the structure. 
 
Step 14: Filling in the load group ‘Water pressure’ 

 
- Select the load group ‘Water pressure’ in the pull down list. 
- Select all elements below the water level (use the CTRL key). 

- Click on . The following dialog box shows: 
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- First you indicate the surface load should be applied locally. 
- Secondly, you will use a function specifically designed for defining 

ground and water pressures. Enter the size of the load on two know 
levels and Diamonds will generate a load which varies linearly in the 
depth. 

 
Click on ‘OK’ and you’ll obtain this result: 
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You’ll discover a trapezoidal load on the basement walls and a uniform 
distributed upward load on the foundation slab. 
 

3.5.2.3 Making combinations 
Step 15: Making combinations 

Generate the combinations  as described in §3.1.3.3 
 

3.5.3 Generating the mesh 
Step 16: Generating the mesh 

 
Generate the mesh  as described §3.2.4. 
 

3.5.4 The global elastic analysis  
Step 17: Elastic analysis 

 
To start the analysis, select the command ‘Analysis’ – ‘Elastic Analysis’. 
You can also start the analysis directly using the function key F9 or use 
the icon  on the icon bar. Use the same settings as in §3.3.4 (and make 
sure the ground level is set to 0,00m!). 
 
Continue the calculations with ‘OK’. 
 
Step 18: Go to the ‘Results’ configuration 

 
To see the results of the calculations, you click on  in the icon bar or 
select in the adjacent pull down menu the ‘Results’ configuration. 
 
Below, we list some results. 
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Axial forces in the columns ULS FC envelope 

 

 
Elastic vertical deformation +� for SLS QP envelope min 
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Soil stresses SLS RC envelope max 

 

3.5.5 Calculating the reinforcement 
Step 19: Calculating the reinforcement 

 
For calculating the reinforcement we assume the same settings as in 
§3.4.5. 
 
However, it is also possible to perform the reinforcement calculation only 
for a few pre-selected elements. Therefore, select two foundation plates 
with the CTRL-key and click on the icon  in the icon bar. The following 
dialog appears: 

 
 
Confirm with ‘OK’ and visualize the reinforcement '�,. 
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Note, given the local orientation of the lower plat e has changed, =/> 
stands for the upper reinforcement in the local x’- direction! 
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4 Examples in steel 
In this chapter we model a shed consisting of 5 frames. We start from a 
2D model (§4.1) which we expand later to a 3D-model (§4.2). 
 

 
When calculating the 2D model we focus on the wind and snow generator. 
In the 3D model we use the surface load generator. 
 
The calculation methods used for both examples are the same. The only 
difference is that in the 3D model we will calculate a connection in detail 
using PowerConnect (which is also possible in the 2D model). 
 
We don’t make a report for this example. The report manager is explained 
in the second example in reinforcement (§3.2.8). The principle is the same. 
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4.1 Example 1: 2D frame 
Required licenses:  ����  2D Bars 

����  Steel Design 
 

4.1.1 Purpose of the exercise 
This example handles the calculation of a steel frame. We calculate the 
internal forces and stresses in the bars and we execute a steel verification 
(strength and stability). 
 
The frame looks like this: 

 
The steel quality is S235. 
 

4.1.2 Defining the structure 
Step 1: Go to the ‘Geometry’ configuration 

 
Defining the structure is always done in the ‘Geometry’ configuration. Click 
on  in the icon bar, or select the ‘Geometry’ configuration in the adjacent 
pull down menu. 
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Then check if you are in a front view. If this is not the case, then click on 

the button  in the icon bar or on the button  in the lower right corner 
and select the viewpoint ‘Front view’. This way you activate a vertical 
drawing area. 
 
Step 2: Structure generator 

 
You can insert the structure in Diamonds using different ways: 

- Draw immediately on the screen with the mouse . 
- Draw on the screen by means of coordinates with the keyboard. 

- Use the structure generator . 
- Import a DXF-file. 

 
In this example we’ll use the structure generator. Drawing a structures will 
be handled in example 2 §3.2. 
 

Click on the icon  in the pallet. A dialog window will appear in which 
you can select the form of the structure you would like to generate. Opt for 
a continuous beam. 
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Next Diamonds will ask you the geometric data of the roof.  

- First enter the slope of the beams and the width of the frame. 
 

 
 

- Change the cross section of the beams to an IPE 270. 
o Click on the button . You will then see the following 

window: 
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o Click on  and select an IPE 270 from the list. 
o The used material will be the default material, which is by 

default ‘Steel S235’. 
o Click ‘OK’. 

 
- Repeat the steps for the columns. 

o The height of both columns is 4m. 
o Each column has one intermediary node. 
o The cross sections is a HEA 260. 

 
- Choose for simple supports. 
- Set the frame to be drawn in the origin. 
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Then click ’OK’ to draw the structure: 
 

  
 
Diamonds doesn’t always show all the element information. You can select 
which data should be displayed. Click on . In the tab ‘Geometry’ select 
‘Name’ under the title ‘Line’. 
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Note that with the pull down menu on top of the window you can edit these 
parameters also for the ‘Loads’, ‘Mesh’ and ‘Results’ configuration. 
 
Step 3: Adding supports in the z-direction 

 
To indicate the frame actually comes from a 3D hall, we will fix all point 
(except for the simple supports who are already fixed in the z-direction) in 

the z-direction. Select the points and click on . 
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As a result you’ll see ‘dashes’ appear in global Z-direction when you take 
a 3D view. These indicate visually that the frame can’t move in the global 
Z-direction. 
 

 
 
 
Step 4: Defining a physical group 

 
Finally, we define that the column parts form a physical group . 
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About physical groups 
A physical group consists of separate collinear bars that behave as if they were 
a continuous bar. Physical groups are useful when assigning variable sections, 
eccentricities and defining loads. In this example we will use physical groups to 
define a trapezoidal load easily to the columns. 
 

Choose a solid representation . On the right you’ll find a pallet that 
allows you to define physical groups. Choose ‘Physical’ from the pull down 
list. Right below you will find a pallet allowing you to define groups. The 

button  allows you to group the selected bars, with  you ungroup 
them. 
 

 
 

Select the two column parts on the right and click on . Do the same for 
the column parts on the left. 
 

4.1.3 Defining the loads 
Step 5: Go to the ‘Loads’ configuration 

 
We now leave the ‘Geometry’ configuration and activate the ‘Loads’ 
configuration to enter the loads. Click on the button  in the icon bar or 
select in the adjacent pull down menu the ‘Loads’ configuration. 
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About the ‘Loads’ configuration 
With the ‘Loads’ configuration windows comes a separate pallet containing all 
the functions for defining loads and generating combinations. Note that the point 
of view remains unchanged when switching between the configurations. 
 

4.1.3.1 Creating the load groups 
Step 6: Creating load groups 

 
Before defining any loads, you have to make the different load groups. 

Click on the button . You’ll see the following screen: 
 

 
 
About the window ‘Load groups’ 
• In the menu on top you select to which standard  the safety and 

combinations factors should answer. Currently this is set to ‘EN 1990 [--]’ 
which means Eurocode 0 without a national annex. 

• In some national annexes the safety coefficients also depend on the 
consequence class  and the design lifetime  of the structure. Both are 
linked to the economic and/ or social interest of the structure. A higher/ 
longer consequence class/ design lifetime will lead to higher safety factors. 

• On the right you can enter the climate class . This climate class is 
representative for a certain moisture content of the air/ the timber. Diamonds 
uses the climate class you determine the modification factor ����. The 
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modification factor ���� takes the influence of the load duration and the 
moisture content on the strength properties into account. The modification 
factor ���� depends not only on the climate class but also on the type of 
timber and the load duration class. The load duration class  must be 
specified for each load case in the last column. 

• In the table below the load cases ‘Self-weight’, ‘Dead load’ and ‘Life load’ 
are defined by default. You can freely rename or delete them, except for 
‘Self-weight’. The fill-in boxes to the right of the name of each load case 
include the safety � and combination factors � required for the automatic 
generation of the load combinations. 

• We don’t discuss the other parameters in this window. 
 
 
Step 7: Changing the type of the life load 

 
Change the type of ‘Life load A: Housing’ to ‘Life load H: roofs’. 
 

 
 
 
Step 8: Creating load group ‘wind’ 

 
Now we add the load group ‘Wind’: 

- Click on . 
- From de predefined list, select the load type ‘Wind’. Note that all the 

safety factors and combination coefficients change when you do 
this. 
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We consider 16 cases of wind: 

- Wind left upward -> right upward (?@, = −0,3) 
- Wind left upward -> right downward (?@, = −0,3) 
- Wind left downward -> right upward (?@, = −0,3) 
- Wind left downward -> right downward (?@, = −0,3) 
- Wind left upward -> right upward (?@, = 0,2) 
- Wind left upward -> right downward (?@, = 0,2) 
- Wind left downward -> right upward (?@, = 0,2) 
- Wind left downward -> right downward (?@, = 0,2) 
- Wind right upward -> left upward (?@, = −0,3) 
- Wind right upward -> left downward (?@, = −0,3) 
- Wind right downward -> left upward (?@, = −0,3) 
- Wind right downward -> left downward (?@, = −0,3) 
- Wind right upward -> left upward (?@, = 0,2) 
- Wind right upward -> left downward (?@, = 0,2) 
- Wind right downward -> left upward (?@, = 0,2) 
- Wind right downward -> left downward (?@, = 0,2) 

 
 
We will implement these 16 cases of wind as ‘sub load cases’. To define 
sub load cases check the option . 
Next to each load group you can now indicate how many sub load cases 
you want. You’ve also noticed the column with the little people in it (  or 

). Click on the icons (  or ) until they don’t hold hands . 
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About ‘Sub load cases’ 
‘The little people’ can hold hands or not. Click on the icon to switch between the 
two. 
• If they do not hold hands , this means that all sub load cases are 

incompatible (i.e. the sub load cases can never act together). This is for 
example the case with wind and snow.  

• If they hold hands , this means that all sub load cases act together. This 
is for example the case with dead loads. 

 
Complete the table as below: 

  
 
Note: because we calculate a 2D frame, we will not generate wind out of 
the plane, but this can also be done with the wind generator. 
 
Step 9: Creating the load group ‘snow’ 

 
Finally add the load group ‘Snow’: 

- Click on . 
- From de predefined list, select the load type ‘Snow (H ≤ 1000m)’.  
- Define three sub load case, namely: 

o Case 1 
o Case 2 
o Case 3 
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4.1.3.2 Filling up the load groups 
Now the loads groups are defined, we can assign loads to the structure. 
 
Step 10: Filling in the load groups ‘Self-weight’, ‘Dead loads’ and ‘Life load’ 

 
- The self-weight  is calculated automatically by Diamonds. 
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- On both rafters we add a permanent load.  
o Use the pull down-menu to activate the load group ‘Dead 

loads’.  

o Now select the rafters and click on the button . Note that 
only those icons will be active that can be applied on the 
selected elements. 

o Complete the window as follows: 
 

 
 
After confirming with ‘OK’, you’ll obtain this image: 
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Using the image above, verify if you have entered the loads correctly. 
If you made a mistake: 

o Double click the bar and edit values in the table. 

o OR select the incorrect bars, delete the loads with  and 
regenerate the loads. 

 
 

- Add a distributed load of 2kN/m to the rafters in the load group ‘Life 
Load H: Roofs ’ using the same method.  
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On both columns we add a trapezoidal load (0,50kN/m to 0,75kN/m). 

Select the column on the right and click on . Complete the dialog 
window like here below. Make sure the option ‘Values related to the 
physical element’ is selected. Because the column is defined as a 
physical group, Diamonds will apply the trapezoidal load over the 
entire column and not on each column part separately. 
 

 
 

Do the same for the column parts on the left, but this time enter 
negative values (-0,50 and -0,75 instead of 0,50 and 0,75). 
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Step 11: Filling in the load group ‘wind’ 

 
To generate wind : 

- Click on the button  and set the ground level to 0m. 

 
 

- Choose the load group ‘wind’ and the first sub load case ‘wind l up -
> r down (-0.3)’ from the pull down menu. 

- Click on  to define the wind standard and the terrain parameters. 
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o Select the standard EN 1991-1-4 [--]. 
o Opt for a basic wind velocity of 26m/s and a terrain type I.  
o Click ‘OK’ to close this window. 

 
- Select the entire structure (‘CTRL+A’ or use a selection window) and 

click on  to start the wind generator on frames. 
 

  
  

  
  

o Complete the window as above. Then click ‘OK’ to generate 
the wind. 
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About the wind generator 
• The upper part  presents a copy of the selected structure with the end points 

taken into consideration. The bars in bold represent the periphery of the 
frame on which the wind is expected to act.  

• In the box  ‘Geometry’  you note the total depth of the structure and the 
position of the frame relative to the façade (FRONT) and the distance 
between the previous and next frame.  

• The image on the right  shows you a floor plan of the structure indicating 
the position of the frame relative to the front and back of the building. Also 
the previous and next frame are shown in a dotted line. The coordinate 
system clearly explains the orientation of the building. 

• In the tabs  ‘left -> right’, ‘right -> left’, ‘front -> back’ and ‘back -> front’ you 
indicate which wind case should be generated, which internal pressure 
coefficient ?@, should be taken into account and in which sub load cases the 
generated wind should be placed. 

 
 
Step 12: Filling in the load group ‘snow’ 

 
To generate snow : 

- Select the load group ‘Snow’ and the first sub load case ‘Case 1’ 
from the pull down menu. 

- Click on  to select the snow standard and the terrain parameters. 
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o Select the standard EN 1991-1-3 [--]. 
o Choose as country [--] ‘Central West’ ‘Area 3’. 
o Click ‘OK’ to close this window. 

- Select the entire structure (‘CTRL + A’ or use a selection window) 
and click on  to start the snow generator on frames. 

 

 
 

o Complete the window as here above. Then click ‘OK’ to 
generate the snow. 



 

Getting started with Diamonds   195 

 
 
About the Snow generator 
• The upper part  presents a copy of the selected structure. The bars in bold 

represent the periphery of the frame on which the snow is expected to act.  
• In the middle  of this window you enter the width supported by the frame. 
• In the lower part  you indicate the snow cases that should be generated and 

in which sub load case they should be placed. 
 

4.1.3.3 Making combinations 
Before starting the calculations we need to generate the combinations first. 
 
Step 13: Making combinations 

 

Click on the button  in the pallet in the ‘Loads’ configuration window 
. A dialog box appears with an empty list of combinations. 

Click on the button , indicate in the pull-down 
menu that you wish to use the classic but conservative Eq. 6.10 and select 
all limit states. 
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After pressing ‘OK’, all the combinations required by the standard will 
show, grouped by limit state. If desired, you can change these 
combinations or define combinations yourself . 
One combination can be deleted with . To delete all 
combinations click . 
 

 
 
Click ‘OK’ to close the window with the load combinations. 
 
The names of the different load combinations are now listed in the pull 
down menu of the pallet ‘Loads’. When you select one of these 
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combinations, then the whole of the loads that will act during this 
combination will be shown. 
 

  
 

4.1.4 Generating the mesh 
Step 14: Generating the mesh 

 
Click on the button  in the icon bar or select the menu instruction 
‘Analysis – Mesh’. Leave everything on default and hit ‘OK’. 
 

 
 

About the mesh generator 
Here you enter the number of elements in which a bar should be divided: 8 
division is a good value. 
Meer information on our support website: 

http://buildsoftsupport.com/knowledge-base/how-to-pick-the-mesh-size/ 
 

4.1.5 The global elastic analysis  
The calculation of the structure is performed in three steps: 
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- First we calculate the internal forces with an elastic analysis 
- Then we verify the strength and stability according a certain standard 

(see §4.1.6 and §4.1.7).  
- Finally we will optimize the cross sections so we obtain the most 

economical cross sections (see §4.1.8). 
 
Step 15: Elastic analysis 

 
To start the analysis, select the command ‘Analysis – Elastic Analysis’. 
You can also start the analysis directly using the function key F9 or use 
the icon  on the icon bar. Following dialog box appears: 
 

  
 
We choose a first order calculation and confirm with ‘OK’. A dialog box 
displays the progress of the calculation. 
 

 
 

The button  allows you to stop the calculation. If you stop the 
calculation, you‘ll have to completely restart it later. 
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Step 16: Go to the ‘Results’ configuration 

 
To see the results of the calculations, you click on  in the icon bar or 
select in the adjacent pull down menu the ‘Results’ configuration. 
 

 
 

About the ‘Results’ configuration 
In the corresponding pallet on the left side of the model window, you’ll see 
several buttons, each representing a specific group of results.  
• Only those buttons for which a calculation is carried out are available.  
• Once one of these buttons is pressed, the corresponding partial results can 

be retrieved through the buttons located below.  
• Then you indicate for which load combination you wish to see the results. In 

a first pull-down menu, select the type of load combination (individual load 
group, ULS FC, ULS SC, SLS RC, SLS FC or SLS QP), then specify which 
load group or load combination must be shown. In the case of a load 
combination you can choose between either an individual load combination 
(indicated by a number) or the envelope. In those situations where the result 
suggests an envelope, it may be possible that for some results you can opt 
for the minimum (min) or maximum (max) results to be displayed. 

 
Below, we list some results. 
 
Step 17: Deflection 

 
By default Diamonds will show you the vertical deformation in de Y-
direction for the first combination (or the first load group when you also 
made the combinations for the load groups – which is the case in this 

example). You’ll notice that the button for viewing the displacements  
is active and that the button for vertical displacements according to the 
global Y-axis  is active. 
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The figure above is shown in wireframe  and we opted for a front view. 
 
Now select the combination group ‘SLS RC’ and choose the envelope of 
the results. We notice that: 

- the maximum deflection is 61mm (downward).  
- In all combinations SLS RC and on each position of the beam, 

Diamonds will look for the minimum value of the deflection. 
Those values are represented by the thin line . 

- In all combinations SLS RC and on each position of the beam, 
Diamonds will look for the maximum value of the deflection. 
Those values are represented by the thick line . 

- Hence this image is called an ‘envelope’ . 
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Note that you can arrange the size of the results representation using the 
pallet ‘Size’ located on the right-hand side of the model window.  
 
About the scale 
A symmetrical colour  scale is used by default for all results in Diamonds. 
However, you may choose a different scale. 
 
You should understand the default scale as follows: the limits of the colour  pallet 
correspond to the largest positive OR negative value. The colour  scale runs 
from -61,0 to +61,0mm. However, the largest or smallest value is displayed 
above and below the scale. Consequently, for this example, only the lower half 
of the colour  pallet is used. 
 
Step 18: Deformation in the detailed window 

 
Now select the left rafter. Click on the icon  on the right of the icon bar 
to ask a detailed result. A new window will open. On the left you will find 
all the buttons of the ‘Results’ configuration applicable for line elements 
(beams and columns).  
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Note that in this window the deformations are defined according to the 
local axes of the bars. Also the angular rotation ��� (round the local y’-
axis) is displayed.  
 
 
Step 19: Stress in the detailed window 

 
Now show the elastic stresses for the combination ULS FC envelope. 
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You can retrieve the results at any position using the slider. Moreover, you 
can also enter a distance. Consult for example the results on 2,45m. Enter 
‘2,45’ under the white arrow. 
 
With a combination envelope the determining combination appears. You 
can disable this by clicking once on the button , this will change in . 
 
Click ‘OK’ to close this window. 
 
 
Step 20: Stress in the detailed window (section level) 

 
Now show the elastic stresses in the cross section for the combination 
ULS FC1. 

- Select the left beam and click on the icon  on the right of the 
toolbar. 

- Or double click the left beam. 
This window opens: 
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You can retrieve the results at any position using the slider. Moreover, you 
can also enter a distance. Consult for example the results on 2,50m. Enter 
‘2,50’ under the white arrow. 
 
Move the mouse over the cross section to see the stresses at any position. 
 
About detailed results on cross section level 
Choose on the left top for which load group  or load combination you would like 
to see the stresses. 
 
With the slider  on top of the window you can set the section for which you would 
like to see a detail of the stresses. By clicking on the distance below the slider, 
you can enter a position of your choice. 
 
Results field with scale: 
• In the results field the selected profile is graphically represented together 

with its principal axes of inertia. When a cross section is double symmetric, 
these axes will coincide with the local axes. 

• On the principal axes you’ll see red points. These are the points for which 
the stress results (� + �� and � + ��) are presented in the global results 
window of Diamonds. The position of these points is determined as the 
intersection of the principal axes with the cross section’s bounding box.  

• When you come near these red points with the cursor, Diamonds will snap 
to them. 

• Move the mouse over the section to see the stresses at the desired place. 
Enter ‘x’ and ‘y’ coordinates to show the stresses at a point of your choice. 
The stresses you find in this window are based on � + �� + �� 

• Compression is negative, tension is positive. 
 
Click ‘OK’ to close this window. 
 
 
Step 21: Bending moments �  

 

Now we visualize the bending moments ��. Click on  in the pallet and 
select the bending moment ��. Choose the combination ULS FC 
envelope. 
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The moment diagram is always displayed on the tension side of the 
element. The sign of the bending moment corresponds to direction of the 
local axes. In this case the local z’-axis is directed upwards and causes a 
positive moment thus tension on the upper side.  
 
 
Step 22: Reactions 

 

Once back in the model window, we click on the button  in the pallet 
to show the reactions. All reactions are displayed separately by Diamonds.  
In this example we are interested in the vertical node reactions in the 
combination 'SLS RC': we select the support reactions . 
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So far the overview of the functionalities in the 'Results' configuration. Now 
we can calculate the reinforcement and the cracked deformation. 
 

4.1.6 Parameters for steel verification 
About steel design 
The internal forces in the structure are known and we wonder if the structure 
can bear these forces? Checking this is done by a steel verification (see §4.1.7). 
This verification consists of two parts: 
• Strength: is the structure strong enough to handle the internal forces? 
• Stability: is the structure stable enough or will it buckle (laterally). 
To perform the check for strength, you don’t need to do anything extra. To 
perform the check for stability, you’ll have to set some parameters for buckling 
and lateral torsional buckling.  
 

4.1.6.1 Buckling 
Buckling is the collapse / becoming unstable of a bar under a compressive 
force. 
 
Because Diamonds works axis-to-axis, it may be that continuous elements 
(elements which are manufactured in one piece) are modelled as a series 
of consecutive individual elements. 
 
In this example, the columns are executed as a whole even though we 
entered a support halfway in the Z-direction. The fact that the column 
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consists of 2 individual elements, may lead to an underestimation of the 
buckling lengths if we do not make the right definitions. 
With the 'correct definitions' we mean setting groups for buckling. Hereby 
we impose which consecutive individual bar can buckle together in a 
certain direction. 
 
Step 23: Setting the groups for buckling 

Return to the ‘Geometry’ configuration , where we choose a solid  
representation and a 3D view. 
 
Because buckling always occurs around the (local) strong or weak axis, 
we make the local coordinate system of the bars visible with . 
 

 
 
 
 
Right below you will find a pallet allowing you to define groups. The button 

 allows you to group the selected bars, with  you ungroup them. 
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First we look at the groups for buckling around the y’(u)-axis  of the 
(selected) right-hand column. 
- We select ‘Buckling around y’(u)’ from the pull down list (see image 

above). 
- Buckling around the y’(u)-axis for this column means buckling to the 

left or the right in the plane of the frame. Since nothing prevents these 
columns parts from buckling in that directions, they should be 
grouped. 

- Select the 2 columns and click on . 
- The same applies to the left-hand column (i.e., repeat the above 

operation for the left-hand column). 
 
Now we look at the groups for buckling around the z’(v)-axis  of the 
(selected) right-hand column. 
- We select ‘Buckling around z’(v)’ from the pull down list (see image 

below) 
- Buckling around the z’(v)-axis for this column means buckling to the 

left or the right in the plane of the frame. Since the support in the z-
direction prevent these columns parts from buckling in that directions, 
they should be ungrouped. 

- Select the 2 columns and click on . 
- The same applies to the left-hand column (i.e., repeat the above 

operation for the left-hand column). 
The rafter is not divided, so we don’t need to define groups for it. 
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In the pallet on the right, select ‘None’ to stop showing the groups. 
Although the groups are not visible, they’re still defined! 

 
 

Step 24: Calculating the buckling lengths 

 
Now the groups are defined, we can calculate the buckling lengths. Click 

on  in the icon bar. 
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In each direction (round y’(u)- or z’(v)-axis) Diamonds asks you for which 
type of structure and for which type of analysis (first or second order) you 
would like to calculate the buckling lengths.  
It is important that you use the same type of analysis as what you indicate 
here. We choose ‘semi displaceable nodes’. Click ‘OK’. 
To view the just calculated buckling lengths, click on  and check the 
options with the buckling lengths. 
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4.1.6.2 Lateral torsional buckling 
Lateral torsional buckling is the collapse/ becoming unstable of a bar under 
a bending moment. 
 
Step 25: Setting the lateral torsional buckling length 

 
We didn’t model the purlins in the roof. The presence of these purlins does 
affect the lateral torsional buckling length. We will therefore represent the 
purling by lateral restraints: 

- Go to the ‘Geometry’ configuration .  

- Select the rafters and click on .  
 

 
 

 
 
 
In this window you can 

- consult/ adjust the (calculated) buckling lengths 
- add lateral restraints 
- adjust the lateral torsional buckling parameters 

 
We just calculated the buckling lengths  so we don’t need the make any 
changes here. 
 
For the best, leave the lateral torsional buckling parameters  on default 
at all times. 
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We assume that the purlins prevent lateral torsional buckling in the upper 
and lower flange of the beams. Since each rafter contains 3 purlins, 
increase the number of lateral restraints to ‘3’. 
 
The small red dots on the rafters, indicate the presence of these lateral 
restraints. 

 
 
 
 

4.1.7 Steel verification 
About the steel verification 
With the steel verification we check the strength and the resistance against 
buckling and lateral torsional buckling of the bars according to a certain 
standard. 
 
Before starting the calculations we check the properties of the used steel quality. 
 
Choose the menu command ‘Edit – Material library’ and select the material 
‘Steel S235’ from the left column. ‘Steel S235’ is a default material. Standard 

materials are marked by . 
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The properties of default materials are determined using the standards and can’t 
be edited. Should you wish to make adjustments, you should make a new 
material. User defined materials are marked by the icon . 
 
On the right of this window you’ll find: 
• The mechanical properties : the Young’s modulus, the (transverse) 

Poisson ratio, the thermal dilatation coefficient and the density. 
• The thermal properties  used in a fire analysis 
• The strength properties . In particular we review the properties that apply 

for Eurocode 3: EN 1993-1-1 [--].The mechanical properties like the yield 
!�  and ultimate !C strength in relation to the thickness of the components 
(web and flange). The partial safety factor for steel depends on the 
application. 

 
 

Now click on ‘OK’ to close the material library. 
 
 
Step 26: Choosing the steel standard 
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Now select the menu instruction ‘Analysis – Steel standard’ and indicate 
you wish to perform the steel verification using the European standard EN 
1993-1-1 – [--] – Method 1.  
 

 
 

 
Step 27: Steel verification 

 

To start the verification, select the menu command ‘Analysis – Steel and 
timber design’ or click on  or press F3. 
 

  
 
Fill in the settings as above and click ‘OK’ to perform the verification. 
 
About the window ‘Steel / timber design’ 
• The box ‘Action’  you indicate whether you want to perform the verification 

on all bars or just the selected ones. 
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• In the box ‘Selection criteria’  you can specify whether Diamonds should 
run the verification for all combinations  or only for the most determining 
combinations . 

 

Once the calculation has ended, the button   will become active in the 
Results configuration . You’ll see the following two icons: 

- for viewing the results of the check on strength  

- for viewing the results of the check on stability  
 

Both results are expressed as a percentage of the maximum capacity. The 
maximum capacity equals 100%. 
 

 
Results for strength (%) 
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Results for stability (%) 

 
We see that the structure is insufficient for both strength and stability (= 
percentages larger than 100%).  
To get more information about the problem, we double click for example 
the rafter on the left in the ‘Results’ configuration. Make sure you’re looking 

at the results of the steel verification (  or ). 
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From the window about strength we learn that the check for bending + 
shear + axial forces gives us the highest percentage (146%). When we 
look at each ‘check’ separately, we see that bending is the determining 
‘check’. It gives us percentages higher than 100 AND higher than the 
percentages we find for axial and shear forces. The only solution is 
choosing a larger cross section (= larger moment of resistance) or a better 
material (= larger yielding stress !�) . 
 
From the window about stability we learn that the check for bending + 
compression gives us the highest percentage (199%). When we look at 
each ‘check’ separately, we see that lateral torsion (so bending) is the 
determining ‘check’. It gives percentages higher than 100 AND higher than 
the percentages we find with buckling (so compression).  
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To solve the instability problem we could add more purlins. This will reduce 
the lateral torsional buckling length and therefore also the results of the 
stability verification. But since in this case the percentage is rather high, 
adding extra purlins, won’t solve this problem. Opting for a larger cross-
section is the only solution. 
 
 
Step 28: Adding a haunch 

 

We notice that the bending moment near the bar ends, (and thus the 
verifications), increases in relation to the centre of the beams. We could 
stiffen these sections locally by adding haunches. This allows us to usually 
get lighter sections for the beams and thus save weight.  
 
Click on the icon  in the icon bar, or select the ‘Geometry’ configuration 

from the nearby pull down menu. Select the rafters and click on . 
Complete the dialog like this: 
 

 
 
 

 
Click ‘OK’ to add the haunches. The haunches will appear under the 
rafters. 
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Regenerate the mesh . Perform the elastic analysis again .  
Perform the steel verification again . You’ll see the percentages have 
decreased. 
 

Without haunch With haunch 
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4.1.8 Cross-section optimization 
We now will use the optimization algorithm of Diamonds to find the most 
optimal cross-sections. 
 
The optimization is based on the obtained percentages with the steel 
verification (see §4.1.7). 
 
There are two optimization principles in Diamonds: 

- The basic cross-section is provided in the section library . 
Diamonds will therefore search for the best suited cross-section in 
the cross-section library. 

- The cross-section is built based on a characteristic shape . 
Diamonds will optimize by modifying either the height or width step 
by step defined by the user. 

 
In this example the first method will be used, because the section we used 
come from the section library. The second method will be discussed in the 
example when we calculate a 3D structure in timber (§5.2.8).  
 
Step 29: Cross-section optimization 

 
To start the optimization, select the menu command ‘Analysis – 
Optimization’ or click on the button  in the icon bar. 
 
If you had elements selected, Diamonds will ask if you want to perform the 
optimization for all the elements or for the selected elements only. 
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If this window pop up, select the option ‘optimizat ion for all 
elements’! 
 
Then Diamonds will show you a window for entering the parameters for 
the optimization: 
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Fill in the settings like in the images here above. 
 
About the window ‘Timber optimization’ 
• The first tab ‘Optimization parameters’ contains a field with a percentage 

value. This is the value we should try to approach during the optimization. 
• The second tab ‘Adjust cross-sections’  is present when the project 

contains cross-section coming from the section library. In this tab you can 
ask Diamonds to show you a summary of the optimization. If you do not ask 
the summary, Diamonds will adjust the cross-sections automatically. 

 
Fill in the settings like in the images here above. 

 
When the optimization is completed, a dialog box appears with the 
summary of the optimization. 

 

 
 
Diamonds proposes you to change some cross-sections. You can accept 
or ignore the changes by (un)checking the corresponding line. Accept the 
changes. 
 
Note: Save this model, you will need it in the next paragraph. 
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4.2 Example 2: 3D hall 
Required licenses:  ����  2D Bars 

����  3D Bars  
����  Steel Design 
����  Steel Connection Design (for §4.2.9 ) 

 

4.2.1 Purpose of the exercise 
We now calculate the 3D hall. This is a sketch of the structure we will 
calculate: 

 
 

We will make this model starting from the 2D frame we calculated in the 
previous exercise (§4.1). 
 

4.2.2 Defining the structure 
 
Step 1: Opening 2D the model from §4.1 

 
If the frame from §4.1 is not open, use the button  to open the project. 
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Defining the structure is always done in the ‘Geometry’ configuration. Click 
on  in the icon bar, or select the ‘Geometry’ configuration in the adjacent 
pull down menu. 
 
Step 2: Erasing the supports in the Z-direction 

 
Select all points except the simple supports and remove the restraints in 

the z-direction . 
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Step 3: Remove the lateral torsional buckling supports 

 

Select the rafter and remove the lateral torsional buckling supports . 
We will actually model the purlins. 
 

 
 
 
 
 
Step 4: Dividing the rafters 

 

Select the rafter and divide them in 4 equal parts . 
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Step 5: Copy the structure to a 3D model 

 
Now select the entire structure (use a selection window or press CTRL+A) 

and click on . 
 

 
 

Complete the window like here above and click ‘OK’. 
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About the ‘Translation’ function 
• In the field ‘N’ you enter the amount of copies you want. When you just want 

a translation (= move something), ‘N’ should remain equal to 0. 
• In the three fields below you enter the translation (or copy) vector. 
• When you finally check the boxes ‘create connecting lines’ or ‘create 

connecting plates’, Diamonds will automatically draw lines or plates between 
the copied items. 

 
 
In order to see what Diamonds has made of it, you have to view the project 

in perspective. Click  on the right bottom and choose a 3D view. 
 
 
At the bottom and on the right scroll bars allow you to change the 
viewpoint. You can also use the button  or F12 to see the entire 
structure on the window. 
 

 
 

 
Step 6: Cross-section of the purlins 

 
The cross-section of the purlins has not yet been defined: 

- Select the purlins with: 
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This way you select all bars without a cross-section.  

- Click on  to open the section library and select an IPE 120 from 
the list. 

 
If you always define the cross-sections at each step in the project, then 
the last drawn bars will always be without a cross section. Now it becomes 
very easy to select them.  
We also could have chosen ‘Select – Horizontal lines’. 
 
Step 7: Add hinges to the purlins 

 
We assume that the purlins are imposed between the frames through L-
sections, so transferring bending moments is not possible. 

- Select all purlins (IPE 120) 

- Click on the button . 
- Complete the dialog box like here below: 
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When you confirm the settings, small round symbols will appear on the 
ends of the girders. These indicate the presence of a hinge. In this case, 
we keep the torsional moment �� fixed. If you set it free, this means the 
bar (girder) can rotate freely around its own axis, which is not the case. 
 

 
 
If don’t see the red round symbols, do this: 

- Click on  and activate the tab ‘Geometry’. 
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- Select the option ‘End releases’ under the title ‘Lines’. 
- Make sure the size of symbols is large enough (see §2.2). 

 
Step 8: Drawing the facades 

 
We draw the façades using the extrusion function.  
 

- For both facades (front and back) select all points on the rafters, 
except for those who connect to the columns (see image below).  

- Next click on  in the pallet.  
- Choose the option ‘to plane’ and indicate that you wish to extrude to 

the plane Y=0m. 

 
 
With this function we create bars with start point the selected point and 
end point determined by the components of the input vector. 
 
 
Step 9: Cross section and supports to the facades. 

Assign the section HEA100  to the facades and place simple supports 

 at the lowest endpoints. 
 
Step 10: Change orientation of the cross sections in the facade 

 
Diamonds assumes a default orientation. We wish to turn the HEA100 
sections over 90° to use them more efficiently. 
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- Select the bars with cross section HEA100. 

- Next click on the icon  in the pallet. 
- Enter a rotation angle of 90°. 

 

 
 
Step 11: Adding a gate to the front facade 

 
Now we make an opening in the façade for a gate: 

- From the front facade: select the column on the left of the ridge. 

- Divide it 2 equal parts .  
 

 
 

- Double click the lower half of the column near the support . Doing 
so, the support will remain in place, while the oth er point moves 
when changing the length/slope of the bar.  A dialog will appear 
allowing you to change the geometry of the bar.  

- Set the length of the bar to 2,75m.  
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Note: we also could have divided the line in 2 unequal parts, wherein the 
first part is 2,75m and the second part 2,18m. 
 

 
 
 

To draw the lintel click on the button  and draw in a 3D view a line from 
the left column to the right column. The intelligent cursor will help you 

finding the perpendicular position. Click on  to end the drawing 
function. 
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Now select the lintel and the centre column and click on . Select the 
option ‘Intersection lines’ to find the intersection of these two lines. 
 

  
 
Assign a section HEA 100 to the lintel. Remove the lower central column 

by selecting it and then clicking on  or pressing the DEL button from the 
key board. 
 
In order to get the gate on the other back façade, select the lintel and 
perform a translation.  
- With ‘N’ enter ‘1’  
- And enter the distance on the screen: just click once on a point in the 

front facade and once on a point in the back facade.  
Based on the selected point, Diamonds will calculate the translation 
distance. 
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Remove the central column in the back façade. Result: 
 

 
 

Step 12: Adding a bracing system 

 
To complete the model, we add a bracing system to ensure the stability of 
the structure. Here for we use metal bars with a L30x30x5 section in steel 
S235. 

- Click on the button  to activate the drawing function.  

click once here 

then once here 
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- Then draw the bracing system using the intelligent cursor. Use the 
image at the start of this example as a reference for the position of 
the braces. 
 

 
 

- Select the just drawn lines using the menu command ‘Select – 

Section - ?’ and click on  and search the section L30x30x5 in the 
list. 

 
Finally, the rods must be defined as tie rods. This means that the rods 

can’t take compression. Select the bars and click on , choose the 
option ‘tie rod’.  
 
The geometry of the structure is now complete. 
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4.2.3 Defining the loads 
Step 13: Go to the ‘Loads’ configuration 

 
We now leave the ‘Geometry’ configuration and activate the ‘Loads’ 
configuration to enter the loads. Click on the button  in the icon bar or 
select in the adjacent pull down menu the ‘Loads’ configuration. 
 

4.2.3.1 Creating the load groups 
Step 14: Deleting the loads on the frames 

 
The loads from §4.1 are still on the frames. 

- Select the first load group ‘dead loads’ from the list. 

- Then select the entire structure and click on . 
- Repeat these steps for all load groups. The loads in the load group 

‘self-weight’ cannot be deleted. 
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Step 15: Creating load groups 

 

Click on the button . You’ll see the following screen: 
 

 
 
We still find the load groups from the previous example §4.1 in this list. We 
will use the same load groups in this example but for a 3D structure with a 
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duo pitched roof we should consider 20 cases of wind. So set the number 
of cases wind to 20 and change the name of the added cases. 

- Wind front -> back upward (?@, = −0,3) 
- Wind front -> back upward (?@, = 0,2) 
- Wind back -> front upward (?@, = −0,3) 
- Wind back -> front upward (?@, = 0,2) 

 

 
 
Step 16: Defining linked load groups 

 
The load groups ‘self-weight’ and ‘dead loads’ both contain vertical forces 
with a downward direction. Thus both load groups have the same effect 
on the structure. Consequently the most extreme (min and max) values for 
the internal forces are obtained when both load groups are multiplied by 
the same minimum/ maximum safety coefficients.  
 
In Diamonds it’s possible to define this kind of behaviour using ‘Linked 
load groups’: 

- Click on the button at the bottom of this window. 
- Indicate that the load group ‘Self-weight’ is linked to the load group 

‘Dead loads’. 
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Using ‘Linked load groups’ will reduce the amount of load combinations 
and is applicable on small and large structures. 
 
Next click twice on ‘OK’ to close these windows. 
 

4.2.3.2 Filling up the load groups 
Step 17: Filling in the load groups ‘Self-weight’, ‘Dead loads’ and ‘Life load’ 

 
- The self-weight  is calculated automatically by Diamonds. 
- A dead load of 0,6kN/m² is applied to the rafters.  

o Select the load case ‘dead loads’ from the pull down menu. 
o Select all rafters on  one side of the roof  like on the image 

below. The function  we will be using only works with bars 
that lay in the same 2D plane. 

o Click on the button .  
o Complete the dialog box like here below: 

 

 
 

When you click ‘OK’, Diamonds will calculate the loads on each 
purlin. 
o Repeat the same steps for the selection on the other side. Both 

sides can’t be generated together since the selected bars have 
to be coplanar. 

 
Result: 
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Using the image above, verify if you have entered the loads correctly.  
 

- Repeat the steps for ‘Life load H: roofs’  of 0,4kN/m² on the same 
rafters. 
 

 
 
Step 18: Filling in the load group ‘Wind’ 

 
To generate wind : 

- Click on the button  and set the ground level to 0m. 
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- Choose the load group ‘wind’ and the first sub load case ‘wind l up -
> r down (-0.3)’ from the pull down menu. 

- Click on  to define the wind standard and the terrain parameters. 
 

 
o Select the standard EN 1991-1-4 [--]. 
o Opt for a basic wind velocity of 26m/s and a terrain type I.  
o Click ‘OK’ to close this window. 

 
 

- Take a top view and select the first frame of the 3D hall. 
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- Click on  to start the wind generator on frames. 
o Complete the window like below: 
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Getting started with Diamonds   244 

 
 

o We assume that the roof and the lintel in the façade don’t bear 
wind out of the plane. Then click ‘OK’ to generate the wind on 
the first frame. 

 
  

- Now select the second frame and click on . The only thing you 
have to change is the position of the frame. Diamonds will remember 
all the other parameters from the wind generation on the first frame. 
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- Repeat these steps for the all the other frames. When you come to 
the last frame, don’t forget to set the bearing elements like in the first 
frame! 

- Result: 

 
 
Step 19: Filling in the load group ‘snow’ 

 
To generate snow : 

- Select the load group ‘Snow’ and the first sub load case ‘Case 1’ 
from the pull down menu. 
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- Click on  to select the snow standard and the terrain parameters. 
 

  
 

o Select the standard EN 1991-1-3 [--]. 
o Choose as country [--] ‘Central West’ ‘Area 3’. 
o Click ‘OK’ to close this window. 

- Take a top view and select the first frame of the 3D hall. 

 
- Click on  to start the snow generator on frames. The first frame 

bears 2,5m of snow loads (because the distance between the frames 
is 5m). 
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o Complete the window as here above. Then click ‘OK’ to 
generate the snow. 

- Now select the second frame and click on . This frame bears 5m 
of snow loads. 

 

  
 

- Repeat these steps for the all the other frames. When you come to 
the last frame, don’t forget to set the width supported by the frame 
to 2,5m. 

- Result: 
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4.2.3.3 Making combinations 
Step 20: Making combinations 

Generate the combinations  as described in §4.1.3.3. 
 

4.2.4 Generating the mesh 
Step 21: Generating the mesh 

 
Click on the button  in the icon bar or select the menu instruction 
‘Analysis – Mesh’. Enter these distances: 
 

 
 
Now click ‘OK’ to start the generation of the finite element net. 
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4.2.5 The global elastic analysis  
Step 22: Elastic analysis 

 
Follow the same method as described in §4.1.5. 
 
Here below you find the bending moments for the combination ULS FC 
envelope and the vertical displacement for the combination SLS RC 
envelope. 

 
Bending moments ULS FC 

 
Deformation SLS RC 
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4.2.6 Parameters for steel verification 
4.2.6.1 Buckling 
Step 23: Setting up groups for buckling 

 
See §4.1.6.1 for the method. 
 
Define the groups for buckling around the y’(v)-axis as follows (in the 
image below the end releases, tie rods, supports and IPE120 are set 
invisible to increase the readability. The IPE’s 120 should be ungrouped 
in both directions): 

  

 
 
Define the groups for buckling around the z’(v)-axis as follows: 
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Step 24: Calculating the buckling lengths 

 
Now calculate the buckling lengths . 
 

 
  

 
In each direction (round y’(u)- or z’(v)-axis) Diamonds asks you for which 
type of structure and for which type of analysis (first or second order) you 
would like to calculate the buckling lengths.  
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It is important that you use the same type of analysis as what you indicate 
here. We choose ‘semi displaceable nodes’. 
With ‘Combination for determination of non-linearities’ you select ‘SLS 
QP1’. 
 
Click ‘OK’. 
 

4.2.6.2 Lateral torsional buckling 
Step 25: Settings for lateral torsional buckling 

 
The purlins are modelled in this structure, so that we don’t have to do 
anything specific for lateral torsional buckling. 
 

4.2.7 Steel verification 
Step 26: Steel verification 

 

Assume the same settings as for the 2D-frame in §4.1.7. 
 
You’ll obtain these results: 

 
Results for strength (%) 
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Results for stability (%) 

 
From the percentages we can deduct that the structure is sufficient for 
strength (≤ 100%), but not for stability (> 100%).  
 
To get more information about the instability problem, you can double 
click the relevant bar. Then Diamonds will show you the detailed 
calculation. 

 

4.2.8 Cross-section optimization 
Step 27: Cross-section optimization 

 
To start the optimization, click on the button  in the icon bar. Assume 
the same settings as in §4.1.8. 
 
When the optimization is completed, a dialog box appears with the 
summary of the optimization. 
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Diamonds proposes you to change some cross-sections. You can accept 
or ignore the changes by (un)checking the corresponding line. 
 
Once the optimization has ended, you should regenerate the mesh . 

Perform the elastic analysis again . Recalculate the buckling lengths  
and perform the verification again. The stiffness’s and self-weights are 
indeed changed.  
 
Note: under this amendment, the new verification sometimes gives results 
that are not yet close enough to 100%. A second optimization imposes 
itself. 
 

4.2.9 Calculating connections 
We illustrate how you can perform a detailed calculation of a connection. 
 
The purpose of this calculation if to pass the geometry and the forces on 
a node to the calculation heart of PowerConnect. There the strength and 
stiffness of the connection is calculation as a function of its components 
(bolts, welds, stiffeners, …). The calculated stiffness diagram is then taken 
into account by Diamonds for a more accurate global analysis. 
 

4.2.9.1 Detailed calculation of a connection 
Step 28: Detailed calculation of a connection 

 
We restrict ourselves to two types of connections: the connection between 
a column and a beam and the connection of the ridge (beam – beam 
connection). 
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Make a selection of bears as shown in the image below. Also make the 
line numbers visible : 
 

 
 
Now click on the icon  in the icon bar. A dialog window will show all the 
possible connections in a list. 

- Select the beam-column connection from the list. This concerns the 
connection of the column with the rafter. 

- Choose the correct configuration. 

 
 
About the window ‘Detailed calculation of a connect ion’ 
• All connections with the same geometric configuration are combined into 

one connection type.  
• A connect may have different configurations (beam to column or beam on 

the column,…). The numbers on the drawing correspond to the line 
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numbers. This allows you to easily verify whether the proposed configuration 
is the desired one.  

 

4.2.9.2 Selecting combinations 
It goes without saying that not all combinations will be determining when 
verifying the connection.  
 
By imposing limits (based on percentages) compared to the maximum 
occurring value, for each internal force (bending moment, axial and shear 
force), combinations can be filtered out. 
However, don’t set the limits too high: when the limits are for example 95%, 
the combinations for which both M, N, and V reach 90% at the same time, 
will not be verified. This combination may nevertheless be more 
dangerous than one with 95% for M and small percentages of N and V. 
Some caution is required. 
 
 
Click on the button  to select the combinations. 

 
 
If necessary, set all percentages to 90% and click ‘OK’. A ‘V’ will appear 
in front of the button  to indicate this step is completed for the 
selected connection. The combinations will be saved, even when you 
witch to another connection. 
 

4.2.9.3 Calculating the connection 
At this point the program has all the information to calculate the 
connection. We start the PowerConnect module by clicking on 

. 
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The first dialog box asks you to choose the connection type. We opt for a 
connection with bolted end plate (first option). 
 

 
 

PowerConnect generates a connection based on a number default 
parameters. 
 

 
 
Now you can adjust the geometry of the connection. For example, select 
the column, then click once with the right mouse button on the column. 
Add a web plate. 
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Now double click on of the bolts to see their properties. 
 

 
 
Click on  to calculate the connection. The ‘Results’ window (see figure 
below) will automatically come to the foreground. Herein, the results will 
be briefly summarized. In particular, you will find there the ultimate forces 
that the connection can resist, as well as the most critical combination. 
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In case the connection is not sufficient for the applied loads or when the 
connection contains certain dangers that require you attention, a warning 
appears in red. 
 

 
 
In this report you will also find 2 coloured diagrams: 
- The left-hand diagram is the work level based on the applied moment. 
- The right-hand diagram is the work level based on the maximal 

moment (that the connection can resist). 
 
From the left-hand diagram you can deduce which components should be 
adjusted to optimize the connection; 
From the right-hand diagram you can deduce which components will fail if 
the connections is loaded to its maximum capacity.  
 
Then close PowerConnect. In the first dialog window, a second ‘V’ appear, 
this time next to the button . 
 

4.2.9.4 Add the connection to the library 
Currently the connection and its results is saved temporarily. To save the 
connection in the intern library of the project, you will need to click the third 

button . The internal library is related to the project. 
Later, you can add the connection to an external library. This way the 
connection can be used in other projects. 
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In the dialog bow, enter the name of the connection. After clicking ‘OK’ a 
third ‘V’ appears. 

 
 
The final step is assigning the connection to the model. With the button

 you firstly define the relation between the selected 
nodes and the connection from the library. Secondly the rigidity diagram 
is assigned to the bar ends of the node. When we recalculate the structure 
later, the correct value will be taken into account.  
 

 
 
The first connection is now dimensioned. The dialog window allows you to 
calculate other connection, despite a new elastic analysis is actually 
necessary. But this way you quickly and efficiently find a solution. 
 
Repeat the procedure for example for the beam-beam connection from the 
list. 
 
Once these two connections are calculated, we close the dialog box. 
Remember that you can display the name of the connection, if in the 
window configuration the option ‘connection name’ is active. 
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4.2.9.5 Assigning the connection 
You may have noticed that only the connections on one side of the 
structure are calculated. Given the beam-column connections on the left 
have an identical configuration, we can assign the same connection to 
these nodes. 
 
Select the beam-column connections like in the figure below and click on 
the icon . 
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When clicking on the icon , Diamonds will first check whether there are 
bars selected. Then there are three possibilities: 

- Either a list of all defined connections appears in the library; 
- Either the dialog box show the connection already assigned; 
- Either Diamonds gives a list of all connection that can possibly be 

assigned to the selection. 
In this case the last option is applicable, since Diamonds will find a 
connection in its (internal) library that can be assigned to the selected bars. 
 

 
 
To assign the connection to the selected bars, click on . 
The name of the connection now appears in the model. The assignment 
of the same connection to the other nodes is done in the same manner. 
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4.2.9.6 Verifying the nodes in Diamonds 
Since we have adjusted the stiffness of all connections, a new calculation 
is necessary. 
 
Note: PowerConnect also calculates the connection class (rigid, semi rigid 
or flexible). When a connection is classified as rigid or flexible (so not semi-
rigid!) and the option ‘Calculate with the classification of the connections’ 
in the window for the global analysis is active, then Diamonds will not use 
the stiffness diagram in the global analysis but assume the connection if 
completely rigid or perfectly flexible. When a connection is classified as 
semi-rigid, the stiffness diagram will always be taken into account, regards 
less the  
 
After the global analysis , we should – in principle – calculate the 
connections again in PowerConnect, because the internal forces changed 
a little. However Diamonds is able to verify the applied forces without 
having to take the connections back to PowerConnect. As a result the 
number of manipulations and the computation time is realty reduced. 
You perform this check with . Then a dialog box appear containing four 
tables. Each tab corresponds to a specific type of connection. 
 

 
 
For each node a verification of the various internal forces and the 
combination of them is performed. When a verification is not sufficient, it 
is marked in red. This way you get a quick overview of the connection that 
may cause problems.  
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5 Examples in timber 
5.1 Example 1: 2D frame 
Required licenses:  ����  2D Bars  

����  Timber Design  
 

5.1.1 Purpose of the exercise 
In this example we calculate a timber roof. We calculate the internal forces 
and stresses in the bars and after that we execute a timber verification 
(strength and stability). 
 
The roof looks like this: 
 

 
 

The timber quality is C18. 
 

5.1.2 Defining the structure 
Before building the geometry, we will expand the section library with cross-
section frequently made off timber. This will make it easier to optimize the 
truss later. 
 
Step 1: Expanding the section library 

 
Go to ‘Edit – Section library’. 
 
Click on the [-] next to ‘Groups’ to add a new group. Name the group for 

example ‘BEAMS’ and hit the button after that. Click on ‘OK’ to close 
this window. 
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Now click on  to add a new cross section. Adjust the name to ‘38x150’. 
Click on ‘[-]’ with ‘Groups’ and select the group ‘BEAMS’. 
 

  
 
 
 

 

Then click on  the adjust the cross section properties. Choose for a 
rectangular form and enter the dimensions (B and H). The material is 
‘Timber C18’. 
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Click ‘OK’ to place the section in the list. 

 
 

Add a beam ‘38x175’ the same way. Click on  to save the changes. 
Click ‘Ok’ to close the section library. 
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Step 2: Go to the ‘Geometry’ configuration 

 
Defining the structure is always done in the ‘Geometry’ configuration. Click 
on  in the icon bar, or select the ‘Geometry’ configuration in the adjacent 
pull down menu. 
Then check if you are in a front view. If this is not the case, then click on 

the button  in the icon bar or on the button  in the lower right corner 
and select the viewpoint ‘Front view’. This way you activate a vertical 
drawing area. 
 

 
 
You can either draw the structure with the mouse (see §2.3) or you could 
use the structure generator. 
 
Step 3: Structure generator 

 
You can insert the structure in Diamonds using different ways: 

- Draw immediately on the screen with the mouse . 
- Draw on the screen by means of coordinates with the keyboard. 

- Use the structure generator . 
- Import a DXF-file. 

Click on the icon  in the pallet. A dialog window will appear in which 
you can select the form of the structure you would like to generate. Opt for 
a roof like in the figure below. 
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Next Diamonds will ask you the geometric data of the roof. Enter the 
details as shown below. 
 

 
 
To change the cross section of the bars: 

- Click on . 

- Click on  and select the desired section from the list. All 
beams have a rectangular section 38x175. 
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Then click on ‘OK’ to confirm you selection. Verify if the material is set to 
‘Timber C18’. Click ‘OK’ to assign the cross section to the beams.  
Then click twice ’OK’ to draw the structure. 
 
Step 4: Completing the structure 

 

Complete the structure with . The intelligent cursor will help you find 
the centre of the bars. 
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Draw the other 2 lines as well. 

 
 
 
Step 5: Copying the cross section and the material 

 
The cross section and the material of the just defined bars are the same 
as the collar beam. We can copy these properties very easy by click with 
the right mouse button on one of the collar beams. 
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Select the option ‘Copy properties’. Now select the 3 bars without cross 
section and material (use the SHIFT key), and click once with the right 
mouse button. Then paste the cross section and material on the bars. 

 

 
 

5.1.3 Defining the loads 
Step 6: Go to the ‘Loads’ configuration 
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We now leave the ‘Geometry’ configuration and activate the ‘Loads’ 
configuration to enter the loads. Click on the button  in the icon bar or 
select in the adjacent pull down menu the ‘Loads’ configuration. 
 

 
 

About the ‘Loads’ configuration 
With the ‘Loads’ configuration windows comes a separate pallet containing all 
the functions for defining loads and generating combinations. Note that the point 
of view remains unchanged when switching between the configurations. 
 

5.1.3.1 Creating the load groups 
Step 7: Creating load groups 

 
Before defining any loads, you have to make the different load groups. 

Click on the button . You’ll see the following screen: 
 

 
 

About the window ‘Load groups’ 
• In the menu on top you select to which standard  the safety and 

combinations factors should answer. Currently this is set to ‘EN 1990 [--]’ 
which means Eurocode 0 without a national annex. 

• In some national annexes the safety coefficients also depend on the 
consequence class  and the design lifetime  of the structure. Both are 



 

Getting started with Diamonds   273 

linked to the economic and/ or social interest of the structure. A higher/ 
longer consequence class/ design lifetime will lead to higher safety factors. 

• On the right you can enter the climate class . This climate class is 
representative for a certain moisture content of the air/ the timber. Diamonds 
uses the climate class you determine the modification factor ����. The 
modification factor ���� takes the influence of the load duration and the 
moisture content on the strength properties into account. The modification 
factor ���� depends not only on the climate class but also on the type of 
timber and the load duration class. The load duration class  must be 
specified for each load case in the last column. 

• In the table below the load cases ‘Self-weight’, ‘Dead load’ and ‘Life load’ 
are defined by default. You can freely rename or delete them, except for 
‘Self-weight’. The fill-in boxes to the right of the name of each load case 
include the safety � and combination factors � required for the automatic 
generation of the load combinations. 

• We don’t discuss the other parameters in this window. 
 
Step 8: Changing the type of the life load 

 
This window will contain 3 load groups by default, namely: ‘Self-weight’, 
‘Dead loads’ and ‘Life load A: housing’. 
Set the type of the life load to ‘Life load H: Roofs’ . Note that the safety 
factors and combination coefficients change when you do this. 
 

 
 
Load groups can be added with  and deleted with . 
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Step 9: Making a new load group ‘wind’ 

 
Now we will add a new load group ‘Wind’; 

- Click on .  
- From de predefined list, select the load type ‘Wind’. Note that all the 

safety factors and combination coefficients change when you do 
this. 
 

 
 

We consider 16 cases of wind: 
- Wind left upward -> right upward (?@, = −0,3) 
- Wind left upward -> right downward (?@, = −0,3) 
- Wind left downward -> right upward (?@, = −0,3) 
- Wind left downward -> right downward (?@, = −0,3) 
- Wind left upward -> right upward (?@, = 0,2) 
- Wind left upward -> right downward (?@, = 0,2) 
- Wind left downward -> right upward (?@, = 0,2) 
- Wind left downward -> right downward (?@, = 0,2) 
- Wind right upward -> left upward (?@, = −0,3) 
- Wind right upward -> left downward (?@, = −0,3) 
- Wind right downward -> left upward (?@, = −0,3) 
- Wind right downward -> left downward (?@, = −0,3) 
- Wind right upward -> left upward (?@, = 0,2) 
- Wind right upward -> left downward (?@, = 0,2) 
- Wind right downward -> left upward (?@, = 0,2) 
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- Wind right downward -> left downward (?@, = 0,2) 
 
We will implement these 16 cases of wind as ‘sub load cases’. To define 
sub load cases check the option . 
Next to each load group you can now indicate how many sub load cases 
you want. You’ll also noticed the column with the little people in it (  or 

). Click on the icons (  or ) until they don’t hold hands . 
 
 
About ‘Sub load cases’ 
‘The little people’ can hold hands or not. Click on the icon to switch between the 
two. 
• If they do not hold hands , this means that all sub load cases are 

incompatible (i.e. the sub load cases can never act together). This is for 
example the case with wind and snow.  

• If they hold hands , this means that all sub load cases act together. This 
is for example the case with dead loads. 

 
Complete the table as below: 
 

  
 
Note: because we calculate a 2D truss, we will not generate wind out of 
the plane, but this can also be done with the wind generator. 
 
Step 10: Making a new load group ‘snow’ 
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Finally add the load group ‘Snow’: 
- Add another load group by using the button .  
- From de predefined list, select the load type ‘Snow (H ≤ 1000m)’. Note 

that all the safety factors and combination coefficients change when 
you do this. 

- Define three sub load case, named: 
o Case 1 
o Case 2 
o Case 3 

 
 
Next click on ‘OK’. 
 

5.1.3.2 Filling up the load groups 
Now the loads groups are defined, we can assign loads to them. 
 
Step 11: Filling in the load groups ‘Self-weight’, ‘Dead loads’ and ‘Life load’ 

 
- The self-weight  is calculated automatically by Diamonds. 
- On both rafters we add a permanent load.  

o Use the pull down-menu to activate the load group ‘Dead loads’.  

o Now select the rafters and click on the button . Note that only 
those icons will be active that can be applied on the selected 
elements. 

o Complete the window as follows: 
 



 

Getting started with Diamonds   277 

 
 
After confirming with ‘OK’, you’ll obtain this result: 

 
 

Using the image above, verify if you have entered the loads correctly. 
If you made a mistake: 
o Double click the bar and edit values in the table. 
o OR select the incorrect bars, delete the loads with  and 

regenerate the loads. 
 

- Work the same way to add 0,4kN/m on the rafters. 
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Step 12: Filling in the load group ‘wind’ 

 
To generate wind : 
- Click on the button  and set the ground level to -6,0m. We 

suppose that this roofs stands on a building that’s 6m tall. 

 
 

- Click on  to define the wind standard and the terrain parameters. 
 



 

Getting started with Diamonds   279 

 

 
 

o Select the standard EN 1991-1-4 [--]. 
o Opt for a basic wind velocity of 26m/s and a terrain type I.  
o Click ‘OK’ to close this window. 

 
- Choose the load group ‘wind’ and the first sub load case ‘wind l up -> 

r down (-0.3)’ from the pull down menu. 
- Select the entire structure (‘CTRL + A’ or use a selection window) and 

click on  to start the wind generator on frames. 
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o Complete the window as above. Then click ‘OK’ to generate the 
wind. 

 
 

About the wind generator 
• The upper part  presents a copy of the selected structure with the end points 

taken into consideration. The bars in bold represent the periphery of the 
frame on which the wind is expected to act.  

• In the box  ‘Geometry’  you note the total depth of the structure and the 
position of the frame relative to the façade (FRONT) and the distance 
between the previous and next frame. The image on the right shows you a 
floor plan of the structure that indicates the position of the frame with respect 
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to the front van back sides of the building. Also the previous and next frame 
are shown in dotted line. The coordinate system clearly explains the 
orientation of the building. 

• In the tabs  ‘left -> right, ‘right -> left, ‘front -> back’ and ‘back -> front’ you 
indicate which wind case should be generated, which internal pressure 
coefficient ?@, should be taken into account an in which sub load cases the 
generated wind should be placed. 

 
 
Step 13: Filling in the load group ‘snow’ 

 
To generate snow : 

- Select the load group ‘Snow’ and the first sub load case ‘Case 1’ 
from the pull down menu. 

- Click on  to select the snow standard and the terrain parameters. 
 

   
 

o Select the standard EN 1991-1-3 [--]. 
o Choose as country [--] ‘Central West’ ‘Area 3’. More information 

about these parameters can be found in the Reference Manual. 
o Click ‘OK’ to close this window. 

- Select the entire roof (‘CTRL + A’ or use a selection window) and 
click on  to start the snow generator on frames. 
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o Complete the window as here above. Then click ‘OK’ to generate 
the snow. 

 
 
About the Snow generator 
• The upper part  presents a copy of the selected structure. The bars in bold 

represent the periphery of the frame on which the snow is expected to act.  
• In the lower part you indicate the snow cases that should be generated and 

in which sub load case they should be placed. 
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5.1.3.3 Making combinations 
Before starting the calculations we need to generate the combinations first. 
 
Step 14: Making combinations 

 

Click on the button  in the pallet in the ‘Loads’ configuration window 
. A dialog box appears with an empty list of combinations. 

 

 
 
Click on the button , indicate in the pull-down 
menu that you wish to use the classic but conservative Eq. 6.10 and select 
all limit states. 
 

 
After pressing ‘OK’, all the combinations required by the standard will 
show, grouped by limit state. If desired, you can change these 
combinations or define combinations yourself . 
One combination can be deleted with . To delete all 
combinations click . 
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Click ‘OK’ to close the window with the load combinations. 
 
The names of the different load combinations are now listed in the pull 
down menu of the pallet ‘Loads’. When you select one of these 
combinations, then the whole of the loads that will act during this 
combination will be shown. 
 

  
 

5.1.4 Generating the mesh 
Step 15: Generating the mesh 
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Click on the button  in the icon bar or select the menu instruction 
‘Analysis – Mesh’. Leave everything on default and hit ‘OK’. 
 

 
 

About the mesh generator 
Here you enter the number of elements in which a bar should be divided: 8 
division is a good value. 
Meer information on our support website: 

http://buildsoftsupport.com/knowledge-base/how-to-pick-the-mesh-size/ 
 

5.1.5 The global elastic analysis  
The calculation of the structure is performed in three steps: 

- First we calculate the internal forces with an elastic analysis 
- Then we verify the strength and stability according to a certain 

standard (see §5.1.6 and §5.1.7).  
- Finally we will optimize the cross sections so we obtain the most 

economical cross sections (see §5.1.8). 
 
Step 16: Elastic analysis 

 
To start the analysis, select the command ‘Analysis – Elastic Analysis’. 
You can also start the analysis directly using the function key F9 or use 
the icon  on the icon bar. Following dialog box appears: 
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We choose a first order calculation and confirm with ‘OK’. A dialog box 
displays the progress of the calculation. 
 

 
 

The button  allows you to stop the calculation. If you stop the 
calculation, you‘ll have to completely restart it later. 
 
 
Step 17: Go to the ‘Results’ configuration 

 
To see the results of the calculations, you click on  in the icon bar or  
select in the adjacent pull down menu the ‘Results’ configuration. 
 

 
 

About the ‘Results’ configuration 
In the corresponding pallet on the left side of the model window, you’ll see 
several buttons, each representing a specific group of results.  
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• Only those buttons for which a calculation is carried out are available.  
• Once one of these buttons is pressed, the corresponding partial results can 

be retrieved through the buttons located below.  
• Then you indicate for which load combination you wish to see the results. In 

a first pull-down menu, select the type of load combination (individual load 
group, ULS FC, ULS SC, SLS RC, SLS FC or SLS QP), then specify which 
load group or load combination must be shown. In the case of a load 
combination you can choose between either an individual load combination 
(indicated by a number) or the envelope. In those situations where the result 
suggests an envelope, it may be possible that for some results you can opt 
for the minimum (min) or maximum (max) results to be displayed. 

 
Below, we list some results. 
 
Step 18: Deflection 

 
By default Diamonds will show you the deformation in de Y-direction for 
the first combination (or the first load group when you also made the 
combinations for the load groups – which is the case in this example). 

You’ll notice that the button for viewing the displacements  is active 
and that the button for vertical displacements according to the global Y-
axis  is active. 

 

The figure above is shown in wireframe  and we opted for a front view. 
 
Now select the combination group ‘SLS RC’ and choose for the envelope 
of the results. We notice that the maximum deflection is 18,4mm.  



 

Getting started with Diamonds   288 

  
 
Note that you can arrange the size of the results representation using the 
pallet ‘Size’ located on the right- hand side of the model window.  
 
About the scale 
A symmetrical colour scale is used by default for all results in Diamonds. 
However, you may choose a different scale in the ‘Results configuration’ . 
 
You should understand the default scale as follows: the limits of the colour pallet 
correspond to the largest positive OR negative value. The colour scale runs from 
-1,0 to +1,0mm. However, the largest or smallest value is displayed above and 
below the scale. Consequently, for this example, only the lower half of the colour 
pallet is used. 
 
Step 19: Deformation in the detailed window 

 
Now select the left rafter. Click on the icon  on the right of the icon bar 
to ask a detailed result. A new window will open. On the left you will find 
all the buttons of the ‘Results’ configuration applicable for line elements 
(beams and columns).  
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Note that in this window the deformations are defined according to the 
local axes of the bars. Also the angular rotations ��� (round the local x’axis) 
and ��� (round the local y’-axis) are dispalyed.  
 
Step 20: Stress in the detailed window 

 
Now show the elastic stresses for the combination ULS FC envelope. 
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You can retrieve the results at any position using the slider. Moreover, you 
can also enter a distance. Consult for example the results on 2,45m. Enter 
‘2,45’ under the white arrow. 
 
With a combination envelope the determining combination appears. You 
can disable this by clicking once on the button , this will change in . 
 
Click ‘OK’ to close this window. 
 
Step 21: Stress in the detailed window (section level) 

 
Now show the elastic stresses in the cross section for the combination 
ULS FC1. 
- Select the left beam and click on the icon  on the right of the toolbar. 
- Or double click the left beam. 
This window opens: 

 
 
You can retrieve the results at any position using the slider. Moreover, you 
can also enter a distance. Consult for example the results on 2,50m. Enter 
‘2,50’ under the white arrow. 
 
Move the mouse over the cross section to see the stresses at any position. 
 
 

About detailed results on cross section level 
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Choose on the left top for which load group  or load combination you would like 
to see the stresses. 
 
With the slider  on top of the window you can set the section for which you would 
like to see a detail of the stresses. By clicking on the distance below the slider, 
you can enter a position of your choice. 
 
Results field with scale: 
• In the results field the selected profile is graphically represented together 

with its principal axes of inertia. When a cross section is double symmetric, 
these axes will coincide with the local axes. 

• On the principal axes you’ll see red points. These are the points for which 
the stress results (� + �� and � + ��) are presented in the global results 
window of Diamonds. The position of these points is determined as the 
intersection of the principal axes with the cross section’s bounding box.  

• When you come near these red points with the cursor, Diamonds will snap 
to them. 

• Move the mouse over the section to see the stresses at the desired place. 
Enter ‘x’ and ‘y’ coordinates to show the stresses at a point of your choice. 
The stresses you find in this window are based on � + �� + �� 

• Compression is negative, tension is positive. 
 
Click ‘OK’ to close this window. 
 
 
Step 22: Bending moments �  

 

Now we visualize the bending moments ��. Click on  in the pallet and 
select the bending moment ��. Choose the combination ULS FC 
envelope. 
- In all combinations ULS FC and on each position of the beams, 

Diamonds will look for the minimum value of the bending moment. 
Those values are represented by the thin line . 

- In all combinations ULS FC and on each position of the beams, 
Diamonds will look for the maximum value of the bending moment. 
Those values are represented by the thick line . 

- Hence this image is called an ‘envelope’. 
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The moment diagram is always displayed on the tension side of the 
element. The sign of the bending moment corresponds to direction of the 
local axes. In this case the local z’-axis is directed upwards and causes a 
positive moment thus tension on the upper side.  
 
Step 23: Reactions 

 

Once back in the model window, we click on the button  in the pallet 
to show the reactions. All reactions are displayed separately by Diamonds.  
In this example we are interested in the vertical node reactions in the 
combination 'SLS RC': we select the support reactions . 
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So far the overview of the functionalities in the 'Results' configuration. Now 
we can calculate the reinforcement and the cracked deformation. 
 

5.1.6 Parameters for timber verification 
About dimensioning structures in timber 
The internal forces in the structure are known and we wonder if the structure 
can take these forces? Checking this is done by a timber verification (see 
§5.1.7). This verification consists of two parts: 
• Strength: is the structure strong enough to handle the internal forces? 
• Stability: is the structure stable enough or will it buckle (laterally). 
 
To perform the check for strength, you don’t need to do anything extra. To 
perform the check for stability, you’ll have to set some parameters for buckling 
and lateral torsional buckling.  

 

5.1.6.1 Buckling 
Step 24: Taking the purlins into account 

 
If you’d calculate the buckling lengths blindly, you’d notice that often the 
buckling lengths out of the plane are not realistic. This is because the 
position of the purlins could not be taken into account. A simple way to 
take them into account is prevent the movement out of the plane of a 
number of nodes. Therefore we will divide the rafters. 
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Active the ‘Geometry’ configuration  and select the two longest rafters 
like indicated in the image below. Divide these two bar in 2 equal parts 

using this button . 
 

 
 

No we will prevent the movement out of the plan for all nodes, except for 
the two the supports.  

- Draw a selection window from left top to right bottom over the entire 
structure, except for the 2 supports.  
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Then click on  for defining supports and complete the window as 
below: 
 

   
 
 
Step 25: Setting groups for buckling 

 
Next we will set the groups for buckling. See §4.1.6.1 for the method. 
 

Start point 

End point 
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Step 26: Calculating the buckling lengths 

 
Now calculate the buckling lengths . 
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In each direction (round y’(u)- or z’(v)-axis) Diamonds asks you for which 
type of structure and for which type of analysis (first or second order) you 
would like to calculate the buckling lengths.  
It is important that you use the same type of analysis as what you indicate 
here. We choose ‘semi displaceable nodes’. 
 
Click ‘OK’. 
 

5.1.6.2 Lateral torsional buckling 
Step 27: Settings for lateral torsional buckling 

 
The supports in the Z-direction are by default lateral torsional buckling 
supports, so that we don’t have to do anything specific for lateral torsional 
buckling. 
 

5.1.7 Timber verification 
About the timber verification 
With the timber verification we check the strength and the resistance against 
buckling and lateral torsional buckling of the bars according to a certain 
standard. 
 
The timber verification is always performed according to EN 1995-1-1, without 
a national annex. 
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Before starting the calculations we check the properties of the used timber 
quality. 
 
Choose the menu command ‘Edit – Material library’ and select the material 
‘Timber C18’ from the left column. Timber C18 is a default material. Standard 

materials are marked by . 

 
The properties of default materials are determined using the standards and can’t 
be edited. Should you wish to make adjustments, you should make a new 
material. User defined materials are marked by the icon . 

 
On the right of this window you’ll find: 
• The mechanical properties  like the strength for tension, compression, 

bending and shear parallel or perpendicular to the fiber direction. 
• The thermal properties  used in a fire analysis 
• The strength properties  

 
Now click on ‘OK’ to close the material library. 
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Step 28: Timber verification 

 
To start the verification, select the menu command ‘Analysis – Steel and 
timber design’ or click on  or press F3. 
 

 
 

Fill in the settings as above and click ‘OK’ to perform the verification. 
 
About the window ‘Steel / timber design’ 
• The box ‘Action’  you indicate whether you want to perform the verification 

on all bars or just the selected ones. 
• In the box ‘Selection criteria’  you can specify whether Diamonds should 

run the verification for all combinations  or only for the most determining 
combinations . 

 

Once the calculation has ended, the button   will become active in the 
Results configuration . You’ll see the following two icons: 

- for viewing the results of the check on strength  

- for viewing the results of the check on stability  
 

Both results are expressed as a percentage of the maximum capacity. The 
maximum capacity equals 100%. 
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Results for strength (%) 

 

  
Results for stability (%) 

 
We see that the structure is sufficient for both strength and stability (= 
percentages larger than 100%).  
To get more information about the calculations, we double click for 
example the rafter on the left in the Results configuration. Make sure 

you’re looking at the results of the timber verification (  or ). 
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From this window we learn that both buckling and lateral torsional buckling 
determine the stability of the rafter. When we look at the results of the 
strength, the verification for bending is determining. 
 
Adding more purlins will not solve a stability problem this big. The only 
solution is to choose a heavier cross section (= higher resisting moment) 
or a better timber quality (= higher allowable stresses). 
 

5.1.8 Cross-section optimization 
We now will use the optimization algorithm of Diamonds to find the most 
optimal cross-sections. 
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The optimization is based on the obtained percentages with the timber 
verification (see §5.1.7). 
 
There are two optimization principles in Diamonds: 
- The basic cross-section is provided in the section library . Diamonds 

will therefore search for the best suited cross-section in the library. 
- The cross-section is built based on a characteristic shape . Diamonds 

will optimize by modifying either the height or width step by step 
defined by the user. 

 
In this example the first method will be used, because the section we used 
come from the section library. The second method will be discussed in the 
next example when we calculate a 3D structure in timber (§5.2.8).  
 
 
Step 29: Cross-section optimization 

 
To start the optimization, select the menu command ‘Analysis – 
Optimization’ or click on the button  in the icon bar. 
 
If you had elements selected, Diamonds will ask if you want to perform the 
optimization for all the elements or for the selected elements only. 
 

 
 
If this window pop up, select the option ‘optimizat ion for all 
elements’! 
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Then Diamonds will show you a window for entering the parameters for 
the optimization: 
 

 

 
 
 

Fill in the settings like in the images here above. 
 

When the optimization is completed, a dialog box appears with the 
summary of the optimization. 
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Diamonds proposes you to change no cross-sections. This is because the 
steel verification gave very good percentages (nearly 100%). 
 
 
We don’t make a report for this example. The report manager is explained 
in the second example in reinforcement (§3.2.8). The principle is the same. 
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5.2 Example 2: 3D hall 
Required licenses:  ����  2D Bars 

����  3D Bars  
����  Timber Design  

 

5.2.1 Purpose of the exercise 
We will now calculate a 3D structure in timber. This is a sketch of the 
structure we will calculate: 
 

 
 
The timber quality is GL32h. 

 

5.2.2 Defining the structure 
Step 1: Go to the ‘Geometry’ configuration 

 
Defining the structure is always done in the ‘Geometry’ configuration. Click 
on  in the icon bar, or select the ‘Geometry’ configuration in the adjacent 
pull down menu. 
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Then check if you are in a front view. If this is not the case, then click on 

the button  in the icon bar or on the button  in the lower right corner 
and select the viewpoint ‘Front view’. This way you activate a vertical 
drawing area. 
 
Step 2: Structure generator 

 

Click on the icon  in the pallet. A dialog window will appear in which 
you can select the form of the structure you would like to generate. Opt for 
a frame in the figure below. 
 



 

Getting started with Diamonds   307 

 
 

After you clicked ‘OK’, Diamonds will ask you the geometric data of the 
frame. Enter the details as shown below. 
 

 
 

The beams and columns all have the same tapped cross-section. To 
change the cross section of the bars: 

- Click on  or . 
- Copy the parameters from the image below. 
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Then click ‘OK’ to confirm the selection. After you have completed the 
preceding parameters, you receive this image: 
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Step 3: Change orientation of the beam 

 
The cross-section of the left rafter has the wrong orientation. To correct 

this, select this rafter and click on : 
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Here we can change the orientation by click on this button .  
 
Step 4: Placing the columns inclined 

 
Now we only have to place the columns inclined. Double click the upper 
endpoint of the left column and increase the x-coordinate with 1m. 
 

   
 

Do the same for the right column but reduce the x-coordinate with 1m. 
Result: 
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Step 5: Copy the structure to a 3D model 

 

Select the rafter and divide them in 3 equal parts . 
 

  
 
Diamonds will automatically adjust the height of the different parts of the 
beams.  
 
 
Now select the entire structure (use a selection window or press CTRL +A) 

and click on . 
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Complete the window like here above and click ‘OK’. 
 
About the ‘Translation’ function 
• In the field ‘N’ you enter the amount of copies you want. When just want a 

translation (= move something), ‘N’ should remain equal to 0. 
• In the three fields below you enter the translation (or copy) vector. 
• When you finally check the boxes ‘create connecting lines’ or ‘create 

connecting plates’, Diamonds will automatically draw lines or plates between 
the copied items. 

 
 
In order to see what Diamonds has made of it, you have to view the project 

in perspective. Click  on the right bottom and choose a 3D view. 
 
 
At the bottom and on the right scroll bars allow you to change the 
viewpoint. You can also use the button  or F12 to see the entire 
structure on the window. 
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Step 6: Cross-section of the purlins 

 
The cross-section of the purlins has not yet been defined: 

- Select the purlins with: 
 

 
 

This way you select all bars without a cross-section.  

- Assign a rectangular section 80x180mm  to them. Name the 
section ‘80/180’. The used material is GL32h. 
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If you always define the cross-sections at each step in the project, then 
the last drawn bars are always without profiles. Now it becomes very easy 
to select them. We also could have chosen ‘Horizontal lines’. 
 
Step 7: Turning the purlins 

 
The purlins have (by default) a vertical orientation in the program. 
However, in practice the purlins follow the slope of the support beams. If 
we now double click a support beam, we see that the slope is 11,3°. We 
now will give the purlins the same slope. The purlin at the ridge will keep 
its orientation. 
- Select all purlins on the right side like in the figure below.  

- Then click on the button  in the pallet and complete the dialog box 
as follows: 

 

 
 

Do the same for the purlins on the left side but enter 11,4° (instead of -
11,4°). 
 
We could also use and eccentricity for the purlins but that’s not considered 
in this example. 
 
 
Step 8: Setting the purlins hinged  
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We now define hinges at the ends of the purlins. We assume that the ends 
of the purlins can‘t take a bending moment of any importance.  

- Select all the purlins using the menu command ‘Select – Section – 
80/180’. 

- Next click on the button  and complete the window as follows: 
 

 
  

The value of 500kNm/rad allows to take a certain degree of rigidity of the 
connection into account. 
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Step 9: Adding a bracing system 

 
To complete the model, we add a bracing system to ensure the stability of 
the structure. We use metal bars with a diameter of 20mm in steel S235. 
 
We first draw the bracing system. This is possible in a 3D view.  

Click on the button  to activate the drawing function. Then draw the 
bracing system using the intelligent cursor.  
 

 
 
Select the just drawn line using the menu command ‘Select – Section - ?’ 

and click on . Complete the window as follows: 
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Finally, the rods must be defined as tie rods. This means that the rods 

can’t take compression. Select the bars and click on , choose the 
option ‘tie rod’.  
 
The geometry of the structure is now complete. 
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5.2.3 Defining the loads 
Step 10: Go to the ‘Loads’ configuration 

 
We now leave the ‘Geometry’ configuration and activate the ‘Loads’ 
configuration to enter the loads. Click on the button  in the icon bar or 
select in the adjacent pull down menu the ‘Loads’ configuration. 
 

5.2.3.1 Creating the load groups 
Step 11: Creating load groups 

 
We consider 5 load groups: 

- Self-weight 
- Dead load 
- Life load H: Roofs 
- Wind: 20 cases 

o Wind left upward -> right upward (?@, = −0,3) 
o Wind left upward -> right downward (?@, = −0,3) 
o Wind left downward -> right upward (?@, = −0,3) 
o Wind left downward -> right downward (?@, = −0,3) 
o Wind left upward -> right upward (?@, = 0,2) 
o Wind left upward -> right downward (?@, = 0,2) 
o Wind left downward -> right upward (?@, = 0,2) 
o Wind left downward -> right downward (?@, = 0,2) 
o Wind right upward -> left upward (?@, = −0,3) 
o Wind right upward -> left downward (?@, = −0,3) 
o Wind right downward -> left upward (?@, = −0,3) 
o Wind right downward -> left downward (?@, = −0,3) 
o Wind right upward -> left upward (?@, = 0,2) 
o Wind right upward -> left downward (?@, = 0,2) 
o Wind right downward -> left upward (?@, = 0,2) 
o Wind right downward -> left downward (?@, = 0,2) 
o Wind front -> back upward (?@, = −0,3) 
o Wind front -> back upward (?@, = 0,2) 
o Wind back -> front upward (?@, = −0,3) 
o Wind back -> front upward (?@, = 0,2) 

- Snow: 3 cases 
o Case 1 
o Case 2 
o Case 3 
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Follow the procedure in §5.1.3.1 to define them. 
 
 
Step 12: Defining linked load groups 

 
The load groups ‘self-weight’ and ‘dead loads’ both contain vertical forces 
with a downward direction. Thus both load groups have the same effect 
on the structure. Consequently the most extreme (min and max) values for 
the internal forces are obtained when both load groups are multiplied by 
the same minimum/ maximum safety coefficients.  
 
In Diamonds it’s possible to define this kind of behaviour using ‘Linked 
load groups’: 

- Click on the button at the bottom of this window. 
- Indicate that the load group ‘Self-weight’ is linked to the load group 

‘Dead loads’. 
 

   
   
Using ‘Linked load groups’ will reduce the amount of load combinations 
and thus also the calculation time (especially noticeable on large models). 
 
Next click twice on ‘OK’ to close these windows. 
 

5.2.3.2 Filling up the load groups 
Step 13: Filling in the load groups ‘Self-weight’, ‘Dead loads’ and ‘Life load’ 

 
- The self-weight  is calculated automatically by Diamonds. 
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- A dead load of 0,3kN/m² is applied to the rafters.  
o Select the load case ‘dead loads’ from the pull down menu. 
o Select all rafters on  one side of the roof  like on the image below. 

The function  we will be using, only works with bars that lay in 
the same 2D plane. 

o Click on the button .  
o Complete the dialog box like here below: 

 

 
When you click ‘OK’, Diamonds will calculate the loads on 
each purlin. 

o Repeat the same steps for the selection on the other side.  
 
Result: 
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- Repeat the steps for ‘Life load H: Roofs ’ of 0,4kN/m² on the same 
rafters. 

 
 

Step 14: Filling in the load group ‘Wind’ 

 
To generate wind : 

- Click on the button  and set the ground level to 0m. 
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- Choose the load group ‘wind’ and the first sub load case ‘wind l up -
> r down (-0.3)’ from the pull down menu. 

- Click on  to define the wind standard and the terrain parameters. 

 
 

o Select the standard EN 1991-1-4 [--]. 
o Opt for a basic wind velocity of 26m/s and a terrain type I.  
o Click ‘OK’ to close this window. 

 
- Take a top view and select the first frame of the 3D hall. 
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- Click on  to start the wind generator on frames. 
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o Complete the window as above. Then click ‘OK’ to generate 
the wind on the first frame. 

- Now select the second frame and click on . The only thing you 
have to change is the position of the frame. Diamonds will remember 
all the other parameters from the wind generation on the first frame. 

 
 

- Repeat these steps for the all the other frames.  
- Result:  
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Step 15: Filling in the load group ‘snow’ 

 
To generate snow : 

- Select the load group ‘Snow’ and the first sub load case ‘Case 1’ 
from the pull down menu. 

- Click on  to select the snow standard and the terrain parameters. 
 

  
 

o Select the standard EN 1991-1-3 [--]. 
o Choose as country [--] ‘Central West’ ‘Area 3’. 
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o Click ‘OK’ to close this window. 
- Take a top view and select the first frame of the 3D hall. 

 
- Click on  to start the snow generator on frames. The first frame 

bears 2m of snow loads (because the distance between the frames 
is 4m). 

 

 
 

o Complete the window as here above. Then click ‘OK’ to 
generate the snow. 

- Now select the second frame and click on . This frame bears 4m 
of snow loads. 
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- Repeat these steps for the all the other frames. When you come to 
the last frame, don’t forget to set the width supported by the frame 
to 2m. 

- Result: 

 
 
 

5.2.3.3 Making combinations 
Step 16: Making combinations 
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Generate the combinations  as described in §5.1.3.3. 
 

5.2.4 Generating the mesh 
Step 17: Generating the mesh 

 
Generate a mesh  as described in §5.1.4. 
 

5.2.5 The global elastic analysis  
Step 18: Elastic analysis 

 
Follow the same method as described in §5.1.5. 
 
Here below you find the bending moments for the combination ULS FC 
envelope and the vertical displacement for the combination SLS RC 
envelope. 
 

 
Bending moments ULS FC envelope 
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Deformation SLS RC 

 
It’s possible to show the results for just a part of the structure:  
- Select all relevant elements 
- Then click on the icon . The colour scale is adjusted to the results 

of the visible elements. 
To set everything visible again, click on . 
 
Look at some other results (normal and shear force, torsion, stress) by 
selecting the corresponding icon from the pallet. 
 

5.2.6 Parameters for timber verification 
5.2.6.1 Buckling 
Step 19: Setting up groups for buckling 

 
See §4.1.6.1 for the method. 
 
Define the groups for buckling around the y’(v)-axis as follows (the end 
releases, the tie rods and the supports are set invisible to increase the 
readability of the image): 
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Define the groups for buckling around the z’(v)-axis as follows: 

 
 
 
Step 20: Calculating the buckling lengths 

 
Now calculate the buckling lengths . 
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In each direction (round y’(u)- or z’(v)-axis) Diamonds asks you for which 
type of structure and for which type of analysis (first or second order) you 
would like to calculate the buckling lengths.  
It is important that you use the same type of analysis as what you indicate 
here. We choose ‘semi displaceable nodes’. 
With ‘Combination for determination of non-linearity’s you select ‘SLS 
QP1’. 
 
Click ‘OK’. 
 

5.2.6.2 Lateral torsional buckling 
Step 21: Settings for lateral torsional buckling 

 
The purlins are modeled in this structure, so that we don’t have to do 
anything specific for lateral torsional buckling. 
 

5.2.7 Timber verification 
Step 22: Timber verification 

 
To start the verification, select the menu command ‘Analysis – Steel and 
timber design’ or click on  or press F3. 
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Results for strength (%) 

 

 
Results for stability (%) 

 
When we analyse the results we see that the structure is sufficient (≤
100% for both strength and stability). 
 

5.2.8 Cross-section optimization 
We now will use the optimization algorithm of Diamonds to find the most 
optimal cross-sections. 
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The optimization is based on the obtained percentages with the timber 
verification (see §5.2.7). 
 
There are two optimization principles in Diamonds: 
- The basic cross-section is provided in the section library . Diamonds 

will therefore search for the best suited cross-section in the library. 
- The cross-section is built based on a characteristic shape . Diamonds 

will optimize by modifying either the height or width step by step 
defined by the user. 

 
In this example the second method will be used, because the sections are 
based on a standard (rectangular shape). This first method is used in 
§5.1.8.   
 
Step 23: Cross-section optimization 

To start the optimization, select the menu command ‘Analysis – 
Optimization’ of click on the button  in the icon bar. This window pops 
up: 
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Fill in the settings like in the images here above. 
 
About the window ‘Timber optimization’ 
• The first tab ‘Optimization parameters’ contains a field with a percentage 

value. This is the value we should try to approach during the optimization. 
• The second tab ‘Adjust cross-sections’  is present when the project 

contains cross-section coming from the section library. In this tab you can 
ask Diamonds to show you a summary of the optimization. If you do not ask 
the summary, Diamonds will adjust the cross-sections automatically. 

• In the third tab ‘Optimization used defined sections’  specify the 
parameters for optimization of sections defined based on a type form. 

 
When the optimization is completed, a dialog box appears with the 
summary of the optimization. 
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Diamonds proposes you to change some cross-sections. You can accept 
or ignore the changes by (un)checking the corresponding line. 
 
Note: the optimization is only possible for constant cross sections. So the 
beams will not be optimized.  
 
We don’t make a report for this example. The report manager is explained 
in the second example in reinforcement (§3.2.8). The principle is the same. 
 


