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Glass-wood adhesive joints and components 
Mechanical behaviour and test methods for load bearing applications 

Erik Serrano and Louise Blyberg 

Introduction 

The current paper aims at giving a short overview of a research project that has been running in Sweden since 2008. The 
project, “Glass and timber in innovative components with added value”, deals with the possibility of using wood-timber 
composites as structural components in buildings, i.e. as load bearing and/or stabilising parts. The long term aim of the project 
relates to broadening and deepening the knowledge about how to make an efficient use of these two materials, which have a 
long tradition in the south-Swedish industry. 

In brief, the project contains technical research about the mechanical behaviour of the timber-glass composite elements and 
the materials they are made from and also investigations on their thermal performance. In addition, issues like life cycle 
analyses are dealt with, and also the architectural possibilities opened up by using a transparent material as a means of 
carrying load.  

This paper1 focuses in particular on the sub project dealing with the mechanical behaviour of wood-glass adhesive joints and 
components. Of special interest has been not only the design of such joints and components, but also the methodology used 
in the experimental and theoretical characterisation.  

1. Background 

The research project reported herein is a three year project, which started in mid 2008. It is a co-operation between Glafo – 
the Glass Research Institute (project leader, and a part of SP Technical Research Institute of Sweden), Linnaeus University 
and Lund University. The project is funded by EU structural funds, by the participating research organisations and by industry 
(Pilkington Glas AB, Sika AB and Elitfönster AB). The project is divided into 5 work packages (WPs) 

WP1 – Administration and project management 

WP2 – Adhesive joints and mechanical behaviour of components 

WP3 – Energy and the environment 

WP4 – Architectural design 

WP5 – Dissemination of results 

The main aim of the project is to broaden and deepen the knowledge in the area of using timber-glass based components as 
structural parts, and to produce a few prototypes in order to demonstrate the practical possibilities for the building sector and 
possible future manufacturers of the products. 

1.1. Present studies 

The study of adhesive joints and load bearing components includes experimental and theoretical investigations of small 
specimens in tension and in shear, of I-beams with webs of glass and flanges made of laminated veneer lumber (LVL) and of 
shear walls and columns. At the time of writing, only results from the investigations of the small scale specimens and of the 
beams are available.  

In the tests performed on small scale specimens, three main aims were considered: a) to characterise a number of adhesives 
in terms of their strength and stiffness properties, b) to develop appropriate test methods for the characterisation and c) to 
develop evaluations methods making it possible to obtain detailed and localised information (on the scale of < 1 mm) about 
the deformation behaviour of the adhesive joint. In order to fulfil the latter aim, it was decided that during the experimental 
investigations, a contact-free deformation measurement system was to be used in combination with finite element analyses 
(FEA).  

                                                           
1 The text is based on Blyberg et al. „Timber/Glass Adhesive Bonds - Experimental testing and evaluation methods“ Report no. 2. Linnaeus 
University, School of Engineering, 2010, ISBN: 978-91-86491-36-9 
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2. Wood-glass adhesive joints  

2.1. Materials and methods 

2.1.1. Adhesives and test set-ups 

The adhesives used in the various tests performed were chosen on the basis of giving a wide range of mechanical properties. 
Thus, adhesives ranging from very flexible ones, to adhesives with a considerable stiffness were chosen. In addition it was 
also decided to include a traditional wood adhesive. The adhesives finally chosen were an acrylic one component silicone 
based adhesive (Sikasil SG20), a two component acrylic based adhesive (Sikafast 5215) and a one component moisture 
curing polyurethane (Prefere 6000). 

The glass used was float glass with specifications according to the European standard EN-572. The glass, which had a 
thickness of 10 mm was delivered by Pilkington Floatglas AB. The adhesive was always applied on the air-side of the float 
glass and the air- and tin-side were distinguished using ultraviolet light.  

The Sika adhesives were used according to the manufacturers’ instructions, using appropriate surface preparation agents. 
When using the polyurethane adhesive, ethanol was used for cleaning the glass surface.  

The test procedures chosen aimed at capturing two basic modes of loading of the adhesive bond – tension perpendicular to 
the bond line (Mode I) and shear along the bond line (Mode II).  

In the design of tests for adhesive bonds, or indeed in the design of any test method to obtain the strength of a material, it is of 
utmost importance that the evaluation of the test be made as simple as possible. Thus, a uniform stress distribution is of great 
concern. In order to obtain as uniform stress distribution as possible, the test specimen should be kept small. The size of the 
specimen should, on the other hand, be kept as large as possible for practical reasons. In the present study two test set-ups 
were designed keeping these perquisites in mind, see Figure 1.  

The wood species used in the tests was spruce (Picea abies). The mean dry-green density of the wood was 385 kg/m3 (ratio 
of mass of dry material and volume at a moisture content of 14 %). The surface of the wood was planed and sawn the same 
day as the specimens were glued. The wood was oriented such that the surface glued had its normal in the tangential 
direction of the annual rings, see Figure 1.  

Since the stiffness difference between glass and timber is considerable, the thickness of the wood in the shear specimen was 
larger than the thickness of the glass (20 mm in the wood in comparison to the 10 mm thick glass). The stress distribution in a 
shear test of the type considered here is highly dependent on the ratio of axial stiffness of the adherends. By choosing a wood 
part with larger thickness, the material stiffness difference is somewhat compensated for, although the wood should have had 
an even larger thickness to compensate for the large stiffness difference of the materials (a factor of 5-10). It was, however, 
judged that the entire thickness of the wood would not be active in the load transfer due to the low shear stiffness of the wood, 
thus a much larger thickness of the wood would not have the desired effect.  

 

 

Figure 1: Tensile specimen (left) and shear specimen (right) used in the present study. 

The tests were performed using a closed-loop servo-hydraulic testing machine (MTS) which was run under displacement 
control. The set-ups used in the tests are shown in Figure 2. Force and displacement was measured by the use of external 
LVDTs in most tests.  
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In some of the tests, a system for contact-free deformation measurement was used (Aramis™). This system uses two digital 4 
megapixel cameras, which are mounted with slightly different view angles in relation to the test object. The surface of the test 
object is prepared before testing by spraying a random speckle pattern on it, a pattern that deforms with the test object during 
the test. During testing a series of picture pairs are taken with the cameras. After testing the full field, 3D displacements of the 
surface of the test object is obtained by the use of photogrammetic principles and digital image correlation techniques. From 
the displacement field the surface strain field can be calculated by establishing the partial derivatives of the deformation field. 
In the current tests the spatial resolution obtained equalled approximately 3,7 measurement points per mm. 

The results from the use of this kind of equipment are of great value not only in terms of evaluating the test material itself, but 
also a valuable tool in the design of the test set-up. Thus, it is possible to track any undesired movement due to e.g. 
eccentricity of the loading device. 

 

 

Figure 2: Test set-ups used in tensile testing (left) and shear testing (right). 

2.1.2. Finite element modelling 

Calculation models of the two different test set-ups and the three different adhesives were developed and used in finite 
element simulations using the commercial FE-software Abaqus. The purpose of the calculations was to deepen the general 
understanding of the test results and to obtain reasonable estimates of the material parameters of the adhesives. The models 
did not consider any possible slip between the adherends and the adhesive, plasticity or any other type of material 
degradation or failure. Thus the FE-models are only able to predict the specimen behaviour at moderate load levels. 

For glass as well as for the polyurethane and acrylate adhesive, linear elastic material models were used. The table below 
lists some of the main material parameters. For the silicone adhesive, a hyper-elastic incompressible material Neo-Hooke 
model with was used. For further details about the FE-modelling reference is made to (Blyberg et al. 20102). 

Table 1: Material parameters (for adhesives and glass) used in FE-analyses. 

Adhesive Model Parameters 

Silicone Neo-Hooke C10=0.247 MPa, ν=0. 5 

Acrylate Linear elastic  E=80 MPa, ν =0.25 

E=100 MPa, ν =0.40 

Polyurethane Linear elastic  E=100 MPa, ν =0.25 

Glass Linear elastic E=70 GPa,ν =0.23 

 

                                                           
2 Blyberg et al. „Timber/Glass Adhesive Bonds - Experimental testing and evaluation methods“ Report no. 2. Linnaeus University, School of 
Engineering, 2010, ISBN: 978-91-86491-36-9 
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The modelling approach used, in terms of linear or nonlinear solution procedures, model dimensionality and element types, 
was different for the different test set-ups and adhesives being modelled. This was due to the incompressible and near 
incompressible behaviour of the silicone and acrylate adhesive, respectively. An incompressible or a near incompressible 
behaviour (Poisson’s ratio equal to or close to 0,5) can result in a non-uniform stress distribution in the tensile test since the 
adherends severely restrict the contraction of the adhesive during loading. Therefore, three-dimensional FE-models had to be 
used for the tensile specimens.This Poisson’s effect is not as pronounced in the shear test specimens and, consequently, two-
dimensional models can be used for this case.  

For the tensile test specimens, which were glued to metal fixating parts according to Figure 2, the loading was applied by 
prescribing the deformation of the specimen boundaries. The shear specimens were however not glued to the fixating steel 
parts. Here, the fixture was instead modelled by rigid surfaces, whose interaction to the specimen was given a friction 
coefficient of 0.5 and “hard contact” in the normal direction. The loading was applied at reference nodes located at a distance 
corresponding to the hinges in the actual fixture. These reference nodes were allowed to rotate.  

2.2. Results 

2.2.1. Test results in tension and in shear 

The test results obtained in tension and in shear for the small scale specimens are summarised in Table 2 below. The acrylate 
adhesive proved to be the strongest one, and the silicone adhesive was the least strong. The polyurethane adhesive behaved 
in a rather unreliable manner – the variability in strength was extremely high.  

The failure modes obtained for the different adhesives differed. In general terms, valid for both the shear tests and the tensile 
tests, the main failure modes of the silicone joints included a considerable amount of cohesive failures in the adhesive itself 
and failure in adhesion to the wood substrate. The acrylate adhesive showed either failure in adhesion to the wood or wood 
failure, thus showing a good adhesion to the glass and adequate cohesive strength. The polyurethane adhesive was the one 
most prone to failures due to lack of adhesion to the glass. 

Table 2: Main test results from tensile and shear tests (values in paranthesis are standard deviations). 

Adhesive Tensile strength 
(MPa) 

Shear strength 
(MPa) 

Silicone 0.77 (0.11) 0.93 (0.19) 

Acrylate 3.44 (0.33) 4.48 (0.56) 

Polyurethane 1.56 (0.73) 3.82 (1.29) 

 

In terms of the recorded force versus displacement behaviour of the adhesives, the main results are given in Figure 3 and 
Figure 4.The results clearly show the large differences in stiffness of the adhesives. Note especially that the scales are not the 
same for the different diagrams.  

Figure 3: Test results in tension for (from left to right) silicone, acrylate and polyurethane adhesive. 
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Figure 4: Test results in shear for (from left to right) silicone, acrylate and polyurethane adhesive. 

2.2.2. Contact-free deformation analyses and finite element analyses 

By using the Aramis system, it is possible to measure the local deformation across the adhesive bond line. This in contrast 
with the case of measuring the deformation with external LVDTS (cf. Figure 2), where the total deformation recorded includes 
the deformation of the surrounding adherends and possible slip within the test set-up itself. Thus it is possible to obtain much 
more detailed knowledge about the mechanical behaviour of the adhesive bond line itself by the use of the contact-free 
deformation measurement system. The results in obtained in the tests are shown in Figure 5, showing the difference in the 
measured deformation depending on what measurement technique is being used (using the movement of the piston of the 
testing machine, using external LVDTs or using the Aramis system). Obviously, if the data from the Aramis system is used, 
the local stiffness of the adhesive bond line can be evaluated at a much higher degree of accuracy for the case of a relatively 
stiff bond line. For the case of a flexible bond line, the major part of the deformation does occur within the bond line itself, and 
the method used for measuring this is of less importance. As an example, the difference in estimated local stiffness differs by 
an order of magnitude, or more (compare the curves of the mid diagram in Figure 5).  

Figure 5: Test results in tension for (from left to right) silicone, acrylate and polyurethane adhesive for different methods used 
in measuring the deformation.  

An example of the results obtained for one of the silicone adhesive specimens in tension in terms of full field displacement 
data and a comparison with FE-analysis results is given in Figure 6. Here it is shown that the general observation in terms of 
the surface strain field predicted by the Aramis system corresponds to the one obtained in the FE-analyses. For this particular 
case, the FE-analyses also add interesting information about the incompressible behaviour of the adhesive. As can be seen in 
Figure 6, the strain (and stress) distribution is considerably different at the surface of the specimen as compared to the 
distribution in the inner parts. This is due to the above-mentioned Poisson’s effect for incompressible behaviour in combination 
with the restraint of the adherends which prevent the contraction of the adhesive during loading. 

Surface strain from Aramis Calculated – on surface Calculated – 2 mm from surface 

Figure 6: Normal strain, yy , at the surface (left and centre) and 2 mm into the specimen (right), silicone adhesive in tension. 
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3. Wood-glass components  

3.1. I-beams  

3.1.1. Design of components and experiments 

Fourteen I-beams with glass webs and LVL-flanges were manufactured and tested. In these tests, three different adhesives 
and two slightly different designs of the flange-to-web joint were evaluated. For some of the beams, the glass had roughly 
polished edges, for other beams, no special treatment of the glass edges was used. The adhesives used in the beam 
manufacturing were Sikafast (mainly Sikafast 5221), Sikasil SG-500 and Sikamelt 9676 OT. These are a two-component 
acrylic, a two-component silicone and a one-component polyurethane-based reactive hot-melt, respectively. 

The beams were designed with a cross section according to the drawing shown in Figure 7. All beams were 3500 mm in 
length and were tested in 4-point bending with the test set-up schematically shown in Figure 8.  

 

 

Figure 7: Wood-glass I-beam designs used in the tests.  

 

Figure 8: Test set-up in 4-point bending tests of wood-glass I-beams.  

3.1.2. Test results 

Both the bending stiffness and the load bearing capacity of the beams were evaluated. The bending stiffness was 
approximated by the slope obtained from straight lines fitted in a least squares sense to data in 4 kN load intervals. The load–
displacement curves obtained in the load capacity test are shown in Figure 9. One interesting observation from the tests is 
that the load at which the first crack appeared was much lower than the ultimate load of the beam. On average, the failure 
load was in the range of 250% of the initial crack load, indicating a large amount of redundancy. Thus, several cracks 
appeared in the glass before the ultimate load of the beams was reached, see Figure 10.  

Table 3 presents the test results in numeric format: the load at which the first crack appeared and the ultimate load. The load 
at first crack is estimated to be at the “first bump” on the load–displacement curve, as this was observed to be typical during 
the tests. The ultimate load bearing capacity of the beams is comparable with that of wooden I-joists of similar height and 
flange width.  

The bending stiffness of the beams is in the range of 30% higher than for comparable traditional wooden I-joists. In the 
serviceability limit state it would be necessary to check not only the stiffness of the beam but also the risk of cracking. Even if 
the beam has a relatively high degree of redundancy after cracking has started, deformations might be too large and, in 
addition, a cracked glass component will probably be perceived as unpleasant. 
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Figure 9: Load-deformation curves for all beams tested. Notation A=Acrylate, S=Silicone, P=Polyurethane. LN=large groove, 
no edge treatment, SP=small groove, polished edges (see Figure 7). 

     

Figure 10: Development of cracks during course of loading. 

Table 3: Main test results from beam tests, mean values (standard deviations). 

Adhesive 
Load at  

first crack 
(kN) 

Ultimate 
load  
(kN) 

Load 
increase

(%) 

Ultimate 
bending 
moment
(kNm) 

Bending 
stiffness 

(MNm2) 

Acrylate (12 specimens) 11.9 (1.6) 28.6 (2.4) 140 17.2 0.97 (0.03)

Silicone (1 specimen) 8.80 (-) 21.0 (-) 140 12.6 0.85 (-) 

Polyurethane (1 specimen) 8.37 (-) 24.3 (-) 190 14.6 0.94 (-) 

3.2. Shear wall prototype 

3.2.1. Design of components and experiments 

In a number of workshops within the project group, a prototype for a shear wall component, with the possibility to be used as 
an external facade element, has been designed. The prototype consists of a load bearing core made from a 10 mm glass 
pane glued to a LVL-frame with an acrylic adhesive (Sikafast). On both the inner and outer sides, additional glass panes are 
connected, although these are not designed for taking part in any load transfer. The outer glass is intended as a climate 
shield, and also as a protective layer to prevent sabotage of the load bearing core. On the inside a double insulating glass is 
used. The prototype and the test set-up to be used is shown in Figure 11.  
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Figure 11: Left: Prototype for a shear wall component. Centre: Detail. Right: Test set-up with dummy test specimen. 

At the time of writing this, the prototypes have recently been manufactured, and the test plan for their testing in terms of load 
bearing capacity and thermal performance has been finalised. The test programme is planned such that testing will be 
performed during April and May 2011.  

In the load capacity tests, where only the load bearing core will be tested, three different types of loading will be applied: 
vertical loading, horizontal loading of the top chord and, finally, a combination of vertical and horizontal loading. A set of 
complete prototypes (i.e. including all glass panes) will also be used in testing for thermal performance, in order to measure 
the U-value of the complete element. The aim is to reach a U-value of 0.7 W/(m2K).  

4. Concluding remarks and future work 

The currently ongoing research project in brief described here will be finalised during autumn 2011. So far the results have 
shown among other things that the use of structural adhesives in wood-glass composites can result in reliable bonds giving 
structural components of considerable strength. 

Detailed analysis of the local behaviour of the adhesive bonds between wood and glass were performed by combining 
traditional measurement techniques with contact free deformation measurement systems and finite element analyses. In 
combination, these techniques make a powerful set of tools in terms of obtaining accurate knowledge about the mechanical 
behaviour of the adhesive bond lines.   

From a safety point of view, redundancy in terms of load bearing capacity after initial cracking occurs is of great concern. As 
was shown in the beam bending tests this can be achieved by the use of wood and glass in combination with a reliable 
structural adhesive. 

Future work in the field should preferably include the study of long term performance of the wood-glass components. In 
combination with this also additional theoretical work on material modelling, and on the development of appropriate design 
formulae for the practising engineer, is of great concern. 
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