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1. Before getting started with Diamonds 2017

IMPORTANT: please read the installtation guide thoroughly, before getting started!

The section and material library are now database oriented. Consequently, there is no backwards
compatibility between Diamonds 2017 and older versions of Diamonds.

A model that is made or saved with Diamonds 2017 can not be used in older version of Diamonds nor

PowerFrame.

A model made with Diamonds 2015 r06 or older, will give a notification concerning the sections and
materials when opening it in Diamonds 2017.

e If you select ‘Change to existing’, Diamonds 2017 will find the correspondeing material (or
section) in the new library and assign this to the geometry.

e If you select ‘Add as new’, Diamonds 2017 will copy the old material properties (or section
properties) to a new material in the current library. This material will be assigne to the

geometry.
| Conflicts
| 1 Conflict overview
Material confiict: Content dash A
Current: 5235 - version 1 (17/11/2016 15:22:37) change to existng ~ 2dd as new
Mew: 5235 - version 1 (1/01/1753 0:00:00) e
o]
| Conflicts
| [ Confiict overview
Parametric section conflict: Content dash A
Current: HEA (EU) - HEA 280 - version 1 {25/11/2016 11:31:47) change to existing ~ add as new
Mew: HEA (EU) HEA 280 - version 1 (1/01/1753 0:00:00) e
Parametric section conflict: Content dash "
Current: IPE (EU) - IPE 400 - version 1 (25/11/2016 11:31:47) change to existing ~ add as new
New: IPE (EU) IPE 400 - version 1 {1/01/1753 0:00:00) b

oK

2. Starting up the first time

The Diamonds 2017 requires a one-time identification on start up. The user name and password to fill
out are identical to your Windows credentials. Diamonds will present you a list with known Windows
users. Select the appropriate user and enter the password.

This identification is necessary to load the material and section library.



System status System status
% Connect dient to Gateway % Connect dient to Gateway

A Authenticate user g Loading Gateway database: 80%
User is not authenticated 3 Authenticate user
o+ Connect Gateway to Gateway Server

iDnriEn :_i
login Loading Gateway database
sesnsens

www.buildsoft.eu www.buildsoft.eu

This beta version is not intended for end-users This beta version is not intended for end-users

3. Work environment

3.1. Interface

After logging in, Diamonds 2017 will show your username in the right upper corner. If you are not
signed in —instead of your user name, you see ‘Sign in’ —you can sign in overhere.

To sign out by clicking the arrow next to your username and choose ‘Log out’.

fERSION IS NOT INTENDED FOR END-USERS - [Window 1 (m)] = 'ERSION IS NOT INTENDED FOR END-USERS - [Window 1 (m)]
rew ; Tl g i | T
polemewy||FES | C—=F Bolemony||FEY |
T R B3 | = =l Bl E .
Sign in on BIM Expert ? n 2@ @3 = ! Dorien
Actve level
Verdieping 1 =
Please enter your credentials
@ 1z7om
|PourUserNameInWindows = System user
l - “
= Lssou | -
Login | T
| 7 Ground level A Ground level
i3 Draming plane s Drawing plane
! X= 0.00m X= 0.00m
| Y= z7m Y= 270m
Z= 0.00m Jii - ,z,,:, ,,,U,‘UU,,[“,, =
Representation Representation
o e
& | @
8\ Lol

Diamonds 2017 has additional features for storing one central managed material and section library,
allowing each user to work with this library with the same properties. An administrator can manage
materials and sections. When the administratior updates materials and sections while other users are

running Diamonds, they will be notified of the update by means of the icon I:l

3.2. Material library

The material library is reworked in Diamonds 2017. It is now fully database oriented. At any time, you
can adjust or complete this library by selecting the option 'Edit — Material library ...". The following

dialogue box will appear:



| & Material library

Bl yHEEB

seorc Name [defait +| [F235
il | ”
A Staal 5275 Material type |:-:.;5
# Staal 5355
A Beton M15 (IS) Mechanical properties | Thermal properties | Advanced
A Beton M20 (I5)
A Beton M25 (I5) 7 [pefauit o =
A Beton M30 (I5)
A Beton M35 (IS
=on =) Young's modulus 210000 N/mm2
A Beton M40 (IS)
A Beton M45 (IS) Poissan ratio 0.300
A Beton M50 (I5) Transverse Young's modulus 80769 Mfmm2
4 Euroguimica Paints [0200] Therm. dilatation coeff, 0.000012  [°C
A Euroquimica Paints [0300] .
A O | e 7850.000  kgjm3
# (@ oD g
Help Cancel | oK | |

On the left, you will find a list of all the defined materials and, on the right, the corresponding
properties.

Materials preceded by the icon * are standard materials. Materials preceded by the icon * are user
defined materials.

It is not possible to edit standard materials. However, you can copy a standard material using fE .
This new material is fully editable by the user.

To add a new material click = . Define at least the mechanical properties. The button = deletes
the selected user-defined material from the list on the left.

To search a material in the library, type the name of the material in the cell ‘Search’. Use the button
¥ to filter on material type (steel, concrete, timber ...).

i

The buttons and T sort the list in alphabetical order descending or ascending. If you prefer a

different sorting order, you can select a material with the cursor and drag it to the location of your
choice.

Er

The button allows you to import an external material library.

If a material is used in the current model, the button O will light up when this material is selected.
If you want a user defined material to be available during your whole Diamonds session (until you close

the software), click the button B Use the button L , to add a user defined material to the library.

Use the button ® or the right mouse button to set the currect select material as the default steel,
timber or concrete material (only one of each possible).

Click & to save all changes. Use H (0 save only the modifications to the selected material.
The material properties are divided into 3 tabpages:

e Mechanical (or elastic) properties
e Thermal properties



Advanced properties (design code settings)

The contents and functionality of these tabpages have not changed.

3.3.

Diamonds 2017 comes with a library containing most-used standard steel sections. You can open the

Section library

library with the use of this menu: 'Edit — Section library...".

-

Section library

[BeF UM YHLE

Mame

i IFB-IPE (EU) -IFB 1/2 IPE 400 ~

Groups
+ IFB-IPE (EU) - IFB 1/2 IPE 450 &

defauit | |IPE (EL) - TPE 100

IPE (EU)

+ IFB-IPE (EU) - IFB 1/2 IPE 500
+ IFB-IPE (EU) - IFB 1/2 IPE 550

Geometry lAd\rancEd 1

& TFB-IPE (EU) - IFB 1/2 IPE 600

. TFB-IPE (EU) - IFB 1/2 IPE O 400

4 IFB-IPE (EU) - IFB 1/2 IFE O 450

A TFB-IPE (EU) - IFB 1/2 IPE O 500

+ IFB-IPE (EU) -IFB 1/2 IPE O 550

+ IFE-IPE (EU) - IFB 1/2 IPE O 600-1

A IFB-IPE (EU) - IFB 1/2 IPE O 600-2

@ IPE (EU) - IPE 120

.4 1PE (EU) - IPE 140

. TPF (FLI) - TPF 160 M

B = 55.0 mm
H = 100.0 mm
tf = 5.7 mm

tw=4.1mm

r=7.0mm

I section - equal flanges

|
B

—
v
e =

tf

Cancel

Section library

FUNYEHEE

Mame

i IFB-IPE (EU) -IFB 1/2 IPE 400 ~
+ IFB-IPE (EU) - IFB 1/2 IPE 450
+ IFB-IPE (EU) - IFB 1/2 IPE 500
+ IFB-IPE (EU) - IFB 1/2 IPE 550

Groups

defauit | |IPE (EL) - TPE 100

IPE (EU)

Geometry lAd\rancEd I

& TFB-IPE (EU) - IFB 1/2 IPE 600 ey
. TFB-IPE (EU) - IFB 1/2 IPE O 400
4 IFB-IPE (EU) - IFB 1/2 IFE O 450
A TFB-IPE (EU) - IFB 1/2 IPE O 500
+ IFB-IPE (EU) -IFB 1/2 IPE O 550
+ IFE-IPE (EU) - IFB 1/2 IPE O 600-1 L
A IFB-IPE (EU) - IFB 1/2 IPE O 600-2 1z
@ IPE (EU) - IPE 120

.4 1PE (EU) - IPE 140 Iyz
. TPF (FLI) - TPF 160 M

Sy

Ll wel iyt

Value

Opperviakte

51620 mm?
28391 mm3
1710244 mm*
159189 mm*
27.5mm
50.0 mm

o mm*
0.00000 =
34205 mm?

Cancel

On the left, you will find a list of all steel sections and, on the right, the corresponding dimensions and
properties:

Sections preceded by the icon ™ are standard sections. Sections preceded by the icon £ are user
defined sections. It is not possible to edit standard sections. However, you can copy a standard section

using B . This new section is fully editable by the user.

To add a new section, click . The button = deletes the selected user-defined section from the list
on the left.

Click on the cell ‘Groups’ to assign the section to multiple section groups.



By @R

. IFB-IPE (EL) - IFB 1/2 IPE 400
i IFB-IPE (EU) - IFB 1/2 IPE 450
4 IFB-IPE (EU) - IFB 1/2 IPE 500
4 IFB-IPE (EU) - IFB 1/2 IPE 550
A IFB-IPE (EU) - IFB 1/2 IPE 600
# IFB-IPE (EU) - IFB 1/2 IPE O 400
4 IFB-IPE (EU) - IFB 1/2 IPE O 450
. IFB-IPE (EU) - IFB 1/2 IPE O 500
. IFB-IPE (EU) - IFB 1/2 IPE O 550

Name

Groups

default =] |IP

Section library

) - IPE 100

BT

Geometry | Advanced

Select section groups

. TFB-IPE (EU) - IFB 1/2 IPE O 600-1 P mperial USA) -
: IFB—TPE (EL) - TFB 1/2 IPE O 600-2 . FBHEA (21)
] i
A IPE (EU) - IPE 120 | IFE-HEE (EU)
A IPE (EU) - IPE 140 IFB-HEM (EU)
A TPF (FL - TPF 160 IFB-IPE (EL)
v IPE (EU)
| i
| IPE ext. (EU) |
I-plus (SADEF) |
Help |
| Q IPN (EU) :l |
ISA (INDIA)
ISMB (INDIA)
ISMC (INDIA) v

Cancel | CK | |

To search a section in the library, type the name of the material in the cell ‘Search’. Use the button i

to filter on section type.

A &
Use the buttons L and Iz to sort the section list in alphabetical order descending or ascending. If

you prefer a different sorting order, you can select a section with the cursor and drag it to the location

of your choice.

Er

The button allows you to import an external section library.

If a section is used in the current model, the button O will light up when this section is selected. If
you want a user defined section to be available during your whole Diamonds session (until you close

the software), click the button = . Use the button L , to add a user defined section to the library.

Click & to save all changes. Use H {0 save only the modifications to the selected cross-section.

3.4. Groups

It was already possible to group bars for buckling and as a physical group. But in Diamonds 2017 it is
also possible to define groups for ‘sections’ and ‘loads’:

e Section groups must be used for defining cross sections with variable height extending over
multiple bar elements
e Load groups must be used for defining distributed loads extending over multiple bar elements

These extra groups enlarges the possibilities of defining cross-sections and loads in Diamonds.

The bars grouped in ‘physical’ aren’t necessarily the same as the bars grouped to define sections or
loads. So in Diamonds 2017 the following situation is possible:



E VAT 5 5 - war 3 2 -Ralk 20x50 7 6 - Balk 20x50 4 3 - Balk 20x50 3 7 - Balk 20x50 5 4 - var 9 & - var 2

1 physical group ‘

load group 1 ‘

load group 2 |

| section group 1 | section group 2 | section group 3 |

4. Geometry

4.1. Drawing

Draw additional nodes or columns in a 3D view on existing lines using the buttons * and 0.

4 Diamond: THIS B 'VERSION IS NOT INTENDED FOR END-USERS - [Windows 1 (m)] o - n 4 Diamonds IS BETA VERSION IS NOT INTENDED FOR END-USERS - [Windows 1 (m)]
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4.2. Extension of the plate types

Diamonds 2017 has 3 additional plate types:

e Diaphragm (§4.2.1),
e Hollow core slabs (§4.2.1),
e Arbitrary plates with stiffness matrix definition (§4.2.3).

The definition and analysis of diaphragms does not require any plate or slab license. The analysis of
all other plate types requires at least the 2D Slabs license.



4.2.1. Diaphragm

A diaphragm is a plate with no bending stiffness, only capable of transferring normal forces. This type
of plate is used to simulate the membrane action.

Properties of plate number: 1

Properties of plate number: 1

General ||| | [General
Name [siab 0.20 -~ | || | | Name [siab 0.20 -~

Shape W 2 | 1| | | shape W 5
| || [
I Dimensions | Stffness matix | || | | pimensions | [tffress matrix I
J | |

thickness (e) mm | | i i Exx
| | nzz 0 £z
(e) ] 0 0 Tz
= x
mxXx Kyx
mzz Kz
mxz Pxz
103 kNjm
Properties | | | | Properties
Material  [Concretec25/30 Gross cover || || Materidl  [concrete c25/30 ~ Gross cover
Local axes = | || | Local axes =
¥ | ¥
Local xz-axes orientaton  [0.0 = | Local xz-axes orientaton  [0.0 =i
Local y-axis orientation ’é <§$ | Local y-axis orientation ’é <§$
2t BT | IR g
Level = Verdieping 1 | ||| Level =Verdeping 1
i - = ik = = 1 = |l

Diaphragms require a thickness and material so that the correct self weight can be calculated and taken
into account.

Due to the fact that this plate has no bending stiffness, you should not load this plate perpendicular to
the surface. If you choose to do this anyway, you will experience very large out-of-proportion
deformations.

4.2.2. Hollow core slab

A hollow core slab is a plate bearing in one direction, with an optional cast-in place layer of concrete,
bearing in two directions. This slab is characterized by the weight-saving wholes. Diamonds assumes
the distances between the wholes being constant.

This type of plate can be used in the elastic calculation, but it is not yet possible to determine the
reinforcement. However, this is possible with the software ‘ConCrete HCS'.

10



Properties of plate number: 9 Properties of plate number: 9

General | | General

Name [piate | || Name [piate -l
|| | | shape \ﬂ i | || | | Shape \ﬂ 2
| L | |
| I Dimensions || Stiffness matrix | | Dimensions f§ | Stiffness matrix
| ’ { [ L
| . 63} " thickness (£ mm | s PR Eie
I 1
= 1) [s00.0
: S\/e 6} o || | =
(e) k\ lb i) @ [0 mm 1 2 o
(2)13 (1] number of holes [ | = x
@ \zn.u e 1 o Ko
@ [60.0  mm || mzz Kz
(s) [s0.0 mm | mz Pz
® jo.o mm 1 10% kijm knm
Properties | || | rropertes
Material  |Concrete €25/30  ~ Gross cover 1 Materid  |Concrete €25/30  ~ Gross cover
Local axes o ||| | rLocalaxes e
¥ | ¥
Local xz-axes orientation 0.0 A | || | | Local xz-axes orientaton 0.0 s
Local y-axdis orientation 2 z || Local y-axis orientation g Z
g% 335; (| g% 335;
Level = Verdieping 1 ||| | Level =Verdieping 1 |
| ot | JIl = | ]

4.2.3. An arbitrary plate with stiffness matrix definition

Diamonds is a Finite Element Method (FEM) based software program. The FEM needs to structure to
be chopped in a finite number of elements, which will then be logically linked to each other. There are
a number of requirements to these links, depending on the type of element (beam, column, plate, wall,
... ). Inany case, it is required that the nodes of the elements displace together.

This method allows to approximate the behavior of a complex structure by solving a matrix equation.
The matrix equation expresses the relation between the elements in the structure. In case of a linear
static analysis, the matrix equation writes as follows:

stif fness
matrix
—
Q] = I[K] - [U]
- -
node node
loads displacements

The matrix equation containts a stiffness matrix [K], a matrix with node displacements [U] and a
matrix with node loads [Q].

The stiffness matrix [K] will condition the behavior of the elements (beam, column, plate, wall, ... ).
Without going further into detail on the derivation, we assume that the stiffness matrix [K] for a slab
or plate looks as follows:

Lyy Ly, 0 0 0 0

[LU L, 0 0 0 0]
1o o0 L, 0 0 O
K1=\o o o b, D, O
o o0 0 D, D, O

0 0 0 0 0 Dy

The factors with ‘L’ describe the behavior for membrane action (= normal forces, the factor with ‘D’
describe the behavior for bending. The factors for shear are not mentioned here. The table below
gives an overview of these factors for a number of plate types:
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Isotropic plate Anisotropic plate — bearing in Diafragma
one direction
Ly Ee Ee Ee
1-v?) 1-v?) 1-v?)
L Ly ~0 Ly
L, ULy, ~ 0 ULy,
L, G-e ~ 0 G-e
Dy Ee® Ee® 0
12(1 —v?) 12(1 —v?)
D, D, 0 0
D, v:Dy, 0 0
D, Dy, 051 -v) 7Dy 05(1-v) 0

More information about FEM and stiffness matrices can be found in:
¢ 0.C.Zienkiewicz, The Finite Element Method, McGraw-Hill book Company, 1977
e J.Blauwendraad, Plates and FEM, Surprices and pitfalls, ISBN 978-90-481-3595-0

4.3. Buckling parameters

EN 1992-1-1 § 5.1.4 poses that for concrete, second order effects should be taken into account:

e Or by performing a complete second order analysis (F9 in Diamonds + ‘second order analysis’)
e Or by using a simplified method. Diamonds uses the nominal curvature method (EN 1992-1-1
§5.8.8).

Up until Diamonds 2015 r06 you could disable or enable this method in the material library (option
‘verify buckling for additional eccentricity’).

In Diamonds 2017, this option is now located in the buckling lengths window Qe . That way you can
easily activate or deactivate this option for a number of bars at once.

| &2 Buckling parameters -
Buckling length
[ About y'(u)-sxis [100.00 [ grouplength _+ |
[¥ About z'(v)-axis [100.00 [% group length v ]
I v Vverify buckling for additional eccentricty of |ZU.D mm I

Lateral torsional supports  Advanced LT parameters ]
Lateral torsional buckling parameters

Parameters for Mo

5. Loads

5.1. Wind and snow

The Polish (PL) and Norwegian (NO) annex to EN 1991-1-3 for snow and EN 1991-1-4 for wind are
added in Diamonds 2017. The British (UK) national annex to EN 1991-1-3 and EN 1991-1-4 were
already added in Diamonds 2015r06.
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5.2. Seismic

The Belgian (BE), French (FR) and Luxemburg (LU) annex to EN 1998-1 for seismic design, as well as the
Dutch guideline NPR 9998:2015 are included in Diamonds 2017.

6. Analysis

6.1. Tab page ‘Structural’

As of Diamonds 2017 you take the creep effect for timber structures into account. The creep effect is
taken into account by correcting the Young’s Modulus with a factor ks according to EN 1995-1-1
§2.3.2.2. (1).

The kger factor can have values from 0,6 to 2,0. Mark that a kg.r factor of 2,0 will lead to
deformations being three times bigger compared to the ones calculated in previous version of
Diamonds!

Analysis settings

Structural
~ Analysis
~ Global Imperfections
~ Joints

* Concrete Cracking

4 Timber

[¥ Take creep into account : E = E / (1 + Kdef):

6.2. Tab page ‘Soil’

The option ‘apply removed ground at interface’ handles how the excavation should be taken into
account:

¢ The option is ticked off, then Diamonds assumes that the ground will be removed in different
steps, leading to a reduction of stress, under as well as next to the excavation.

e The option is ticked on, then Diamonds assumes that all removed ground is taken away at
once, leading to a larger prestress at the excavation level.
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In multiple steps In one time

S TSNS | S TN
. _ F
. Em -
PR

Aoy

Analysis settings

Structural Soil
Highest foundation level 0.00m
Initial ground level 0.00 m
Reference load group / combination |ELS QP1 j
Vertical resolution for stress evaluation 0.60 m
Maximum number of iterations 2 %
Stress tolerance 0 %

I [~ Apply removed ground atinterface I

Help | Cancel | <Previous|

6.3. Fire for concrete section
To perform a fire analysis, follow these steps (the order is important):

e Draw the geometry of the structure as usual
¢ Define the fire curves (see Reference manual §2.3.1.30)

e Calculate the response
0 Thermal response & (see Reference manual §4.6)

0 Elastic response
= Generate the combinations, don’t forget to make the fire combinations ULS FI

(see Reference manual §2.4.2.2)

=  Global elastic analysis ( or F9)

e Reinforcement calculation ( € or F2)

Notes:

e More information about the thermal calculations can be found in the document about EN
199x-1-2 on the BuildSoft website = Support = About Eurocodes.
e When importing a PowerFrame model it is recommended to redefine the fire load.
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7. Design

7.1. Steel

The Polish (PL) and Norwegian (NO) annex to EN 1993-1-1 for steel are added in Diamonds 2017. Also
French code existing before Eurocode, CM 66 and CM 66 + add.80 are added. The British (UK) national
annex to EN 1993-1-1 was already added in Diamonds 2015r06.

The choice between ‘method 1’ and ‘method 2’ (if allowed by the national annex) for the calculation
of interaction (buckling + LTB) is moved to the window for the steel check.

Code check

Action
(@

{+ Steel/Timber calculation for all elements:

Selection criteria
[~ Switch combination fiiter on
= 55 [

-

Calculation method

+ method 1
” method 2

| Help Cancel | oK |

7.2. Concrete

The Polish (PL) and Norwegian (NO) annex to EN 1992-1-1 for concrete are added in Diamonds 2017.
The British (UK) national annex to EN 1992-1-3 was already added in Diamonds 2015r06.

7.3. Connection library

Diamonds has a connection library, used to store connections designed with PowerConnect. As from
Diamonds 2017 this library can be extended with parametric connections, having (known) design
resistance and stiffness values. The connection library has a built-in tool to create parametric
connections. These connections can be used and verified in the global analysis with user-definable
interaction checks.

To open the Connection library, click Hg in the Connections toolbar.
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3 Connection library o] ]
Any section - Any section - Any orientation - Any angle o
Edit comnection
Number of bars: 2 Main part: Any shape
Connecton type: any drection Main material: Any material type
Minimum angle: 1,00 © Secondary part: Any shape
Maxmum angle: 135,00 ° Secondary material: Any material type
RHS
Edit connection ]
Number of bars: 1
Main part:
Main material: Any material type.
Any section - RHS
Edit connection
Number of bars: 2 Main part: Any shape
Connection type: any direction Main material: Any material type
Winimum angle: 45,00 = Secondary part: [
Maximum angle: 135,00 ® Secondary material: Any material type
RHS - Any section
Edit connection
Number of bars: 2 Main part:
Connection type: any direction Main material: Any material type
Minimum angle: 45,00 ° Secondary part: Any shape =
Name  [any section -RHS Create connection Comments
| ¥ savedin the ntern brary 2
| I savedin the extem tbrary tnode
Exportnode
List with assigned connection e
e o — Y =

7.3.1. Creating a new custom connection

In the bottom half of the library overview, click ‘Create connection’ to build a new custom connection.

(T ERRRErerees

ETTTTTiaeiees

@ Parametric connection

ETTTeTrarees

ETTTeTrarees

FETTTTTTTTes

ETTTTTTTTT

Name
IName
rLimitations
Number of bars |2 vl Main part IAny shape vI
Connection type IAny direction vl I.ﬂ.ny material vl
Minimum angle between bars I45,DD o Secondary part I.ﬂ.ny shape vl
Maximum angle between bars |135,DD I I.ﬂ.ny material vl
—Image rResistance and stiffness
T =0 >0
\ﬁ'\ﬂ rm  [oo0 fo.00 am 1, |
\35” My [o,00 fo.00 wm 7|
% rmz [o,00 fo.00 am 1|
\?/LW v [ooo fo.00 K LI
\};z vz [ooo fo.00 5 Ll
‘a\rj rw  [poo [o.00 e
rInteraction formulas
| Add |
Modify |
Remaove |
_ e | cnesl [ x|

Each connection can be given a name — which does not have to be unique. Next you set the general

limitations:
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¢ The connection can consist of 1 or 2 bars. In case of 2 bars, the connection has is a ‘main bar’
and a ‘secondary bar’. The stiffness function will be assigned on the secondary element. In
case of just 1 bar, the stiffness function is assigned to the main element.

e The connection type can be along the strong or weak axis (of the main part)

* In case of 2 bars, you can limit the angle between the bars with the minimum and maximum
angle.
e  For both main an secondary element, you can allow
0 For the cross-section
= Any shape
= A specific type of shapes {list}
=  One specific cross-section from the section library
0 For the material
=  Any material
= A specific type of material (steel, concrete, timber, etc. ...)
=  One specific material from the material library

Each connection can have an image — below is the default image shown.
Six components can be taken into account in the calculation, if the corresponding checkbox is ticked:

e Torsion Tx’

e Bending moment My’
*  Bending moment Mz’
e ShearVy’

e ShearVz

* Normal force N’

The prime (‘) refers to the local axis system of the main element. This can be visualized on screen in

the Window Configuration m:

Default the local axis are as following, but:

For the global analysis, the stiffness is relevant. The connection verification takes the resistance and
interaction formulas into account.

7.3.1.1. Stiffness

The default stiffness for each component is fixed. You can modify this by clicking the function button

ﬂ at the end.
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SingleCustomFunctionForm 23]

<0: |Fixed T M [kNm]
Free |
Value //-—_-

User defined /

ol

>0: |User defined | Number of values : 4 =

P[] | M [khim] ‘
57,30 1,00
100,00 2,00
140,00 220
298,00 242
Help Cancel

Here you set the stiffness behaviour for the component being negative (< 0, top part) and positive (>0,
bottom part). Either you select one of the predefined states — fixed, free or value (value required) or
you add a user-defined diagram by entering multiple sets of values for

* (¢, M) for moment components
e (u, F)for shear or normal force components

7.3.1.2. Resistance

For connection verification purposes, you can enter a negative (<0, first value) and positive (>0, second
value) resistance.

Resistance and stiffness

. <0 >0
@'\ 1 o0 0,00 J
0515- v My [20,00 [30,00 kNm ﬂ
% w2 [o,00 0,00 [
%v,. v vy [so,00 [50,00 kN ﬂ
&Vz v [o00 0,00 il
\i{t‘ wn [0 [15,00 kN ﬂ

Diamonds will check the resistance of each component individually, by comparing the acting force Fr4
to the resisting force Fg,4. The result should be less than 1:

F,
LSS
Fra

Fr,4 corresponds to the entered value in the image above.
7.3.1.3. Interaction

For connection verification purposes, you can enter one or multiple interaction formulas for the
component resistance. Already entered formulas accessible through the pull-down list. As Diamonds
automatically checks the resistances for the components individually, it is unnecessary to add them
here.
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Interaction formulas

|check 2 ~| Add

My Ed 2 Vyed  Ned ? reel
r +6=* r + <1 Remove
My,Rd Vyrd  Nrd

You can add, modify and remove formulas. On clicking the Add button, following dialog window
appears:

“.2 Interaction formula E\@
Name
|Check 2
Parameters Group
Factor Power Group Factor Power

I |1 1 o =] |0 fr 1
¥ My |1 2 o | 1 1
= |1 1 o =] 1 I
W vy |1 1 |3 =] |l3 n.5
= |1 1 o -] 1 1
S ! £ B =15 1
Formula

Myed |2 Vyed  MNeg

YJ’ + 6 = YJ’ + { 1
My,Rd Vyrd  Nrg
Help Cancel ‘ oK |

You can enter a name for the interaction formula.

In the previous window ticked components are displayed in black and available for use in the
interaction formulas. Unticked components are greyed out and not available.

To include a component to the formula, you thick the check box. Components will be added as the

acting force divided by the resisting force iﬂ. This ratio can be multiplied with a factor and put to a
Rd

power—in the ‘Parameters’ section. It is possible to assign the component to a group. A group consists
of one or multiple components put ‘between brackets’. This group can also have a multiplication factor
and a power. Note that the power is not limited to integers, you can enter for example a square root
with a 0.5 value.

At the bottom of the window, you immediately see the formula appearing, allowing easy visual
verification and modification. The entire formula should result in a value less than 1, in order to have
an acceptable connection verification.

Click ‘OK’ to save the interaction formula or made modifications to it.

7.3.2. Listing in library

After you have defined the new connection, it is added to the internal & external library.
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RHS - IPE

Edit connection

Number of bars: 2 Main part: [
Connection type: strong axis Main material: Steel
Minimum angle: 45,00 ° Secondary part: I
Maximum angle: 115,00 ° Secondary material: 5355

Following information is displayed:

* Name

* Connection type (any/strong axis/weak axis)
e Minimum angle

e Maximum angle

* Main Bar: section and material

e Secondary: section and material

7.3.3. Saving and deleting a parametric connection

A parametric connection is automatically saved in the internal (in-file usage) and external (cross-file
usage) connection library. Thanks to the external library you can use the connection in every Diamonds
file.

Mame |New paramefric comnecton

E [v savedin the intern library
E [v savedin the extern library

You can modify by ticking the appropriate check boxes. If you untick them both, the connection will be
deleted.

-

Confirmation @

'@' Are you sure to delete node in internal library without copy in extern library 7
L S

Mo

On clicking ‘Yes’ to the above warning, the connection is completely deleted.

7.3.4. Duplicating a parametric connection

Parametric connections can be copied in just one mouse click, allowing you to quickly build up a
complete library of (similar) connections.

Select the connection you want to copy and click the ‘Duplicate connection’ button. The ‘Parametric
connection’ input window pops up with all the settings of the selected connection. Modify the
parameters of your choice and click ‘OK’ to save this new connection to the library.
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7.3.5. Assigning a parametric connection

Once you have created a parametric connection, you can assign it to one or more bar elements in the

model. On selecting 1 or 2 bar elements and clicking on the connection library icon |[§ , you will get a

list of all suitable connections.

“‘? Connection library

= e =)

Resistance check 2

. e Connection details

Number of bars: 2

2 ] %, | Connection type: any drection
iy
s % ! & | Minimum angle: 30,00 *

3 _; .'" Maximum angle: 90,00 2

Main part: Any shape

Main material: Any material type
Secondary part: Any shape
Secondary material: Any material type

Connection details

Number of bars: 2
Connection type: any direction

Minimum angle: 1,00
Maximum angle: 135,00 ©

Angle 20-60

Connection details

Number of bars: 2

Connection type: any direction
Minimum angle: 20,00 *
Maximum angle: 60,00 *

Resistance check 2

Any section - Any section - Any orientation - Any angle

Assign node to selection

Main part: Any shape

Main material: Any material type
Secondary part: Any shape
Secondary material: Any material type

Main part: Any shape

Main material: Any material type
Secondary part: Any shape
Secondary material: Any material type

NIRRT

Select the connection you want to assign, click the ‘Assign node to selection’ at the bottom of the

window. The assigned connection will now have a blue and red selection frame around it. Click ‘OK’ to
confirm. The name of the connection should now appear next to the node. The appearance of the

connection name can be set in the Window Configuration . The global analysis will take into
account the stiffness of the assigned parametric connection and perform a resistance and interaction

verification. The assigned stiffness function can be viewed in the 'Releases at bar ends’ dialog ”/D’ .

I” tierod

Releases at bar ends [=55)| Define support function =3

S T ame

[sefiness value_My -

f. g Add new function

ions at begin ~Conditions at end
Transfer of bending moments

M’ [Functon | [stiffness value h ]
My' [Functon v [stiffness value n ] £,
Mz [Functon | [stiffness value 8 ]

Transfer of bending moments

M [Fxed v
My [Fxed v
M7 [Fied v

vansfer of shear force

vz [Fied v

S
]
A

=

Transfer of shear force

XVZ‘ Function | [stiffness value v =] f,

i

<0: [vale

>0: [vale v| Jao0,0 leum/Rad ——

=] [0 knm/Rad W [kNm]

ﬁ\ V¥ [Functon | [stiffness value v ] 1 v [Fred >
Transfer of avial forces Transfer of axal forces
ﬁ\ N [Functon | |Stiffness value b +| f, ﬁ\ NX' [Fixed v
I~ Heunch I” Heunch
[& engtt 0,00 \g] = fo.00
s height 0,00 . cig jo.00
eight 0,00 eig fo.00
Help i Gancel | oK

B o
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If there is no suitable connection found in the library, you will get a library overview of all connections.

The ‘Assign node to selection’ will not be available.

7.3.6. Unassigning a parametric connection

To unassign a parametric connection, you select the 2 bars and go to the connection library |[g .

O =
Resistance check 2
e Connection details
1 Mumber of bars: 2 Main part: Any shape
Connection type: any direction Main material: Any material type
& | Minimum angle: 30,00 = Secondary part: Any shape
Maximum angle: 90,00 = Secondary material: Any material type
iResistance check 2 | Delete node from selection i i Comments
| ! -
| |
| |
| |
|
|
_________________ ! ! =
T I S
Help 1 | i.-lll ;";-‘—-*-‘—-‘—" = % @t! Cancel i oK 1

By means of the ‘Delete node from selection’ you remove the connection. If you have used this button
by mistake, you can use ‘Keep node on selection’. If you do want to delete it, click the ‘OK’ button to
confirm.

@ Connection library

Mumber of bars: 2

Connection type: any direction

| Minimum angle; 30,607
AxirmurT angle: 90,00 ©

Wain part: Any shape

dain material: Any material type
Secondary part-#&n
Secondary material: Any migtera

Resistance check 2 Keep node on selection | Comments

=1

Help iH I.-Ill | ;lj-‘-—“-l' %@@ Cancel

Important: the stiffness function at bar ends is NOT deleted. You should remove them manually in

’Releases at bar ends’ dialog ”’/ .
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7.3.7. Verification results

The results of the resistance and interaction checks are available in the

window, accessible with FE .

Connection Verification

% Connection verification

Connection

Stiffness value

Point number
73
Bar numbers
58

Stiffness hinge
Point number
69

Bar numbers
36

Stifness all fixed

Paint number
65
Bar numbers
54

w | 2 8l

Resistance check

Interaction check

vy =l e

Vyene 0,00 Myt Moz Vym

-, 00% — | <1

Vysee 40,00 Myaa  Meza Vyma

(UsFC7) 2,01 2,08 -18,9

— s — | —sa3%
Vysa  -18,36 20,00 30,00 40,00
= = 47,40%

Vyse 40,00 (WS FC7)

(UsFCT)
In | |checkz

Nege 0,00 Vim  Vem M, g Megs |2

= ——=0,00% |:3='—+ = PR <1
Naa= 60,00 Vyrd Vera My Me 24
[USFC7)
20,00 -10,00 0,00 o0 |2

Mea -0,18 3F———+—— | +——+3F| 2 —— | =170,00%
—= _ 2B o0 40,00 -50,00 20,00 -30,00

Nas 60,00

LS FC

[USFCT) u K
|M2 j |Check2 j

My zse 10,00 Vs Me |2 Mo |°

= ——=33,33% 05— |3 2| 22| <

M ag- 30,00 Vyza Myza Mz za

[USFCT)

-25,00 s00 ] w00 |°

Mz 0,00 0,5F——+| 3| —— + =33,25%
——=———=0,00% 40,00 20,00 30,00

Myze  -30,00
[USFC7) (USFC7) b

The resistance is checked for each component individually, with the drop down list you switch between
the components resistance results. The interaction is checked for the defined interaction formulas,
with the drop down list you switch between the different interaction results. The determining ULS

combination is shown between brackets each time.

Checks that do not comply with the “< 1” requirement are displayed in red.

7.3.8. Reporting parametric connections

Parametric connections can be added to the report:

* In the ‘Geometry’ tab: ‘Insert connection data’. This will report the geometry data of the all
the connections in the internal library

* Inthe ‘Detailed results’ tab: ‘Insert connection verification’. This will report the resistance and
interaction checks of all assigned connections.
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Print report @ Print report @

Name : |new report Name : ‘new report
‘General Geometry |Loads ] Global results | Detailed results | .Generall Geometry I Loads ] Global results  Detailed resuits |

[~ Show geometry

Configuration |Geomeh’y ﬂ Iz‘

[T Insert geometry datain table M M ‘
? P R
5 .ae jﬁ ﬂ‘?ﬁ ﬁu vé“ T
Table parameters |
& [usFc ~|
1Pls, ML N

2 ¥ y v, Envelope

[~ Insert coss-section data & - L] ﬁ ULSFC 7
ot 5 * _/%)ﬂe #

[ Insert connection data; I

[” Insert material data

[ Show detailed restits:

[ Insert soil layer profile

I Al
[T Insert functions data
[ Insert detailed results in table ULSFC ﬂ
Envelope
™
7o B B,
=R
5 ¥ T
[~ Al
I [v¥ Insert connection verification I

Help Cancel | oK | Help | Cancel oK

8. Import and export to BIM Expert

8.1. From Diamonds to BIM Expert

To export a Diamonds model to BIM Expert, do the following:

e Start Diamonds and log in (if necessary). Open the project you’d like to export.
e Start BIM Expert.
e In Diamonds go to ‘File’ = ‘Export to’ — ‘Export to BIM Expert’ or hit F8.

You'll need the license ‘BIM Expert Basic’ and ‘BIM Expert Diamonds plug-in’.
In BIM Expert you can:

e Either send this model to a colleague. You’ll need the license ‘BIM Expert Server’.
e Either send this model to Tekla. You’ll need the license ‘BIM Expert Tekla structures Plug-in’.

Consult the BIM Expert manual for more information.

8.2. From BIM Expert to Diamonds

To send a model from BIM Expert to Diamonds, consult the the BIM Expert manual.

When the model is received by Diamonds, you’ll get a notification with I:l You than have the option
to load the model or remove it.
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