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Abstract 
 

 
 
This literature survey presents some of the available information in the literature 
regarding experimental methods and experimental data for mechanical testing of 
laminated safety glass and windscreen adhesives for the automotive industry.  
 
When testing laminated safety glass several methods exist that involve dynamic loading. 
The evaluation of these tests does not normally involve acquisition of loads or 
displacements but do only include evaluation of the fracture appearance. Some methods, 
like split Hopkinson bar test, do include acquisition and analysis of loads and strains. 
 
The literature survey indicates that there is a lack in windscreen adhesive data for higher 
strain rates. Articles describing testing at high strain rates exists regarding structural 
adhesives. Methods for high strain rate testing, both in compression and tension, have 
thus been used for testing of structural adhesives. Data from adhesive suppliers are 
mainly limited to low strain rates. 
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Summary 
 
This literature survey presents some of the available information in the literature 
regarding experimental methods and experimental data for mechanical testing of 
laminated safety glass and windscreen adhesives for the automotive industry.  
 
When testing laminated safety glass several methods exist that involve dynamic loading. 
The evaluation of these tests does not normally involve acquisition of loads or 
displacements but do only include evaluation of the fracture appearance. Some methods, 
like split Hopkinson bar test, do include acquisition and analysis of loads and strains. 
 
The literature survey indicates that there is a lack in windscreen adhesive data for higher 
strain rates. Articles describing testing at high strain rates exists regarding structural 
adhesives. Methods for high strain rate testing, both in compression and tension, have 
thus been used for testing of structural adhesives. Data from adhesive suppliers are 
mainly limited to low strain rates. 
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1 Introduction 
This literature survey aims to presents available information in the literature regarding 
experimental methods and experimental data for mechanical testing of laminated safety 
glass and windscreen adhesives for the automotive industry.  
 

1.1 Delimitations 
The literature survey will focus on laminated safety glass and windscreen adhesives in 
crash, i.e., experimental data and methods at high strain rates.  
The literature survey does not present how adhesives should be applied and used for best 
performance but focuses on mechanical properties and test methods of adhesives and 
laminated safety glass. 
Although the focus is on high strain rates corresponding to crash, static and quasi-static 
test methods will be presented together with methods covering higher strain rates. Typical 
strain rates in the base material at crash simulations are about 300 s-1 (Carlberger, Biel 
and Stigh 2009). 
 

2 Glass 
2.1 Glass in general 
In EN 1288-1:2000 (CEN, EN 1288-1:2000 Glass in building - Determination of the 
bending strength of glass - Part 1: Fundamentals of testing glass 2000) glass is described 
as given below. 
 
Glass is a homogeneous isotropic material having almost perfect linear-elastic behaviour 
over its tensile strength range.  
 
Glass has a very high compressive strength and theoretically a very high tensile strength, 
but the surface of the glass has many irregularities which act as weaknesses when glass is 
subjected to tensile stress. These irregularities are caused by attack from moisture and by 
contact with hard materials (e.g. grit) and are continually modified by moisture which is 
always present in the air. 
 
Tensile strengths of around 10 000 MPa can be predicted from the molecular structure, 
but bulk glass normally fails at stresses considerably below 100 MPa. 
 
The presence of the irregularities and their modification by moisture contributes to the 
properties of glass which need consideration when performing tests of strength. 
Because of the very high compressive strength, glass always fails under tensile stress.  
 
Further information on glass properties can be found in manufacturer’s manuals where 
e.g. Saint-Gobain Sekurit presents some of the data given in Table 1. 
 
Table 1. Mechanical and thermal properties of glass (Saint-Gobain Sekurit - Glazing 
manual 2012, Larcher, et al. 2012). 
Density  
(kg/m3) 

Knoop 
Hardness  
(HK) 

Compression 
resistance  
(MPa) 

Modulus of 
Elasticity  
(GPa) 

Bending 
strength  
(MPa) 

Poisson’s 
ratio 

2500 470 800 – 1000 70 45 0.22 
Failure 
strain 
(%) 

Failure 
Stress 
(MPa) 

Softening 
temp.  
(°C) 

Specific heat 
(J/gK) 

Thermal 
cond.  
(W/mK) 

Thermal 
exp.  
(K-1) 

0.12 84 Approx. 600 0.8 0.8 9×10-6 
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The compression strength/resistance defines the ability of a material to resist a load 
applied vertically to its surface. The bending strength given in Table 1 is determined from 
ring-on-ring test (described in section 2.3.2). 
 

2.2 Laminated safety glass 
According to Pilkington and Saint-Gobain Sekurit the surface area of glazing per vehicle 
has increased vastly during the last 35-40 years. Pilkington says that the glazing area has 
increased by 50 % in 35 years and Saint-Gobain Sekurit says that it has been doubled in 
the last 40 years. Partly these glazed areas consist of laminated safety glass.  
 
Laminated safety glass is basically two panes of glass joined by an interlayer of polyvinyl 
butyral (PVB). During an accident, the glass will crack but it will stick together due to the 
PVB layer. Apart from keeping the windscreen intact the PVB layer also decreases the 
noise and improves the acoustic comfort inside the car. Saint-Gobain Sekurit has an 
acoustic PVB, dBCONTROL®, which consists of three layers; two outer layers of 
normal PVB and an inner layer made of a material with high damping properties. How 
this inner layer affects the mechanical properties and modelling of the laminated safety 
glass is not presented on Saint-Gobain Sekurit’s web page apart from stating that the PVB 
layers provide the mechanical properties of the laminated glass as requested by existing 
norms such as R43 (Saint-Gobain Sekurit - Glazing manual 2012). 
 
A typical laminated safety glass has a thickness of 5 mm of which the two glass panes 
and the PVB interlayer have thicknesses of 2.1 mm and 0.76 mm, respectively. 
 
Typical properties of PVB layer are given in Table 2. 
 
Table 2. Mechanical properties of PVB layer (Xu, Sun, et al. 2011, Larcher, et al. 2012). 
 PVB 
Density (kg/m3) 870 – 1100 
Elastic limit (MPa) 11 
Modulus of Elasticity (GPa) 0.100 – 0.220 
Failure stress (MPa) 28 
Failure strain (%) 200 
Poisson’s ratio 0.48 – 0.495 
 

2.3 Experimental methods 
When performing mechanical testing of glass there exist methods that involve dynamic 
loading. The evaluation of these tests does not normally involve acquisition of loads or 
displacements but do only include evaluation of the fracture. Other methods involve 
acquiring of load and deformation. Some of these methods are described in the sections 
below. 
 

2.3.1 Mandatory test methods for laminated safety glass 
The mandatory mechanical test methods for laminated safety glass for vehicles are 
described in a UN regulation as given in this section. 
 
Mechanical tests according to ECE R43 
The performance of laminated safety glass is regulated in United Nations ECE R43, Rev. 
2 (Regulation ECE R43 n.d.) and presents mainly two different tests for mechanical 
strength;  ball impact test and headform test. 
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3 Adhesives 
3.1 Adhesives for automotive glass 
There are several adhesive manufacturers worldwide who produce automotive direct-
glazing adhesive systems. The manufacturers often differentiate between adhesives for 
OEM (original equipment manufacturer) and after-market adhesive system although both 
are polyurethane based adhesives. Some manufacturers and their adhesive systems for 
direct-glazing are given in Table 3 below. 
 
Table 3. Some important adhesive manufacturer and examples of their systems for direct-
glazing. 
Manufacturer System name Adhesive type 
Bostik ISR (Industry 

Special Range) 
Silyl Modified 
Polymer (SMP) 

DOW BETASEAL™ 1 component 
polyurethane 

Henkel TEROSTAT 1 component 
polyurethane 

Sika SikaTack 
Sikaflex 

1 component 
polyurethane 

 
As seen in Table 3 the adhesives for direct-glazing are mostly polyurethanes but other 
adhesive types exist. Polyurethanes are used for most materials but is especially good for 
plastics and metals.  
 
These adhesives are often abbreviated to PU or PUR, and are chemically reactive 
formulations that may be one-component or two-component systems and can be fast 
curing. A fast cure usually necessitates applying the adhesives by machine. They are 
often used with primers.  
 
The single-component formulations that are available, are partially polymerised and 
stable until cure is initiated by the action of absorbed atmospheric moisture. Their 
reaction rate is slower because it takes time to absorb the necessary water. Polyurethanes 
can be supplied as reactive chemicals, solvent solutions, pastes or hot melts.  
The single-component polyurethanes provide strong, resilient joints which are impact 
resistant and have good low-temperature strength compared with many other adhesives. 
Polyurethanes find major uses in the bonding of glass fibre reinforced plastics (GRP), 
direct-glazing of automobiles and lamination of both insulation panels and flexible 
packaging materials (Adhesive Toolkit 2012).  
 
Presented in Table 4 below are adhesive data as given by the manufacturers. 
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Table 4. Mechanical data for some adhesive manufacturers adhesive systems. 
 Bostik  

ISR 70-08 AP 
DOW 
BETASEAL 
1943 

Henkel 
TEROSTAT 

Sika 
SikaFlex-252 

Density 
(kg/m3) 

1.5 1.25 – 1.30 1.27 1.20 

Tensile 
strength 
(MPa) 

2.9  
(DIN 53504/ISO 37) 

> 5 
(DIN 53504) 

8  
(DIN 53504) 

4  
(ISO 37) 

Stress at 
100% (MPa) 

2.3  
(DIN 53504/ISO 37) 

Not given 2  
(DIN 53504) 

Not given 

Elongation at 
break (%) 

250  
(DIN 53504/ISO 37) 

ca. 300 400  
(DIN 53504) 

>300 

Shear 
strength 
(MPa) 

2.4  
(Alu-Alu, 2 mm, 50 
mm/min)  
(DIN 53283/ASTM 
D1002) 

Min. 5 
(after 7 d 
23°C/50% rh,  
2 mm adhesive 
height)  
(EN 1465) 

1.5  
(@ 24 h, DIN 
EN 1465) 
 
5 (fully cured,  
5 mm,  
DIN 53283) 

2.5  
(ISO 4587) 

Tear strength 
(N/mm) 

16  
(Type C,  
500 mm/min)  
(DIN 53515/ISO 34) 

Not given Not given 9  
(ISO 34) 

Modulus of 
elasticity 
(10%) (MPa) 

5.5  
(DIN 53504/ISO 37) 

Not given Not given Not given 

 
Based on the shear strength of an adhesive the adhesives can be divided into; structural, 
semi-structural and sealant. Structural adhesives have a shear strength higher than 15 
MPa, semi-structural 8 – 15 MPa and sealant less than 8 MPa (Albinsson 2012). Based on 
this, the windscreen adhesives should be considered as sealants.  
 

3.2 Experimental methods 
As an overview of test methods the division of methods found on Adhesive Toolkit 
webpage (Adhesive Toolkit 2012) is given in Appendices 1-2. The test methods are given 
in Tables A1 – A4 presented in Appendix 1. Each of the test methods is specified in 
different standards. The name of the ISO and ASTM standards is given in the tables as 
well as listed with their full title in Appendix 2. The tables in Appendix 1 also specify 
relative costs associated with the different methods and other useful information 
regarding the methods. All tables are adopted from Adhesive Toolkit (2012). 
 
Due to the focus on windscreen adhesives and crash in this literature survey all of the 
methods given in the appendices should be seen as a general overview of adhesive test 
methods.  
 
In the main part of the report the methods presented are thus methods used for testing of 
windscreen adhesives or methods used for high strain rate testing. For the higher strain 
rate testing other adhesives might be reviewed due to a lack of high strain rate testing of 
non-structural adhesives. 
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preparation 
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Surface 
preparation 
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Surface preparation 
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5.2 Appendix 2. Standards for mechanical testing of 
adhesives 

5.2.1 ISO STANDARDS - Number/Title 
 
Cleavage Tests 
ISO 10354 (1992): Adhesives—Characterization of Durability of Structural-Adhesive-
Bonded Assemblies—Wedge Rupture Test 
 
ISO 11343 (2003): Adhesives—Determination of Dynamic Resistance to Cleavage of 
High-Strength Adhesive Bonds Under Impact Conditions—Wedge Impact Method 
Peel Tests 
 
ISO 4578 (1997): Adhesives—Determination of Peel Resistance of High-Strength 
Adhesive Bonds—Floating-Roller Method 
 
ISO 8510 Part 1 (1990) or BS EN 28510–1 (1993): Adhesives—Peel Test for a Flexible-
Bonded-to-Rigid Test Specimen Assembly—Part 1: 90 Degree Peel 
 
ISO 8510–2 (1990) or BS EN 28510–2 (1993): Adhesives—Peel Test for a Flexible-
Bonded-to-Rigid Test Specimen Assembly—Part 2: 180 Degree Peel 
 
ISO 11339 (2003): Adhesives - T-Peel Test for Flexible-to-Flexible Bonded Assemblies 
 
ISO 14676 (1997): Evaluation of the effectiveness of surface treatment techniques for 
aluminium - Wet-peel test by floating-roller method 
 
Shear Tests 
ISO 4587 (2003): Adhesives—Determination of Tensile Lap-Shear Strength of Rigid-to-
Rigid Bonded Assemblies 
 
ISO 6237 (2003): Adhesives—Wood-to-Wood Adhesive Bonds—Determination of Shear 
Strength by Tensile Loading 
 
ISO 9653 (1998): Adhesives—Test method for Shear Impact Strength of Adhesive Bonds 
 
ISO 10123 (1990): Adhesives—Determination of Shear Strength of Anaerobic Adhesives 
Using Pin-and-Collar Specimens 
 
ISO 10964 (1993): Adhesives—Determination of Torque Strength of Anaerobic 
Adhesives on Threaded Fasteners 
 
ISO 11003 Part 1 (2001): Adhesives—Determination of Shear Behaviour of Structural 
Adhesives—Part 1: Torsion Test Method Using Butt-Bonded Hollow Cylinders 
 
ISO 11003 Part 2 (2001): Adhesives—Determination of Shear Behaviour of Structural 
Adhesives—Part 2: Tensile Test Method Using Thick Adherends 
 
ISO 13445 (2003): Adhesives—Determination of Shear Strength of Adhesive Bonds 
between Rigid Substrates by the Block-Shear Method 
 
Tensile Tests 
BS EN ISO 527 Part 1 (1993): Plastics—Determination of Tensile Properties—General 
Principles 
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ISO 6922 (1987): Adhesives—Determination of Tensile Strength of Butt Joints 
 
BS EN ISO 9664 (1995): Adhesives—Test Methods for Fatigue Properties of Structural 
Adhesives in Tensile Shear 
 
Mechanical Properties - Other Tests 
BS EN ISO 178 (1998): Plastics—Determination of Flexural Properties 
 
ISO 604 (2002): Plastics—Determination of Compressive Properties 
 
BS EN ISO 11403 Part 1 (2000): Plastics—Acquisition and Presentation of Comparable 
Multipoint Data—Part 1: Mechanical Properties 
 
 

5.2.2 ASTM STANDARDS - Number/Title 
 
Cleavage Tests 
ASTM D 1062–02: Standard Test Method for Cleavage Strength of Metal-to-Metal 
Adhesive Bonds 
 
ASTM D 3433–99: Standard Test Method for Fracture Strength in Cleavage of Adhesives 
in Bonded Metal Joints 
 
ASTM D 3807–98 (2004): Standard Test Method for Strength Properties of Adhesives in 
Cleavage Peel by Tension Loading (Engineering Plastics-to-Engineering Plastics) 
 
ASTM D 5041–98 (2004): Standard Test Method for Fracture Strength in Cleavage of 
Adhesives in Bonded Joints 
 
Peel Tests 
ASTM D 1781–98 (2004): Standard Test Method for Climbing Drum Peel for Adhesives 
 
ASTM D 1876–01: Standard Test Method for Peel Resistance of Adhesives (T-Peel Test) 
 
ASTM D 3167–03a (2004): Standard Test Method for Floating Roller Peel Resistance of 
Adhesives 
 
Shear Tests 
ASTM D 905–03: Standard Test Method for Strength Properties of Adhesive Bonds in 
Shear by Compression Loading 
 
ASTM D 1002–01: Standard Test Method for Apparent Shear Strength of Single-Lap-
Joint Adhesively Bonded Metal Specimens by Tension Loading (Metal-to-Metal) 
 
ASTM D 3044–94 (2000): Standard Test Method for Shear Modulus of Wood-Based 
Structural Panels 
 
ASTM D 3163–01: Standard Test Method for Determining Strength of Adhesively 
Bonded Rigid Plastic Lap-Shear Joints in Shear by Tension Loading 
 
ASTM D 3164–03: Standard Test Method for Strength Properties of Adhesively Bonded 
Plastic Lap-Shear Sandwich Joints in Shear by Tension Loading 
 
ASTM D 3165–00: Standard Test Method for Strength Properties of Adhesives in Shear 
by Tension Loading of Single-Lap-Joint Laminated Assemblies 
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ASTM D 3528–96 (2002): Standard Test Method for Strength Properties of Double Lap 
Shear Adhesive Joints by Tension Loading 
 
ASTM D 3983–98(2004): Standard Test Method for Measuring Strength and Shear 
Modulus of Nonrigid Adhesives by the Thick-Adherend Tensile-Lap Specimen 
 
ASTM D 4562–01: Standard Test Method for Shear Strength of Adhesives Using Pin-
and-Collar Specimen 
 
ASTM D 4896–01: Standard Guide for Use of Adhesive-Bonded Single Lap-Joint 
Specimen Test Results 
ASTM D 5379/D5379M-98: Standard Test Method for Shear Properties of Composite 
Materials by the V-Notched Beam Method 
 
ASTM D 5648–01: Standard Test Method for Torque-Tension Relationship of Adhesives 
Used on Threaded Fasteners (Lubricity) 
 
ASTM D 5656–04: Standard Test Method for Thick-Adherend Metal Lap-Shear Joints 
for Determination of the Stress-Strain Behaviour of Adhesives in Shear by Tension 
Loading 
 
ASTM D 5649–01: Standard Test Method for Torque Strength of Adhesives Used on 
Threaded Fasteners 
 
Tensile Tests 
ASTM D 897–01: Standard Test Method for Tensile Properties of Adhesive Bonds 
 
ASTM D 2095–96(2002): Standard Test Method for Tensile Strength of Adhesives by 
Means of Bar and Rod Specimens 
 
Mechanical Properties - Other Tests 
ASTM D 695–02a: Standard Test Method for Compressive Properties of Rigid Plastics 
 
ASTM D 1995–92 (2004): Standard Test Methods for Multi-Modal Strength Testing of 
Autohesives (Contact Adhesives) 
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