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1. Introduction

1.1 Add-on Module RF-GLASS

The add-on module RF-GLASS from DLUBAL SOFTWARE calculates deformations and stresses of
glass surfaces. Itallows you to generate all glass types like single layer, laminated, and insula-
tion glass. Furthermore, you can consider shear coupling between the layers.

This module provides an extensive material library containing the common types of glass, foils,
and gases. This library includes all essential material parameters according to the standards

E DINEN 13474, DIN 18008-1:2010-12, the technical rules TRLV:2006-08, as well as DIBt ap-
proval. Of course, you can also add other materials to the library.

For insulating glass, the calculation considers not only external loads, but also changes of
temperature, atmospheric pressure, and altitude that influence an intermediate gas layer. The
module also provides a simplified calculation according to Annex A of the standard DIN 18008-
1:2010-120r TRLV:2006-08.

This manual provides all necessary information for working with RF-GLASS. At the end of the
manual, you find typical examples for glass design.

Like other modules, RF-GLASS is also fully integrated into RFEM. It is, however, notjust an opti-
cal part of the main program: Results from the glass calculation, including graphical represen-
tations, can be transferred to the RFEM printout report. This allows for an easy and, above all,
clearly arranged glass design. The clear layout of the program with its intuitive tables and dia-
log boxes as well as the uniform structure of the Dlubal add-on modules facilitate working
with RF-GLASS.

We hope you will enjoy working with RFEM 5 and RF-GLASS.

Your team from DLUBAL SOFTWARE GMBH
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1.3  Using the Manual

Topics like system requirements or installation are described in detail in the RFEM manual.
Therefore, they do not need to be introduced here. Instead, the present manual focuses on the
special features of the add-on module RF-GLASS.

The description of the module keeps to the sequence and structure of the input and output
module windows. The text of the manual shows the described buttonsin square brackets, for
example [View mode]. At the same time, they are pictured on the left. In addition, expressions
used in dialog boxes, tables, and menus are setin jtalics to clarify the explanations.

At the end of the manual, you find an index. However, if you still cannot find what you are
looking for, please check our website www.dlubal.com, where you can go through our FAQ
pages by selecting particular criteria.

14 Openthe RF-GLASS module

There are several possibilities to open the add-on module RF-GLASS.

Main menu
To open RF-GLASS, selectonthe RFEM menu

Add-on Modules — Others — RF-GLASS.

[ Add-on Modules | Window  Help

© > |PE| & | e i e MW G D R |A

Design - Steel >"%' %th.ﬁﬂ‘? ﬁﬁﬁﬂ'%' & -

Design - Concrete ]
Design - Timber »
Design - Aluminium 3
Dynamic ]
Connections »
Foundations 4
Stability 4
Towers 3

Others M| FT | RF-DEFORM Deformation and deflection analysis

External Modules » A, | RF-MOVE Generation of moving loads

'E-&’ RF-IMP Generation of imperfections

‘,'-—-_‘ RF-STAGES Analysis of construction stages

LZ RF-LOAD-HISTORY Simulation of load history

RF-INFLUEMCE Generation of influence lines and surfaces

ks | RF-SOILIN Soil-structure interaction analysis

! RF-GLASS [k Design of glass surfaces

£F | RF-LAMINATE Design of laminate surfaces

Figure 1.1: Main menu: —Add-on Modules — Others — RF-GLASS

Navigator
Alternatively, you can start RF-GLASS in the Data navigator:
Add-on Modules — RF-GLASS-Design of glass surfaces.

I Program RF-GLASS © 2013 Dlubal Software GmbH
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Project Navigator - Data x
ET RFEM -
¥ Glass model [Examples] I

-] Model Data

-] Load Cases and Combinations

----- |=J Loads

----- _J Results

----- |_J Sections

----- | Average Regions

----- | Printout Reports

-] Guide Objects

= Add-on Modules

E| o Favorites

+& RF-LAMINATE - Design of laminate surfaces

----- & RF-STEEL Surfaces - General stress analysis of steel surfaces

()

m

(5]

=

----- L RF-5TEEL Members - General stress analysis of steel members

----- E: RF-STEEL EC3 - Design of steel members according to Eurocode 3

----- Je| RF-5TEEL AISC - Design of steel members according te AISC (LRFD or
----- fs| RF-STEEL IS - Design of steel members according to IS

----- din RF-STEEL SIA - Design of steel members according to SIA

----- 2a RF-STEEL B5 - Design of steel members according to BS -
4 T | [3

Il Data | (B Display 4§ Views

Figure 1.2: Data navigator: Add-on Modules — RF-GLASS

Panel

If there are already RF-GLASS results in the RFEM model, you can start the add-on module in
the panel:

Setthe relevant RF-GLASS design case inthe load case list, whichis located in the RFEM
toolbar. Then, click [Show results] to display the deformations or stresses graphically.

In the panel, you can now use the [RF-GLASS] button to open the module.

Panel >

Displacements for LC1

u-z [mm]
2.943
2681
2413
2145
1.877
1.609
1.340
1.072
0.804
0.536
0.268
0.000

Max : 2.949
Min : 0.000

RF-GLASS

Ex 4

Figure 1.3: Panel button [RF-GLASS]
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2. Theoretical background

This chapter briefly explains the theoretical principles of the RF-GLASS module.

2.1 Symbols

t Thickness of composition [m]

Thickness of individual layers [m]

E Modulus of elasticity [Pa]

G Shear modulus [Pa]

v Poisson's ratio [-]

¥ Specific weight [N/m?]

ar Coefficient of thermal expansion [1/K]
Climit Limitstress [Pa]

A Thermal conductivity [W/(mK)]

dj; Elements of the partial stiffness matrix [Pa]

D,j Elements of the global stiffness matrix [Nm, Nm/m, N/m]
Ox:0y Normal stresses [Pa]

Ty Tai Txy Shear stresses [Pa]

n Number of layers [-]

z z -axis coordinate [m]

T Temperature [K]

p Pressure [Pa]

H Altitude [m]

v Volume [m?]

m, Bending momentinducing stressesin x -axis direction [Nm/m]
m, Bendingmomentinducing stressesin y -axis direction [Nm/m]
m,, Torsional moment[Nm/m]

Vi Vy Shear forces [N/m]

n, Axial force in x -axis direction [N/m]

n, Axial force in y-axis direction [N/m]

Nyy Shear flow [N/m]

I Program RF-GLASS © 2013 Dlubal Software GmbH
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2.2 Types of Glass Structures

As already mentioned in the introduction, we distinguish between single layer glass, laminat-
edglass, and insulating glass. Modeling of the different glass types is described in the follow-
ing chapters.

2.2.1 Single-Layer Glass

Single-layer glass is the simplest composition case. For single-layer glass, you can use:
e 2D calculation (plate theory)

e 3D calculation (modeling by using solids)

Calculation according to the plate theory has its limits in the case of plates with an extreme
thickness. These are modeled by using solids. An approximation criterion for a valid calculation
according to the plate theory is given by the relation t/L<0.05, where t isthe thicknessand
L isthe length of the plate side (or the characteristic dimension of the model).

2.2.2 Laminated Glass

Laminated glass consists of at least two glass panes, connected by an intermediate layer,
whichin most casesis made up of a foil orresin.

For laminated glass, you can use:
e 2D calculation with shear coupling between layers (plate theory)
e 3D calculation (modeling by using solids)

e 2D calculation without shear coupling of layers (plate theory)

2D calculation without shear coupling between layers

The stiffness, whichis calculated on the basis of the layer composition, is assigned to one or
more selected surfaces. The surface is then modeled by using common surface elements.

3D calculation

For laminated glass, the foil connectingindividual glass panesis usually much thinnerthan the
glass. The product of the foil thickness and its shear modulus t-G is about 3-7 decimal places
smaller than the product of the glass thickness and the shear modulus of glass. This means
that there is a significant shear distortion in glass and foil (see Figure 2.2), and the 2D plate
theoryyieldsincorrect results. In this case, itis recommended to use the 3D calculation which
yields accurate results, but is more time-consuming.

2D calculation without shear coupling between layers

It is also possible to calculate according to the 2D plate theory without shear coupling be-
tween layers. Individual glass panes can then"slide" over each other. This calculation is rec-
ommended for long-term loads, when the shear resistance of a connecting foil should not be
considered, because its properties depend on the load duration and temperature.

The three mentioned options are shownin Figure 2.1.

I Program RF-GLASS © 2013 Dlubal Software GmbH
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Figure 2.1: Laminated glass subjected to bending: 2D plate theory with shear coupling between layers (left),
3D calculation (middle), 2D plate theory without shear coupling between layers (right)

Figure 2.2: Shear distortion in laminated glass (3D calculation)

2.2.3 Insulating Glass

This type of glass is always calculated by large deformation analysis, with an application of the
NEWTON-RAPHSON method.

Insulating glass consists of individual glass panes, intermediate gas layer, spacer, primary and
secondary seal. All these components are essential for the overall behavior of the glass. Be-
sidesa composition of individual layers, you can specify properties of the secondary seal and
climatic load parameters in RF-GLASS.

Insulating glass is calculatedin 3D, therefore all layers are modeled by solids. Consequently, it
is only possible to create aninsulating glass when the Local calculation type is selected (see
Chapter 3.1, page 17). Alayer of the Gas type is modeled by using a solid element, created es-
pecially for this calculation. The ideal gas law is then consideredin the calculation. Glass is
produced at temperature T,, pressure p,,and initial gas volume V, (of a certain intermediate
layer).

10
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Figure 2.3: Climatic load parameters for manufacturing (left), mount (right), MSL = mean sea level

Aload due to a temperature change is converted to a change of anambient pressure p_ . by
using the coefficient ¢, . The ambientpressure p . comprisesthe atmospheric pressure
change converted to the sealevel Ap,,...the influence of gas heating AT, and the pressure
change due to the altitude AH. It is determined as follows:

Pout =Pp + APmer — GAT — ,AH (2.1)
APt = Poutmet ~ Pp,met (2.2)
AT=T,-T, (2.3)
AH =H, — H, (2.4)
where
Pp
¢ =— Pa/K (2.5)
Tp
¢, =12 Pa/m (2.6)
Moreover, the solution satisfies the equilibrium equation
ppVO =pY (2.7)
. . Atmospheric pressure atsea level
H, Altitude at manufacturing Pp,met (manufacturing)
H Altitude at mount p Atmospheric pressure at sea level
2 out,met (mount)
AH | Differenceinaltitude H, — H, Pp Pressure during manufacturing
Temperature during manu- . .
T, facturing Pout Ambient pressure during mount
T Temperature on the external Gas pressure during mount
ext glass side (mount) P P 9
Temperature on the internal .
Tint glass side (mount) Vo Initial gas volume
T Gas temperature (mount) v Final gas volume

Table 2.1: Symbols for insulating glass

I Program RF-GLASS © 2013 Dlubal Software GmbH
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2.3 Stiffness Matrix

As an isotropic material, glass is defined by the modulus of elasticity E, the shear modulus G
and Poisson's ratio v :

E

2.
2-(1+7) 28

G:

2.3.1 2D- Consideration of Shear Coupling Between
Layers

Consideraplate consisting of n isotropic material layers. Each layer has the thickness ¢, and
a minimum and maximum z -coordinate z

min,i’ zmax,i *

Zmin1
External side
Zmin2 = Zmax,1
1 Layer No.1

Zmin3 = Zmax,2

Zimax,3 Layer No. 2
t
’ Layer No.3
z
Internal side
Figure 2.4: Layer composition
The stiffness matrix for each layer d; is defined as follows:
_1 E; . 1ViEi2 0 ]
—Vi —Vi
dyg; dip; O ' E-l E
d = dy; 0 |= = 0|, G=—~r— i=l.n (2.9)
' 1=v; 2:(1+v;)
sym. dsz;
' sym. G;
The global stiffness matrix is:
D, D 0 0 0 Dg D; 0]
D,, O 0 0 sym. Dy, O
Dy; O 0 sym. sym. Dsq
D 0 0 0 0
D= 4 (2.10)
Dss O 0 0
sym. Dgs Dg; O
D;;, 0
L Dgg

12
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Stiffness matrix elements (bending and torsion) [Nm]

n 53 3 n 53 3
V4 i —Zmini Z =70
_ max,i min, i _ max, i min, i
DH_Z dH,/’ D12_Z d12,i
i=1 3 i=1 3
n 53 3
Z =7
_ max,i min, i
D,, = 2—3 day,i
i=1

Stiffness matrix elements (eccentricity effects) [Nm/m]

n 52 2 n 2 2
zo -z Z5 =z
_ max, i min, i _ max, i min, i
D16 - : \, d11,i D17 - : J d12,i
= 2 — 2
i=1 i=1
n 52 2
4 —zo
_ max,/ min,/
D27 - z ‘, d22,i
2

i=1

Stiffness matrix elements (membrane) [N/m]

n n
Des = D tichy, Dg; =D tidyy,;

i=1 i=1

n
D;; = Zti dyy,i
i

Mx Dy Dy 0 0 0 D Dy

my D,, 0 0 0 sym D,

Myy D3 0 0 sym. sym. Dsg
Vy Dy O 0 0

v, [~ Dis 0 0

ny sym. Des  De7

ny Ds7

ny | L

n 53

Z .
D33 — Z max, i S

i=1

n ;2

Dlubal
KX
Ky
Kyy
Y xz
(2.11)
Vyz
gX
&y
Vxy
Bending and torsion
Shear
Membrane
Eccentricity

3
_Zmin,i d
33,i

D38 — Z Zmax,i

i=1

n
Dgg = ) t;d33;
in

min, i d
33,
2

I Program RF-GLASS © 2013 Dlubal Software GmbH
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Stiffness matrix elements (shear) [N/m]

48 1
5/2 1 1

3 3 3
if,i iE' Zmax,i ~ Zmin,i
i=1 12 i=1 l 3

Dys =Dss =max| Dyasss calc/ (2.12)

where | isthe middle size of the surface bounding box. The value D455 5 isgiven by:

t/2
: [ dn(z)zdz )
Daayss,calc = 7 5120 = 72/,22 ,t= Zt,- (2.13)
=\ A= i=1
. [ di1(2)(z-20)2 ) tI/ zdn(Z)dz

Z dz

23.2 3D
If the model is created by means of solids, the following stiffness matrix is used:
- -1
I Y Yo oo
E E E
1 v
o, F F 00 0] (g
O
g Lo oo o] |V
Oz E &7 E
= , G=——— (2.14)
Tyz l 0 O Vyz 2'(1 + V)
TXZ G 7/XZ
1
Ty sym. — 0 Vxy
G
1
L G

2.3.3 2D- Shear Coupling Between Layers Not Considered

Now, consider a plate consisting of n isotropic materials without shear coupling of the indi-
vidual layers. Each layer has the thickness ¢, and a minimum and maximum 7 -coordinate

Zmin,i ! Zmax,i °

Zming

External side

Zmin2 = Zmax,1

t; LayerNo.1
Zmin3 = Zmax,2
2 Layer No.2
Zmax,3 :
5 LayerNo.3
z
Internal side

Figure 2.5: Layer composition

14
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The stiffness matrix for each layer d, is determined as follows:
_1 E; - 1ViEi2 0 ]
—Vi —Vi
dyg; dip; O ' E ' £
di: d22, 0 = 12 O ’ GI:—, i:1,...,n
' -, 2(1+ )
sym. d33,
' sym. G;
The global stiffness matrix is:
D,y D, O 0 0 0 0 0]
D, 0 0 0 0 0 0
Dy, 0O 0O 0O 0 O
D, 0 0 0 0
D= 44
Dss 0O 0 O
sym. D¢ Dg; O
L D |
— - KX
My Db Db O 0 0 0 0 O K,
my D, 0 0 0 0 0 O
myy Dy, 0O 0 0 0 0 i
ve | Dy 0 0 0 0 ||/«
Vy DSS 0 0 0 Vyz
n, sym. Dgg Dg; O &y
ny D77 0 &
D y
n L 88
v Txy

Shear

Stiffness matrix elements (bending and torsion) [Nm]

n t»3 n l'»3
DH :Z;dﬂi D12 :z;dni
ia12 in12

D22 = ;dZZI
in12
n l’~3
D33 :z;d33i
—12
i=1

2 Theoretical background 4&
Dlubal

Bending and torsion

Membrane
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Stiffness matrix elements (membrane) [N/m]

n n
Dgs = D tidyy; Dg; =Y tidhy;

i=1 i=1

n
Dy; = Zti dyi

i=1

Stiffness matrix elements (shear) [N/m]

1.5 15
Dy = ZEGHJ t; Dss = Zngz,i t;

i=1 i=1

n
Dgg = zti ds3;

i=1

Dlubal =~
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3. InputData

When you start RF-GLASS, a new window appears. The navigator on the left side contains the
available module windows.

The design-relevant data is to be defined in several input windows.

To open a module window, click the appropriate item in the navigator. To select the previous
or next window, use the buttons shown on the left. To browse through the windows, you can
use the keys [F2] (next) and [F3] (previous).

Calculation Having entered all necessary data, you can start the [Calculation].

Details. . By clicking [Details], you open the dialog box where you can specify the stresses and results
windows to be displayed (see Chapter4.1, page 39).

Standard To setthe limit deflections and other calculation parameters, click [Standard].
Graphics To display the RFEM work window, click [Graphics].

To save the entered data and exit RF-GLASS, click [OK]. To exit the module without saving the
Cancel entered data, click [Cancel].

bl Bl o

3.1 General Data

RF-GLASS - [Glass model] X
File Seftings Help
Input Data 11 General Data
General Data
s Design of Standard
- :”: ?USDPD"S Sufaces No. I DIN 18008:2010-12 BRI
lodal Supports ~— =
. Boundary Members 12 &0 O
Load Duration
Utimate Limit State | Serviceabilty Limit State |
Existing Load Cases Selected for Design
i LC2 W C1 | Sef-Weigh Persistent and Transient m
B - LC3 m
(2] S
I-L
(=) e
Calculation and design
of glass surfaces
AR - &) [Ea] B]
Comment Calculation Type
| @ Local - Individual giass surfaces | 1|
Global - Whol modelin RFEM
@) (& Caloulation | [ Detais.. | [ Standand —— e

Figure 3.1: Window 1.1 General Data

In Window 1.1 General Data, you select the surfaces and actions for the design. You can select
load cases, load combinations, or result combinations for the ultimate limit state designand
the serviceability limit state designin the two respective tabs.
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Design of

In the upper section, you specify the surfaces for the design. If you want to analyze only partic-
ular surfaces, clear the selection of the All check box: Thus, an input field becomes available
where you can enter the relevant surfaces. You can select the list of the preset numbers by

4 double-clicking it, and then overwrite the entry manually. The [\] button allows you to graph-
ically select the surfaces in the RFEM work window. You can delete the list of the already preset
surface numbers by clicking [X].

X

Standard
In the Item list in the upper right corner of the window, you can select the standard from
which the parameters will be applied for the design and the limit values of the deflection.
The following standards can be selected:

e DIN18008:2010-12

e TRLV:2006-08

e None

Use the [Edit] button to open a dialog box where you can check and, if necessary, adjust the
parameters of the selected standard. The dialog box s describedin Chapter 4.3 on page 49.

To create a user-defined standard, click [Create new standard...].

In addition to that, you can click the [Standard] button from all windows. This button also al-
Standard lows you to open the Standard dialog box.

Calculation type
In the section Calculation type, you can choose:

e Local-Individual glass surfaces
e Global -Whole model in RFEM

If you select Local - Individual glass surfaces, the calculation of the selected surfacesin RF-
GLASS is done in independent systems. The surfaces are analyzed separately, without interac-
tion with the model created in RFEM. Line supports, nodal supports and boundary members
can be setdirectly in Windows 1.3, 1.4 and 1.5 of the module. The supports and members en-
teredin RF-GLASS are considered only in the module; they do not influence RFEM specifica-
tions. For this selection, 3D calculation (using 3D finite elements) of glass surfaces is possible.

If you select Global - Whole model in RFEM, the calculation proceeds directly with the model
created in RFEM. Therefore, itis not necessary to define supports and boundary members di-
rectly in RF-GLASS. Consequently, Windows 1.3, 1.4and 1.5 are not available with this option
(asyou can see inFigure 3.2). If the Global calculation type is selected, only 2D calculation
(plate theory) is possible. It is not possible to create insulating glass (setgas layerin Table 1.2)
whichis always modeled by solid elements (see Chapter 2.2.3, page 10).
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RF-GLASS - [Glass model] |
File Settings Help
Input Data 11 General Data
General Data
Ll Design of Standard
Load Duration Surfaces No. B DIN 18008:2010-12 - [&
iz (] o
Utimate Limit State | Serviceabiity Limit State |
Existing Load Cases Selected for Design
o LC2 MM LC1 | Sef Weigth Persistent and Transient m
I < 1C3 m‘
\‘\‘-«‘¥
I-II-
=
Calculation and design
of glass surfaces
AR - ) ga
Comment Calculation Type
“ | ) Local - Individual glass sufaces 1|
~ | (@ Global - Whole model in RFEM
Cadan | [l S

Figure 3.2: Window 1.1 General Data - Global calculation type

The following example shows how the modelin RFEM and the Calculation type in RF-GLASS

significantly influences the RF-GLASS calculation. Consider the glass structure in the following
picture.

: N\
\

Figure 3.3: RFEM model

¢ The modelis created as one surface. Then, two lines with members are inserted. Local cal-

culation of individual glass surfaces is selected in RF-GLASS. The model used for the calcu-
lation is in the following picture.
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Figure 3.4: RF-GLASS model with one surface of the type Glass and Local calculation of individual glass surfaces

e This example canalso be modeled in RFEM with three surfaces. However, in this case
three separate models are created in RF-GLASS - see Figure 3.5, Figure 3.6 and Figure 3.7.
You can see that supports or members that are created on common lines or nodes (in this
case member) are valid for both surfaces.

Figure 3.5: Model of surface No. 1in RF-GLASS in the case of three surfaces of the type Glass and Local calculation of indi-
vidual glass surfaces

Figure 3.6: Model of surface No. 2 in RF-GLASS in the case of three surfaces of the type Glass and Local calculation of indi-
vidual glass surfaces

Figure 3.7: Model of surface No. 3 in RF-GLASS in the case of three surfaces of the type Glass and Local calculation of indi-
vidual glass surfaces

e [If Global calculation with whole model in RFEM is selected, calculation is done with the
same model asin RFEM.

Figure 3.8: Model in the case of Global calculation with whole structure in RFEM

20
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Comment

This comment text box is located at the bottom of the window. You can enter notes or expla-
nations forthe RF-GLASS case.

3.1.1 Ultimate Limit State

RF-GLASS - [Glass model] ]
File Seftings Help
Inpt Data 11 General Data
- General Data
Layers Design of Standard
Line Supports Sufaces No. = DIN 12008:2010-12 - [&=] (=]
- Nodal Supports > i3
Boundary Members - [(B]X] Owa
- Load Durstion
Utimate Limit Stete | Senviceabilty Limi State:
Existing Load Cases Selected for Design
o L2 Ml LC1 | Sef-Weigth Persistent and Transient m
I -Lc3 m
; S
I.II-
= o
Calculation and design
of glass surfaces
AR - [87] (B8] Bv] B8]
Comment Calculation Type
“ | @ Local - Individual giass surfaces | 1|
= | ) Global - Whole model in RFEM
@) (&8 ([F) Caloulation | [ Detais.. | [ Standard Graphics —

Figure 3.9: Window 1.1 General Data, tab Ultimate Limit State

Existing Load Cases

This section contains the list of all load cases, load combinations, and result combinations cre-
ated in RFEM.

By using the [»] button, you can transfer selected entries to the list Selected for Design on the
right. You can also transfer items by double-clicking them. To transfer the entire list to the
right, click[»>»].

You can also make a multiple selection of load cases by pressing the [Ctrl] key and clicking the
respective items, as is usual in Windows. In this way, you can select and transfer several load
cases to the list on the right at once.

If a load case or load combination is marked with an asterisk (*), as for example LC3 in Figure
3.9, you cannotdesign it: This indicates a load case without load data or an imperfection load
case. However, this does not apply to insulating glass: This type of glass can also be loaded by
a change of temperature, atmospheric pressure, or altitude (see Chapter 3.6, page 35). If at
leastone gas layer is defined in the 1.2 Layers window, the asterisk (*) disappearsin the 1.1
General Data window at the load case without the assigned load data so that you can selectit
for the design.

Filter options are available at the bottom of the list. These options make it easier to assign the
entries sorted by load cases, load combinations, or action categories. The buttons have the fol-
lowing functions:
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Selects all load casesin the list

#)| (&)

Inverts the selection of load cases

Table 3.1: Buttons in the tab Ultimate Limit State

Because the calculation of insulating glass always proceeds by the large deformation analysis,
it is not possible to calculate result combinations for insulating glass.

!

Selected for Design

The right part of the module window lists the load cases, load combinations, and resultcom-
binations selected for design. To remove the selected items from the list, click [ 4] or double-
click them. To transfer the entire list to the left, click [ € «(].

E| N

You can assign the load cases, load combinations, and result combinations to the following
design situations:

e  Persistentand transient

e Accidental

This classification manages the partial safety factor y,, of the material properties. You can
Standard checkand adjust this factor in the Standard dialog box (see Chapter4.3).

i

3.1.2 Serviceability Limit State

RF-GLASS - [Glass model] X
File Settings Help
Inpt Data 11 General Data
General Data
Ll Design of Standard
:”: ?USDPD"S Sufaces No ¥ DIN 18008:2010-12 RIEEIE)
lodal Supports ~— =
-~ Boundary Members 2 &) om
-~ Load Durstion
Serviceabilty Data Utimate Limi State | Serviceabilty Limk State: |
Existing Load Cases Selected for Design
as LC2 M=l LC1 Seff-Weigth Characteristic m
Lo QT m
) S
I-II-
= (+ o

Calculation and design
of glass surfaces

d
5
g
)

Al -

Comment Calculation Type

@ Local - Individual dlass sufaces | 1|
(Glotal - Whole medl in RFEM
2) (& & Cateulation | [ Detas.. | [ Standand Graphics Cancel

Figure 3.10: Window 1.1 General Data, tab Serviceability Limit State

Existing Load Cases

This section lists all load cases, load combinations, and result combinations, which were creat-
edin RFEM. Afteryou transfer items to the Selected for Design list on the right, the additional
window 1.8 Serviceability Dataappears in the navigator.
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Selected for Design

As describedin Chapter3.1.1, you can add or remove load cases, load combinations, and result
combination.

In this section, you assign a design situation to the individual load cases, load combinations,
and result combinations, either Characteristic, Frequent, or Quasi-permanent. Based on this se-
lection, different limit values apply for the deflection. You can adjust these limit valuesin the
Standard Standard dialog box (see Chapter4.3).

v
‘ ¥/ [v)

3.2 Layers

1.2 Layers
Current Composition List of Surfaces Compesition No. 1
1 [Comp. - [ () ) (&) (%) () (&)
Layers
B [ c 7 ] [ E [ F [ G I ]
Layer Layer Material Thickness Medulus of Elast. Shear Modulus Poisson’s Ratio Specific Weight Coeff. of Th. |
e Type Description t [mm] E [MPa] G [MPa] vH 7 feN/m?] at[1/K]
Thermally Toughened Float Glass 10.00 70000.000 28455.300 0.230 25.00 9.0
PVB 22 °C loading until 3 min 0.38 3.000 1.001 0.439 10.70 8.0
Thermal?y Toughened Float Glass 10.00 70000.000 28455.300 0.230 25.00 9.0/
2 E
5 | Fol
[3 Gas
5
8
9 -
a m 3
EEIRES a oo (@ &%
Info
1: Thermally Toughened Flost Glass ey
2: PVB 22 *C loading until 3 min Surface weight: 0.250 [kw/mZ)
3: Thermally Toughened Float Glass
T Thickness 2038 [mm]
E Surface weight 0.504 kN/m2]

Local Axis =
Direction

Bottom

Figure 3.11: Window 1.2 Layers

In this window, you define layer compositions for individual surfaces of a glass structure. The
selected composition is displayed in the Current Composition section. You can specify individu-
al layers for each composition. You can create more compositions with various layers here. For
each composition, you need to define corresponding surfaces in the section List of Surfaces.

The following buttons are available in this window:

Name

Create New Composition

Edit Composition Details...

Copy Current Composition

Delete Current Composition

Delete All Compositions

Select Surfaces

IDEE0EE

Table 3.1: Buttons in the Layers window
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Material
Description
[ Themally Toughened Float Glass Ij:é
PVB 22 C loading urtil 3 min
Themally Toughened Float Glass
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For each composition, the Details of Composition dialog box is available. To open the dialog
box, which is described in Chapter4.2, click [Edit Composition Details...].

In Window 1.2 Layers, in the Layers section, you can define individual layers for the current
composition. Column A Layer Type provides the three options Glass, Foil, and Gas.

You can select the materials from the library, which already contains a large number of materi-
als. To open the material library, click the button shown on the left. You can also place the cur-
sor in the relevant field of column B Material Description, and then click the appearing [...] but-

ton or press [F7].

In the Filter section of the material library (see Figure 3.4), the material category appropriate for
the layer type selectedin column Aiis preset.

You can reduce the selection possibilities of materials by using the drop-down lists Standard
group or Standard. In the Material to Select list on the right, you can select a material and check
its parametersin the lower part of the dialog box.

To import amaterial inthe 1.2 Layers window, click [OK]. Alternatively, you can press [] or
double-click the material. Then, you can adjust all material parameters directly in the module.

f Material Library ﬁ‘
Fitter Material to Select
Material category group: Material Description Standard
[ Float Glass, Vertical Glazing == TRLV:2006-08
Material category: [ Rolled Glass, Horizortal Glazing = TRLV:2006-08
DGlass [ Rolled Glass, Vertical Glazing ] TRLV.2006-08
Standard group: [ Themally Toughened Float Glass == TRLV:2006-08
=D - [ Themally Toughened Pattemed Glass == TRLV:2006-08
[ Themally Toughened Enamelled Glass == TRLV:2006-08
Standard: [ Heat Strengthened Float Glass == TRLV:2006-08
8 TRLV-2006-08 + | | Heat Strengthened Enamelled Glass == TRLV:2006-08
[ Laminated Float Glass, Horizontal Glazing == TRLV:2006-08
[ Laminated Float Glass, Vertical Glazing == TRLV:2006-08
[ Laminated Heat Strengthened Glass == TRLV:2006-08
[ Laminated Heat Strengthened Enamelled Glass == TRLV:2006-08

[ Include invalid...
= = K

Float Glass, Horizontal Glazing | TRLV:2008-08

Favorites only...

Material Properties.
E Main Properties

Modulus of Elasticity E 70000.0 | N/mm2
Shear Modulus G 28455.3 | N/mm2
Poisson’s Ratio v 0.230

Specific Weight T 25.00 | kN/m?
Coefficient of Thermal Expansion o 9.0000E-06 | 1/°C

[ Additional Properties

Allowable Stress Gallow 12.0 | N/mm2
Themal Conductivity i 1.000 | W/m/K

Lo S

oK | [ Cancel

Figure 3.12: Material library

For the TRLV regulation (Technical regulation for the use of glazing with linear supports), the
material library distinguishes between vertical and horizontal glazing. The following figure il-
lustrates the difference. For glass types that are not distinguished in such a way, the parame-
ters are the same for both glazing types.
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Figure 3.13: Horizontal glazing (left), vertical glazing (right) [6]

Individual layers can have a solid (glass or foil) or a gaseous state. If a composition contains

a gas layer (that is, for insulating glass), then the program shows which side is considered as
the external and which as the internal one (see Figure 3.14). This piece of informationisim-
portant for entering further parametersin the 1.6 Climatic Load Parameters window. This mod-
ule window appearsin the navigator if you specify a gas layer (see Chapter 3.6, page 35).

A gas layer must always be enclosed on both sides by layers of a solid material (glass or foil).

1.2 Layers
Current Composition List of Surfaces Composition No. 2
21Com. 2 - @ E XE e 5
Layers
B [ C D | E | G [ H -
Layer Material Thickness Modulus of Elast Shear Modulus Poisson’s Ratio Specific Weight Coeff. of Th. E
No Description t [mm] E [MPa] G [MPa] v 7 kN/m?] a1 [17K]
i Themnally Toughened Float Glass 10.00 70000.000 28455.300 0.230 25.00 5.0
z Dy Air 10.00 0.01
3 |Glass Themally Toughened Float Glass 10.00 70000.000 28455300 0.230 2500 50|_
2 =
5
[
7
[
E] -
2 m 3
D)@ [X] [ ol[® (¢ H]=
Info
External Side
r 1: Thermally Toughened Float Glass Eoveaghici
[ 2: Dry Air Surface weight: 0.250 [knim?]
I 3: Thermally Toughened Flost Glass
P
E Thickness: 30.00 [mm]

T Surface weight: 0.500 [kW/m2]

Local Axis z
Direction

Intemsl Side
Bottom

Figure 3.14: Window 1.2 Layers — insulated glass

Below the table in Window 1.2, you can find a number of useful buttons. The buttons have the
following functions:

Button | Name Function

Load saved layers Loads a previously saved composition

Saves the composition entered in Window 1.2 which

save layers as can then be loaded in other RF-GLASS models

Delete all layers

Deletesall datain Window 1.2.

Import material from library

Opens the dialog box Material Library
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Show layer stiffness matrix
elements

Displays elements of the stiffness matrix
(see Chapter 2.3, page 12).

Show extended stiffness
matrix elements

Displays elements of the global stiffness matrix
(see Chapter2.3, page 12).

| &l | k]

Jumpto graphic to change
view

Jumps to the RFEM user interface allowing fora
graphical evaluationwithout exiting RF-GLASS

Export to MS Excel/
OpenOffice.org Calc

=

Exports contents of a current module window to
MS Excel or OpenOffice.org Calc
— Chapter 7.2, page 69

Import from Microsoft Excel/
OpenOffice.org Calc

o

Imports contents of a MS Excel or OpenOffice.org
Calc table to Window 1.2

Table 3.2: Button in Window 1.2 Layers

In the lowerright part of the 1.2 Layers window, you can find information on the weight of the
selected layer as well as the total thickness and weight of a model.
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3.3 Line Supports
1.3 Line Supports
Current Composition List of Surfaces Compesition No. 1
11Comp. 1 RN =R EEE B
Support Type
A [ B
Support Support
Mo On Lines No Type
I
2 Fingsd -ype 1 L
Hinged - type 2 y 3
Hinged - type 3
Hinged -type 4
Hinged -type 5
Hinged -type &
Hinged -type 7
Symmetry
Rigid x
User-defined a y .’I'\ x ld y
z z
e Local reference system is
ey ‘4 Li defined in the following way
Support Conditions
Layer Support Reference Rotation Support or Spring fcN/m 2] Rotational Restraint or Spring [<Nm./*/m]
No Location system BI1 ux Uy uz Ox Dy Pz
1| Centerfine Local 0.00 =] =] e ] ] 5]
3 | Centerine Local 0.00 =] =] ] ] O &

Figure 3.15: Window 1.3 Line Supports

If you selectthe Local calculationin Window 1.1, the analysis in RF-GLASS requires a precise
structural model. To this end, you can choose from nine types of predefined line supports or

define your own type. The supports entered in RF-GLASS are used only for this module; they
do not influence RFEM specifications.

In column A On Lines No., you specify the lines at which the support acts. In column B, you can
selectastandard Support Type (Hinged - type 1 through type 7, Symmetry, and Rigid), or specify
a user-defined support. The user-defined supportis to be specifiedin the lower table of this
window. A dynamic graphic shows the locations of the line supports on the layers, allowing
you to check your entries. All predefined line supports are related to the local coordinate sys-
tem that is defined for RF-GLASS in the following way: Axis x is the center line of the selected
line, axis y isin the plane of a surface defined in RFEM, and axis z is perpendicular to the RFEM
surface.

»
] =
Y .

z
Figure 3.16: Local coordinate system of RF-GLASS

For laminated glass, there is a difference between 2D and 3D calculation with regard to bound-
ary conditions for predefined line supports of the type Hinged (type 1, 3, 5, 7). If the calculation
is in 2D (according to the plate theory), the supports are hinged. In the 3D calculation, however
(solid model), the supports are partially rigid. The following figure illustrates the difference:

I Program RF-GLASS © 2013 Dlubal Software GmbH

27



. 3 InputData 4&

Dlubal =~

a
“

“

Figure 3.17: Line supports of the type Hinged - type 5: 2D calculation (left) and 3D calculation (right)

The predefined support types are explained in the following table:

Hinged -type 1

2D calculation 3D calculation Boundary conditions
XT—)y XI—)y
F 3
z z
2
2 u, =u,=u,=0
2 X y z
@, =

F 3

Boundary conditions on center
lines of layers of type Glass

Hinged - type 2

2D calculation 3D calculation Boundary conditions
x<l>—>y XT—W
z z
* Ug=u,=u,=0
v, =

F 8
Boundary conditions on bottom
edge of lowest layer of type Glass

Hinged - type 3
2D calculation 3D calculation Boundary conditions

XT—)y XT_)y
z z 3

2

e

e

<
|

o

2

Boundary conditions on center lines
of layers of type Glass

Hinged - type 4
2D calculation 3D calculation Boundary conditions

x<l>—>y XT—W
z z

Do
<
N
|
o

2

Boundary conditions on bottom
edge of lowest layer of type Glass
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Hinged - type 5

2D calculation

3D calculation

Boundary conditions

XT—)}’
z

-

XT—)}/
o
z

o
Boundary conditions on bottom
edge of lowest layer of type Glass

” L, u,=u,=0
;=0
ot
Boundary conditions on center lines
of layers of type Glass
Hinged - type 6
2D calculation 3D calculation Boundary conditions
XT—W XT—W
z z
« u,=u,=0
;=0

Hinged - type 7

2D calculation

3D calculation

Boundary conditions

XT——)y
z

e

[pe

XT——)y
z a2

2

Boundary conditions on center lines
of layers of type Glass

u,=u,=0
q’y:(&z:o

Symmetry

This boundary conditionis recommended for cases when youwant to use the symmetry of
amodel. The condition contains not only correct line supports but alsoan appropriate ma-
terial of the side surface, which does not cause stiffening of the model.

2D calculation

3D calculation

Boundary conditions

XT—)Y
z

XT—>Y I
Z W
™

FFFFF

Boundary conditions on all
lines of all layers

u,=0

Px =Pz =

s
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2D calculation 3D calculation Boundary conditions
XT—W xr—)y 1
I
z . z "
] 1
| | u.=u,=u,=0
1 X y z
1 Py =@y =0, =0
|
1
Boundary conditions on all
lines of all layers

Table 3.3: Predefined types of line supports

User-defined supports can be entered in the lower table (see Figure 3.15) - for glass layers
which contain the lines of this table. In this table, you select the Support Location and define
the Reference System. You can choose either the local coordinate system of RF-GLASS (can be
defined directly in the table) or the global coordinate system. Furthermore, you can specify
a rotation of the local coordinate system about axis x with the angle  and define individual
degrees of freedom.

As for the predefined supports, a graphic illustrates the selected lines with the chosenline
supports.

In Window 1.3, three buttons are available, which have the following functions:

Button | Name Function
View mode Jumps to the RFEM work window for a graphical
check without exiting RF-GLASS
11 Graphical selection Allows you to graphically selectaline in the RFEM

work window

MS Excel Exports contents of a current window to MS Excel or
OpenOffice.org Calc (= Chapter 7.2, page 69)

Table 3.4: Buttons in the window Line Supports
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1.4 Nodal Supports
Current Composition

1| Comp. 1

Support Type
[ A

Support
Mo On Nodes No

%1

Support Conditions
Layer Support
No Location

Sequence| about X'

1 Centerline XrZ
3 | Centerline Xre

Nodal Supports

List of Surfaces

[ B

Support

Type
Hinged type 1 L
Hinged - type 2
Hinged - type 3
Hinged -type 4
Hinged -type 5
Hinged -type &
Rigid
User-defined

(o] (&) @]

Support Rotation [*]
about Y about Z ux uy
0.00 0.00 0.00 [ 5]
0.00 0.00 0.00 & ]

Figure 3.18: Window 1.4 Nodal Supports

Support or Spring [kN./m]

uz
=]
=]

The predefined support types are explained in the following table:

Dlubal

Compesition No. 1
=

5

Rotational Restraint or Spring [lkMm./*]
P oY Lr
] a =
] a =

In this module window, you can define nodal supports. In column A On Nodes No., you select
the nodes, at which the support acts. In column B, you can selecta standard Support Type
(Hinged - type 1to type 6, Rigid), or a user-defined support. The user-defined supportis to be
specified in the lower table. A dynamic graphic shows the exact locations of the nodal sup-
ports at the individual layers, allowing you to check your entries.

Hinged - type 1

2D calculation

3D calculation

Boundary conditions

XT—)}’
z

XT—)V
z

2

Boundary conditions of nodes

Glass

on center lines of layers of type

Hinged - type 2

2D calculation

Boundary conditions

XT'—)Y
z

3D calculation
XT——W
z

b §
Boundary conditions on bottom

edge of lowest layer of type Glass
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Hinged - type 3

2D calculation

3D calculation

Boundary conditions

XT—)}’
z

e

1

XT—>y
'y
z

2

Boundary conditions of nodes
on center lines of layers of type Glass

Hinged - type 4

2D calculation

Boundary conditions

XT—)Y
z

[pe

3D calculation
XT_W
z

Boundary conditions on bottom
edge of lowest layer of type Glass

Hinged - type 5

2D calculation

3D calculation

Boundary conditions

XT—)Y
z

o+

XT—)Y
-«
z

o« e u,=u,=0
L. ;=0
Boundary conditions of nodes
on center lines of layers of type Glass
Hinged - type 6
2D calculation 3D calculation Boundary condi-
tions

XT—W XT—W
z z

“ Uy =Uu, = 0

ot
Boundary conditions on bottom
edge of lowest layer of type Glass

Rigid

2D calculation

3D calculation

Boundary condi-
tions

XT—>y 1
z

Boundary conditions of nodes on all
center lines of all layers

Table 3.5: Predefined types of nodal supports
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User-defined supports can be entered in the lower table (see Figure 3.18) - for glass layers
which contain nodes of this table. First, you specify the Support Location and, if necessary,
a Support Rotation.Then, you can define the degrees of freedomin detail.

Window 1.4 provides the same buttons as Window 1.3 (see Table 3.4, page 30).

Dlubal
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3.5 Boundary Members

1.5 Boundary Members

Current Composition List of Surfaces Composition No. 1
-k EEE X &)
Assigning of Reference Lengths to Surfaces
(e B [ ¢ [ D [ E | F [ G [ H [ I [ J [ K [ L

Member Cross-section No. Member Rotation Release No Eccentricity | Division | Comment
No On Lines No. Layer Location Start End Type Bl Start End MNo Mo.
[ 1} 3 Centering 1 1 Angle 0.00 0 ] i ]

2

3

4

5

[

7

[]

9

10

11

12

13

14

15

16

17

18

15

20

21

2

23

24

25

26

27

28

(o) & &)

Figure 3.19: Window 1.5 Boundary Members

In this window, you can define members at the boundary of the glass surface.

In column A On Lines No., you select the line on which the member lies. In column B, you can
specify the Layer on whose center line the member is located. Only layers of the type "Glass"
are available for selection. In column C, you specify the Location of the boundary members at
the glass layer (Upper/Lower edge, Centerline).

In columns D and E, you select the member's Cross-section No. at the start and end of the line.
The cross-section must be definedin RFEM beforehand. In columns F and G, you can enter

a possible Member Rotation.Columns Gand H are used for the definition of Releases at mem-
berends. In column J, you can define an Eccentricity, and in column Ka Division.

In column L, you can write yourown Comment.

Window 1.5 provides the same buttons as Window 1.3 (see Table 3.4, page 30).
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3.6 ClimaticLoad Parameters

This window appears only if at least one gas layeris selected in Window 1.2, thatis, if you spec-
ified an insulating glass (see Chapter 3.2 Layers).

Single layer and laminated glass without gas layers can be loaded only by load cases defined in
RFEM (defined in Window 1.1). Insulated glass, on the other hand, can also be loaded by cli-
matic loads. These are defined in Window 1.6.

1.6 Climatic Load Parameters for Insulating Glass

Current Composition List of Surfaces Composition No. 2
- i () (X 5]
Climatic Load Parameters - Summer
V| Use
Manufacturing Mount Difference
Temperature: 190 o Temperature  Extemal: 8.0 rog 9.0 roy
Gas: 3905 el 200 ra
Marasiaciuing Intemal: 280K ra 9.0 el
Atmospheric pressure: 0.103 5| [Wmm2]  Atmospheric pressure: 0.107 | (umm?2) -0.002 | [M/mmZ]
Atitude: D0 [m] Altitude 0.0/ [m] 0.0 ™
Climatic Load Parameters - Winter
V| Use
Manufacturing Mourit Difference
Temperature: 270 Q) Temperature  Extemal: 100 el -37.015 el
Gas: 20F| rcl =250 [°cl
Menufacturing Intemal: 1905 r°c) 205 ra
Atmospheric pressure: 0099 | (Wmm?]  Atmospheric pressure: 0,103 | umm?2] 0.004 | pmm2]
Altitude D0 [m] Altitude 00| [m] 0.0 [m]
Force Load Distribution Options
Load Part [%] on Glass Side Calculation according to DIN 18008:2:2010-12, Appendix A
Na Description Extemal Intemal -help model for rectangular sufaces supported by line support Hinged -type 7
LC1 | Seff-Weigth 100.0 0.0
Lcz 100.0 0.0

Figure 3.20: Window 1.6 Climatic Load Parameters for Insulating Glass

Climatic Load Parameters are divided into summer and winter loads. The layout of both param-
etersetsis the same. Therefore, individual climatic load parameters are explained on the ex-
ample of Climatic Load Parameters - Summer (see also the following figure).

First, you have to select the Use check box for the relevant set of parameters.

Onthe leftside, you specify the load parameters Temperature, Atmospheric pressure, and Alti-
tude at the time of the glass Manufacturing. On the right, you enter the parameters that are val-
id after the glass mount, thatis, when the glass pane is used.

The Temperature, which is the same for all insulating glass components during manufacturing,
can differfor these components after the mount. External temperature, internal temperature,
and gas temperature are to be defined differently for the designs.

The Difference between the conditions during manufacturing and after the mountis then dis-
played on the right.
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Figure 3.21: Climatic load parameters for manufacturing (left), mount (right), MSL = mean sea level

In the Load Distribution section, you can specify how the loads defined in RFEM are distributed
to the external and internal glass side. The actions selected for the design are already preset.
The 1.2 Layers window specifies the position of the sides:

External

Direction of local z-axis

Internal

Figure 3.22: External and internal side of insulating glass

For special models, you can use a simplified calculation according to DIN 18008-2:2010-12,
Annex A or according to the German technical rules TRLV, Annex A, by selecting the relevant
check boxin the Settings section. For this, the following conditions must be satisfied:

e Rectangular surface without openings

e Exactly one gas layer

e Line support of the type Hinged - type 7 on all boundary lines
e Loading only by surface load

Kirchhoff's plate theory and the linear static analysis are always applied for the calculation ac-
cording to TRLV, Annex A (see [1], [2], [5]).

Onthe bottom right, there are three buttons with the following functions:

Button Name Function
Default Sets climatic load parameters according to the saved
= etau default settings
Setas Default Saves current climatic load parameters as new default
Load Default Dlubal Sets the original presetting according to
Values DIN 18008-2:2010-12, Table 3

Table 3.6: Buttons in window 1.6 Climatic Load Parameters
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3.7 Load Duration

1.7 Load Duration

Assignment of Reference Lengths to Surfaces

A [ B [ C [ E [ F
Load- Load Duration Coefficient
ing Description LC Type Manual kmed Comment
Self-Weigth Pemanent | O 0.25
LC2 Snow /ice Mediumtem O 0.40

@

Figure 3.23: Window 1.7 Load Duration

If you design according to the standard DIN 18008:2010-12 and selectaload case in the Ulti-
mate Limit State tab of Window 1.1, the 1.7 Load Duration window is displayed.

This window lists all load cases, load combinations, and result combinations that were selected
for the design. Columns A and B show the Description and LC Type defined in RFEM.

In column C, you can specify the Load Duration Class - LDC. These classes follow the standard
DIN 18008-2:2010-12, Table 6. The classification of load combinations automatically follows
the governing load. If you selectan entry in column C, the corresponding coefficient k4 is
automatically setin columnE.

You can check the values of the coefficients k. the Standard dialog box. To openiit, click
Standard.

In the bottom right corner, you find the [Export] button that allows you to export the table
contents to MS Excel or OpenOffice.org Calc.
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3.8  ServiceabilityData

1.8 Serviceability Data

Assigning of Reference Lengths to Surfaces

A [ B [ C [ D E
No Reference Length Canti-
List of Surfaces Type L [m] lever Deformation Related to Comment
1 1 Maxdmum border ling 1.500 [m} Undeformed system
2 Minimum border line 1.000 [m} Undeformed system =
3 Undeformed system k

Displaced parallel suface
Deformed user-defined reference plane

=
&
Local deformation referred to the displaced parslel surfsce st the point of minimum nodsl deformation  Locsl Deformsfion Referred fo the Deformed User-Defined Reference Plane
Displaced paraliel surfa sk oz o Dser Dafnas
isplaced parsllel surface of User-Defined  of User-Defined 0 User-Define
/" atthe point of ~ Undeformed Surface N Flane Plane Plans
/  minimum nodal deformation  / urteee S

! / L 4 \ E M
-~ —————— —y - ————— —t
L — — Uz min \,.-——-’

A
\L Deformed
Uz max fleki User-Defined

f Uz max fisid
Deformed Surface Deformed Surface Reference Plane

Figure 3.24: Window 1.8 Serviceability Data

The 1.8 Serviceability Data window is the lastinput window.
In column A, you specify the surfaces whose deformations you want to analyze.

In column B, you choose the type of the Reference Length L. If you select the Maximum border
line, the length of the longest boundary line of the selected surface is setautomatically.

In column D, you can specify whether there is a cantilever or not.

In columnE, you specify the system to which deformation is related. If the calculation type Lo-
cal - Individual glass surfaces is selected, only the option Undeformedsystem is available.

In columnF, you can write your own Comment.

Standard The specifications of this window are important for the correctapplication of the limit defor-
mations. You can checkand, if necessary, adjust these limit values for the serviceability limit

state designin the Standard dialog box (see Chapter4.3).
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4. Calculation

Before you start the [Calculation], itis necessary to check the detail settings for the design. To

= open the relevant dialog box, which is described in Chapter4.1, click [Details].
dlls...

Calculation
| Detais.. |

4.1 Details

The Details dialog box is divided in the following tabs:
e  Stresses
e Results

The following buttons are available in all tabs:

Dlubal

Button Name Function
e Units and Opens the dialog box Units and Decimal Places
— Decimal Places — Chapter7.1, page 68
Dlubal Sets the original Dlubal settings in the Details dialog
Standard Values box
Default Sets all parametersin the Details dialog box according
- etau to the previously saved default settings
Setas Default Saves the current settings as user-defined standard

Table 4.1: Buttons in the Details
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4.1.1 Stresses
Details ﬁ
Stresses | Results
To Display Equivalent Stresses According to
Top/Bott Middl @ Von Mises, Huber, Hencloy
O-SE ;n:jﬁ r I----ELi;erax ~ Shape modification hypothesis
; - ) Tresca
% g :} Eg :J Maximum shear stress criterion
b b
.. e T:<z [ T:<z (71 Rankine, Lamé
e ey O Maximum principal stress criterion
. .
L T L T ) Bach. Navier. 5t. Venant. Poncelet
o O a Principal strain criterion
] a2 -] a2
L= O e
]9 geqv [ geqy
.\

To Display
In this section, you choose which stresses you want to display in the result tables by selecting

= the appropriate check boxes. The stresses are divided in the categories Top/Bottom Layer and
Middle Layer. The buttons [Select All] and [Deselect All] facilitate the selection.

The basic stresses o,

O'y,‘l'

Figure 4.1: Dialog box Details, tab Stresses

xyr Txzr Tyz

are calculated by the finite element method in RFEM.
Further stresses are calculated from these basic stresses in the RF-GLASS module. Table 4.2
presents the formulas valid for a single layer plate.

-t/2
O v
i X
G A
Txz

Figure 4.2: Basic stresses and sign convention for single layer plate subjected to bending
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Normal stressin x -axis direction

e on positive surface side

where t = plate thickness

e on negative surface side

n, 6m,

t 2

Oy -

Normalstressin y -axis direction

e on positive surface side

Shear stressin xy plane

e on positive surface side

Ny 6mxy
z-X)/,Jr -

t t

Xy 2

e on negative surface side

6m,,
2

_ My
t t

Ty,

Shear stressin xz plane

e in the plate center

Xz

N
N
«e<

Shear stressin yz plane

¢ in the plate center
yz 3v

e, =3
o2t

Table 4.2: Basic stresses
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Generally, the stresses inindividual layers are calculated from the total internal strains of the
plate:

(4.1)

x ' oy oy ox ' ox (py'E_(pX'&'éy'ay ox

tot

R {%_am o0 _dp, w  ow au@@ﬂ}

The strains inindividual layers are calculated according to the following relation:

a o,
c 1904 194
* ov o9,
E(Z) = Ey = a— +Z —a— v (4 2)
y y
7/xy
@+Q 99y _op,
oy ox oy ox

where z:isthe coordinate in z -axis direction, where the stress value is requested.

If there is, for example, j - layer, the stress is calculated according to the following relation:
o(z)=di(z) (4.3)
where d; :is the partial stiffness matrix of the j - th layer.

The effect of the transversal shear stresses is expressed by the quantity:

Maximum transversal shear stress

T
max 2

_ [
Tmax - Z-yZ + z-XZ

Table 4.3: Maximum transversal shear stress
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Table 4.4 shows the formula for the calculation of the maximum and equivalent stresses.

Principal stress
oy 2 2
oyto,+ (GX —Gy) + 47y,
U—I =
2
Principal stress
o, 2 472
Ox+toy, — (ax —ay) +41;,
02 =
2
Angle betweenthe local x -axis and the direction of the first principal stress
1 o ano y
a = atan2(2n,, 0, ~0,), as(-90",90 ]
Function atan2 is implementedin RFEM as follows: O, o,
arctanz x>0 o
X
b d X
a arctan? + 7 y>0,x<0
X
arctanx—ﬂ y<0,x<0
atan2(y,x) = X
T
+— >0,x=0
3 y
T
o <0,x=0
5 y
0 y=0,x=0
Equivalent stress according to vON Mises, HUBER, HENCKY
(Shape modification hypothesis)
Oequ = \/0)2( + 0'5 - 0,0, + 31§y
Equivalent stress according to TRESCA (Maximum shear stress criterion)
2 2
> 5 0'X+0'y|+ (GX—O'y) + 47y,
Oeqy = Max (O‘X - O'y) + 475, 5
Ueqv
Equivalent stress according to RANKINE, LAME (Maximum principal stress criterion)
2 2
oy + Uy| + (O'X - O'y) + 4er
Oeqv = 2
Equivalent stress according to BACH, NAVIER, ST. VENANT, PONCELET (Principal strain
criterion)
1-v 1+v 2 >
Oeqv = Max T oy + 0y| + 5 (GX - O'y) + 47Xy, vio, + cry|

Table 4.4: Stresses

Dlubal
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Equivalent stresses
You can determine the equivalent stresses in four different ways.

Von Mises, Huber, Hencky (shape modification hypothesis)

The shape modification hypothesis is also known as HMH (HUBER, vON MISES, HENCKY). The
equivalent stresses are calculated as follows:

Oeqv = \/0',2( + 0}% — 0,0, + 31,20, (4.4)

Tresca (maximum shear stress criterion)
This equivalent stress is generally defined by using the relation:

Cequ = max(|0'1 - 0'2|, |61 - 03|, |<72 - 03|) (4.5)
which onthe condition o3 =0 can be simplified to:
Ceqv =Max(|oy — 03|, ||, |02 ) (4.6)

This resultsin the following equation:

2
2 5 |O'X +O'y|+\/(0'x —O'y) +4r)2(y
Oequ = Max (UX - O'y) + 475, 5

Rankine, Lamé (maximum principal stress criterion)

This hypothesis is known as the normal stress hypothesis or as the equivalent stress according
to RANKINE. The Rankine's stress is generally defined as the maximum of absolute values of
principal stresses.

Oeqv = max(|0'1|, |0'2|, |0'3|) (4.8)
which onthe condition o3 =0 can be simplified to:
Oeqv = max(|0'1|, |02|) (4.9)

This results in the following equation:

2 2
~ O'X+0'y|+ (O'X—cry) + 475,
Oeqv = > (4.10)

Bach, Navier, St. Venant, Poncelet (principal strain criterion)

The principal deformation hypothesis is also known as the equivalent stress according to Bach.
It is assumed that the failure occurs in the direction of the greatest strain. The equivalent stress
is determined as follows:

Oequ = max(|o—1 -v(oy, + 0'3)|, |c72 —v(oy+ 0'3)|, |0'3 —v(oy+ 02)|) (4.11)
For o3 = 0, we cansimplify:
Cequ =MaX(|oy —voy|, |03 —vay, v]oy + 0y (4.12)

This results in the following equation:

v T+v 2 2
Oequ —max{T oy + 0'y| +T\/(O'X —Gy) +4t,,V

Xy’

oy + O'y|:| (4.13)
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In the formulas for the equivalentstresses, the influence of shear stresses z,, and z,, isne-
glected.

4.1.2 Results

Details |

Stresses | Results

Display Result Tables Results in
V| 2.1 Max Stress/Ratio by Loading '@ FE mesh points
| 2.2 Max Stress/Ratio by Surface Grid points
2.3 Stresses in All Points
2 4 Line Support Reactions
2.5 Nodal Support Reactions
V| 3.1 Max Displacements
/| 3.2 Gas Pressure

|41 Parts List
'@ Only for surfaces to be designed

Of all sufaces

2] @) () (1) (%) Cancs

Figure 4.3: Dialog box Details, tab Results

Display Result Tables

In this section, you can specify which result tables you want to display (stresses, reactions, dis-
placements, gas pressure, parts lists).

The result windows are describedin Chapter 5 Results, page 55.

Results in

Stresses and displacements are displayed in all FE mesh points by default. The results can also
be shown in the grid points (see RFEM manual, Chapter 8.12). The grid points can be definedin
RFEM as property of a surface.

For small surfaces, the default grid point spacing of 0.5 m can result in only a small number of
grid points (or even just one result grid point in the origin). In this case, the spacing of grid
points should be adapted to the surface dimensionsin RFEM in order to create more grid
points.

Dlubal

I Program RF-GLASS © 2013 Dlubal Software GmbH

45



.4 Calculation 4&

4.2 Details of Composition

Details of Composition No. 2 L_J&
Caleulation / Modeling
Method of Analysis Stiffness Reduction Factors
Linear static analysis For shear stiffness elements
@) Large deformation analysis (nonlinear) K44 100 [
MNewton-Raphson with constart stiffness matrix K55 1.00{¢ [

@ Newton-Raphson
Plate Bending Theory

MNumber of load increments: b
@ Mindlin
Modeling of Laminated Glass Kirchhoff
Ingulating Glass Unit
D
@20 Consider secondary seal

Calculation Options
Save created temporary models
Consider coupling

Activate FE mesh refinement

Change standard settings b

.
B

— Secondary seal

Mumber of finite element layers in gas
layers: 2t

2 @ ) [®)® &) E) ok ][ Cancd |

Figure 4.4: Dialog box Details, Calculation /Modeling for Local calculation type

To openthe Details of Compositiondialog box, click the [Edit Composition Details] button
available in the upper part of Windows 1.2 through 1.6.

Method of Analysis

This section controls whether a calculation is carried out according to the Linear static analysis
or the Large deformation analysis (nonlinear). The linear static analysis is preset.

However, if you create an insulating glass (with an intermediate gas layer), the program auto-
matically switches to the large deformation analysis: The intermediate gas layer introduces

a non-linearity to this model, which causes differences between the linear static and large de-
formation analysis even for small load values. Here, calculation according to the large defor-
mation analysis gives more precise results. The iterative calculation of the solid elementsis
done according to the methods Newton-Raphsonwith constant stiffness matrix or Newton-
Raphson. The differences between these methods are described in the RFEM manual, Chapter
7.3.1.1.

Modeling of Laminated Glass

As described in Chapter2.2.1, the standard theory may give incorrectresults. If the ratio
G-t/ G-t isgreaterthan the definedlimitvalue, the calculation proceeds in 3D. In this term,
G is the shear modulus of glass, t is the thickness of the glass layer, G; isthe shear modulus

of the foil, and ¢, is the foil thickness.

You can also set the type of calculation manually to 2D or 3D. Of course, 3D calculations are
more accurate, butalso more time-consuming.
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If you create aninsulating glass (with an intermediate gas layer), the 3D calculation is set au-
tomatically.

Calculation Options

In this section, you can specify general settings for the RF-GLASS calculation. The first check
box of this section allows you to Save created temporary models: As already mentioned in Chap-
ter 3.1 General Data on page 17, for the Local calculation type the supports and boundary
members are entered directly in RF-GLASS without influencing the rest of the RFEM model. If
the check box s selected, these models are saved as new RFEM files when you save the en-
tered data in RF-GLASS. They can be found in the same projectfolder as the original file and
are marked by the addition RF_GLASS in the file name. After opening such afile, you can
graphically check the RF-GLASS modelsin RFEM with all supports, members, solids, etc.

The Consider coupling check box is automatically selected in the case of laminated glass with
foils so that the shear resistance of the laminating foil is considered. Shear coupling of layers
was already mentionedin Chapter2.2.1 Laminated Glass on page 9.

If you Activate FE mesh refinement, you can manually define the Target FE length.

If you select the Change standard settings check box, you can influence the precision of the
convergence criteria for the nonlinear calculation. The value 1.0 is set as default here. The min-
imum allowable value is 0.01, the maximum value is 100.

Stiffness Reduction Factors

In the section Stiffness Reduction Factors, you can reduce shear stiffness matrix elements D,,,
and D¢ by using reductionfactors K,, and K. The correctionis possible only for 2D calcu-
lation.

The stiffness matrix is then equal to (the case of the symmetric composition is shown here):

My (D, D, O 0 0 0 0 07 |*
m, Dy, O 0 0 0 o0 o0 ||%
My D3 0 0 0 0 O xy
Ve | _ KyDsy O 0 0 0 ||V (4.14)
vy KssDss 00 0 |17y
n, sym. Deg Dg; O &y
n, D;; 0 &y
Ny L Das | |7,

In Window 1.2 Layers, you can display the modified stiffness matrix by clicking the [Show ex-
tended stiffness matrix elements] button.

Plate Bending Theory
For surfaces, you can choose the bending theory according to:
e Mindlin or
e Kirchhoff
The shear strain is considered for the calculation according to the Mindlin theory, but not ac-

cording to the Kirchhoff theory. The bending theory according to Mindlin is suitable for mas-
sive plates, the bending theory according to Kirchhoff for relatively thin plates.

Because the shearstresses 7,, and 7, are not determined exactlyin Kirchhoff's theory, they
are calculated from equilibrium conditions. You can calculate them by using the following re-

lations

r =E—:1.5V—X (4.15)

Dlubal
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v v
3% sy (4.16)
2t

T =
’Z,max
Y t

Insulating Glass Unit

This dialog section is accessible only for insulating glass. After selecting the Consider secondary
seal check box, you can enter the material properties and the width of a secondary seal.

The following figure illustrates the individual components of insulating glass.

Figure 4.5: Insulating glass with 1) glass pane, 2) primary seal, 3) secondary seal, and 4) spacer

If necessary, you can adjust the Number of finite element layersin gas layersfor insulating glass.
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4.3 Standard

Standard - DIN 18008:2010-12 ===
General
Partial Factors for Material Properties Serviceability Limits (Deflections)
Design situation: Type of combination: Cantilevers
- Persistent and Transient - Characteristic L/ 100 Le! 50 ¥
- For themmally toughened glass ™ 15050 H | - Frequent ] 100 Lad I
- For other glass ™: 1805 1 | - Quasi-permanent L/ 100+ Le! 50
- Accidertal T 1.00( [1
Construction Factor Insulating Glass Unit
For thermally toughened glass ko 100 [1 | LC Factorfor climatic load: Summer Wirter
Far other glass ke 1.00/5 [ - Temperature: 10051 [ 100 1
- Atmospheric Pressure: 1.00540 M@ 100 M
Modification Factor - Altitude: 1.00540 M 100 H
Load durgtion class (LDC):
- Pemanent kmed 025+ [
- Middle kmod © 040550 [
- Shart Kmod - 0705 [
\

Figure 4.6: Dialog box Standard
To open the Standard dialog box, click [Standard].

In the upper right corner of Window 1.1 General Data, you select the standard from which the
parameters will be applied for the design and the limit values of the deflection.

The following standards can be selected:
e DIN18008:2010-12
e TRLV:2006-08

e None

4.3.1 Standard -DIN 18008:2010-12

For standard DIN 18008:2010-12 the design value (limit stress) dependents on the type of the
glass. Therefore inthe 1.2 Layers window you have to set whether glass is thermally toughened
or not.

For thermally toughened glass the design stress value ( oy, ) is calculated from the character-
istic limit stress value ( oy, ), according to the following relation:

Olimitd =~
Im
where k_ :is the construction factor
Olimit - 1S the characteristic limit stress value setin the 1.2 Layers window

7+ is the partial factor for thermally toughened glass
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The design stress value for glass which is not thermally toughened is calculated according to
the following relation:

Olimitd = Kmod * ke " Olimitk
m
where k.4 :is the modification factor
k. :is the construction factor
Oiimitk - 1S the characteristic limit stress value setin the 1.2 Layers window

yn:is the partial factor for other glass

r 3
Standard - DIN 18008:2010-12 =
General
Partial Factors for Material Properties Serviceability Limits (Deflections)
Design situation: Type of combination: Cartilevers
- Persistent and Transient - Characteristic L/ 10015 Le/ 5005
- For themally toughened glass ™ 150 B | - Frequent L 10005+ Le! 5012
- For other glass T™: 1805 [ | - quasipermanent ] 10015 Le! 5015
- Accidertal ™: 1.0050| [
Construction Factor Insulating Glass Unit
Far thermally toughened alass ke 100 [ | LCFactorfor climatic load: Summer Wirter
For other glass ke 100 [ - Temperature: 1006 [ 100K [
- Atmospheric Pressurs: 1005 1 100 B
Iodification Factor - Altitude: 1.00E M 100 [
Load duration class (LDC):
- Pemmanent kmod : 025" H
- Middle kmod : 0405 H
- Short kmod : 0705 1
2@ B EE * —

Figure 4.7: Dialog box Standard - DIN 18008:2010-12
Individual sections of this dialog are described in the following sections.

Partial Factors for Material Properties

In this section, you can check the partial factors of the material properties y,, for the possible
design situations. The design situations are to be assigned to individual load cases and combi-
nations in the Ultimate Limit State tab of the 1.1 General Data window (see Chapter 3.1.1, page
21).

Construction Factor

In this section, you can define the factor k. manually.

Modification Factor

The values of the modificationfactor k.4 are showninthis section for everyload duration
class. The values follow the standard DIN 18008-2:2010-12, Table 6. The modification factor
kg isassigned to the load cases according to the corresponding load duration class in the
1.7 Load Duration window, (see Chapter 3.7, page 37).
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Serviceability Limits (Deflections)

The limit values of allowable deflections can be set in the six available text boxes. In this way,
you can enter specific data for various action combinations (Characteristic, Frequent, and Quasi-
permanent) and for surfaces supported on both sides or one side only.

The classification of the load casesis to be done inthe Serviceability Limit State tab of the 1.1
General Data window (see Chapter 3.1.2, page 22).In the 1.8 Serviceability Data window, you
enter the reference lengths L forindividual surfaces (see Chapter 3.8, page 38).

Insulating Glass Unit

In this section, you can set factors, by which the climatic load is to be multiplied. The climatic
load is then considered with this factor for each action that is selectedin the 1.1 General Data
window for design. Climatic loads are setin the 1.6 ClimaticLoad Parameters window.

The buttons in the bottom left corner of the Standard dialog box allow you to save modified
values as the default setting. Furthermore, you can use the buttons toimport saved parame-
ters or to restore the default settings of the program.

A user-defined standard can be deleted by using the [Delete] button.

4.3.2 Standard - TRLV:2006-08

For the standard TRLV:2006-08 the design value (limit stress) is the same value as the character-
istic limitstress set inthe 1.2 Layers window.

Olimit,d = Olimitk

r N
Standard - TRLV:2006-08 et S
General
Serviceabilty Limits (Deflections)
Type of combination: Cantilevers
- Characteristic L 100E Lo/ 505
- Frequent LI 100 & Led 50
- Quasi-permanent LI 100 & Led 50
2@ 0@ » o

Figure 4.8: Dialog box Standard — TRLV:2006-08
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Serviceability Limits (Deflections)

The limit values of allowable deflections can be set in the six available text boxes. In this way,
you can enter specific data for various action combinations (Characteristic, Frequent, and Quasi-
permanent) and for surfaces supported on both sides or one side only.

The classification of the load casesis to be done inthe Serviceability Limit State tab of the 1.1
General Data window (see Chapter 3.1.2, page 22).In the 1.8 Serviceability Data window, you
enterthe reference lengths L forindividual surfaces (see Chapter 3.8, page 38).

4.3.3 Standard - None

By selecting None for the standard, the design stress value ( gy, 4 ) is calculated from the char-
acteristic limit stress value ( oy, ), according to the following relation:

Olimitk
Olimitd =
m
where oy  is the characteristic limit stress value setin the 1.2 Layers window
7+ is the partial factor

If the partial factor is not used, then the module assumes y,, = 1.

r 3
Standard - None lﬁ,l
General
Partial Factors for Material Properties Serviceability Limits (Deflections)
Activate Type of combination: Cartilevers
Design situation: - Characteristic L/ 100 Le! 50
- Persistent and Transient ™: 2 [1 | -Frequent Li 10013 Le/ 5055
- Accidental ™: 2 [l | - Quasipermanent Li 10013 Le/ 5055
2] @] () (%) [08) %  Conen |

Figure 4.9: Dialog box Standard — None
Individual sections of this dialog are described in the following sections.

Partial Factors for Material Properties

In this section, you can activate and then rewrite the partial factors of the material properties
yu for the possible design situations. The design situations are to be assigned to individual
load cases and combinations in the Ultimate Limit State tab of the 1.1 General Data window (see
Chapter3.1.1, page 21).
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Serviceability Limits (Deflections)

The limit values of allowable deflections can be set in the six available text boxes. In this way,
you can enter specific data for various action combinations (Characteristic, Frequent, and Quasi-
permanent) and for surfaces supported on both sides or one side only.

The classification of the load casesis to be done inthe Serviceability Limit State tab of the 1.1
General Data window (see Chapter 3.1.2, page 22).In the 1.8 Serviceability Data window, you
enter the reference lengths L for individual surfaces (see Chapter 3.8, page 38).

Dlubal
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4.4  Startcalculation

You can start the [Calculation] in allinput windows of the module by using the button with the
same name.

You can also start the calculation from the RFEM user interface. The To Calculate dialog box
(menu Calculate — To Calculate) lists the design cases of the add-on modules like load cases or
load combinations.

To Calculate @

Load Cases / Combinations / Module Cases | Result Tables

Not Calculated Selected for Calculation

No. ~ Description & No. ~ Diescription -
MLt [serieqh [ Ch1 | RFGUASS - Dodgnofgascsaoces |
LC3
maEl LC2

.
Al - B

Figure 4.10: Dialog box To Calculate in RFEM

If the RF-GLASS design case is missing in the Not Calculated list, you have to select All or Add-on
Modules in the drop-down list located in bottom part of the dialog box.

By using the [»] button, you transfer the selected RF-GLASS case to the list on the right. To
start the calculation, click [OK].
|§_| You can also start the RF-GLASS calculation directly from the toolbar. To do this, set the RF-

— GLASS case in the list, and then click [Show Results].

RF-GLASS - Design of glass surfaces  + & > @& 1 |@&| % &)’hﬁlﬁﬂ
9 D-iamAY- RAAOS BEAEI-

Figure 4.11: Direct calculation of the RF-GLASS case in RFEM
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5. Results

Immediately after the calculation, the 2.1 Max Stress/Ratio by Loading window appears (see
Figure 5.1). To select other result windows, you can click the corresponding item in the naviga-

tor. To browse through the module windows, you can use the buttons [<] and [>], or press the
function keys [F2] and [F3].

 Detals. In the Results tab of the Details dialog box, you can specify which result windows you want to
display (see Chapter4.1.2 on page 45).
oK To save the results, click [OK]. Thus, you exit RF-GLASS and return to the main program.

Below the tables, you find a number of buttons that are useful for the evaluation of the results:

Dlubal

Button Name Function
Allows you to jump to the RFEM work window to change
View mode . y Jump 9
the view
= ) Allows for the graphical selection of a surface ora point to
- Selection

display these resultsin the table

Displays results from the currentrow in the RFEM back-
ground graphic

£

Result diagrams

Displays only the rows with the design ratio >1 in tables,

Exceedin
g that is, the design is not satisfied

Relation scale Displays or hides the color bars in the results windows

ZHERS

Opensthe Export table dialog box

Excel export
X Xp — Chapter 7.2, page 69

Table 5.1: Buttons in results windows

Chapter 5 Results presents the results windows in their order.
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5.1  Max Stress/Ratioby Loading

2.1 Max Stress Ratio by Loading

B [ ¢ | Db | E [ F 6 [ W [ T [ J ] K [ T ] i [ ~
Load- | Suface | Poirt Point Coordinates [m] Layer Stresses [N/mm 2], ['] Ratio Graph
ing No. Mo X Y Z No. 2z [mm] Side Symbal Existing Limit H in Printout Report
off-Weigth
252 2.000 1.000 0000, 3 30.00 | Bottom | ox 1650 80.00 0.1 ]
285 2.000 0.700 nooe, 3 30.00 | Bottom | gy 8.06 80.00 010 ] C
5 1.500 0.000 0.000 3 20.00 | Top Tyz 138 ]
5 1.500 0.000 0.000 3 20.00 | Top Tz 147 ]
5 1.500 0.000 0.000 3 20.00 | Top Txy 843 ]
232 2.000 1.000 0.000 3 30.00 | Bottom |1 16.50 80.00 0.21 ]
289 2.000 0.700 0.000 3 30.00 | Bottom | @2 8.06 80.00 0.10 ]
229 1.700 1.000 0000, 3 20.00 | Top o 50.00 ]
LC1 | Winter, Seff-Weigth
2 232 2.000 1.000 0.000 1 10.00 | Bottom |5z 19.29 80.00 0.24 ]
2 289 2.000 0.700 0.000 1 10.00 | Bottom | Gy 960 80.00 0.2 ]
2 5 1.500 0.000 0.000 1 0.00 | Top Tyz 1.82 ]
2 5 1.500 0.000 0.000 1 0.00 | Top Tz 154 ]
2 5 1.500 0.000 0.000 1 0.00 | Top Txy 10.25 ]
2 252 2.000 1.000 nooo| 1 10.00 | Bottom | o1 19.29 80.00 0.24 ]
2 285 2.000 0.700 0000 1 10.00 | Bottom | gz 8.60 80.00 012 ]
2 157 1.600 1.000 0.000 3 20.00 | Top o 90.00 ] =
® Max Stress Ratio by Loading Max Stress Value by Loading Max ratio: 12421 @ @ | » EN
Stress - -10.45 Wmm2
Surface No. 2 . -
LE1: Summer ; ‘g::iwran-, Toughened Float Glass
f ;ggg n \\\ 3: Thermally Toughened Float Glass
Z: 0.000 m -
10.75 Nimm2
-15.90 Wimm2
Local Axis 2
_ Direction
Surfsce E: H\‘
urface Extremes -
Min: —18 43 Nmm 2 i
16.50 Nimm32 Bottom

Max: 15.25 Nfmm2

Figure 5.1: Window 2.1 Max Stress/Ratio by Loading

The window lists the maximum stress values or ratios for each load case and each load and re-
sult combination selected in the Ultimate Limit State tab of the 1.1 General Data window. The
numbers of load cases are shown in the heading of each section.

Surface No.
This column shows the numbers of the surfaces with the governing points.

Point No.
In this FE or grid points, the maximum ratio was determined. The stress type is shown in col-
umn| Symbol.

The FE mesh points are created automatically. The grid points, on the other hand, can be con-
— trolled in RFEM, because user-defined result grids are possible for surfaces. The function is de-
lﬂ/ scribedin Chapter 8.12 of the RFEM manual. In the Results tab of the Details dialog box, you
can specify whether you want to evaluate the resultsin FE mesh points or grid points (see
Chapter4.1.2, page 45). If you decide to change the settings, the results are deleted.

Point Coordinates
The three columns show the coordinates of the respective governing FE or grid points.

Layer

ColumnsF, G, and Hlist the numbers, z -coordinates, and sides of the layers, where maximum
stress values occur, respectively.
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Stresses

Symbol / Existing

These two columns show the stresses selected in the Stresses tab of the Details dialog box (see
Chapter4.1.1). They show the respective stress type with the maximum value.

Limit

The limit values (limit stresses) oy, 4 are based on the materials specifiedinthe 1.2 Layers

window andin the selected standard. The calculation of limit value is described in Chapter 4.3,
page 49.

Ratio

For the tension stress components o, o, o7 and o, the ratio of the design is determined
with regard to the limit stress. If the limit stress is notexceeded, the ratiois less than or equal
to 1, and the stress analysis is satisfied. Thus, the valuesin column L allow you to quickly evalu-
ate the design economy.

The ratio is calculated only for positive (tension) stress values o, 0y, 013 0y, because the
tension stiffness oyt 4 is governing for glass.

The following table describes the calculation of the ratios.

Stresses [Pa] | Ratio [-]
O-X
O'X =
Olimit,d
(o2
oy =—7
Olimit,d
01
O‘] =
Olimit,d
P
62 =
Olimit,d

Table 5.2: Ratio

Graph in Printout Report
In the lower part of the window, the stress distribution in the layers is shown graphically for
the current point (thatis, for the table row, in which the cursor is placed).

By selecting the check boxes in this column, you can include stress graphs in the results chap-
ter of the printout report (see Chapter 6.1, page 65).

I Program RF-GLASS © 2013 Dlubal Software GmbH
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2.2 Max Stress Value by Surface
B [ c [ D E F [ G [ H ] [ 4 [ L M |
Surface Paint Coordinates [m] Load- Layer Stresses [N/mmZ], [] Ratio Graph
Ho X Y z ing Na. z [mm] Side: Symbal Bxdsting Limit H in Printout Report
38 0.500 0.700 0.000 Lc1 1 0.00 | Top ox -4.43 O
a8 0.500 0.700 0.000 Lc1 1 0.00 | Top Sy 270 O
36 0.500 1.500 0.000 Lc1 3 10.38 | Top Tyz 029 O
168 1.000 0.700 0.000 L1 3 1038 | Top T 0.35 O
2 0.000 1.500 0.000 LC1 1 0.00 | Top Ty 237 O
38 0.500 0.700 0.000 Lc1 3 20.38 | Bottom |91 443 80.00 0.06 O
a8 0.500 0.700 0.000 Lc1 1 0.00 | Top o2 443 O
g 0.500 0.800 0.000 Lc1 B 10.38 | Top o 89597 O
= 252 2.000 1.000 0.000| LC1: Winter 1 10.00 | Bottom | ox 19.2% 80.00 024 O
289 2.000 0.700 0.000 | LCT; Winter 1 10.00 | Bottom | oy 9.60 20.00 012 O
5 1.500 0.000 0.000 | LC1; Winter 1 0.00 | Top Tyz 182 O
5 1500 0.000 0.000 | LC1; Winter 1 0.00 | Top Txz 184 O
5 1.500 0.000 0.000| LC1: Winter 1 0.00 | Top Ty 10.25 O
252 2.000 1.000 0.000| LC1; Winter 1 10.00 | Bottom | @1 19.2% 80.00 024 O
292 2.000 1.000 0.000 | LCT; Winter 1 0.00 | Top o2 -18.43 O
223 1.700 1.000 0.000 | LC1; Summer 3 20.00 | Top o 50.00 O
©) Max Stress Ratio by Suface ® Max Stress Value by Suface Maxrato: | 024[51 @ BBl
Eiacy 4.43 Nimm2
vt 1: Thermally Toughened Float Glass
;510 200 m 2. PVB 22 *C loading until 3 min
b o 3: Thermaly Toughened Flost Glass
Z:0.000 m
Locs! Axis =
Direstion
Surface Extremes
Min: —4.43 Wmm 2 )
Max: 4.43 Mmm2 UELTF Botiom

Figure 5.2: Window 2.2 Max Stress/Ratio by Surface

The columns of this table are describedin Chapter5.1.

This results window lists the maximum stress values or ratios for every designed surface.
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5.3  Stressesin All Points
2.3 Stresses in All Points
LA B [ € [ © [ E T F TG H T 1T Towwwsssw K [ L [ W [ W ]
Point | Suface | Comp Point Coordinates [m] Load- Layer Stresses [N/mm <], [*] Ratio Graph
HNe No Mo X Y z ing No 2 [mm] Side Symbal Exsting Limit H in Printout Report
1 1 0.000 0.000 0.000 LC1 1 0.00 | Top Tx 014 ]
0.01 80.00 0.00 (]
. 237 [}
1 232 80.00 0.03 ]
o2 244 ]
o 4591 a
500 |Mdde |tyz -0.08 ]
T 0.15 a
10.00 | Bottom | ox 0.30 80.00 0.00 ]
oy 0.13 80.00 0.00 ]
Ty 229 a
o1 251 80.00 0.03 ]
a2 207 ]
o -43.95 ]
3 10.38 | Top ax 031 O
oy 012 O
Txy 22 O -
Compostion Mo Surface Mo.: Paint No.: Loading: Max ratio:
Al - [w A% [ W) A - w2zl @ 2
Stress - Ty 2.37 Mimm32
Surfacelioyl 1: Thermally Toughened Float Glass
;"é A 2: PVB 22 *C loading until 3 min
ot 3: Thermally Toughened Float Glass
Z:0.000 m

Local Axis z

Direction

Surface Extremes
Min: —2.37 MWmm 2
Max: 2.37 Nmm2

-2.37 Nimm 2 Bottom

Figure 5.3: Window 2.3 Stresses in All Points

This table shows the stresses and stress ratios for each FE mesh or grid point of the designed
surfaces. In the Results tab of the Details dialog box (see Chapter4.1.2, page 45) you can set
whetheryou wantto display the results in FE mesh points or grid points.

to display in the table.

Individual table columns are describedin Chapter 5.1 Max Stress/Ratio by Loading.

Filtering result columns
For a clearer overview, you can filter the table by composition, surface and point number as
well as by loading. The drop-down lists allows you to make a selection by object number. You

can also specify the points and surfaces graphically in the RFEM work window after clicking
[N

In the Stresses tab of the Details dialog box, you can specify which stress components you want

I Program RF-GLASS © 2013 Dlubal Software GmbH
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54 Line Support Reactions

2.4 Line Support Reactions

E | D [ E T F T & T ® T 1 1T 4 T & 1]

-
Line | Suface Load- Packet/ Support Location Support Forces [kN/m] Support Momerts [lkNm./m] =
No Na. ing Layer No. Location x[m] px pY pz mx my mz

[T - LC1 1 [Midde 0.000 020 0.20 004 0.00 0.00 0.00

0.100 797 287 0.38 0.00 0.00 .02
0.200 10.35 34 0.38 0.00 0.00 001
0.300 13.08 7 0.33 0.00 0.00 001
0.400 15.13 279 0.40 0.00 0.00 0.0
0.500 16.81 214 0.40 0.00 0.00 0.0
0.600 17.92 134 0.40 0.00 0.00 0.00
0.700 1847 0.45 0.40 0.00 0.00 0.00
0.800 1847 H0.46 0.£0 0.00 0.00 0.00
0.500 17.92 -1.34 0.40 0.00 0.00 0.00
1.000 16.81 214 0.40 0.00 0.00 0.01
1.100 15.18 279 0.40 0.00 0.00 0.01
1.200 13.08 -3.17 0.35 0.00 0.00 0.01
1.300 10.35 -4 0.38 0.00 0.00 0.01
1.400 797 -2.87 0.38 0.00 0.00 0.02
1.500 224 222 044 0.00 0.00 0.00
1 1 LC1 3 Middle 0.000 020 -0.20 -0.08 0.00 0.00 0.00
0.100 -7.98 -2.88 0.52 0.00 0.00 0.02
0.200 H10.36 -3.15 0.93 0.00 0.00 0.01
0.300 3.07 -3.18 1.27 0.00 0.00 0.01
0.400 -15.20 -2.30 146 0.00 0.00 0.01
0.500 H6.83 215 160 0.00 0.00 0.01
0.600 793 -1.34 168 0.00 0.00 0.00
0.700 -18.43 H0.46 172 0.00 0.00 0.00
0.200 -18.43 0.46 172 0.00 0.00 0.00
0.500 H17.93 1.34 168 0.00 0.00 0.00
1.000 H16.83 215 160 0.00 0.00 00
1.100 -15.20 280 146 0.00 0.00 L0
1.200 A13.07 318 127 0.00 0.00 001~
Related to: Local axis system x.y. z @) Global axds system X. Y. Z
Line Mo Layer No.: Support Location: Loading:
A Im @ ) @ 3w - HEE®

Figure 5.4: Window 2.4 Line Support Reactions

This results window is shown only if you select Local calculation type in Window 1.1. The win-
dow shows the support forces and support moments for each line support definedinthe 1.3
Line Supports window. The table is sorted by line numbers.

Surface No.
This column shows the numbers of the surfaces with the governing lines.

Loading

In the column loading, you can see the load case numbers or numbers of load and result com-
binations.

Packet/Layer No.

This column snows the numbers of packets or glass type layers on which the line supports are
defined.

Support Location
The column shows the exact support location.

Location x

The x-locations shownin the table column represent the spacing of FE nodes along the line.
The surface grid is not relevant for line support reactions.

Support forces px/pv/p:

The support forcesare listedin three table columns. The forces can be related to the global ax-
esX, Yand Z or the local axes x, y and z of the line supports. The table shows the forces which
are introduced into the support.
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Support moments mx/my/m;

The support moments are listed in three table columns. They are related to the global axis sys-
tem XYZor the local axis system of the line support xyz. The table shows the moments which
are introduced into the support.

Filtering result columns

For a clearer overview, you can filter the table by line and layer number, support location as
well as by loading. The drop-down lists allow you to make a selection by object number. You
can also specify the line graphically in the RFEM work window after clicking [\].

5.5 Nodal Support Reactions

2.5 Nodal Support Reactions

B [ c | D [ E [ F [ & [ ® [ T [ 1 ]«
Node | Suface Load- Packet/ Support Support Forces lkN] Support Moments flkMm]
No Mo ing Layer No Location Px Py Pz Mx My Mz
[T —— i T [ Mdde 020 020 1 0m .00 000 000
1 1 LC1 3 Middle L20 -0.20 -0.08 0.00 0.00 0.00
1 1 Lcz2 1 Middle 0.54 0.54 4n 0.00 0.00 0.00
1 1 Lcz2 3 Middle 054 -0.54 022 0.00 0.00 0.00
5 2 LC1: Summer 1 Top 115 1.1 .05 0.00 0.00 0.00 |-
5 2 LC1: Summer 3 Top 178 1.68 0407 0.00 0.00 000"
5 2 LC1: Summer 3 Middle 031 -0.08 0.1% 0.00 0.00 0.00
5 2 LC1: Summer 3 Bottom -1.31 -1.45 £0.03 0.00 0.00 0.00
5 2 LC1: Winter 1 Top 223 209 -0.0% 0.00 0.00 0.00
5 2 LC1: Winter 3 Top 7 0.75 0.03 0.00 0.00 0.00
5 2 LC1: Winter 3 Middle .06 -0.01 0.05 0.00 0.00 0.00
5 2 LC1: Winter 3 Bottom 067 07 .02 0.00 0.00 0.00
5 2 LC2; Summer 1 Top 378 343 .15 0.00 0.00 0.00
5 2 LC2; Summer 3 Top 411 365 .16 0.00 0.00 0.00
5 2 LC2: Summer 3 Middle -1.18 -0.36 0.36 -0.01 0.01 0.00
5 2 LC2: Summer 3 Bcttom -2.30 277 0.01 0.00 0.00 0.00
5 2 LC2: Winter 1 Top 517 462 .20 -0.01 0.01 0.00
5 2 LC2: Winter 3 Top 278 255 0.1 0.00 0.00 0.00
5 2 LC2: Winter 3 Middle 062 .16 027 0.00 0.00 0.00
5 2 LC2: Winter 3 Bcttom 183 -2.09 0.0 0.00 0.00 0.00
6 2 LC1: Summer 1 Top 118 A1 -0.05 0.00 0.00 0.00
6 2 LC1: Summer 3 Top 178 -1.68 007 0.00 0.00 0.00
6 2 LC1: Summer 3 Middle 031 0.09 0.1% 0.00 0.00 0.00
6 2 LC1; Summer 3 Bottom 131 144 003 0.00 0.00 0.00
6 2 LC1; Winter 1 Top 223 209 -0.0% 0.00 0.00 0.00
6 2 LC1; Winter 3 Top 0.77 H0.75 003 0.00 0.00 0.00
6 2 LC1; Winter 3 Middle -0.06 o.m 0.0% 0.00 0.00 0.00
[ 2 LC1; Winter 3 Bottom 067 0.7 002 0.00 0.00 0.00
[ 2 LC2; Summer 1 Top 378 -343 0.15 0.00 0.00 0.00
[ 2 LC2; Summer 3 Top 41 -3.69 0.18 0.00 0.00 000~
Related to: ) Local ads system X, Y. Z' @ Global zds system X, Y, Z
Node No.: Layer No.: Support Location: Loading:

[ - [a - Al ~

Figure 5.5: Window 2.5 Nodal Support Reactions
This results window is shown only if you select the Local calculation type in Window 1.1. The
window shows the support forces and support moments for each nodal support definedin the

1.4 Nodal Supports window. The table is sorted by node numbers.

The columns of this table are described in Chapter5.4.
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3.1 Max Displacements

B

C

1]

E

Max Displacements

F

G

H

Dlubal =~

Surface | Point Paint Coordinates [m] Load- Type of Packet Displacemerts [mm] Ratio
HNe No X Y z ing Comb No Uz Limit uz uz[]

0.500 0.200 0.000 LC1 CH 1 D.864 15.000 0.06

0.500 0.200 0.000 Lc2 CH 1 230 15.000 0.15

252 2.000 1.000 0.000 | LC1: Summer CH 1 2754 10.000 0.28

252 2.000 1.000 0.000 2 4213 10.000 0.42

292 2.000 1.000 0000 LC1: Winter CH 1 4513 10.000 0.4%

252 2.000 1.000 0.000 2 1991 10.000 0.20

252 2.000 1.000 0.000 | LC2: Summer CH 1 7486 10.000 0.75

252 2.000 1.000 0.000 2 8.162 10.000 0.82

252 2.000 1.000 0000 LC2: Winter CH 1 5430 10.000 0.54

252 2.000 1.000 0.000 2 6.052 10.000 0.61

Maximum Displacement // Maximum Displacement Ratio
2 2592 2.000 1.000 0000 LC2; Winter CH 1 5430 10.000 0.54
2592 2.000 1.000 0000 LC2; Winter CH 1 5430 10.000 0.54
Maxratio:| 0341 @ @] [&) z £l

Figure 5.6: Window 3.1 Max Displacements

The deformation analyses are carried out only if you selected at least one load case for design
in the Serviceability Limit Statetab of the 1.1 General Data dialog box (see Chapter 3.1.2, page
22).

Window 3.1 shows the maximum displacements from load cases orload combinations for the
serviceability limit state and compares them with the allowable deformations. The table is
sorted by surface numbers.

The columns A to D are describedin Chapter 5.1 on page 56.

Type of Comb.

The column shows the design combinations assigned in the Serviceability Limit State tab of the
1.1 General Data window: Characteristic (CH), Frequent (FR), or Quasi-permanent (QP).

Displacements

In the column u,, you can see the displacements in the direction of the local surface axis z,
which are governing for the deformation analysis. You can display the axes of the surfaces by
using the Display navigator of RFEM or by using the context menu of the surfaces.

The values in column | show the limit deformations in the direction of the z -axis of each sur-
face. These values are determined from the reference lengths L, which are specifiedin the 1.8
Serviceability Data window (see Chapter 3.8, page 38),and from the limit values defined for the
serviceability designin the Standard dialog box (see Chapter4.3).

Ratio

The last column shows the quotients from the resulting displacement u, (columnH) andthe
limitdisplacement (column ). If the limit deformations are not exceeded, thenthe ratiois less
than or equal to 1 and the deformation design s satisfied.
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5.7 Gas Pressure

3.2 Gas Pressure

[ A ] &
Load- | Suface = Layer Gas Pressure
ing No. No p [kN/m2]
LC1 Self-Weigth
[ 2 103.48

LC1 | Winter, Seff-Weigth

2 2 104.07
LC2 | Summer

2 2 106.80
LC2 | Winter

2 2 107.08

o
“.‘

EY
Figure 5.7: Window 3.2 Gas Pressure

This results window is shown only if you defined at least one gas layerin the 1.2 Layers win-
dow. The Gas Pressure results for the gas layers are listed by load case.

5.8 Parts List

4.1 Parts List
[ A ] B [ c [ D [ E [ F [ G
Surface Material Thickness No. of Area Coating Volume Weight
No Description t [mm] Layers m2] m2] m3] El
10.00 2 1.500 3.000 0.030 0.075
0.38 1 1.500 0.000 0.001 0.001
I 2038 3 1.500 3.000 0.031 0.076
2 Themally Toughened Float Glass 10.00 2 2.000 4.000 0.040 0.100
Dry Air 10.00 1 2.000 0.000 0.020 0.000
I 30.00 3 2.000 4.000 0.060 0.100
T Total 3.500 7.000 0.091 0.176

¢
B
=

Figure 5.8: Window 4.1 Parts List
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The last results window shows an overall review of the designed surfaces. By default, the data
in this listrefers only to designed surfaces. If you wish to display the parts list forall surfacesin
the model, you can set this in the Results tab of the Details dialog box (Chapter4.1.2, page 45).

Surface No.

This column contains the numbers of individual surfaces.

Material Description
The data is listed by materials.

Thickness t

Column B shows the thickness of the layers. You can find this input data inthe 1.2 Layers win-
dow.

No. of Layers
This column shows the number of layers with the same material and the same thickness.

Area

The column provides information on the surface areas of the individual layers.

Coating

The total surface coating is determined from the top and bottom sides of a surface. The side
surfaces of the thin-walled surfaces are neglected.

Volume

The volume is calculated as the product of thickness and surface area.

Weight
The last column displays the weight of every layer. This entry is determined as product of the
volume and specific weight of the used material.

2 Total

In the last table row, you can see the total sums of individual columns.
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6. Printout

6.1 Printout Report

As usual in RFEM, a printout reportis created for the design resultsin RF-GLASS, to which you
can add graphics and explanations. In the global selection, you can selectinputand output da-
ta of RF-GLASS that you wantto include in the printout report.

The printout reportis described in detail in the RFEM manual. Chapter 10.1.3.4 Selecting Data
of Add-on Modules describes how to prepare the input and output data of add-on modules for
the printout.

The printout report shows only the stress types that appear in the RF-GLASS output windows.
Therefore, if you want to print for example the maximum shear stresses, you must activate the
display of the stresses 7. . in RF-GLASS. The selection of stresses is described in Chapter4.1.1,
page 40.

max

For complicated structural systems with a great number of design cases, itis recommendedto
divide the data into several printout reports to get a better overview.

6.2  Printing RF-GLASS Graphics
6.2.1 Results onthe RFEM Model

In RFEM, you can transfer every image shown in the work window to the printout report or
send it directly to a printer. In the same way, you can also prepare the stresses, ratios, and sec-
tions shown on the RFEM model for the printout report.

Printing graphics is describedin Chapter 10.2 of the RFEM manual.

You can print the current graphic of the RF-GLASS results in the RFEM work window by using
the command from the main menu

File — Print Graphic

or clicking the corresponding button in the toolbar.

E™ Fie Edit View Insert Calculate

FIOIRE R D
WY YT RS P

Figure 6.1: Button Print Graphic in the RFEM toolbar

The following dialog box opens.

Dlubal
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Graphic Printout

General |Option5 I Caolor Scale I Factors I Margins and Stretch Factors|

Graphic Picture Window To Print Graphic Size

Dlubal =~

Remove from Printout Report

Start with New Page

Selection...

Properties... N

diagram
() Use whole page height
(@ Height: 515 [% of page]

[ Lock graphic picture {without update)

Show printout report on [OK]
Rotation: 0 1

Header of Graphic Picture
RF-GLASS - Displacements for LC1 u-z, CA1, lsometric

() Directly to a printer... ) (@) Cument onfy @ As screen view

@ To a printout report: FR1 =~ More.... () Window filing

() Ta the Clipboard () Mass print... @ Toscale 1: 100
=)

Graphic Picture Size and Rotation Options

Use whole page width Show results for selected xdocation in result

OK

] [ Cancel

L5

Figure 6.2: Dialog box Graphic Printout, tab General

Color Scale are described there as well.

operation as usual.

This dialog box is described in Chapter 10.2 of the RFEM manual. The other tabs Options and

You can move a graphic to another place in the printout report by using the drag-and-drop

To adjust an inserted graphic in the printout report subsequently, right-click the appropriate
item in the navigator of the report. By using the Properties option in the context menu, you re-
open the GraphicPrintout, where you can modify the settings.

g

Graphic Printout

[SE)

| Properties | Options |COIor Scale I Factors I Margins and Stretch Factors

Script Symbols Frame

() Proportional (@ Proportional () None

(@) Constant () Constant @ Framed
Factor: 1= Factor: 1= [ Title bax...
Print Quality Color

() Standard {max 1000 x 1000 Pixels) () Grayscale

() Maxdmum {mase 5000 x 5000 Pixels) () Texts and lines in black

(@) User-defined @ All colored

Max number of picels: 1000 =

oK

] [ Cancel

L5

Figure 6.3: Dialog box Graphic Printout, tab Options
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6.2.2 Results in Layers

columnM.

2.1 Max Stress Ratio by Loading

Dlubal

Results Windows 2.1 through 2.3 show the stress distribution in the layers. The stress graphics
can be added to the printout report by selecting the Graph in Printout Report check boxes in

Figure 6.4: Specifying Diagram in Printout Report

CAT BT € [ D 1 E TFT G [ H [T T J T & [ L[ [
Load- | Suface | Poirt Poirt Coordinates [m] Layer Stresses [N/mm=2], 7] Ratio Graph
ing No No X Y 2 No. | z[mm] Side Symbol Existing Limit 8] in Printout Report
LC1 | Summer, Self-Weigth
2 252 2.000 1.000 0000 3 30.00 | Bottom | ox 16.50 80.00 0.21 ]
2 289 2.000 0.700 0000 3 30.00 | Bottom | 5y 8.06 80.00 0.0 ] =
2 5 1.500 0.000 0000 3 20.00 | Top Tyz 138 ] 1
2 5 1.500 0.000 0000 3 20.00 | Top Tz 147 ]
2 5 1.500 0.000 0000 3 20.00 | Top Txy 848 ]
[ B 292 2.000 1.000 ] 30.00 Bottom |61 1650 80.00
2 289 2.000 0.700 0000, 3 30.00 | Bottom |52 806 80.00 010 O
2 229 1.700 1.000 0000, 3 20,00 | Top o 50,00 O
LC1 | Winter, Sef-Weigth
2 252 2.000 1.000 nooo, 1 10.00 | Bottom | ax 19.29 20.00 0.24 O
2 289 2.000 0.700 ooo0, 1 10.00 | Bottom | gy 9.60 80.00 0.12 O
2 5 1.500 0.000 0000, 1 0.00 | Top Tyz 182 O
2 5 1.500 0.000 0000, 1 0.00 | Top Tz 194 O
2 5 1.500 0.000 0000 1 0.00 | Top Ty 1025 O
2 252 2.000 1.000 0000 1 10.00 | Bottom |1 1925 80.00 0.24 ]
2 289 2.000 0.700 0000 1 10.00 | Bottom | o2 960 80.00 012 ]
2 157 1.600 1.000 0000 3 20.00 | Top o 90.00 O 52
@) Max Stress Ratio by Loading ~) Max Stress Value by Loading Mazx ratio: 02421 @ ? Ty
Stress- gy -4.02 Nimm 2
Surface No. 2 -
P ; -[r)rr‘::?rgw Toughened Flost Glass
X:2.000 m
Rl 3: Thermally Toughened Float Glass
Z:0.000 m
10.75 Nimm 2
-5.70 Nimm2
Locsl Axis z
Direction
Surfsce Extramas
Min: =7.10 Wmm 2 -
Max: 15. 25 Nimm 2 16.50 Nimm?2 Eetem

The graphics then appearin the 4.2 Stress Diagrams sections of the printout report.

Dlubal Software s.r.o. Page: A1
Anglickd 28, 120 00 Praha 2 Shest d
Projedt: Model: Glass model Date: 17.10.2013
4.1 PARTS LIST
Surface Material Description Thickness Mo. of Area Coating Volume Weight
No. t[mm] Layers [m? [m?] [m?] I
1 Thermelly Toughened Flosl Glass 10.00 2 1500 2.000 0.030 0.075
FVE 22°C loading uniil 2 min 038 1 1.500 0.000 0.001 0.001
> 2038 3 1500 2.000 0.031 0.078
2 | Themelly Toughened Flost Glass 10.00 2 2000 4000 0.040 0.100
Dry Air 10.00 1 2000 0.000 0.020 0.000
- 2000 3 2000 2000 0.080 0.100
IToal | | | | 3500 | 7.000 | 0.081 | 0178
¥ 4.2 STRESS DIAGRAMS
Stress - g4 202 Wmm®
Surface No. 2 1: Thermally Teughened Flost Glass
LC1; Summer 2 Dy Air
X2.000m 3 Thermally Toughened Flost Glass
Y1 e00m
Zepam 1075 Nimm®
= Locsl Asisz
e Direction
Min: =710 Nimm~
Mex 15 28 Nimm” 18,50 Nimm* Settem

Figure 6.5: Stress diagram in printout report
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7. General Functions

This chapter describes useful functions from the main menu and export options for design re-
sults.

7.1 Units and Decimal Places

The units and decimal places are managed in one dialog box for RFEM and the add-on mod-
ules. In RF-GLASS, you open the dialog box for adjusting the units by using the command from
the menu

Settings — Units and Decimal Places.

The dialog box familiar from RFEM opens. RF-GLASS is already presetin the Program /Module

list.
Units and Decimal Places [&J
Program / Module Input Data | Results
- RF-CONCRETE Sufac » )
.. RFCONCRETE Memb Coordinates Layers
RF-CONCRETE Calumi Unit Dec. places Unit Dec. places
- RF-PUNCH Lengths: m - 3= E-Modules, pressures: MPa h 35
- RF-TIMBER Pro %J = — -
. RF-TIMBER AWC Thicknesses: mm - 255 Specific weights: kN/m™3 - 255
RF-TIMBER Surface weights: (kN/m™2 | 35
- RF-DYNAM %J =
.. RF-JOINTS Supports Themal expansion coef.: | 1/K - 1=
- RF-END-PLATE . o = o e o =
Forces: kN - 215 Themal conductivity: Wim/K - 215
RF-CONNECT —_—— T ;J
.. RE-FRAME-JOINT Pro Lengths: m - 3 Poisson’s ratios: - I
- RF-DSTV . = = =
Lengths for moment: m - =
- RF-DOWEL ;Ji Climatic Load Properties
RF-HSS Angles: : - 218 R — =
- RF-FOUNDATION Atmosph. pressures: N/mm™2 - I
- RF-FOUNDATION Pro e — Altitudes: - = 154
- RF-STABILITY 1 | Temperstures: —_— =
RF-DEFORM & Factors: - 25 EL I 5 v 1=
- RF-MOVE
- RF-IMP Stiffness Matrix Elements
Bending, torsion: kNm - 15
- RF-LAMINATE Shear, membrane: kM/m - 15
- RF-TOWER Structure ) . ] “
- RF-TOWER Equipment, Eccentric effects Mivj 11
RF-TOWER Loading Layers: kN/m™2 - =
- RF-TOWER Effective |
- RF-TOWER Desian
2 ¥ E® oo

Lo A

Figure 7.1: Dialog box Units and Decimal Places

In the figure above, some units are marked by ared triangle (section Climatic Load Properties).
The dialog box was opened from the 1.6 Climatic Load Parameters window. These marks allow
you to find the relevant units of this window more easily.

You can save the settings as a user profile and reuse them in other models. This functions are
describedin Chapter 11.1.3 of the RFEM manual.
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7.2  Export of Results

You can export the results to other programs in a variety of ways.

Clipboard

You can copy the marked rows of a results window to the Clipboard by using the buttons
[Ctrl]+[C], and then transfer them, for example, to a word processor by using [Ctrl]+[V]. The
headings of table columns are not exported.

Printout Report

RF-GLASS data can be printed in the printout report (Chapter 6.1, page 65), and then exported
by using the command from the menu

File > Export toRTF.
This functionis described in Chapter 10.1.11 of the RFEM manual.

Excel / OpenOffice

RF-GLASS allows for a direct export of data to MS Excel, OpenOffice.org Calc, or the CSV format.
You call up this function from the RF-GLASS menu

File > Export Tables.

The following dialog box for the data export opens:

Export - MS Excel i
Table Parameters Application
| With table header @) Microsoft Excel
Only marked rows Openffice org Cale
CSV file format

Transfer Parameters
Bxport table to active workbook
Export table to active workshest
/| Rewrite exdisting worlcsheet

Selected Tables
@ Active table Export tables with details
Al tables
Input tables
Result tables
@) ok | [ Ccancel

w 4

Figure 7.2: Dialog box Export — MS Excel

Having selected the required parameters, you can start the export by clicking [OK]. Excel or
OpenOffice are started automatically, that is, the programs do not need to run in the back-
ground.

Dlubal
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EE9-®-|= Listl - Microsaft Excel = B &R
Home Insert Page Layout Formulas Data Review View Add-Ins AT e (S
= X% Calibri -8 - - =Inset - X - W [ﬁ
6 By~ B 7 U~ A A ’ A 3% Delete + | 3]~ #
Paste Styles |, Sort & Find &
- & - A- - | HiFormat - | 2~ Filter~ Select-
Clipboard Font Fl F] Cells Editing
Al - v
A B C D E F G H 1 J K L
1 | Load- || Surface | Point Point Coordinates [m] Layar Streszes [Nfmm?], [F]
2 ing No. No. X ¥ 2 Mo. z[mm] Side Symbeol Existing Lim| =
3 LC1 |Summer, Self-Weigth
4 2 292 2,000 1,000 0,000 3 30,00(Bottom |, 16,50
5 2 289 2,000 0,700 0,000 32 30,00|Bottom |3, 2,06
6 2 5 1,500 0,000 0,000 3 20,00|Top T 1,38
7 2 5 1,500 0,000 0,000 3 20,00(Top T 1,47
8 2 5 1,500 0,000 0,000 3 20,00(Top Ty 5,48
9 2 232 2,000 1,000 0,000 32 30,00|Bottom |4, 16,50
10 2 288 2,000 0,700 0,000 3 30,00|Bottom |G, 8,06
11 2 229 1,700 1,000 0,000 32 20,00|Top o 90,00 e
M 4 ¢ ¥ | 2.1 Max Stress Ratio by Loading %1 4] Il | » 1]
Ready | ||@||E|E 100% (=) [} {+)

Figure 7.3: Results in Excel - window 2.1 Max Stress by Load Case

7.3  Connection to RFEM

If a surface of the type Glass is created in RFEM, this surface has to be definedin

RF-GLASS. When the Local calculation type is selected in the 1.1 General Data window, the data
definedin RF-GLASS is used only for this module. It does not influence RFEM specifications. In
the main program, each surface is described by the specification of the Material and the Thick-
ness. When the Global calculation type is selected in the 1.1 General Data window, the stiffness
of the surfaces definedin RF-GLASS is transferred to RFEM.

r ™y
Edit Surface [

General | Support / Eccentricity I FE Mesh | Releases | Integrated I Aues I Grid |

Surface No. Surface Type
£ Geometry: [ Plane -
Boundary Lines No. Stifness: [l Glass -

58 Surface type 'Glass'

Boundary Nodes No.

56677858

Material

I 2 | Concrete C35/45 | DIN 1045-1:2008-08 -
@)

Thickness

(@) Constant
Thickness d: o]

Variable... =

Comment

,7 [ OK ][Cancel

L5 J

Figure 7.4: Dialog box Edit Surface
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8. Examples

Various examples are introduced in the following chapter.

8.1 Determination of Stiffness Matrix Elements

Consider a plate consisting of the following layers: A thermally toughened glass pane with
a thickness of 12 mm, a PVB foil with a thickness of 1.14 mm, and of a thermally toughened
glass pane with athickness of 10 mm.

Shear coupling of layers is taken into account.

Furthermore, consider the calculation according to the 2D plate theory.

-11.57

?3‘9 = 12.00 LayerNo.1
1.14 LayerNo.2

10.00  Layer No.3

11.57

Figure 8.1: Layer composition

Layers

B [ € 1T D [ E [ F [ G [ H [ I |
Layer Layer Material Thickness | Modulus of Elast. | Shear Modulus | Poisson’s Ratio | Specific Weight | Coeff. of Th. Bp Limit Stress
No. Type Description 1 fmm] E [N/mm?2] G [N/mmZ] vH 7 kN/m?¥] ot [1/K] iimit [N/mm2]
1 Glass Themally Toughened Aoat Glass 12.00 70000.000 28455.300 0.230 25.00 3.0E-06 120.000
z Fail PVB 22 C loading until 10 sec 1.14 12.000 4003 0.459 10.70 8.0E-05
3 Glass Themally Toughened Aoat Glass 10.00 70000.000 28455.300 0.230 25.00 3.0E-06 120.000

Figure 8.2: Window 1.2 Layers

The stiffness matrix of the individual layers is determined as follows:

_1 E; . 1ViEi2 O_
dy; dip; O ! El £
di: dzz,’ O = 12 O ’ Gi:—l i:1,...,n (81)
' 1-v; 2-(1+v;)
sym. d33
sym. G;
[ 70000 0.23-70000 0 i
2 2
1-0.23 17_006(2)3 73909.8 169993 0
d, = W 0 =116999.3 73909.8 0 MN/m2
1-0.
28455,
sym. 284553 0 0 84553
Matrix Elements
dit: 73509.2| [MNimZ] di 165992 | [MN/m2]
daz: 739098 | (MN/m2)
daa: 28455 3| [MNimZ2]

Figure 8.3: Stiffness matrix of layer No. 1

I Program RF-GLASS © 2013 Dlubal Software GmbH 7 1
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12 0.499-12 i
1-0.499° 1-0.499° 0
: 1'2 1598 7.97 0
d, = o405 0 |=|797 1598 0 |MN/m?
e 4,
sym. 4.0 0 0 00
Matrix Elements
dit: 15.92 | [MNdm2] diz 7.97 MM/m2]
d22: 15.92] MM/m2]
daz 4.00| [MNim2)
Figure 8.4: Stiffness matrix of layer No. 2
[ 70000 0.23-70000
2 2
1-0.23 1;0062?) 739098 169993 0
d; =d, = W 0 =116999.3 73909.8 0 MN/m?
sym. 28455.3 0 0 284553
Matrix Elements
dit: 73309.3 | MNm2] diz 16999.3 | [MN/m2]
dzz: 733092 MMmE]
daz: 28455 3| MNim2]
Figure 8.5: Stiffness matrix of layer No. 3
Then, the global stiffness matrix has the following shape:
_Dn D 0 0 0 Dy Dy 0 |
D,, O 0 0 sym. Dy O
Ds;; O 0 sym. sym. Dsg
D, 0 0 0 0
D= “ (8.2)
Dy 0 0 0
sym. D Dg; O
D5, 0
L Dagg

The determination of the stiffness matrix elements is described on the following pages.

Stiffness matrix elements (bending and torsion) [N/m]

n 3 3 n 53 3
V4 i —Zmini Z c—=Z0
max,/ min,/ _ max,/ min,/
Dn = Z—d1 1,i D12 = Z—dlz,i
i=1 3 i=1 3
n 53 3
Z c—=Z
_ max, i min,i
Dy, =) —M&L ML),
3
i=1
n .3 3
V4 s =7
_ max, i min, i
Ds3 = Z—d33,i
3

i=1

72
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043-107)* - (-11.57-107)? 1.57-107)° - (0.43-107°)°
D,y =+ ) 3( Y 739008107 + ¢ ) 3( 155810
=33 _ 10733
,11:57:107) . 05710 7) 73909.8-10° = 76.2 Nm
33 10-3)3 10733 = 10733
=33 1033
,11:57:10°7) . 05710 ) 16999.3.10° =17.5 Nm
43107 —(-11.57.107%)° 157-107°)° — (043-107°)°
p,, 043:10%) 3( 571070 20008.10° 4 1:57:107) 3(0 3107 15.08.10° +
11.57.107°)> - (1,57.1073)°
L a1s7:10 )3 0-57-10 7)" 73509.8.10% = 76.2 Nm
43-1073)% = (=11.57.1073)3 1.57-107)° - (0.43-107%)}
D33=(0 3-107°) ; 57-10 )28455.3'103+( 57-10°7) 3(0 310 )4.0'103+
11.57.107%)° = (157-107%)°
L (115710 )3 0:57107) »8455.3.10% = 20.3 Nm
Stiffness matrix elements (eccentric effects) [N/m]
no2 o 2 D 2 i — Zinin,
Dy = deﬂ,i Dy; = demi
i=1 =
Dy:imdm
i=1 2
n 22 ,_22. B
Dyg =y~ Mgy,
i=1 2
43:1073)? = (=11.57-107%)? 157-107)* - (043107)°
b, - 043107 2( 571077 20008.10° 4 1:57°107) 2(0 3107 15.08.10% +
=32 107-3)2
,11:57-107) 5 (05710 ) 73900.8.10% = ~84.2 Nm/m
43107 = (-11.57107%) 157-107°) - (043-107°)°
b, 043107) 2( 5710 o003.10° 4 1:57:10°) 2(0 3107) 797.10% +
-3\2 10-3)2
L 11:57:107) > 0571070 16999310 = ~19.4 Nm/m
43-107%)* = (-11.57107%) 157-107°)" — (043-107°)
D27=(0 3-107°) 2( 57-10 )73909.8~103+( 57:10°7) 2(0 310 )15.98-103+
—3,2 -3\2
, (1:57:107) : 15710 ) 73909.8.10° = ~84.2 Nm/m
431073)? = (=11.57-1073)? 1.57-107)? - (0.43-107%)?
D38:(0 3-1077) 2( 57-10 )28455.3'103+( 57-10°7) 2(0 310 )4.0~103+
=32 1073)2
,{1:57:107) : (0-57-10 )" »64553.10% = ~32.4 Nm/m
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Stiffness matrix elements (membrane) [N/m]

n n
Des = Zti i Dg; = Zti dizi
i=1 i=1

n
Dy; =Y tidyy;

i=1

n
Dgg = th ds3,;
i

Dgs =12-1072.73909.8-10% +1.14-1073.15.98-10° +10-10>-73909.8-10° = 1626030 N/m
Dg; =12-1072-16999.3-10° +1.14-1072-7.97-10° +10-107>-16999.3-10° = 373993 N/m
D,; =12-1072-73909.8-10% +1.14-107.15.98-10° +10-107>-73909.8-10% = 1626030 N/m

Dgg =12-1072.28455.3-10° +1.14-107>-4.0-10° +10-10>-28455.3-10% = 626021 N/m

Stiffness matrix elements (shear) [N/m]
t/2

1 [ dn(z)zdz
Daasss,calc = > T 20="5 (8.3)
I | dn(2)(z-20)dz _£2d11(z)dz
(2) 7 dz
~t/2 .f d(2)(z-2,)"dz
—t/2
D44,calc :D55,calc = 850.32 kN/m
48 1
D44 =Dss =max| Dyy/ss, calc: 5P 1 1 (8.4)
iE'i iE zr:')’nax,i _Zr?;min,i
i i
2 & 3
no 3 10313 10-3y3 10-313
ZE,%:70000-103%H2~103w+70000.103%:15.913 kNm
i=1

3 3

< E Zmax,i ~ Zmin,i _

2ETET

i=1

33 10-3)3 10-33 _ 10-3)3
(043-10°)°—(-11.57-1077) +12.103(1.571O )" —(0.43-107°) N
3 3
B3y —(157-1073)
3

=70000-103

170000103 12710 =72.190 kNm

48 1
D44 :DSS =Mmax 850.32, 5 '12 _I _l

15913 72.190

=max(850.32,195.97)=850.32 kN/m
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Global stiffness matrix

762 175 0 0 0 -84.2 -19.4 0
762 0 0 0 -194 -84.2 0
29.3 0 0 0 0 -324
D 850.32 0 0 0 0
850.32 0 0 0
sym. 1626030 373993 0
1626030 0
626021
Extended Stiffness Matrix Elements &J
Surface No. Packet No. Matrix Type
o Err—
Stiffness Matrix Elements (Bending and Torsion)
D11: 76.2| kMm] D12 17.5| [kNm]
Dz 76.2| kNm] Dy Dy 0 0 0 Dy Dir 0]
D 293 o] Doz 0 0 0 sym. Doy 0
Dy 0 0 0 0 Dy
Stiffness Matrix Elements (Shear) Dy 0 0 0 0
Dag: 850 3| [kN/m] Dgs 0 0 0
Dss: 2502 Jehim] sym. Deg Dz 0
Dy 0
; ; Dss
Stiffness Matrix Elements (Membrane) =
Dee: 16, De7: Dy, ... D33 [Nm)
D7
Dyy ... Dgg [N/m]
Daa: 626021.0 [kN/m] :
Dyg ... Dayg [Nm/m]
Stiffness Matrix Elements (Eccentric Effects)
D1a: 84.2| [kNm/m] DiT: 19.4| [kNm/m]
Da7: 84.2| kNm/m]
Diag: 32 4| [kNm/m]

Figure 8.6: Dialog box Extended Stiffness Matrix Elements
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Consideraninsulating glass with the dimensions 1.0 x 1.5 m, with a hinged support, and

a composition according to Figure 8.7 as well as the following parameters:

Glass pane dimensionin x-axis direction a = 10m
Glass pane dimensionin y -axis direction b = 15m
Thickness of external glass layer t, = 8mm
Thickness of air layer t,b = 12mm
Thickness of internal glass layer t; = 12mm
Modulus of elasticity E = 70000 MPa
Glass
parameters Shear modulus G = 28455MPa
Poisson's ratio v = 0.23
Temperature T, = 0°C
Manufac- .
turing Atmospheric pressure Ppmet = 101kPa
Sealevel H, = Om
Climatic load Temperature )
. T, = 25°C
(external = gas = internal)
Mount Atmospheric pressure Poutmet = 97 kPa
Sealevel H, = 100m

Table 8.1: Parameters of insulating glass

Figure 8.7: Layer composition

The length of the finite elements

is50 mm.

External side

Layer No. 1

Layer No. 2
Layer Nr.3

Internal side
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8.2.1 Calculationin RF-GLASS

First, create a New Model in RFEM.

MNew Model - General Data @
General | History

Model Name Description

Insulating glass

Project Name Description

) BEamples j

Folder: @

C:\Users'PublictDocuments*DiubalProjects'Examples

Type of Model Classification of Load Cases and Combinations
@ 3D According to Standard:

i P = S
©2D-XY wz/owfev) | ¥ ";’ — Nene M

© 2D - XZ juxfuz/ov)
D) 2D - XY (ux/uy/ez)

Create combinations automatically

(@ Load combinations

Result combinations for linear analysis only)

Positive Orientation of Global Axis Z Template

() Upward... e, 7] Open template model:

@) Downward e |
Comment

- (=)
/ 0K ][Cancel]

Lo 4

Figure 8.8: Dialog box New Model - General Data

Having entered the general data, you then create a New Rectangular Surface:Select Glass as
surface type, and then define a surface with the dimensions 1.0mx 1.5 m.

Mew Rectangular Surface @

Surface No. Surface Type
1 Geometry: |l Flane
e Stiffness: [l Standard l:] =
- - I Standard
[ 1 | Concrete C30/37 | DIN 1045-1:2008-08 * | [Surface thic L] Without tension

@ [ Crthotropic

Thickness = Ié?gni'l;nate...
(@ Constant [] Membrane
Thickness d: 1800 = &+ fmm] =|'r:1"|slll'l'lblane-0rthotmplc...
() Variable... = Vi
—
Comment

OK ][ Cancel

L5 S

Figure 8.9: Dialog box New Rectangular Surface

Because you wantto carry out the Local calculation type in RF-GLASS, the supports are defined
directly in the module. Therefore, itis not necessary to define any supports in RFEM.
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Although there is no external loading on the model, you have to create a load case to start the
calculationin RF-GLASS. The self-weight should not be Active.

Edit Load Cases and Combinations ==

Load Cases | Load Combinations | Result Combintions |

Existing Load Cases LC No Load Case Description To Solve

O .
General | Calculation Parameters
Action Category Without
I Imposed -
Self-Weight
[ Active

< I » | | comment
. A ] Dy [']
Bx [x]

Figure 8.10: Dialog box Edit Load Cases and Combinations

In the FE Mesh Settings dialog box, set the required length of finite elements to 0.05 m.

=

FE Mesh Settings

General Surfaces

Maximum ratio of FE
rectangle diagonals

Target length of finite
elements

IFE: 0.050 5> ml Am 1.80015 [

Maximum distance between a Maximum out-of-plane

integrated in sufaces, with

@

Use division for members with nodes lying on them

node and a line to integrate i into < inclination of two finite
the line & 0.001 =) fm] clements [ [ - A
Maxdmum number of mesh nodes " + . + -
in thousands) ma: 500+ FE mesh refinement zlong lines
{with type "Plate XY only)
Members Relatiorship Ap l:l
Number of di f | of ’
m;ﬁb:::s Ivisions for special types [] Integrate unutiized objects into surfaces
{cable, elastic foundation, taper,
I 101+ -
o] Shape of finite () Quadrangles only
[¥] Activate divisions for straight members, which are not integrated siements: () Triangles only Ap = Dy D > D
in surfaces, with concrete material category group (necessary ® T I d quad ‘ D D =52
for nonlinear calculation) oot DB R T 2
/| Same squares where
Minimum number of member < passwbleq §
divisions 0= Option
Activate member divisions for large deformation or [T Mapped mesh prefemed Regenerate FE mesh on [OK]
post-critical analysis
[] Use division for straight members, which are not Solids

[~] Refinement of FE mesh on solids containing close
nodes

Maximum number of elemerts
{in thousands): 200

Figure 8.11: Dialog box FE Mesh Settings
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Next, start the RF-GLASS module (see Chapter 1.4).

Dlubal

Because you wantto create insulating glass, you should select the Local - Individual glass sur-
faces calculation type in Window 1.1 General Data. You cannot select aload case now, because
it does not contain any load data. This is indicated by an asterisk (*) (see Chapter3.1.1).

===

RF-GLASS - [Insulating glass]
File Settings Help
Input Data 1.1 General Data
i General Data
L= Design of Standard
-+ Line Supparts Surfaces No. None -
# Nodal Supports . =
. Boundary Members X] ow
Utimate Limt State | Serviceabiliy Limit State |
Existing Load Cases Selected for Design
“Lcl
W - @E S
Comment Calculation Type
“ | @ Local - Individual glass sufaces
~ | © Global - Whole model in RFEM
) (E)E] oo | [ ome. | [ e e |

y

RF-GLASS

Calculation and design
of glass surfaces

o) [ ooes |

1.2 Layers

Current Composition

Figure 8.12: Window 1.1 General Data

List of Surfaces

Therefore, you have to go to the 1.2 Layers window to define an insulating glass with a gas lay-
erfirst. Then, you can return to Window 1.1 to selectaload case.

Composition No. 1

Figure 8.13: Window 1.2 Layers

=
11 Com. - el (] (=) &) (X))
Layers
B [ c | D E [ E [ G [ H -
Layer Layer Material Thickness Modulus of Elast. Shear Modulus Poisson’s Ratio Specific Weight Coeff. of Th
No Type Description t [mm] E [N/mmZ] G [N/mm?] v  feN/m?] ot [1/K
[ Gass . Themnally Toughened Float Glass .00 70000.000 28455.300 0.230 25.00 5
2 Gas Dry Air 12.00 0.m
3 Glass Themally Toughened Float Glass 12.00 70000.000 28455.300 0.230 25.00 8-
7 E
5
[3
7
[
3 <
4 1 L3
2= X
Info
Externsl Side
 1: Thermally Toughened Float Glass Laraicl]
| 2: Dry Air Surface weight: 0.200 [kh/m2]
I 3: Thamally Toughenad Flost Glass
T Thickness 32.00 [mm]
T Surface weight 0.500 [kN/m2]
- Local Axis =
Direction
Intems| Side
Bottom
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the Serviceability Limit State tab of the 1.1 General Data window.

1.1 General Data

Design of Standard

L 5 [X] Oa
Uttimate: Limit State | Serviceabilty Limit State |

Because you are interested only in the deformation of the model right now, select LC1 onlyin

Surfaces Mo.: None -

Existing Load Cases Selected for Design
I LC1 Characteristic

Al ~ [84] 3]

4

RF-GLASS

Calculation and design
of glass surfaces

Comment Calculation Type

- @ Local - Individual glass sufaces

- *) Global - Whole mode! in RFEM

Figure 8.14: Window 1.1 General Data, tab Serviceability Limit State

to 4.

1.3 Line Supports

Current Composition List of Surfaces
TG 1 - B X))
Support Type
B Extemal Side
Support Support
No On Lines No. Type

E 7 T Hinged -type 1 a
2

2
Intemal Side
Support Conditions.
Layer Support Reference Rotation Support or Spring [kN/mZ2]
No Location system Bl Ux Uy uz
1| Centerline Local 0.00 =] =] 5]
3 | Centeriine Local 0.00 [] [=] =

Figure 8.15: Window 1.3 Line Supports

Keep the Windows 1.4 Nodal Supports and 1.5 Boundary empty.

In the 1.3 Line Supports window, you then select the Hinged - type 1 support type for the lines 1

Composition No. 1

y’I‘x ﬁ)’

z z

Local reference system is
defined in the following way

Rotational Restraint or Spring [<MNm/*/m]

Px Qy Pz
[ [ [
[ [ =
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Proceedto Window 1.6 Climatic Load Parameters for Insulating Glass to make the following en-

tries:

1.6 Climatic Load Parameters for Insulating Glass

Current Composition List of Surfaces Composition No. 1
11Comp. 1 M EREIE =R EE B
Climatic Load Parameters - Summer
V] Use
Manufacturing Mount Difference
Temperature: 0.0 ¢l Tempersture  Extemal: 250 ra 250K rray
Gas: 25013 re) 2504/ ra)
Maufactuing Intemal: 25013 el 250 1l
Atmospheric pressure 101.00 = [kPa) Atmospheric pressure: 97.00 = kpa) -4.00 | [kPa]
Attude: 0012 (m Alitude 100.012] (m) 10002 ™
Climatic Load Parameters - Winter
Use
Force Load Distribution
Load Part [%] on Glass Side
No. Description Extemal Intemal
LC1 100.0 0.0

Figure 8.16: Window 1.6 Climatic Load Parameters for Insulating Glass

In the 1.8 Serviceability Data window, you add surface No. 1 to the List of Surfaces. Because the
Maximum border line reference length type is selected, the Reference LengthL is specified au-

tomatically.

1.8 Serviceability Data

Assignment of Reference Lengths to Surfaces

B [ = [ D [ E F
Mo Reference Length Canti-
List of Sufaces Type L [m] lever Deformation Related to Comment
[ 1§ i Maximum border line 1.500 a Undeformed system
2
ENRAES

Figure 8.17: Window 1.8 Serviceability Data
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Finally, check the settings in the Details of Composition dialog box.

"
Details of Composition No. 1 @

Calculation / Madeling

Method of Analysis Stiffness Reduction Facters
Linear static analysis

(@) Large deformation analysis (nonlinear) l:l
() Newton-Raphson with constant stiffness matrix l:l

@ Newton-Raphson

Plate Bending Theory

MNumber of load increments: 565
Mindlin
Modeling of Laminated Glass Kirchhoff
_ |:| Insulating Glass Unit
@ 3D
(SR [ Consider secondary seal

Calculation Options

Save created temporary models |:|
Consider coupling l:l

[] Activate FE mesh refinemert

[7] Change standard settings B

— Secondary seal

MNumber of finite element layers in gas
layers 215

Figure 8.18: Dialog box Details of Composition, tab Calculation / Modeling

Eododgion Start the [Calculation]. You can notice that due to insulating glass, the calculation proceedsin
3D, thus analyzing individual layers as solids.

FE-Calculation... =)

- Fiurning
RFEM - Calculation by FEM

RF-GLASS
-
! Fartial Steps
Load Incremental Step 4 /5 lteration 6 | Maximum Displacement (inchuding gas) [mm]
] — | Processing Input Data... == I O Y I -

- | Creating 30-Element Stiffness Matrices...
- | Creating 2D-Element Stiffness Matrices...
— | Creating 10-Element Stiffness Matrices...
— | Creating Global Stiffness Matrix...

— | Solving Equation System, Left Hand Side... Number of 3D Hements 3600
- | Solving Equation System, Right Hand Side... | Number of 2D Hements 4200
- | Determining 2D-Element Intemal Forces.. Number of 1D Elements 0
— | Determining 10-Element Intemal Forces.. Number of Nodes 4006

Number of Equations 24036

- — (1] (0] [ Flcrepn

Figure 8.19: Calculation

During the calculation, the FE-Calculation dialog box shows the maximum displacement, in-
cluding the displacementin gas elements. As the displacements are considerable (seefigure),
the large deformation analysis is always used for insulating glass. This analysis considers the
model geometry correctly.
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3.1 Max Displacements

sition dialog box (see Figure 8.18).

v = const.
T

PpVor _ P _ P][Vm +C,(py — pout)]
T, n n

where C, : is the ductility of glass plates defined by the relation

_V(p) m>/Pa

stantaneous pressure value.

B [ _c | E [ F [ G 1 H [ J [
Suface | Point Poirt Coordinates [m] Load- Type of Packet Displacements [mm] Ratio
No Na. X Y z ing Comb No. uz Limit uz uzl]
[ 1 0.500 0.750 0.000 | LC1; Summer CH 1 -2.803 15.000 0.19
326 0.500 0.750 0.000 2 0.980 15.000 0.07
Maximum Displacement /* Maximum Displacement Ratio
1 326 0.500 0.750 0.000| LC1: Summer CH 1 -2.803 15.000 0.1%
326 0.500 0.750 0.000| LC1: Summer CH 1 -2.803 15.000 0.1%
Maxrato: | 019[z1 @ @]
Figure 8.20: Window 3.1 Max Displacements
.
8.2.2 Checkof Calculation

VANSS

Dlubal

Afterthe calculation, the 3.1 Max Displacements shows the displacements of the glass panes.

The check calculation of this example is carried out in RFEM. Because the calculation of insulat-
ing glass proceedsin 3D, you must adjust the RFEM model to the modifications in RF-GLASS.
To this end, you selected the Save created temporary models check box in the Details of Compo-

Open the generated model in RFEM (it can be found in the same projectfolder as the original
file). Remove the gas solid in this model. Then, assign a surface load p to the solids of the glass
panes. The surface load can be calculated from the thermal state equation forideal gases:

(8.7)

where V(p): is the volume between the undeformed and deformed position of a given
glass layer due to the pressure p. The ductility value dependson the in-
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External side

Layer No. 1
Layer No.2
Layer No.3

Internal side

Figure 8.21: Layer composition

The initial gas volume in this example is:

Vyy=a-b-t, =1.0-1.5-0.012 = 0.018 m*

The external gas pressure during at mountis determined as follows:

Pout = Poutmet ~ €2 ‘H, = Ppmet T APmet —C3-Hy = pp + Apmet — C,AH

By substitution, you get:

P VoiTh
2= pi[Vor + Culpy = Py — A + C2AH) |
p
PpVoih
C,p: + [Vm G (pp + APer - CzAH)JM -—===0
Tp

The internal gas pressure at mountis then

PpV01T1
T,

2
Cv(pp + APmet — €3 -AH) - Vor + \/|:V01 - Cv (pp + APmet = 3 'AH):| + 4Cv
p

py= 2C,

Pp = Pp,met — €2 -H; =101000 —12-0 =101000 Pa

APrmet = Poutmet — Pp,met = 97000 — 101000 = —4000 Pa

Pout = Pp + APmet — €5 -AH =101000 — 4000 —12-(100 — 0) = 95800 Pa

The factor C, depends onthe support type, dimensions, and stiffness of the glass panes. It is
calculated by using the following relations:

G =Cr+Cp (8.9)
V. 1 ab

Colp) ==1 == [ [w;(x, y)dxdy (8.10)
Poo
i 1 ab

C,»(p) =—2=—”W2(x,y)dxdy (8.11)
P Phyo

where C,;: is the ductility of layer 1
C,,: istheductility of layer3
Because this factor depends on the pressure p = p, — p, ., the calculationiis iterative.
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1. Iteration step
For p, =100800 Pa, you obtain

P =Py — Poue = 100800 — 95800 = 5000 Pa

In a nonlinear analysis with an FE mesh elementlength of 50 mm and aloading of
p = 5000 Pa, RFEM determines the maximum deflections

w, =—6.132 mm and w, =3.207 mm.
By using the RF-IMP module, you obtain the deformations of individual points in the model.

Then, you can calculate the volume between the deformed surface and the surface before the
deformation, that is, V; = 4.058-107> m® and V, = 2.047-107 m>.

V, 4.058-107 _
Co(p) =2 = 208107 _ 4116107 m?/Pa
p 5000
-3
Cvz(p):ﬁ:M:4.og4.10*7 m3/Pa
p 5000

C,=C,+C,,=8116-10" + 4.094-107 =1.221-10° m*/Pa

2 P VoiTh
Cv (pp + Apmet Y 'AH)_ VO1 + \/|:VO1 - Cv (pp + Apmet Y 'AH):| + 4va
p
b=
2C,
Recalculate the root from the previous formula:
2 PpVoils
\/|:V01 - Cv(pp + APret — €2 'AH)j| + 4Cvp.’_— =
p
2 . .
= \/[0.018 -12211107° -95800} +4.1221.100101000-0.018:298.15 _ 1396 13
273.15
The gas pressure is then equal to:
2 p VoiTh
Cv(pp + APt — G2 'AH) - V01 + \/|:V01 - Cv(pp + APmet — G2 'AH):| +4C, e
P
b = =
2C,
—6 _
_ 1.221-107°-95800 — 0.018 + 0.1396 — 97694 Pa

21.22110°°
2, Iteration step
For p, =97694 Pa, you obtain
P =Py — Pout = 97694 — 95800 = 1894 Pa
With thisloading of p =1894 Pa, RFEM determines the maximum deflections
w,; = —-3.497 mm and w, =1.323 mm.

Redetermine the deformations of the points with RF-IMP. With 1, = 2.253-10 m*and
V, =0.840-10> m*, you can determine the volumes of the deformations.
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v, 2253.10°° .
CV1(p)=—1:&:1.190-10 5 m3/Pa
p 1894
V, 0.840-1073 ~
Cvz(p)=—2=M=4.435~10 " m3/Pa
p 1894

C,=C,+C,,=1.190-10"° + 4435-107" =1.633-10° m*/Pa

Cv (pp + Apet — €2 ’AH) —Vor + \/[Vm - Cv (pp + Appet — €2 'AH):|2 + 4Cv @
p

b= Ya

v

Recalculate the root from the previous formula:

v peec 3
p

) 2 ~.101000-0.018-298.1
:\/[0.018— 1633-10 6~95800} + 4163310190 0002(;2185 B15 01792 m?

The gas pressure is then equal to:

2 b VoiTh
Cy(Pp + APmet — C2-AH) — oy + \/[vo1 = Cy(Pp + APmer — €2-AH) [ + 4C, %
P
b= Ya =

v

~ 1.633-107°.95800 — 0.018 + 0.1792
2.1.633-107°

=97270 Pa

3. Iteration step

The procedure of the next steps is the same. Therefore, only the mostimportant values are
quoted.

P =Py — Pour = 97270—- 95800 = 1470 Pa

w; =-2.920 mm, w, =1.034 mm
V,=1.873-10> m>,V, =0.656-107> m?

C,=Cp+C,, =1.274-10° + 4464107 =1.720-10"° m*/Pa

p; = 97204 Pa

4, Iteration step

D =Py — Pour = 97204 — 95800 = 1404 Pa

w; = —2.821mm, w, = 0.988 mm

V,=1.808-107° m?, 1, =0.627-10> m®
C,=C,+C,,=1.288-10"° + 4468-107 =1.735-10° m*/Pa

p, = 97193 Pa
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5. Iteration step

P =Pi — Pour = 97193 — 95800 = 1393 Pa

w; =—2.805 mm, w, =0.98Tmm

V,=1.800-10 m?,V, = 0.623-107> m?
C,=C,+C,,=1.290-10"° + 44691077 =1.737-10° m*/Pa
pr=97192 Pa

6. Iteration step

P =Py — Pour = 97192 — 95800 = 1392 Pa

w; =-2.803 mm, w, =0.980 mm
V;=1.796-107 m?, V, = 0.622-10 m®
C,=C,+C,,=1.290-10"° + 4469107 =1.737-10° m*/Pa

p;=97192 Pa

Figure 8.22: RFEM model

7. Iteration step

P =Py — Pout = 97192 — 95800 = 1392 Pa

w; = —2.802 mm, w, = 0.980 mm

V;=1.796-107 m?,V, = 0.622-10° m?
C,=C,+C,,=1.290-10"° + 4469107 =1.737-10° m*/Pa
p1=97191Pa

8. Iteration step
P =P — Pour =97191—95800 =1391Pa

w; =-2.802 mm, w, = 0.980 mm

V,=1796-107° m?, 1, =0.622-10° m®
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C,=C, +C,, =1290-10"° + 4.469-107 =1.737-10° m*/Pa

p1=97191Pa
Because the results are identical in the seventh and eighth iteration steps, the iteration process
terminates. Therefore, you obtain the maximum deflections

w,; =-2.802 mm, w, =0.980 mm.
The result valuesin RF-GLASS are w, = —2.803 mm and w, = 0.980 mm, thus confirming the

results.
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8.3 Insulating Glass According to TRLV, Annex A

Considerthe example presentedin Chapter 8.2 according to TRLV, Annex A (or DIN 18008-2:
2010-12, AnnexA).

For this, the model has to satisfy the following conditions:
e Rectangular surface without opening
e Exactly one gas layer
e Line support of the type Hinged - type 7 on all boundary lines
e -Loading only by surface load

The calculation is carried out according to Kirchhoff's bending theory and the linear static
analysis ([1], [2], [5D.

Glass pane dimension in x-axis direction = 1.0m
Glass pane dimension in y-axis direction b = 15m
Thickness of external glass layer tt = 8mm
Thickness of air layer t, = 12mm
Thickness of internal glass layer t; = 12mm
modulus of elasticity E = 70000 MPa
Glass shearmodulus G = 28455MPa
parameters
Poisson’s ratio v = 0.23
temperature T, = 0°C
manufac- :
turing atmospheric pressure Ppmet = 101kPa
sealevel Hy, = Om
Climatic load
temperature o
. T = 25°C
(external = gas = internal)
mount atmospheric pressure Poutmet = 97 kPa
sealevel H, = 100m

Table 8.2: Insulating glass parameters

In contrast to the previous example, the external glass pane is additionally loaded by the ex-
ternal loading w; = 1 kN/m?, that is to be entered in RFEM.

Wy

External side
Layer No. 1
Layer No.2
Layer No. 3

Internal side

Figure 8.23: Loading scheme

Dlubal
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The rate of the external glass pane in the total bending stiffnessis:
t3 83
= _°

=55 =3 3 =0.2286 TRLV, Annex A, Equation A1l
ty+t; 8 +12

The rate of the internal glass pane in the total bending stiffnessis:

3 3
0y :%:%:0.7714 TRLV, Annex A, Equation A2
i+t 8 +12

The characteristic edge lengthiis then:

3 .3
a' =289.4 % TRLV, Annex A, Equation A3
(& +t3)By

where B, : is determined from the ratio a/b =1000/1500 = 0.667

alb 1.0 0.9 0.8 0.7 0.6 05 04 03 0.2 0.1

B 0.0194 | 0.0237 | 0.0288 | 0.0350 | 0.0421 | 0.0501 | 0.0587 [ 0.0676 | 0.0767 | 0.0857

TRLV, Annex A, Table A1
By linearinterpolation, you obtain:

B, = 0.0373

3 43 3 3
|G e | 128712

a =28. P B T 546 mm
(8" +127)0.0373
The factor ¢ isdeterminedas:
= ! = 1 =0.081
$= a )t - 10004 - TRLV, Annex A, Equation A4
1+| —= T+ ——
a 546

The pressure inside the insulating glass due to climatic changesis:

Po = GAT — APy + C;AH = 34025 — (97000 — 101000) + 12-100 = 13700 Pa = 13.7 kN/m?

I

Figure 8.24: Wind load w, (left) and load due to climatic changes p, (right)

TRLV, Annex A, Equation A5

20
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The following table shows the load distribution for the individual glass panes:

Loading on Load part for
External pane Internal pane
External pane | wind w;, (6 + 95,)-wy (1- )6, -w,
snow s (6 +¢d,)-s (1-9)6,-s
Internal pane | wind w, (1- )6 -w, (96 +65)-w,
Both panes internal pressure p, —@-pg +@-pg

TRLV, Annex A, Table A2
For this example:

Loading on Load part for
External pane Internal pane
E (0.2286+0.081-0.7714)-1.0 = (1-0.081)-0.7714-1.0 =
xternal pane W,
=0.29 kN/m? = 0.71kN/m?
Both panes Po —0.081-13.7 = —=1.11kN/m? 0.081-13.7 = 1.11kN/m?

Table 8.3: Load for glass panes

The total loading is therefore:
e External glass pane f, =0.29+(-1.11)=-0.82 kN/m?
e Internal glasspane  f, =0.71+1.11=1.82 kN/m?

The input in RF-GLASS is done as described in Chapter8.2. Inthe 1.1 General Data window, se-

lectthe TRLV standard. In the 1.6 Climatic Load Parameters window, select the option Calcula-
tion according to Appendix A.

Options

Calculation according to Appendix A
-help medel for rectangular surfaces supported by line support Hinged -type 7

Figure 8.25: Calculation according to TRLV, Annex A

Checkinthe Force Load Distribution section of this window if 100 % of the load acts on the
External glass side.

In the Details of Composition dialog box, select the Linear static analysis option and the Save
created temporary models check box.

The [Calculation] gives maximum deflections of w; = —2.015 mm, w, =1.323 mm.

If we openthe generated model in RFEM, we can display and check the loads of the glass surfaces.

Figure 8.26: RFEM model with loading
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84  Curved Insulating Glass

Consider afixed curvedinsulating glass, with a composition displayed in Figure 8.27. The fol-
lowing parameters are used:

Glass pane dimension in x-axis direction x y z a =1.0m
Internal radius of curvature R =3.0m
Central angle a =30°
Thickness of glass pane 1 t; =5mm
Thickness of air layer tszr =12mm
Thickness of glass pane 2 t, =5mm
Thickness of foil tr =0.76 mm
Thickness of glass pane 3 t; =5mm
modulus of elasticity E =70000 MPa
Glass parameters | shear modulus G =28455MPa
Poisson's ratio v =0.23
modulus of elasticity E =3MPa
Foil parameters | shearmodulus G =1MPa
Poisson's ratio v =0.499
temperature T, =0°C
manufacturing | atmospheric pressure Ppmet =101kPa
sealevel H, =0m
Climatic load temperature .
(external = gas = internal) T =25°C
mount atmospheric pressure Poutmet =101kPa
sealevel H, =0m

Table 8.4: Parameters of fixed curved insulating glass

Layer No.5 / — AN
Layer No. 4 — \
Layer No.3 ‘ "-\I
Layer No.2 "‘.“.\ ’_“.“I + K \
\ / \#
Layer No. 1 \\\\ L / a -\\
\

Figure 8.27: Curved glass

The length of the finite elementsis 50 mm.
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8.4.1 Calculationin RF-GLASS
First, we create a New Model in RFEM.

MNew Model - General Data &J
General | Options | History

Model Name Description

Insulating glass unit - curved

Project Name Description

] Examples j

&l
)

Folder:
C:\Users'PublictDocuments*DiubalProjects'Examples

Type of Model Classification of Load Cases and Combinations
@ 3D According to Standard:

- = ’_K — -
02D - XY uz/o/oy) | ¥ I ( Nene
L z

) 2D - XZ {uxfuz/ev)
) 2D - XX uxfuviez)

Create combinations automatically
3) Load combinations

Result combinations for linear analysis only)

Positive Orientation of Global Axis Z Template
~ Upward... 7] Open template model:

@ Downward e |
Comment

- [=

oKk | [ cancal |

L5 4

Figure 8.28: Dialog box New Model - General Data

After entering the general data, you define an Arc via Center Node, Edge Node andAngle. The
distance between the centerand edge node is 3 m, the included angle is 30°.

Then, openthe Extrude Line into Surface dialog box. Define the height h = 1m andthe offsetas
e = 0 m.Next, checkif the surface axis system is oriented as shown in the following figure. If
this is not the case, rotate it.

Because youwantto carry outthe Local calculation type in RF-GLASS, the supports are defined
directlyin the module. Therefore, itis not necessary to define any supports in RFEM.

1000

Figure 8.29: Defining arcand extruding line into surface
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Although there is no external loading on the model, you have to create a load case to start the
calculationin RF-GLASS. The self-weight should not be Active.

Edit Load Cases and Combinations ==

Load Cases | Load Combinations | Result Combintions |

Existing Load Cases LC No Load Case Description To Solve

O .
General | Calculation Parameters
Action Category Without
I Imposed -
Self-Weight
[ Active

< I » | | comment
. A ] Dy [']
Bx [x]

Figure 8.30: Dialog box Edit Load Cases and Combinations

In the FE Mesh Settings dialog box, you specify 0.05 m as target length of finite elements.
==

FE Mesh Settings

General Surfaces

Maximum ratio of FE
rectangle diagonals

Target length of finite
elements

IFE: 0.050 5> ml Am 1.80015 [

Maximum distance between a Maximum out-of-plane

integrated in sufaces, with

@

Use division for members with nodes lying on them

node and a line to integrate i into < inclination of two finite
the line & 0.001 =) fm] clements [ [ - A
Maxdmum number of mesh nodes " + . + -
in thousands) ma: 500+ FE mesh refinement zlong lines
{with type "Plate XY only)
Members Relatiorship Ap l:l
Number of di f | of ’
m;ﬁb:::s Ivisions for special types [] Integrate unutiized objects into surfaces
{cable, elastic foundation, taper,
I 101+ -
o] Shape of finite () Quadrangles only
[¥] Activate divisions for straight members, which are not integrated siements: () Triangles only Ap = Dy D > D
in surfaces, with concrete material category group (necessary ® T I d quad ‘ D D =52
for nonlinear calculation) oot DB R T 2
/| Same squares where
Minimum number of member < passwbleq §
divisions 0= Option
Activate member divisions for large deformation or [T Mapped mesh prefemed Regenerate FE mesh on [OK]
post-critical analysis
[] Use division for straight members, which are not Solids

[~] Refinement of FE mesh on solids containing close
nodes

Maximum number of elemerts
{in thousands): 200

Figure 8.31: Dialog box FE Mesh Settings
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Now, start the RF-GLASS module.

Dlubal

Because you want to create insulating glass, you should select the Local - Individual glass sur-
faces calculation type in Window 1.1 General Data. You cannot select aload case now, because
LC1 does not contain any load data. This is indicated by an asterisk (*) (see Chapter3.1.1).

B

RF-GLASS - [Insulating glass unit - curved]
File Settings Help
Input Data 1.1 General Data
General Data
Layers Design of Standard
Line Supports Surfaces No Mone -
- Nodal Supparts . ~
- Boundary Members X oa
Utimate Limit State | Serviceabilty Limit State |
Existing Load Cases. Selected for Design
<L
A1) - 37|82
Comment Calculation Type
* | @ Local - Individual glass surfaces
= | ) Global - Wholz madel in RFEM
e | [ G| | Sone

4

RF-GLASS

Caleulation and design
of glass surfaces

Figure 8.32: Window 1.1 General Data

1.2 Layers

Current Composition

1| Comp. 1

List of Surfaces

- b () @ X))

Therefore, goto the 1.2 Layers window, whereyou select an insulating glass with gas layer.
Now itis possible to selectaload case in Window 1.1.

Compesition No. 1

Figure 8.33: Window 1.2 Layers

B [ C [ D [ E [ F G [ H -
Material Thickness Modulus of Elast. Shear Modulus Poisson’s Ratio Specific Weight Coeff. of Th
Description t [mm] E [N/mmZ] G [N/mmZ2] v  [eN/m?] ar [1/K
"™ Thermally Toughened Float Glass 5.00 70000000 28455300 0.230 25.00 3
2 |[Gas Dry Air 12.00 0.01
3 Glass Thermally Toughened Float Glass 5.00 70000.000 28455.300 0.230 25.00 8-
4 | Fai PVB 22 *C loading urtil 3 min 0.76 3.000 1.001 0.43% 10.70 g
5 Glass Themally Toughened Float Glass 5.00 70000.000 28455.300 0.230 25.00 5
[3
7
8
g -
« (T »
8@ (%] )
Info
Extemal Side
r 1: Thermally Toughened Float Glass Layer No-:1
ot~ 2: Dry Air Surface weight: 0.125 [ki/m2]
| 3: Themally Toughened Flost Glass
[ 4: PVB 22 °C loading until 3 min
| 5: Thermally Toughened Flost Glass E Thickness 2776 [mm]
E Surface weight 0.383 kn/mE]
o]
-]
“1 Local Axis z
Direction
o]
Intemal Side
Bottom

I Program RF-GLASS © 2013 Dlubal Software GmbH

95



.8 Examples 4&

Dlubal =~

Because you are currently only interested in the deformation of the model, selectLC1 only in
the Serviceability Limit State tab of the 1.1 General Data window.

1.1 General Data

Design of Standard

Surfaces Mo.: None -
w X o

Uttimate: Limit State | Serviceabilty Limit State |

Existing Load Cases Selected for Design
I LC1 Characteristic m
v
L
= =
Calculation and design
of glass surfaces
Al ~ [B¥][3a

Comment Calculation Type

- @ Local - Individual glass sufaces -_

- *) Global - Whole mode! in RFEM
Figure 8.34: Window 1.1 General Data, tab Serviceability Limit State

In the 1.3 Line Supports window, you select the support type Rigid for the lines 1 to 4.

1.3 Line Supports

Current Composition List of Surfaces Composition No. 1
Hicos - i B X6 )
Support Type
A B el

Support Support I

No On Lines No. Type I
R 14 5 I 0

z

a

a

0 s
' y "I‘x ﬁ y
a 8 *

i Lacal reference sysiem is

Intemal Side
% - - PR
dafined in tha folowing wey

Support Conditions

Layer Support Reference Rotation Support or Spring [kN/mZ2] Rotational Restraint or Spring [<MNm/*/m]
No Location system Bl Ux Uy uz Ox Dy 9z
1 [Al Local 0.00 [} [} = = ) =
3 [a Local 0.00 [=i] & | & [ =
5 A Local 0.00 [=i] [m| [m| @) 5] 5]

Figure 8.35: Window 1.3 Line Supports

Leave Windows 1.4 Nodal Supports and 1.5 Boundary empty.
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Proceedto Window 1.6 Climatic Load Parameters for Insulating Glass to make the following en-
tries:

1.6 Climatic Load Parameters for Insulating Glass

Current Compesition List of Surfaces Compesition No. 1
! [Com. - [ () () (&) () ) &

Climatic Load Parameters - Summer

V| Use
Manufacturing Mourit Difference
Temperature: DO Fq) Temperature Extemal: 250 o) 2501 ey
Gas: 25.06 ol 25.01] rc)
. Intemal: 250 Fal 250 ra
Atmospheric pressure: 0.101 5| [Wmm2]  Atmospheric pressure: 0101 5| MimmZ] 0.000 | [N/mm2]
Attude 0.0 im Altude 0.0 m 0.0 (m

Climatic Load Parameters - Winter

Use

Force Load Distribution
Load Part [%] on Glass Side

No. Description Edemal Intemal
LC1 100.0 0.0

2
)
=

Figure 8.36: Window 1.6 Climatic Load Parameters for Insulating Glass

In the 1.8 Serviceability Data window, you add surface No. 1 to the List of Surfaces. Because the
Maximum border line reference length type is selected, the Reference Length L is automatically
completed.

1.8 Serviceahility Data

Assignment of Reference Lengths to Surfaces

B ¢ [ o | E :
Mo Reference Length Cartti-
List of Surfaces Type L jm] lever Deformation Related to Comment
e ¢ Maximum border line 1571 O Undeformed system
z
®|%)E

Figure 8.37: Window 1.8 Serviceability Data
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Finally, check the settings in the Details of Composition dialog box.

Details of Composition No. 1

Calculation / Modeling

Method of Analysis
Linear static analysis

@) Large deformation analysis {nonlinear)
(7 Newton-Raphson with constant stiffness matric
(@ Newton-Raphson

Number of load increments 5t

Modeling of Laminated Glass

@ 3D

Calculation Options.

Save created temporary models
Consider coupling

[] Activate FE mesh refinement

[] Change standard ssttings

Stiffness Reduction Factors

Plate Bending Theory
Mindiin
Kirchhoff
Insulating Glass Unit

[7] Consider secondary ssal

&

— Secondary ses|

Mumber of finite elemert layers in gas
layers: 2=

(@) @) (3] (%] (08) (&) B

Figure 8.38: Dialog box Details of Composition

layers are analyzed as solids.

3.1 Max Displacements

Start the [Calculation]. Because of the insulating glass, the calculation runsin 3D in whichall

The 3.1 Max Displacements window shows the displacements of the glass panes.

Figure 8.39: Window 3.1 Max Displacements

B [ c [ b 1| E [ = [ G | H [ I [ ] [
Surface | Point Point Coordinates [m] Load- Type of Packet Digplacements [mm)] Ratio
No. | M. X Y z ing Comb No. uz Limit uz uzl]
[ 1 2772 -1.148 0.600 | LCT; Summer CH 1 0265 15708 0.02
454 2772 -1.148 0.650 2 0123 15.708 0.m
Maximum Digplacement / Maximum Displacement Ratio
1 421 277 -1.148 0.600 | LC1: Summer CH 1 -0.265 15.708 0.02
421 277 -1.143 0.600 | LC1: Summer CH 1 -0.265 15.708 0.02

2

Mao ratio: 0021 @

28
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8.4.2 Checkof Calculation

The check calculation of this example is carried out in RFEM. Because the calculation of insulat-
ing glass proceedsin 3D, you must adjust the RFEM model to the modifications in RF-GLASS.

To this end, you selected the Save created temporary models check box in the Details of Compo-
sition dialog box (see Figure 8.38).

Open the generated model in RFEM (it can be found in the same projectfolder as the original
file). Remove the gas solid in this model. Then, assign a surface load p to the solids of the glass

panes. The surface load can be calculated from the thermal state equation forideal gases as
follows:

ﬂ = const. (8.12)
T

PpVor _pY_ P1[Vor + G (1 — Pout)] (8.13)
T, N h

where C, : is the ductility of the glass plates, defined as

4
C,(p)= vip) m?/Pa (8.14)
p

where V(p): is the volume between the undeformed and deformed position of a given

glass layer due to the pressure p. The ductility value dependson the in-
stantaneous pressure value.

The initial volume in this example is:

Vyy=a-b-t, =1.0-1.5-0.012 =189.153-10"* m?

The external gas pressure at mountis determined as follows:

Pout = Poutmet ~ €2 ‘H, = Ppmet T APret — € ‘H, = pbp + APret — C,AH (8.15)

By substitution, you obtain:

P VoiTh
22 = p, [Vm +Cy(py = Pp = APer + CzAH)]
p
PpVoihi
C,P? + [ Vor = Cy (Pp + APmer — C28H) |py = =22 =0
p

The internal gas pressure at mountis then

Cv (pp + Apmet Y ’AH) - V01 + \/|:V01 - Cv (pp + Apmet Y 'AH)ir + 4Cv @
p

b= Ya

v

Pp = Ppmet = C2-Hy =101000 —12-0 = 101000 Pa
APret = Poutmet — Pp,met =101000 —101000 = 0 Pa

Pout = Pp + APret — €2 -AH =101000 - 0 - 12-(100 - 0) = 101000 Pa
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The factor C, depends on the support type, dimensions, and stiffness of the glass panes. You
can calculate them by using the following formula:

Cv = Cvl + Cv2 (8.16)
V. 1 ab

Cﬂ(p):—’:—”W](x,y)dxdy (8.17)
P Py
i 1 ab

C,»(p) :—2:—”W2(X,y)dxdy (8.18)
P Phyo

where C,,:is the ductility of layer 1
C,,:is the ductility of layer 3

Because this factor depends on the pressure p = p, — p, ., the calculationiis iterative.

1. Iteration step
For p, = 106000 Pa, you obtain

P = Py — Pour = 106000 — 10100 = 5000 Pa

In a nonlinear analysis with an FE mesh elementlength of 50 mm and a loading of
p = 5000 Pa, RFEM determines the maximum deflections

w; =—0.178 mm and w, = 0.084 mm.

By using the RF-IMP module, you obtain the deformations of individual points in the model.

Then, you can calculate the volume between the deformed surface and the surface before the
deformation, that is, 1, =14.997-10° m*and V, =7.478-107> m®.

V, 14.997-107

Clp)=—=—"""—"—=2999.10"% m?/Pa
= 5000
-5
C,»(p) _Y 7478107 4 496.10° m?/Pa
p 5000

C,=Cp+C,p =2999-107 +1.496-10°8 = 4.495-10"® m*/Pa

ppVO1T1
T

G (pp + APper — ’AH) —Vor + \/|:V01 -G (pp + APt — G 'AH)ir +4C,
p

b=

2C

v

Recalculate the root from the previous formula:

Voihh
\/|:V01 -G (pp + APmet — C2 'AH):|2 + 4Cv@ =
p

+4.4495_10_8101OOO~189.153~10"4~298.15 ~
' 27315

-4 -8 2
:\/[189.153-10 — 4495.10 -101000]
=0.02412 m>

The gas pressure is then equal to:

2 PpVoix
CV (pp + Apper — €2 'AH) - V01 + \/|:V01 - Cv (pp + Aper — €2 AH)J + 4Cv P
_ P _
P 2C,
_ 4.495-1078.101000 —189.153-10™* + 0.02412

229510 =108351Pa

100
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2. Iteration step
For p, =108351Pa, we obtain

P =Py — Pour = 108351101000 = 7351 Pa
With this loading of p =7351Pa, RFEM determines the maximum deflections

w; = —0.265 mm and w, =0.123 mm.

The deformations of the points are recalculated with RF-IMP. Then, you can determine the vol-
ume of the deformations with V, =2.212:10™* m*and V, =1.099-10™* m?.

—4
C(p) = V221210 7 5508.1078 md/pa
p 7351
4
C,»(p) _Ya 1099007 4 464108 m?/pa
p 7351

C,=C, +C,,=3.008-10"° +1.494.10® = 4503-10® m*/Pa

G (Pp + APper — G2 'AH) —Vor + \/[Vm -G (Pp + APper — 62 ‘AH)T +4C, %

pr = 2

=108349 Pa

2C,

Figure 8.40: RFEM model
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3. Iteration step
The procedure of the next steps is the same. Therefore, only the mostimportant values are

quoted.
P =Py — Poue = 108349 — 101000 = 7349 Pa

w; =-0.265 mm, w, =0.123 mm
V;=2210-10" m?, ¥, =1.098-10* m’
C,=C, +C,,=3008-10"8 +1.494.10°® = 4502.10"® m*/Pa

p, = 108349 Pa

Because the resultsin the second and third iteration steps are identical, the iteration processis
terminated. Thus, the maximum deflections are

w; =-0.265 mm, w, =0.123 mm.
The result valuesin RF-GLASS are w, = —0.265 mm and w, = 0.123 mm, thus confirming the

results.
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9. Appendix A
|
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9.1 Stiffness Matrix Check for Positive Definite-

ness
The stiffness matrix which is givenin the form:
Dy, D, O 0 0 Dy
D,, O 0 0 sym
Dy; O 0 sym.
Dy O 0
Dss = Dss O
55
sym. Degg

is checkedforthe following conditions:

D, D
det{ " 12:|ZCD”D22
2 P

D D
det{ 66 67} > (DgDyy
67 77

¢ =1-0.999 = 0.001999

Dgg |

e Matrix D is positive definite (i.e., all of the leading principal minors must be positive.
Asa consequence, there are positive values on the diagonal: D; >0, i=1,...,n".)

e Moreover, itis required that (positive definiteness in a more restrictive sense):
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