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Glass offers a wide variety of applications in architecture. This material has experienced a tremendous 
innovation boost in the past two decades which has forced planners to constantly adapt to the high-

performance material [1]. 

 
TW Glas is a tool that allows users to perform calculations and generate verifiable structural designs for 
glazing. The software emerged from many years of practical engineering experience. The software can 
verify single, laminated, and insulating glass units with different structures and geometry. 
 
TW Glas supports: 
 
Á Architects with pre-dimensioning,  
Á Glass manufacturers during advising, 
Á Engineers with review and detail verification, 
Á Façade planners with optimization, 
Á Test engineers in independent comparative analysis, 
Á Glass craftsman with planning, 
Á Experts for the analysis of specific problems, 
Á Students and scientists with research and teaching. 
 
TW Glas has a built-in catalog with all of the characteristics necessary for glazing, which can be updated 
at any time. Standards, guidelines, and manufacturer's specifications are available in the program. 
 
TW Glas uses the finite element method for the calculation of deformations and stresses. Hence, the 
program can analyse any combination of actions consisting of point, line, partial surface, surface, and 
climatic loads. 
 
For multi-pane insulating glass units, TW Glas calculates climatic loads using the ideal gas law method. 
 
TW Glas software can be customized to meet your unique requirements. Contact us for more information 
about software development and we will be happy to assist you. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TragWerk Software 
Döking + Purtak GbR 
Prellerstraße 9 
01309 Dresden 
 
Tel. 0351/ 433 08 50 
Fax   0351/ 433 08 55    Contact: 
e-mail info@tragwerk-software.de   Dr.-Ing. Frank Purtak 

mailto:info@tragwerk-software.de


TW Glas  
  

  Page 3 
 

Table of Contents 
 
1 Introduction ................................................................................................................................. 4 

1.1 System Requirements 4 

1.2 Installation 4 

1.3 Activation of the Hardlock for Relicensing 5 

1.4 Software License Model 5 

1.5 Support 5 

1.6 Symbols 5 
2 Symbols, Abbreviations and Definitions ..................................................................................... 6 
3 Program Description ................................................................................................................... 8 

3.1 Creating a Position 8 

3.2 Calculation Procedure 8 

3.3 Geometry 9 

3.4 Glass Unit Assembly 11 

3.5 Edge Support 15 

3.6 Bonding Behavior of Laminated Safety Glass (LSG) 18 

3.7 Edge Sealing for Insulating Glass 21 

3.8 Actions 23 

3.9 Loads 26 

3.10 Modification Factor kmod 40 

3.11 Combination of Actions 44 

3.12 Finite Element Model 47 
4 Verification of the Load-Bearing Capacity ................................................................................ 49 

4.1 TRLV 49 

4.2 DIN 18008-2 Linear support 50 

4.3 DIN 18008-3 Point support 51 

4.4 ÖNorm B 3716 52 

4.5 Shen/Wörner 54 

4.6 Individual Concept 55 

4.7 Other verifications 55 
5 Verification of the Resistance under Impact ............................................................................. 57 

5.1 TRAV ï Evidence of Resistance under Impact Actions 57 

5.2 DIN 18008-4 Barrier Glazing 60 

5.3 Non-Linear Transient Calculation 61 
6 Serviceability Limit State........................................................................................................... 62 

6.1 Proof of Deflections 62 

6.2 Proving the Pane Spacing in Insulating Glass 63 
7 Glass Thickness Optimization .................................................................................................. 64 
8 Results ...................................................................................................................................... 65 

8.1 Visualization 65 

8.2 Verification 67 
9 Output ....................................................................................................................................... 69 

9.1 Preview 70 

9.2 Printing and Exporting 70 
10 Literature ................................................................................................................................... 71 

10.1 Standards, Regulations and Guidelines (Short Name) 71 

10.2 Literature Cited in Manual 76 
 



TW Glas  
  

  Page 4 
 

1 Introduction 

1.1 System Requirements 

TW Glas has been tested on systems with the following minimum requirements: 
 
Á Operating systems from Windows XP upwards, 
Á Screen resolution of at least 1024 x 768 pixels, 
Á Computer with a chipset from 2007 or later. 

1.2 Installation 

Insert the CD into the CD drive and the installer TWSolution*.exe will start automatically if the autostart 
function is switched on, otherwise you will have to manually start it by double clicking it. Follow the 
installation instructions.  
 
Please install the Hardlock driver for full use of the software. 
 

 
 
To install the driver for a network Hardlock, run the Setup on the Server and choose the option: ĂNetwork 
Dongleñ during the Hardlock driver installation.    
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1.3 Activation of the Hardlock for Relicensing 

Without the Hardlock, the full version of TW Glas is available for a limited glazing area. All items included 
(templates) are fully functional without the Hardlock.  
For unrestricted use (the full version), a Hardlock is required. If you havenôt got a Hardlock yet, you can 
purchase one from Tragwerk Software. If you already have a Hardlock (from Codemeter) it can be used 
for the licensing of TW Glas. 
  
Please email the Hardlock No. (as seen in the red box below) of your Hardlock to the address: sup-

port@twsolution.de   

 

 
 
We will send you the activation file for the Hardlock which is activated by "double-clicking" it. Now the 
Hardlock is activated for TW Glas. 

1.4 Software License Model 

TW Glas can be installed in various ways: 
 
Á Singer User License (Workstation), 
Á Network License (Office License), 
 
and can be licensed as: 
 
Á Single-User, 
Á Multi-User, 
Á Software as a Service. 
 
The software as a service is usable within 3 working days of installation and administration. The mini-
mum time for which the software can be activated is one month. 
 
TW Glas can be updated for free at anytime using the Help menu. New features and maintenance are 
included in downloadable "patches". We can also provide the updates via CD for 5.00 EUR plus shipping 
costs. 

1.5 Support 

Phone support is avilable during german business hours at tel. ++49/(0)351/4338050 
 
We can be reached at any time through email at: 
support@twsolution.de and will respond within the next working day. 
 
In addition, TragWerk can support all customers through the TeamViewer application which is down-
loadable for free and has to be installed (http://www.teamviewer.com). With this program, customers 
can watch their screen as TragWerk assists remotely with maintenance and/or operation. 

1.6 Symbols 

Symbols used in the manual: 
 
Information 
 

Tip 
 
Example 

mailto:support@twsolution.de?subject=Hardlock%20activation
mailto:support@twsolution.de?subject=Hardlock%20activation
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2 Symbols, Abbreviations and Definitions 

Definitions According to Various Standards 
 
Vertical Glazing   Tilt Ò 10Á or Ò 15Á to the vertical 
Horizontal Glazing   Tilt > 10° or > 15° to the vertical 
 
Abbreviations  
(German Abbr.) 
 
MG (SPG)  Mirror glass (previous name; now known as float glass) 
Float    Float glass 
LG (VG)  Laminated glass with interlayer e. g. resin 
R  (GH)  Resin 
LSG (VSG)  laminated safety glass with a PVB interlayer 
PVB    Polyvinyl-butyral (tear-resistant interlayer) 
TSG (ESG)  Tempered safety glass (fully tempered) 
TSG-H (ESG-H)  Safety glass with heat soak test 
HSG (TVG)  Heat-strengthened glass 
IGU (MIG)  Insulating Glass Units from single pane glass 
IGU/LSG (MIG mit VSG) Insulating Glass Units, from laminated glass 
ULS  (GZT)  Ultimate limit state 
SLS  (GZG)  Serviceability limit state 
AMSL (NN)  Height above mean sea level   
 
Symbols 
 
x, y, z  Coordinates in the global coordinate system 
r, s, t  Coordinates in the local coordinate system 
d, a, b  Geometry values 
 

ax, ay  Tilt of glazing about the global axis 
 
k (cz) Spring stiffness 
 
w  Characteristic value of windload 
cp  Aerodynamic coefficient (shape coefficient)   
cp,1  Aerodynamic coefficient for the area of 1 m² 
cp,10  Aerodynamic coefficient for a surface from 10 m² 
q  Velocity pressure for the reference height z 
z  Reference height 
 
si   Snow load relative to the base 
sk  Characteristic value of the snow load on the ground 

mi  Snow load shape coefficient 
 
T  Temperature 

DT  Temperature difference 

DTadd  Temperature difference additive to the DT 

Dpmet    Meteorological air pressure difference 

DH  Height difference 
p0  Isochoric pressure 
Ed  Design value of the action effects (e. g. stress) 
Rd  Design value of bearing resistance (e. g. stress) 
 

g  Safety factor 

y  Combination factor (Psi) 
kc  Construction coefficient 
kmod   Modification factor for load duration 
 

sS  Existing tension 

sR  Characteristic tensile strength 
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szul  Permissible stresses 
 

r  Density 
g  Acceleration due to gravity 
E  Modulus of elasticity (Pa) 

y (m) Poissonôs ratio 
 
f1 Characteristic strength reduction factor fk (e. g. for enamelling) 
fk Characteristic strength (confidence level 0.95 and 5% fracture probability) 
t  Time 
F  Force 
f  Line load 
 
G  Shear modulus of the interlayer (depending on T and t) 
 
H  (Ug) Heat transfer coefficient 
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3 Program Description 

TW Glas calculates the glass thickness for general glass constructions. For laminated glass, TW Glas 
uses the real value of the shear modulus of the interlayer to create a safe and cost-effective design. 

3.1 Creating a Position 

In the file menu users can manage positions (Figure 1). After selecting [New ...], choose the desired 
calculation module. 
 

  
 
 
 
 
 
 

3.2 Calculation Procedure 

Choice of formula (Figure 2) for the structural analysis: 
 
Á TRLV, TRAV [2, 3] 
Á DIN 18008 [4, 5, 6, 7] 
Á ÖNORM B 3716-1 [8, 9, 10, 11] 
Á Shen/Wörner [12] 
Á Individual Concept  
 
When calculating according to TRLV, TRAV, DIN and ÖNORM the combination of actions will be done 
automatically by TW Glas. For the analysis according to Shen/Wörner and the Individual Concept, the 
combination of actions can be chosen without restrictions. 
 

 

Figure 2: Choice of design method 

Figure 1: Create position 
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3.3 Geometry 

Glazing can be drawn as a circle or polygon in the x-y plane (Figure 3). The coordinates are input counter 
clockwise. The indication of the edges begins with the first node. In Figure 4, the first node is located at 
the origin (x=y=0) and the second node is located on the x-axis. 
 

 

Figure 3: Examples of possible geometries 

 
An overview of the range of panes is offered by the manufacturers, e. g. [13]. 
 

 

Figure 4: Geometry input in the x-y plane 

 
To create a longitudinal tilt (e. g. for a row of oblique windows), input a parallelogram into the x-y plane. 
The glazing layer is first tilted around the x-axis and then around the y-axis. 
 

 

Figure 5:  Tilt of the glazing plane 

a) Definition of the x-y plane (corresponds to the local r-s plane) 

b) 90° tilt about the x-axis (ax = 90° corresponds to vertical glazing) 

 
Figure 6 shows how to input the geometry. Before rotation, the geometry of the global x-y coordinates 
corresponds to the local r-s coordinates.  
 

a) b) c)

ax

-ay

ax
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Figure 6: Input of the tilting angle 

 
The following restrictions on horizontal glazing must be observed in accordance with the regulations of 
horizontal glazing (overhead glazing): 
 
TRLV Horizontal Glazing 
Paragraph 3.2.2:  
é"Laminated safety glass from float and/or heat-strengthened glass with a span greater than 1.2 m 
must be supported on all edges and the aspect ratio must not be greater than 3:1". 
 
Paragraph 3.2.5: "Wired glass is only permitted with a span of up to 0.7 m in the main direction and a 
glass insert of at least 15 mm." 
 
DIN 18008-2 
Appendix B.1.2: Horizontal laminated glass with a span of more than 1.2 m must be supported on all 
sides. 
 
ÖNORM B 3716-1 
No restrictions 
 
Shen/Wörner 
No restrictions 
 
Individual Concept 
No restrictions 
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3.4 Glass Unit Assembly 

TW Glas can calculate glass constructions with up to 21 layers (as shown in Figure 7). It can also be 
used to design complex fire resistant systems. 

 

Figure 7: Glass unit assembly and tilt 

 
The layers are stored in the database and can be expanded individually by: 
Á Glass type,  
Á Interlayer,  
Á Cavity. 
 
Some of the glass types that can be chosen are: 
Á Float glass ("mirror glass"), 
Á HSG (semi-tempered glass) 
Á TSG (fully tempered glass), 
Á TSG-H1 (TSG with "heat soak test" [14]), 
Á Wired glass, 
Á Cast glass (e. g. ornament glass). 
 
The interlayer is typically a PVB (polyvinyl butyral) or a resin film. 
 
For insulation, the cavity space is usually filled with air, argon, krypton, xenon, or a gas mixture. Figure 
8 shows how heat transfer coefficients improve for two different gas fillings as the cavity size increases 
up to 16 mm. 
 
 

The thickness of the insulating glass unit can be reduced by using gases with lower heat transfer 
coefficients. This can be interesting for triple paned insulating glass units because it can help 

minimize the thickness and to comply with the maximum clamping thickness of the façade profiles. 
 
 

 

1 Minimizes the risk of spontaneous breakage due to nickel sulphide inclusions: the TSG/toughened 
panes are heated to a controlled temperature of at least 280 °C and stored at the temperature for at 
least four hours (international two hours). After that, all panes with an edge damage depth greater than 
5% of the glass thickness must be removed. 
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Figure 8: Heat transfer coefficient (h) as a function of cavity and gas fill [15] 

 
The area of application for the glazing is designed according to the chosen building codes and regula-
tions and the manufacturers instructions (see examples in Table 1). 
 

Table 1: Applications 

 
 
 
After selecting the glass thickness, the properties have to be defined. For a structural calculation, the 
following material properties are required:  
  

Example TSG: 
 

Density:    r = 2.5 kg/m³ 
Modulus of Elasticity:  E = 70,000 N/mm² 

Poissonôs Ratio:  y = 0.23 
Characteristic Strength:  fk = 120 N/mm² 
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Floatglas TVG ESG

Eigenschaften

Biegezugfestigkeit 45 N/mm² 70 N/mm² 120 N/mm²

Temperaturdifferenz-Beständigkeit 

über die Scheibenfläche 40 K 100 K 200 K

Schneiden ja nein nein

Bruchbild

radiale Risse, 

große Stücke

radiale Anrisse, 

große Stücke

netzartige Risse, 

kleine Stücke

Spontanbruch möglich nein nein ja

Vertikalverglasung 

ohne Sicherheitsanforderungen

mit Sicherheitsanforderungen

erhöhte mechanische Beanspruchung

erhöhte thermische Beanspruchung

Reststandsicherheit bei allseitiger 

Lagerung

Horizontalverglasung

Außenscheibe

Innenscheibe monolithisch unzulässig unzulässig unzulässig

Innenscheibe VSG (Resttragfähigkeit) 

bestehend aus 2 x unzulässig

Umwehrungen

monolithisch

VSG bestehend aus 2 x

VSG mit Resttragfähigkeit   bestehend 

aus 2 x

Anwendung
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The catalog and preselection have default material properties that are customizable. 
 

 
 

 
 

 

Figure 9: Input of the layer structure for glass and interlayer 

 
The thickness of the interlayer is to be specified. When ñfull bondò is selected, the thickness of 
the interlayer is taken into account for the total thickness of the glass unit. When you select "partial 

bond", the shear modulus must be specified for every action because the shear modulus is dependent 
on the duration of the action and temperature.  
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3.4.1 Catalog 

TW Glas uses a master database that contains catalogs with all the information on layers and structures. 
Layers are defined under the following categories (Figure 10):  
Á Glass Type,  
Á Interlayer,  
Á Cavity. 
Once defined, the layers are available for the assembly of structures. 

 

 

Figure 10: Editing a layer in the catalog 

 
The structures as shown in Figure 11 can consist of:  

¶ single glazing,  

¶ laminated glass,  

¶ insulating glass from single glazing,  

¶ insulating laminated glass. 
Master data can be copied from the layer editing form for future processing. 
 
 

 

Figure 11: Using the catalog to assemble the glazing 
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3.5 Edge Support 

Glazing can be fixed, hinged, free or spring loaded (Figure 12). 
 
 

 

Figure 12:  Edge Support 

a) Free 

b) Hinged 

c) Fixed 

d) Spring loaded 

 
If the edge is spring loaded vertically to the glazing, then the spring stiffness k will be requested for input 
(Figure 13). The spring stiffness is problem dependent and ranges between: 

¶ k = 0 (free edge) and 

¶ k = 1E20 (fixed in the t-direction; e. g. hinged support). 
 

When glazing a polygon shape with very acute or obtuse angles, the edges should be spring 
loaded so that no numerical spikes in the calculation of the critical edge positions are regarded 

as binding at the critical nodes (e. g. corners). The spring stiffness should be chosen so that the maxi-
mum deflection of the glass is not significantly changed. 
 

 

Figure 13: Defining the edges 

 

3.5.1 Notes on Supports 

Information provided by the manufacturer must be observed in the design. For example, "... in fire pro-
tection glass, the contact pressure along the edge of 20 N/cm has been proven" [24]. 
 
DIN 18008-2 
Paragraph 4.3: ĂMonolithische Einfachgläser aus grob brechenden Glasarten (z. B. Floatglas, TVG, 
gezogenem Flachglas, Ornamentglas) und Verbundglas (VG), deren Oberkante mehr als 4 m über 
Verkehrsflächen liegt, dürfen nur verwendet werden, wenn sie allseitig gelagert sind.ñ Thus, monolithic 
single glazing of non-safety glass and laminated glass must be supported along all sides if they are 
located at least 4 m above traffic. 
 

a)

b)

c)

d)
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3.5.2 Clamp Mounting 

For the definition of clamp mounting supports, the edge is defined by a number of polygon points. In the 
area of the clamp, the edge is preferably hold by a spring support. Compared to an unrealistic fixed 
support this reduces stress peaks. 
 
 

 

Figure 14: Individual input of clamp mounting (illustration of the spring supports) 
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3.5.3 Point Holders 

In the point holder model, the real bore holes in the glazing are taken into account. The point holders 
have to be deoupled from the glass by a soft, e. g. elastomeric, intermediate layer. By definition of 
thickness and elastic modulus of the intermediate layer, equivalent springs are generated automatically 
in the FE model, which is illustrated in Figure 15. For the coupling of the point holders to the substructure, 
a spring stiffness has to be provided.  
 
 

 

Figure 15: Model of the point support 

 
In the area oft he bore holes, stress peaks arise. Fort hat reason, the FE mesh hast o be refined around 
the holes, see Figure 16. 
 
 

    

Figure 16: FE mesh with enlarged view of a hole detail 
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3.6 Bonding Behavior of Laminated Safety Glass (LSG) 

The bonding behavior of an interlayer such as PVB essentially determines the deflection and stress 
state of the glazing. Since the shear modulus of the interlayer is dependent on its temperature and load 
duration, the actual behaviour of the glazing is between the limits of: 
Á "without bond" and 
Á "full bond" 
 
TRLV 
LSG is to be proven ñwithout bondò and vertical insulating glass units with VSG (tilted Ò 10° from the 
vertical) are to be proven additionally with ñfull bondò as well. 
 
DIN 18008-2  
See TRLV 
Appendix B.1.2: ĂDie Nenndicke der Zwischenfolie von VSG muss mindestens 0,76 mm betragen. Bei 
allseitiger Lagerung von Scheiben mit einer maximalen Stützweite in Haupttragrichtung von 0,8 m darf 
auch eine Zwischenfolie mit einer Nenndicke von 0,38 mm verwendet werden.ñ Thus, the nominal thick-
ness of the interlayer in laminated safety glass must be at least 0.76 mm. If the glazing is supported on 
all sides and the span in the main load bearing direction does not exceed 0.8 m, a film of  0.38 mm may 
be used. 
 
ÖNorm B 3716-1 
LSG is to be proven ñwithout bondò and vertical insulating glass units with VSG (tilted Ò 15 ° from the 
vertical) are to be proven additionally with ñfull bondò as well. 
For vertical glazing with LSG (tilted Ò 15° from the vertical), the shear modulus can be set to 
G = 0.4 N/mm² (Figure 17) for short term loading, independent from the temperature. 
 
Shen/Wörner 
The shear modulus can be selected between the limits of "without bond" and "full bond". 
 
Individual Concept 
The shear modulus can be selected between the limits of "without bond" and "full bond". 
 

3.6.1 LSG without Bond 

The PVB interlayer is to be considered as theoretically completly elastic for shear stresses. This condi-
tion is achieved at higher temperatures and longer loading durations. It includes the dead load of the 
structure if it is installed at an angle to the vertical. An imposed deformation causes constant squeezing 
stresses that gradually degrade to the "without bond" limit when heated. 
 

Example of LSG 8/8 made of: 8 TSG / 1.52 PVB / 8 TSG 
For calculating a check by Ăhandñ the equivalent thickness is 8 mm with half of the loads (upper 

limit of deformation). 
 

3.6.2 LSG with Partial Bond 

The PVB layer has a set shear stiffness. The shear modulus is dependent on the load duration and 
temperature. The shear modulus is to be selected from Figure 17 and assigned to each action according 
to Figure 18. 
 
The values are based on the following relationships: 
T Ò 10ÁC G = 2.0 ï 0.2 log(t) 
T = 15°C The relationship is set as T > 20°C  
T > 20°C G = 0,008(100-T)-0,0011(50+T)log(t) 
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Figure 17: Shear modulus G [N/mm²] of the PVB interlayer as function of temperature and load duration 

[16] 

 
Examples:  
 
Wind as a 10 min average in the Summer at 50°C:  G = 0.09 N/mm² 
Wind as a 10 min average in the Winter at < 10°C:  G = 1.44 N/mm² 
Snow as a 3-month average at < 10°C:    G = 0.63 N/mm² 
Snow from snow removal  

        as a 1 min average at < 10°C:     G = 1.64 N/mm² 
Dead Load      G = 0.00 N/mm² 
Pre-deformation (imposed during installation)  G = 0.00 N/mm² 

 
According to ÖNorm it can be assumed for short term actions on vertical glazing that 
G = 0.4 N/mm². 

 

Figure 18: Input of the shear modulus at "partial bond" 

Zeit

Beispiel t in [sec] 10 15 20 25 30 35 40 45 50 55 60 65 70

1 sec 1 2,00 0,68 0,64 0,60 0,56 0,52 0,48 0,44 0,40 0,36 0,32 0,28 0,24

2,5 1,92 0,65 0,61 0,57 0,52 0,48 0,44 0,40 0,36 0,31 0,27 0,23 0,19

5 sec Windböe 5 1,86 0,63 0,59 0,54 0,50 0,45 0,41 0,37 0,32 0,28 0,24 0,19 0,15

7 1,83 0,62 0,57 0,53 0,49 0,44 0,40 0,35 0,31 0,26 0,22 0,17 0,13

10 sec Windböe 10 1,80 0,61 0,56 0,52 0,47 0,43 0,38 0,34 0,29 0,24 0,20 0,15 0,11

1 min 60 1,64 0,55 0,50 0,45 0,40 0,35 0,30 0,25 0,20 0,15 0,10 0,06 0,01

2 min 120 1,58 0,53 0,48 0,43 0,38 0,33 0,27 0,22 0,17 0,12 0,07 0,02

140 1,57 0,53 0,47 0,42 0,37 0,32 0,27 0,22 0,16 0,11 0,06 0,01

5 min 300 1,50 0,50 0,45 0,40 0,34 0,29 0,23 0,18 0,13 0,07 0,02

400 1,48 0,49 0,44 0,39 0,33 0,28 0,22 0,17 0,11 0,06 0,01

10 min Wind 600 1,44 0,48 0,43 0,37 0,32 0,26 0,20 0,15 0,09 0,04

800 1,42 0,47 0,42 0,36 0,30 0,25 0,19 0,14 0,08 0,02

1000 1,40 0,47 0,41 0,35 0,30 0,24 0,18 0,13 0,07 0,01

1500 1,36 0,45 0,40 0,34 0,28 0,22 0,17 0,11 0,05 -0,01

1 h 3600 1,29 0,43 0,37 0,31 0,25 0,19 0,13 0,07 0,01

6000 1,24 0,41 0,35 0,29 0,23 0,17 0,11 0,05

12000 1,18 0,39 0,33 0,26 0,20 0,14 0,08 0,01

24000 1,12 0,37 0,30 0,24 0,17 0,11 0,05

50000 1,06 0,34 0,28 0,21 0,15 0,08 0,01

1 Tag 86400 1,01 0,33 0,26 0,19 0,13 0,06

2 Tage 172800 0,95 0,31 0,24 0,17 0,10 0,03

3 Tage 259200 0,92 0,29 0,22 0,15 0,08 0,01

1 Woche 604800 0,84 0,27 0,19 0,12 0,05

3 Wochen 1814400 0,75 0,23 0,16 0,08 0,01

1 Monat 2419200 0,72 0,22 0,15 0,07

4112640 0,68 0,21 0,13 0,05

2 Monate 4838400 0,66 0,20 0,13 0,05

3 Monate Schnee 7257600 0,63 0,19 0,11 0,03

6 Monate 14515200 0,57 0,17 0,09 0,01

1 Jahr 29030400 0,51 0,15 0,07

58060800 0,45 0,12 0,04

87091200 0,41 0,11 0,03

101606400 0,40 0,11 0,02

116121600 0,39 0,10 0,02

145152000 0,37 0,10 0,01

174182400 0,35 0,09 0,01

203212800 0,34 0,09

232243200 0,33 0,08

261273600 0,32 0,08

10 Jahre Vorverformung 290304000 0,31 0,07

100 Jahre Eigenlast 2903040000 0,11 0,00
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3.6.3 LSG with Full Bond 

 
In LSG with Ăfull bondñ the interlayer is treated with the same rigidity as the glass. The thickness of the 
glass is the sum of the individual layers. 
 

 d = 8+1.52+8 = 17.52 mm (lower limit for deformations). 
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3.7 Edge Sealing for Insulating Glass 

To seal the edges of insulating glass, there must be a tensile and pressure-tight connection between 
the layers (Figure 19). The butyral provides mainly a gas-tight seal and the polysulfide seal counteracts 
the coupling forces between the glass layers. Sealants and adhesives have to prove their suitability 
according to ETAG 002 [17]. Further information can be found in the instructions provided by the adhe-
sive manufacturer (e.g. [18]). Detailed explanations to spacers can be found in [19]. 
 
Some manufacturers (e.g. [20]) specify the permissible forces per m edge length: 
Á 0.95 kN/m for edges in mortises or under cover and 
Á 0.65 kN/m for free and bonded edges. 
 
In Switzerland [21] for instance, the following rules apply to the polysulfide edge seal: 
 
3 mm polysulfide edge seal according to Table 2 
Standard edge seal with butyral and Thiokol for 2-pane insulating glass with cavity width 6-22 mm and 
3-pane insulating glass with cavity width 6-12 mm. 
 
6 mm polysulfide edge seal according to Table 3 
Insulating glass edge seal with butyral and Thiokol for 2-pane insulating glass with cavity width > 22 mm, 
and 3-pane insulating with cavity width > 12 mm, and in all insulating glass where both edge lengths 
exceed 250 cm. 
 

Table 2: Polysulfide edge seal for 2-pane and 3-pane insulating glass 

Spacer Material Spacer Depth 
Minimum Sealant 

Depth 
Total Compound 

Edge Depth  Tolerances 

  [mm] [mm] [mm] [mm] 

      

Aluminum 6.5 ² 2 Ò 13 +2 / -1 

Steel 7.0 ² 2 Ò 13 +2 / -1 

TGI 7.0 ² 2 Ò 13 +2 / -1 

ECO-Spacer 7.3 ² 2 Ò 13 +2 / -1 

 

Table 3: Polysulfide edge seal for 2-pane and 3-pane insulating glass 

Spacer Material Spacer Depth 
Minimum Sealant 

Depth 
Total Compound 

Edge Depth Tolerances 

  [mm] [mm] [mm] [mm] 

      

Aluminum 6.5 ² 5 Ò 16 +2 / -1 

Steel 7.0 ² 5 Ò 16 +2 / -1 

TGI 7.0 ² 5 Ò 16 +2 / -1 

ECO-Spacer 7.3 ² 5 Ò 16 +2 / -1 
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Figure 19: Common edge seals for insulating glass 

 
With the user input (Figure 20) for the bonding depth a2 (3 mm is standard preselection) and the maxi-
mum force that can be resisted (design strength), TW Glas can calculate whether the edge compound 
will hold reliably with every action combination. Local mechanical loads can cause local stress peaks 
which increase the risk of glass breakage. 
 
Input of insulating glass edge compound details into TW Glas: 
 

 
 

 

Figure 20: Inputs for edge compound 

 
 

Independently from standard requirements for the glass bite, it is required that in the installed 
state neither areas ñaò or ñbò are exposed to natural lighting. If necessary, a "UV-resistant edge 

seal" can be installed in the insulating glass unit to protect the edge seal against UV radiation [15]. 
According to [22, 23, 24], a pressure of 5 kN/m creates a hermetic edge seal and improves durability.  
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3.8 Actions 

According to the partial safety concept (e. g. DIN 18008, ÖNorm), the characterisitc values of the actions 
must be combined with the corresponding partial safety factors, combination factors and modification 
factors.  
 

 

Figure 21: Actions and loads (link according to DIN 18008) 

 

In the global safety concept (TRLV) all òload factorsò are considered to be 1.0 and therefore do not 
need further consideration.
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TW Glas distinguishes between actions and loads (Figure 21). Actions are a function of time (duration 
of load) while loads are a function that include the location of action and its value. 
 
Actions are processed through the input fields shown in Figure 22. When calculating LSG with a shear 
bond the shear modulus has to be provided as it depends on the load duration. 
 
  

 

Figure 22: Editing the actions 

 
 
DIN 18008 
 
The coefficients for various actions have been summarized in Figure 23:  
 
 

 

Figure 23: Actions and coefficents according to DIN 18008  

 

For a permanent "climatic load" from the height difference the safety factor gMIN = gMAX = 1.0 should 
be chosen, since the height is known and there are no variations. The same applies to an imposed 

pre-deformation. 










































































































