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Abstract 

Glued connections are relatively new in structural timber engineering. They are 

expected to show high connection stiffness as well as a high connection strength 

compared to mechanical connections e.g. dowel‐type connections. 

The main aim of this thesis is to characterize the behavior of glued timber 

connections under pure tension by conducting experiments as well as numerical 

simulations. Hereby the influence of different parameters is studied such as the 

geometry (bond-line length and thickness) and the material properties (e.g. 

adhesives of highly diverse stiffness). Additionally, reference tests on a dowel-

type connection are made. The purpose is to see the differences between 

dowelled and glued connections and to see if there are some advantages in using 

glued timber connections (the base geometry was chosen acc. to Eurocode 5).  

Finite element models were created in the software ABAQUS. The models were 

used to predict the connection stiffness and compare this to the experimental results. 

In addition, parametric studies were performed on e.g. overlapping lengths. The 

comparison between experiments and simulations showed good agreement. 

It was found that glued connections with the adhesives SikaPower-4720 and 

SikaFast-5215 NT (an epoxy and an acrylate, respectively) had higher stiffness 

than the dowel connections, whereas connections with the silicone adhesive 

SikaSil SG-500 had a lower stiffness. A general conclusion drawn from this work 

is that the glued timber connections simulated in this project should also be suitable 

for application to complex connections and situations involving other loading 

situations than pure tension. 

Key words: Adhesive, dowel, timber, glued timber connections, finite element 

model, tension, ABAQUS 
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1. Introduction 

Connections between different members of a wooden structure are very 

important to the overall performance of the structure. They are used to achieve 

an even higher length, to connect different types of elements, or when in the case 

of the site, it is also needed for easier manipulation, etc. Although nowadays bolt 

and dowel connections are normally used in most situations, which show lower 

strength and stiffness than the elements itself, the timber connections have 

additional qualities such as ductility which are important.  

Glued timber connections are expected to show different properties compared to 

e.g. dowel-type connections. In Figure 1, examples of load-displacement curves 

for glued connections with a soft and a stiff adhesive and a dowel connection are 

shown. It is clear that the glued connection with soft adhesive shows the lowest 

stiffness of the connections and partially ductile behavior while the glued 

connection with stiffer adhesive demonstrates the highest stiffness but brittle 

behavior. In contrast, the dowel connection shows intermediate stiffness coupled 

with ductile behavior which would make it more preferable for the structural 

engineer.  

Within this project, the primary task is to describe different properties regarding 

connection stiffness of glued connections with different types of adhesive under 

tension loads both by conducting experiments and numerical simulations. In 

addition, a comparison of the results to corresponding dowel-type connections is 

done to see if there are some advantages in using glued timber connections.  

 

Figure 1: Typical behavior of different connections: blue (glued connection, soft adhesive), red (glued 

connection, stiff adhesive) and green (dowel connection) 

It is indispensable to understand how the loads will be transferred in glued 

connections. It is apparent from Figure 2 that loads will be transferred from the 

timber beam to the steel plate through the adhesive, thus it would be important to 

test the glued connections with different types of adhesives. 
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Figure 2: Tensile test of timber connection 

1.1 Background 

In timber connections, beam-to-beam or beam-to-column moment-resisting 

connections are mainly using dowel-type fasteners loaded in shear and bending. 

A growing interest has recently come out towards the possibility of jointing 

glulam beams by glued connections. In order to understand the performance of 

adhesives with timber, it is helpful to know the structure and composition of the 

material. 

Glued connections are relatively new in structural timber engineering. The 

advantage lies in a homogenous, flat‐wise joint and the possibility of 

prefabrication under factory conditions. Possible applications are the jointing of 

beam elements for the production of long continuous beams or rigid joints in 

frames, connecting beams to columns. 

At present, the majority of the studies performed have focused on the pull-out 

capacity of single or multiple glued-in rods. In this project, the performance of 

glued timber connections under tension load will be investigated and compared 

to the characteristics of dowel-type connections. In the past, some projects in 

related aspects have been carried out such as timber connections in rods etc. so 

for this time much more attentions are focused on the characteristics of timber 

connections with steel plates. 

1.2 Aim and Purpose 

The main aim of this thesis is to characterize the behavior of glued timber 

connections under tension loads, both by conducting experiments and numerical 

simulations on connections. Hereby the influence of different parameters is 

studied such as the geometry, the type of adhesive used or the bond-line 

thickness. The purpose is to see differences between dowelled and glued 

connections and to be able to see if there are some advantages in using glued 

timber connections. A comparison between experiments and Abaqus simulations 

will be carried out. 
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1.3 Limitations and Hypothesis 

During this thesis work it would be unrealistic to do experiments on all materials 

or all sizes. The experimental study will therefore only investigate different types 

of adhesives and different geometries. The results obtained from the tests will be 

used to calibrate numerical simulations by means of the Finite-Element method. 

In the latter a more comprehensive study will be performed with a wider set of 

parameters varied than experimentally.  

This thesis is partly based on experimental work where differences between 

specimens are inevitable. It is assumed that the effect of moisture variation and 

time-dependent influences can be neglected.  

Numerical simulations will be done using the Finite-Element software Abaqus 

[1]. Simulations are always an imperfect reproduction of the reality. Therefore 

great care is taken to calibrate the model to the experiments.  

1.4 Reliability, validity and objectivity 

Although the EC5 design approach is widely used in structures, it is much 

debated also. The design approach in the EC5 is not clear in glued timber 

connection exposed to tension. So, the validity of the design approach can be 

questioned, per se. What is more, the limitation of the validity of the experiments 

and simulations performed are the specific joint configurations investigated 

(materials, geometry, loading conditions). 

1.5 Literature review 

A large number of researchers have investigated timber connection with glued-in 

rods over the years. Xu and Racher [2] conducted experiments and derived 

models for timber connections with glued-in rods in bending. The comparison of 

the analytical and the numerical results showed the good capability of the 

analytical model to be used as a design approach for glued-in rod connections. 

They found out what parameters influence the behavior of glued-in rods in 

bending.  

The adhesive systems for structural connections in timber are also investigated 

by Broughton and Hutchinson [3]. They conclude that adhesives can be used to 

form load-bearing joints in timber structures, both in repair and in new-build 

applications. An efficient and cost-effective method of making joints is to use 

rods or dowels, bonded into pre-drilled holes in timber elements, for transferring 

structural loads between such elements. Still their study focuses on the pre-

drilled holes in timber elements. 

An experimental campaign has been conducted including a wide range of timber 

beam connections with glued-in fiber reinforced plates as well glued-in steel 
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reinforcement [4]. From their studies, it is suggested that FRP connections were 

more deformable but showed good capacity provided that the characteristics of 

the material were properly exploited.  

A research has given insight into the ductile behavior of timber-to-steel 

connections with multiple glued-in rods [5]. Two series of specimens were tested 

to failure under monotonic tensile load. From the results of tests, it is suggest 

that the use of mild steel as well as more rods with larger diameter properly 

spaced from each other and from the edges, are effectively increasing connection 

ductility. 
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2. Theory 

2.1 Glued timber connection 

2.1.1 Glued joints 

In timber engineering, glued joints are frequently used for finger-jointing or 

manufacturing of laminated beams (Glulam). Nevertheless, glued connections 

are not utilized frequently as a jointing technique between elements, the reasons 

are shown in the following [6]:  

 A lack of precise design rules 

 When gluing, making only factory production a feasible option, 

environmental conditions need to be controlled. 

Glued timber joints can be divided into several types, see Table 1. 

Table 1: Classification of different types of structural adhesive joints (from ( [6]) 

Structural adhesive joints 

Pure wood-wood joints Hybrid wood joints 

End joints (knees, 

reinforcements) 

Continuous (and special 

form work truss) joints 

Joints with glued in rods 

1. Scarf joints 

2. Lap joints 

3. Finger joints 

4. Large finger joints 

5. Knees and truss 

joints with gussets 

from plywood, LVL, 

etc. 

6. End joints with 

axially loaded hard 

wood dowels 

1. I beam with 

continuous webs 

2. Glulam 

1. Joints with glued in 

steel and FRP plates 

2.1.2 Adhesive bonding 

Adhesives are polymeric materials which can be utilized to make joints between 

similar or dissimilar materials [6]. Adhesive bonding presents numerous merits. 

The primary ones are that they can provide a low-cost assembly method. 

Additionally, the joints are made at ambient conditions, which may be the only 

way for coalescing dissimilar materials. Between an adhesive and a metal 

surface there is no alloying and bonding depends on secondary bonding forces.  

Surface films and loosely bonded surface oxide need to be removed. In particular, 

a porous nature can improve adhesion. A rough surface may also assist adhesion 
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as it provides a greater surface contact area. In the case of porous materials 

including many ceramics and fibrous materials including timber, the adhesive 

can penetrate into the pores or between the fibers, offering good mechanical 

interlocking. Many adhesives tend to be relatively strong in both tension and 

shear but weak in peeling. The design for adhesive joints needs to take this into 

consideration. 

2.1.3 Stress distribution in lap joints 

The stresses in glued connections need to be calculated so that the design can be 

verified. The equations for calculating stress distribution of a lap joint were first 

described by Volkersen [6], which involve the distribution of shear stresses 

 ( ) along the joint length and can be described as: 
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Where G is the shear modulus of the adhesive, and E is the Young’s modulus of 

the adhesive, A1 and A2 represent the contact area between adherend 1 and 

adherend 2 and adhesive layer respectively; b stands for the width of the 

adhesive layer.  x is the length along the bond-line; total bond length is denoted l 

(see Figure 3). P is the external force acting on the joint.  

From the Volkersen theory, the most significant result is that the stress 

distribution in the joint is not uniform. Strength of the joint cannot be calculated 

directly, which is the average value of the shear stress. Peak stress will occur at 

the ends of the glue line, which will likely lead to initial failure. 



7 

Xu & Tan 

 

Figure 3: Lap joint [6]: a) the general glued connection, b) the deformed connection, c) shear stress 

distribution along the bond line 

2.2 The finite element method (FEM) and Abaqus 

Nowadays, the FEM is one of the most powerful and widely used methods to 

solve arbitrary differential equations. Abaqus is a powerful engineering 

simulation program, based on the finite element method to solve problems that 

can range from relatively simple linear analysis to highly non-linear problems. 

Abaqus offers a wide range of capabilities for linear and nonlinear simulation 

applications. Problems with multiple components which with a suitable material 

model are associated by the geometry defined, and specify component 

interaction model. 

A complete Abaqus analysis usually consists of three distinct phases: pre-

processing, simulation and post-processing [1] as shown in Figure 4.  

In the pre-processing step, the user defines the model of the problems, and 

creates an Abaqus input file, usually using the graphical interface Abaqus/CAE 

although a text editor can also be used to create the Abaqus input file. 

During the simulation, usually running as a background process, Abaqus solves 

the problem using an implicit (Abaqus/Standard) or an explicit solver 

(Abaqus/Explicit). The output from the analysis includes exemplarily the 

displacements and stresses, stored in a binary file ready for post-processing. 
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Depending on the complexity of the problem, and the capacity of the computer 

in use, the analysis runs as short as some seconds to several days. 

Once the simulation has been completed and displacements, stresses, or other 

variables have been calculated, the results can be assessed. Using again 

Abaqus/CAE or another post-processing visualization module, it is typically 

done interactively. In the visualization module of Abaqus/CAE, there are a 

variety of display possibilities, including color contour maps, animations, 

deformation shape graph, and x-y plots. 

 

Figure 4: Different stages in an Abaqus simulation (from [1]) 
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3. Materials and Method 

3.1 Materials 

3.1.1 Adhesive 

Adhesives with a wide variety of different characteristics are available. In this 

project, a silicone, an acrylic resin and an epoxy resin are used (see Figure 5). 

The chemical composition itself not necessarily allows drawing conclusions on 

properties such as stiffness and strength. Nevertheless, silicones are generally 

regarded as the softest adhesives while epoxies the stiffest and strongest. The 

adhesives used in the project came in pre-packaged containers, allowing a simple, 

fast and controlled mixing and application. 

 

 

(a): SikaSil SG-500 

 

(b): SikaFast-5215 NT 

 

(c): SikaPower-4720 

 

Figure 5: Pictures of adhesives 

SikaSil SG-500 (Figure 5a) is a two-component structural silicone adhesive with 

excellent adhesion properties. It is specifically designed for metal and composite 

panel bonding. The adhesive cures at room temperature to form a rigid bond (see 

[7] and Table 9).  

SikaFast-5215 NT (Figure 5b) is a fast-curing, flexibilized two-component 

structural adhesive, based on Sika’s Acrylic Double Performance (ADP) 

polymer technology. Uncured SikaFast-5215 NT is pasty, non-sag, hardly 

inflammable material which allows for easy and precise application. (see [8] and 

Table 10).  

SikaPower-4720 (Figure 5c) is a two-component, high-modulus, neutral-curing 

structural epoxy (see [9] and Table 11).  
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These adhesives were selected because they have low, intermediate, and high 

stiffness, respectively, which is expected to have an important role in the 

behavior of the connections. Basic elastic properties of the adhesives are given in 

Table 2.  

Table 2: Basic properties of adhesives ( [7], [8], [9]) 

Adhesive Color E-module (MPa) Poisson’s ratio Chemistry 

SikaSil SG-500 Black 1.1
 

0.43 Acrylic 

SikaFast-5215 NT Grey 150 0.43 Silicone 

SikaPower-4720 Black 1900
 

0.43 Epoxy 

3.1.2 Wood material 

Glued laminated timber, also called glulam, was used for the wooden parts of the 

connections. It is a type of structural timber product involving multiple layers of 

dimensioned timber bonded together with durable and moisture-resistant 

structural adhesives. Via laminating, a single structural member is created. Used 

as vertical columns or horizontal beams, these structural members are also 

utilized as curved and arched shapes. It is available from various species and 

appearance characteristics to meet varied end-use needs. Connections are usually 

manufactured with bolts or plain steel dowels and steel plates. 

3.1.3 Steel-plates 

Two kinds of steel-plate were used in this thesis (see Figure 8). Before gluing, 

the steel-plates were well cleaned in order to make sure that the adhesives are 

well sticking to the plates.  

 

Figure 6: Dimensions (in mm) of test specimens (The hole for dowel is only applied for the specimens with 

dowel and the others do not have this hole.) 
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Figure 7: Typical application of measuring equipment; 1 and 2: inductive displacement transducers 

 

(a): Picture of the steel-plate without a 

dowel hole 

 

(b): Picture of the steel-plate with a 

dowel hole 

Figure 8: Pictures of steel plates 

3.2 Experimental tests 

3.2.1 Preparation of the test specimens  

In order to compare to the experimental results from dowel-type and glued 

connections, the geometry of the connections are in accordance to EC5. 

Connection width is 40 mm. Minimum distances from the center of dowel to the 

wood side edge and the end edge is 3d (36 mm) and 7d (84 mm), respectively, 

where d represents the diameter of the dowel. The edge distance to the unloaded 

end of the plate is 2.5d. Thickness of the cut-in slot in the glulam beam for the 

steel plate is 10 mm. The total length of the wood part is 540 mm, which is long 
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enough so that the back anchorage does not affect the distribution of loads in the 

area of the connection. The overlapping length is assumed to be 30 mm and 

110 mm while the bond-line thickness is decided to be 2 mm. In the following 

the main steps how the specimens are made are presented.  

 Masking tape is used to tape the edge of the timber beam in order to protect 

the glulam from getting stuck to potential overflowing adhesive (see Figure 

9a).  

 Teflon tape is then put to the bottem of the slot. This protects the bottom of 

the glulam slot from getting stuck to the adhesive since the load should only 

be transferred via shear in the bond-line (see Figure 9b). 

 Some preparations are also needed for the steel-plates. First, the length of the 

bond-line (110 mm or 30 mm) is marked from the bottom. After this, the 

steel-plate is taped along the line marked before, which will isolate the steel-

plate from the adhesive flowing out. The two side and the bottom edges of 

the steel-plate are also taped. Two nails of 2 mm diameter are fixed on both 

surfaces of the steel-plate to keep the distance from the steel-plate to the 

wood at the loaded end of the plate (Figure 10a). In addition, four nails of 

2 mm diameter are fixed at the end of the slot (Figure 10b). These six nails 

will center the steel plate in the middle of the slot and hence secure a uniform 

bond-line thickness. 

 The plate is put into the slot, centered by the nails. The inserting length ios 

amrked by the line on the plate (Figure 11a). The two sides of the connection 

area are then taped hermetically in order to prevent the adhesive from 

flowing out (Figure 11b).  

 Two plates of wood are then added on the both sides to fix the steel plate 

horizontally. In addition to the tape, this resists the adhesive from flowing 

out since rather high pressure is needed to fill up the gap. At one of plates a 

hole is drilled before where the adhesive is pressed in (Figure 12a). When the 

adhesive starts flowing out on the top (Figure 12b), the injection procedure is 

stopped. After injecting the adhesive the structure will be left in place with 

the clamps on and wait for the adhesive being cured sufficiently to be moved.  

 After several hours, the adhesive becomes hard enough and the clamps and 

the wood plates are removed. And there will be no adhesive flowed out at the 

both sides which means that the tapes and the clampers prevant the adhesive 

from flowing out really well.  

 In the end, all the tape and the nails on the top are removed and the specimen 

cleaned (Figure 13a).  
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 As shown in the Figure 13(b), several screws are drilled into the bottom part 

in order to strengthen the bottom part so that during the test the bottom part 

will not fail prematurely. 

 

(a): Taping the Glulam 

 

(b): Picture of the Glulam after taping 

Figure 9: Taping the specimens before gluing 

 

(a): prepare the steel-plate 

 

(b): Add nails in the bottom of the slot 

Figure 10: Steel plate (left) and wood part (right) with spacers before gluing 

 

(a): Insert the steel-plate into slot 

 

(b): Tape the whole overlap 

Figure 11: Tape the whole overlap after inserting the plate into the slot 
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(a): Fix the beam on the table 

 

(b): Structure after being injected 

Figure 12: Structure being injected and after being injected 

 

(a): Final specimen 

 

(b): Strengthening the bottom of the structure 

Figure 13: Final specimen and strengthening in the back-end  

Four kinds of timber connections with three different adhesives are made 

through this process: glued specimens with 110 mm and 30 mm overlapping 

length as well as specimens with 110 mm overlapping length together with a 

dowel, and finally a reference group with only a dowel to transfer loads, 

respectively. Table 3 gives an overview on the specimens, the actual dimensions 

(measured before testing) are found in Figure 46.  

After production, the specimens are stored in the climate chamber at standard 

conditions of 20°C and 65% RH.  
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Table 3: Overview of the specimens  

Number Adhesive dowel 
Overlap Curing time 

(mm) (days) 

1 SikaFast-5215 NT / 110 14 

2 SikaFast-5215 NT / 110 14 

3 SikaFast-5215 NT / 30 14 

4 SikaFast-5215 NT / 30 14 

5 SikaSil SG-500 / 30 14 

6 SikaSil SG-500 / 110 13 

7 SikaSil SG-500 / 110 13 

8 SikaSil SG-500 / 30 14 

9 SikaFast-5215 NT Yes 110 13 

10 SikaPower-4720 / 110 14 

12 SikaPower-4720 / 30 13 

13 SikaPower-4720 / 30 13 

14 SikaSil SG-500 Yes 110 13 

15 none Yes 0 / 

16 none Yes 0 / 

3.2.2 Test set-up  

The experimental equipment used in this project is a standard test machine (MTS) 

with load exerting machine and data gathering equipment. The test specimens 

are subjected to a tensile load. The test machine (Figure 14) will exert a load to 

the connection and at the same time the data gathered by strain gage will be 

showed in load-displacement curves on the computer as well as written to a data 

file.  

 

Figure 14: Tension machine used in the tests 

A special device and two LVDT sensors are fixed as shown in Figure 15 in order 

to measure the displacement of two relative point during the test. In this case, the 
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measuring device is fixed at the top of the connection and two sensors are fixed 

20 mm lower than the bottom of the slot.  

 

Figure 15: Test specimen installed in the MTS machine 

3.2.3 Typical loading behavior 

Several variations of different specimens were examined and resulted in different 

failure loads and displacements. Nevertheless, all force-time curves show the 

same characteristic shape, and typical loading phases for all are identified in 

Figure 16. Table 4 gives an overview on loads triggering un- and reloading. 

Table 4: The typical loading behavior of the tests 

Number Adhesive Dowel 

Overlapping 

length 

Unload start 

point 

Reload start 

point 

(mm) (kN) (kN) 

1 SikaFast-5215 NT / 110 2 0.2 

2 SikaFast-5215 NT / 110 10 1 

3,4 SikaFast-5215 NT / 30 2.7 0.3 

5 SikaSil SG-500 / 30 1.3 0.3 

8 SikaSil SG-500 / 30 1 0.3 

6 SikaSil SG-500 / 110 5 1 

7 SikaSil SG-500 / 110 10 1 

9 SikaFast-5215 NT Yes 110 10 1 

10 SikaPower-4720 / 110 15 3 

12,13 SikaPower-4720 / 30 5 1 

14 SikaSil SG-500 Yes 110 5 1 

15,16 - Yes 110 3 1 

First loading 

The beginning part shows a plateau which comes from an intentional waiting 

phase. After that, an almost linear course of the time-force curve is observed in 

all the tests as the elastic stiffness of the glued timber connection is mainly 

loaded.  
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Unloading and reloading 

When a certain load (specified in advance) was reached, the force began to 

decrease until reaching a lower value of unloading was reached (again specified 

beforehand). After that the machine reloaded the specimen until reaching the 

maximum load capacity of the specimens and hence the end of the test.  

 

Figure 16: Individual loading phases of a specimen 

3.2.4 Data collection  

During the test, all the data such as displacement, tension force and running time 

are collected and recorded by the computer directly and automatically. A force-

displacement diagram can be drawn by the computer during the test. In the 

diagram, loading force, unloading force and reloading force can be easily read 

which are important to distingush from and calculate the stiffness according to 

the data collected. 

3.3 FE-simulations 

3.3.1 Reference model 

A 3D finite element model of the tests is developed using ABAQUS (version 

6.13-2). The pre and post-processing interface ABAQUS/CAE is used to create 

the models and analyze the results. The built-in features coupled with a material 

behavior are utilized for wood and adhesive, which makes it possible to build up 

realistic simulations of glued timber connections. The element type C3D8 (fully 

integrated hexahedral elements with linear interpolation) are employed. 

F
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First loading 

Reloading 

Unloading 

Unload start point 

Reload start point 

Loading until failure 
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Geometry 

The geometry of the models is identical to the nominal dimensions of the test 

specimens. The width of the timber is 40 mm wide. The cut-in slot for the steel 

plate is of 6 mm thickness and the overlapping length is 110 mm and 30 mm 

corresponding to the dimension of tests. The total length of the wood part and 

steel plate is 540 mm and 210 mm, respectively, which is long enough so that the 

back anchorage does not influence the load distribution in the area of the 

connection. Figure 17 shows the main dimensions and the layout of the reference 

connection.  

During the simulation the back-anchorage of the connection, which is necessary 

for the load application in the experiments, is simplified. The wood piece is 

completely restrained at a cross-sectional plane sufficiently far from the 

connection to ensure a uniform stress distribution. 

The adhesive is modeled as a layer of 2 mm thickness, positioned between the 

wood and steel.  

The steel plate is of 6mm thickness and 72 mm width. The plate is long enough 

(210 mm) to guarantee uniform load distribution at the clamped end.  

 

Figure 17: Main dimensions and the layout of the reference connection (dimension in mm).  

Wood properties 

Orthotropic material behavior is employed for the wooden part regarding 

stiffness. The wood fiber direction is aligned with the main elongation of the 

connection and the direction of the force. It is adequate to model only a quarter 

and to use symmetry boundary conditions, which significantly reduces the 

simulation effort. 

The properties of wood are EL=12000 MPa, ER=800 MPa, ET=500 MPa, 

vLR=0.02 MPa, vLT=0.02 MPa, vRT=0.4 MPa, GLR=700 MPa, GLT=700 MPa, 
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GRT=50 MPa. The index L denotes the fiber direction whereas indices R and T 

denote the radial and tangential directions.  

Steel plate 

For the steel plate isotropic material behavior is employed during this simulation. 

The modulus of elasticity is E = 200000 MPa and Poisson’s ratio v = 0.3. 

Adhesive 

For the adhesive isotropic material behavior is assumed. The modulus of 

elasticity for SikaSil SG-500, SikaFast-5215 NT and SikaPower-4720 is 

E=1.1 MPa, E=150 MPa, E=1900 MPa, respectively. Poisson’s ratio is 0.43 for 

all adhesives. 

Mesh generation 

The Finite-Element mesh is generated with the mesh generator in ABAQUS. In 

order to suitably model the concave section in the wood part, hexahedron 

elements are used in the wood part. Elements of type C3D8 are employed, which 

are fully integrated elements with linear interpolation of the displacements. 

Globally, the mesh size is set to 5 mm except for the gap area of 2.5mm (Figure 

18a)). 

 

 

Figure 18: The mesh size of the model: wood part (left), detail in the glue-line (right). 

For the adhesive and the steel plate, fully integrated, linear brick elements of 

type C3D8 are used. Globally, the mesh size is also set to 5 mm. A fine mesh 

was selected in the thickness direction of the adhesive and steel plate (Figure 

18 ). 

Boundary conditions 

As only a quarter of the connection is modeled, appropriate symmetry boundary 

conditions are applied (Figure 19). Thus, the 1-2-symmetry plane is restrained in 

T 

L 
R 
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3-direction (u3=0) and the 2-3-symmetry plane is restrained in 1-direction (u1=0). 

At the back end, the cross-section is fully restrained (u1=0, u2=0, u3=0) . 

 
Figure 19: Boundary conditions and load application of the double-symmetric model 

The deformation of u2 is applied at the end of the steel plate, up to a total 

displacement of 10 mm. 

Incrementation 

The total load is applied in a single step, divided into 10 equally-sized 

increments. 

After each increment output values are stored. This pre-set incrementation can be 

automatically adjusted - using the option "automatic incrementation" of 

ABAQUS - in case of slow or no convergence. 

3.3.2 Parametric study 

In order to discover the factors that will influence the stiffness of the connection, 

a wide range of values are varied, including the stiffness the wood in 

longitudinal direction (EL), the thickness of the adhesive, the overlapping length 

of the connection, the Poisson’ ratios of the adhesive and the stiffness of 

adhesive (see Table 5). 

Table 5: Range of variations 

Catalogue Variation Unit Range 

Geometry 

Thickness of the 

bond-line  
mm 0.5, 1.0, 1.5, 2.5, 3.0, 4.0, 5.0, 6.0 

Overlapping length of 

the connection 
mm 

10, 15, 20, 40, 50, 60, 70, 80, 90, 

100, 140, 170, 200 

Material 

Wood stiffness EL MPa 
5000, 8000, 10000, 14000, 16000, 

18000, 20000 

Poisson’s ratio of 

adhesive v 
/ 

0.3, 0.35, 0.40, 0.42, 0.44, 0.45, 

0.46, 0.47, 0.48, 0.49, 0.499 

Adhesive stiffness  MPa 
0.1, 0.5, 10, 100, 250, 500, 1000, 

2500, 5000, 10000, 20000 
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4. Results 

4.1 Experiments 

The failure modes obtained in the experiments are shown in Table 6 and 

Figure 20. It can be easily seen that different kinds of specimens have different 

failure modes. For instance number 1 which is the SikaFast-5215 NT connection 

with 110 mm overlap cracks at the bottom of the glulam. 

Table 6: Results of the experiments 

Number Crack 
Stiffness Maximum load 

kN/mm kN 

1 bottom of glulam 155.80 52.48 

2 top of the glulam and interface 160.70 53.94 

3 interface 68.60 14.39 

4 wood under the interface 84.10 15.34 

5 adhesive 0.96 4.72 

6 adhesive 3.20 18.20 

7 adhesive 3.06 17.52 

8 adhesive 0.96 4.68 

9 bottom of glulam 150.00 46.42 

10 wood under the adhesive 207.30 61.27 

12 interface between wood and adhesive 180.00 24.41 

13 interface between wood and adhesive 210.10 31.75 

14 wood above the dowel connection 31.80 28.17 

15 wood above the dowel connection 19.20 12.19 

16 wood above the dowel connection 17.30 11.98 



22 

Xu & Tan 

 
a) Wood above the dowel 

connection (mode 1) 

 
b) Bottom of glulam (mode 2) 

 
c) Wood under the adhesive 

(mode 3) 

 
d) Adhesive (mode 4) 

 
e) Interface between wood and 

adhesive (mode 5) 

 

Figure 20: Typical failure modes  

SikaSil SG-500 connections 

Shown in Figure 21, the connection with 110 mm overlap and a dowel has 

highest connection stiffness, connections with 110 mm overlap intermediate 

stiffness and with 30 mm overlap have the lowest stiffness. In the curves, all the 

peak values are marked. 

 

Figure 21: Results of SikaSil SG-500 connections 
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SikaFast-5215 NT connections 

Shown in Figure 22 is the displacement-force diagram based on the test data, 

which has all the SikaFast-5215 NT connection data in the tests. In the diagram, 

all curves stand for different SikaFast-5215 NT connections with 110 mm and 

30 mm overlap, and the SikaFast-5215 NT connection with 110 mm overlap and 

a dowel. It is easy to find out that connections with 110 mm overlap and a dowel 

has the highest slope which means that this connection has the highest 

connection stiffness, that the connections with 110 mm overlap has the medium 

stiffness and the connections with 30 mm overlap has the lowest stiffness. 

 

Figure 22: Results of SikaFast-5215 NT connections 

SikaPower-4720 connections 

Shown in Figure 23, the connection with 110 mm overlap which has the highest 

connection stiffness and the connections with 30 mm overlap which have lower 

stiffness compared to the first. 

 

Figure 23: Results of SikaPower-4720 connections 

52.48 

53.94 

14.39 

15.34 

46.42 

0

10

20

30

40

50

60

0 0.5 1 1.5 2 2.5

F
o

rc
e 

(K
N

) 

Displacement (mm) 

110mm #1

110mm #2

30mm #3

 30mm #4

 110mm with dowel #9

61.27 

24.41 

31.75 

0

10

20

30

40

50

60

70

0 0.1 0.2 0.3 0.4 0.5

F
o

rc
e 

(K
N

) 

Displacement (mm) 

 110mm #10

30mm #12

 30mm #13



24 

Xu & Tan 

4.2 FE-simulations 

In order to determine stiffness of the connections, the relative deformation 

between points on the connection (on the wood part and on the steel plate, 

respectively) was calculated.  

For the reference simulation, pick-up points 1 and point 3 (see Figure 24) were 

selected which are positioned in accordance with the tests. For the parametric 

study, pick-up points 1 and 2 were selected.  

 

Figure 24: Pick-up point for determining relative deformation in the FE-simulations 
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4.2.1 Reference simulation 

Figure 25 shows the results from the reference simulations, the exact values for 

stiffness are shown in Table 7. The force-displacement diagram shows that 

connections with SikaPower-4720 have the highest connection stiffness for 

overlapping length 110 mm and 30 mm. Connection stiffness for simulations 

with SikaSil SG-500 increases more than three times from overlapping length 

30 mm to 110 mm while it only doubles for SikaFast-5215 NT adhesive and 

increases only by approx. 50% for the SikaPower-4720 adhesive.  

 

Figure 25: Load-displacement curves of the reference simulations (quarter model): blue (SikaSil SG-500), 

red (SikaFast-5215 NT) and green (SikaPower-4720) (the solid lines and dashed lines stand for an 

overlapping length of 110 mm and 30 mm respectively).  

Table 7: Connection stiffness for the reference simulations (full model) 

 Unit SikaSil SG-500 SikaFast-5215 NT SikaPower-4720 

Overlapping length  mm 30 110 30 110 30 110 

Connection stiffness  kN/mm 0.82 3 75.60 170.50 216.00 302.40 

4.2.2 Parametric study 

In this chapter, some parameters of the glued timber connections are changed the 

simulations such as the overlapping lengths, the stiffness of adhesive, wood 

stiffness, bond line thickness and the Poisson’s ratio of the adhesives to see how 

the connection stiffness ins influenced by these changes. And while one of these 

parameters is changed, the others are kept constant. In the following, the results 

from the simulations are presented. It is noted, that values for stiffness are given 

for the quarter model only. Through these diagrams, prepared according to the 

results from the Abaqus simulations, it can be found out what plays an important 

role and influences the connection stiffness.  
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Overlapping length 

As shown in Figure 26, the overlapping length is changed from 10 mm to 

200 mm and simulations done for all adhesives. It can be seen that the 

connection stiffness of the connections increases with increasing overlapping 

length and the trend for adhesive with stiffer stiffness increases more quickly to 

reach a steady level compared to other two types of adhesives. 

 

 

Figure 26: Connection stiffness changes with different overlap lengths (quarter model, logarithmic scale): 

blue (SikaSil SG-500), red (SikaFast-5215 NT) and green (SikaPower-4720) 

Adhesive stiffness 

It is also very obvious from Figure 27 that as the stiffness of the adhesive is 

changed from 1.1 MPa to 50000 MPa, the connection stiffness increases. This 

trend is shown more clearly from 10 to around 1000 MPa. So, to some extent, 

the higher the stiffness of the adhesive is, higher the connection stiffness is. 
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Figure 27: Connection stiffness changes with different stiffness of adhesive (quarter model, logarithmic 

scale). 

Wood stiffness 

In Figure 28, the stiffness of wood is changed from 5000 MPa to 20000 MPa, 

and it can be found out that the connection stiffness of the connections becomes 

higher with the increasing wood stiffness. 

 

 

Figure 28: Connection stiffness changes with different wood stiffness (quarter model): blue (SikaSil SG-

500), red (SikaFast-5215 NT) and green (SikaPower-4720) 

Poisson’s ratio 

In Figure 29, the Poisson’s ratio of the three kinds of adhesives is changed from 

0.3 to 0.499, respectively. In this case there is no very obvious change of the 

connection stiffness with increasing Poisson’s ratio because the curves are quite 

stable. So the Poisson’s ratio doesn’t play a big role in changing the connection 

stiffness in the glued timber connections. 
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Figure 29: Connection stiffness changes with different Poisson's ratio of adhesive (quarter model): blue 

(SikaSil SG-500), red (SikaFast-5215 NT) and green (SikaPower-4720) 

Bond line thickness 

In Figure 30, the bond line thickness is changed from 0.5 mm to 6 mm to see 

how the connection stiffness changes. It is easy to find out that the connection 

stiffness is becoming lower with the increasing bond line thickness. 
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Figure 30: Connection stiffness changes with different bond line thickness (quarter model): blue 

(SikaSil SG-500), red (SikaFast-5215 NT) and green (SikaPower-4720) 

4.2.2 Stress distribution along the bond line (overlapping length 110mm) 

The path for showing stress distribution was chosen in the middle of the adhesive 

layer along the overlapping length as shown as the red line in Figure 31, which is 

similar to both overlapping length of 110mm and 30mm. Additional simulations 

were performed with a very fine mesh (approx. 0.1 mm) in the overlapping area.  

 

Figure 31: The path (the red line) along the bond line with start point (left) and end point (right) 

In the following, S11 represents the normal stress in the adhesive in the direction 

perpendicular to the adhesive layer (frequently also called peeling stress), S12 

represents the shear stress in the adhesive in the plane of the adhesive, while von 

Mises denotes the stress interaction in the adhesive according to von Mises.  
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Since the stress of S11, S12 and von Mises are considerably different in these 

three types of connections it is necessary to normalize the stress, which makes 

the comparison more convenient. Normalized stresses mean stresses that are 

observed for 1 kN external load on the connection.  

Similarly, it is also desirable to normalize the overlapping length when 

comparing the corresponding results of the connections with different 

overlapping length. The normalized length goes from 0 to 1 and is a factor with 

respect to the total length of the overlap. 

SikaSil SG-500 

Figure 32 shows the stress distribution for S11, S12 and von Mises for 

connections with SikaSil SG-500 along the bond line for an overlapping length 

of 110 mm. It is clear that S12 and von Mises stress increase immediately into a 

steady level from each end of the bond line and the von Mises is much higher 

than S12. Stress S11 experiences a reverse which means at the start point the 

adhesive undergoes compression while at the end point it experiences tensile 

stress. Tensile stress is higher than compression stress. 

 

Figure 32: Stress distribution along bond line of SikaSil SG-500 with overlapping length 110 mm 

SikaFast-5215 NT 

Figure 33 shows the stress distribution including S11, S12 and von Mises for 

connections with SikaFast-5215 NT along the bond line for an overlapping 

length of 110 mm. It is obvious that S12 and von Mises experience a steady 

decrease from the start point to the end point and that von Mises stress is also 

much higher than S12. Stress S11 experiences an asymmetric distribution which 

means at one end the adhesive undergoes tension while at another end it 

experiences compression which is almost equal in absolute values. 
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Figure 33: Stress distribution along bond line of SikaFast-5215 NT with overlapping length 110 mm 

SikaPower-4720 

Figure 34 shows the stress distribution including S11, S12 and von Mises for 

connections with SikaPower-4720 with an overlap of 110 mm. It is evident that 

the S12 and von Mises stress almost experience a same trend as SikaFast-5215 

NT but the values decline more steeply than for SikaFast-5215 NT in the end of 

the overlap. Stress S11 experiences a contrary trend as SikaSil SG-500 with 

much higher compression at the start point. 

 

Figure 34: Stress distribution along bond line of SikaPower-4720 with overlapping length 110 mm 

4.2.3 Stress distribution along bond line (overlapping length 30mm) 

SikaSil SG-500 

Figure 35 shows the stress distribution including S11, S12 and von Mises for 

connections with Sikasil SG-500. It is clear that the S12 and von Mises stresses 

rise immediately into a steady level from each end of the bond line and the von 

Mises is much higher than S12. Stress S11 experiences an increase from the start 

point to the end point and it experiences the tensile stress along the path. 
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Figure 35: Stress distribution along bond line of SikaSil SG-500 with overlapping length 30 mm 

SikaFast-5215 NT 

Figure 36 shows the stress distribution regarding S11, S12 and von Mises for 

connections with SikaFast-5215 NT. It is apparent that the S12 and von Mises 

stresses experience a gentle decrease from the start point to the end point of the 

path of the bond line and that the von Mises stress is much higher than S12. 

Stress S11 experiences an approx. asymmetric distribution of this force with 

higher tensile stress at the end point of the path. 

 

Figure 36: Stress distribution along bond line of SikaFast-5215 NT with overlapping length 30 mm 

SikaPower-4720 

Figure 37 shows the stress distribution regarding S11, S12 and von Mises for 

connections with SikaPower-4720. It is obvious that the S12 and von Mises 

stresses almost experience a same trend as SikaFast-5215 NT but the values 

decrease also more quickly but more gentle compared to the overlapping length 

of 110 mm. Stress S11 experiences an almost asymmetric distribution with 

almost the same absolute value at both ends. 
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Figure 37: Stress distribution along bond line of SikaPower-4720 with overlapping length 30 mm 
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4.3 Comparison of the experiments and FE-simulations 

The results of the tests and the Abaqus simulations are shown in the Table 8. In 

addition, the deviation is given. In the deviation column, it is easy to find out that 

the deviation of number 1 to number 8 is not higher than 15 %, which stand for 

the SikaFast-5215 NT and SikaSil SG-500 connections. So the results of these 

two glued timber connections are desirable as the results of the tests really agree 

to the simulations. 

However, in number 10 (the SikaPower-4720 connections with 110 mm 

overlapping length) the deviation is very high and almost close to 50 %. The 

result of number 13 is almost equal to the one of number 10 although they have 

different overlapping length. More surprisingly, the deviation for number 13 is 

almost approximate to 0% which hints to a good agreement. This may be owed 

to the high stiffness of the SikaPower-4720 adhesive which yields high stress 

levels in the wood as well and therefore the variation of the wood might much 

more influence the behavior than in the other connections. 

Table 8: Results from tests and simulations 

Number 

Results from Abaqus 

for the reference 

parameters 

Results of test 
Deviation (%) 

(kN/mm) (kN/mm) 

1 170.50 155.80 9 

2 170.50 160.70 6 

3 75.60 68.60 2 

4 75.60 84.10 -10 

5 0.82 0.96 -15 

6 3.00 3.20 -6 

7 3.00 3.06 -2 

8 0.82 0.96 -14 

9 / 150.00 / 

10 302.40 207.30 46 

12 216.00 180.00 20 

13 216.00 210.10 3 

14 / 31.80 / 

15 / 19.20 / 

16 / 17.30 / 
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5. Analysis  

5.1 Experiments 

Two more diagrams are also made according to the different overlapping lengths. 

They are shown in the following in Figure 38 and Figure 39. Just like described 

before, these two diagrams are the displacement-force diagram based on the test 

data, which include all the connections with overlapping length 110 mm and 

30 mm, respectively. And all the highest forces in all curves are marked.  

110 mm overlap 

In the Figure 38, it can be found out that SikaPower-4720 connection has the 

highest stiffness compared to the others. And the SikaFast-5215 NT connection 

with a dowel and SikaFast-5215 NT connections have the medium stiffness, after 

these are the SikaSil SG-500 connection with a dowel, dowel connections and 

the SikaSil SG-500 connections which have lower stiffness. 

Similar to stiffness are the maximum load levels. Displacement characteristics on 

the other hand are observed to behave indirectly to stiffness with the connection 

with SikaPower-4720 having the lowest and the connections with SikaSil SG-

500 having highest displacement at failure.  

 

Figure 38: Results of connections with 110mm overlap: the SikaSil, SikaFast and SikaPower represent 

SikaSil SG-500, SikaFast-5215 NT and SikaPower-4720 respectively 

30 mm overlap 

It can be seen from Figure 39, that the connection with SikaPower-4720 has the 
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NT connections have the medium stiffness, after these are the SikaSil SG-500 

connections which have the lowest stiffness.  

Similar to stiffness are the maximum load levels while the displacement 

characteristics are observed to behave indirectly to stiffness. This behavior is 

similar as for the connections with 110 mm overlap.  

 

Figure 39: Results of connections with 30mm overlap: the SikaSil, SikaFast and SikaPower represent 

SikaSil SG-500, SikaFast-5215 NT and SikaPower-4720 respectively 

5.2 FE-simulation 

5.2.1 Parametric study 

Overlapping length 

In Figure 40, connection stiffness per length for the three kinds of glued timber 

connections is plotted over the overlapping length. The overlap in this case 

changes from 10 mm to 200 mm. All values, except for SikaSil SG-500, are 

decreasing with increasing overlap. It is of course still valid that a higher 

adhesive stiffness gives higher connection stiffness. It is clear that the stiffness 

per length decreases with increasing overlapping length and the trend for 

adhesive with higher stiffness decreases faster to reach a steady level compared 

to other two types of adhesives  
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Figure 40: Connection stiffness per overlap length: blue (SikaSil SG-500), red (SikaFast-5215 NT) and 

green (SikaPower-4720) 

Bond line thickness 

Figure 41 shows the connection stiffness per bond line thickness. It is apparent 

that the connection stiffness decreases steeply with increasing bond line 

thickness between 0.5 mm to 1 mm. After that, the trend becomes gentler and 

finally reaches a relatively steady level after 4.5 mm.  
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Figure 41: Connection stiffness per bond line thickness: blue (SikaSil SG-500), red (SikaFast-5215 NT) and 

green (SikaPower-4720) 

5.2.2 Stress distribution along bond line for different adhesives 

Figure 42 shows the shear stress distribution (S12) for the three different 

adhesives along the path for two different overlapping lengths. It is clear that 

SikaPower-4720 shows the highest stress concentrations compared to the other 

two types of adhesives at the start point of the path, especially with overlapping 

length 110mm. 

 

  
 

a) Overlapping length 110 mm 

 

b) Overlapping length 30 mm 

Figure 42: Stress distribution of S12 along the bond line among three different adhesives 
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Figure 43 illustrates the stress distributions of normal stress (S11) of the three 

different adhesives along the path for two different overlapping lengths. It is 

evident that SikaPower-4720 demonstrates the highest stress concentration than 

other two types of adhesive at the start point of the path particularly for 

overlapping length 110mm.  

 

  
 

a) Overlapping length 110 mm 

 

b) Overlapping length 30 mm 

Figure 43: Stress distribution of S11 along the bond line among three different adhesives 
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Figure 44 shows the stress distribution of shear stress (S12) for the three different 

adhesives along the path for different overlapping lengths. It is apparent that 

SikaPower-4720 with the highest stiffness experience stronger stress 

concentrations than other two adhesive at the start point of the path particularly 

for the overlapping length 110 mm. Comparing these three pictures it is obvious 

that connections with longer overlapping length show higher stress concentration 
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a) SikaSil SG-500 

 

b) SikaFast-5215 NT 

 

 

SikaPower-4720  

Figure 44: Stress distribution of S12 along the bond line between different overlapping lengths 

Figure 45 shows the stress distribution of normal stress (S11) of the three 

different adhesives along the path for different overlapping lengths. Similarly, 

SikaPower-4720 demonstrates the highest stress concentrations compared to the 

other two types of adhesive at the start point of the path, particularly in the 

situation of overlapping length 110 mm. It also illustrates the similar trend that 

connections with longer overlapping length show with higher stress 

concentration, especially with a stiffer adhesive. 
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a) SikaSil SG-500 

 

b) SikaFast-5215 NT 

 

 

SikaPower-4720  

Figure 45: Stress distribution of S11 along the bond line between different overlapping lengths 
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6. Discussion 

The main aim of this thesis is to study the behavior of glued timber connections. 

This was done by conducting a number of experiments on timber connections, to 

characterize the stiffness behavior of glued timber connections as well dowelled 

connections in tension. Furthermore, the influence of different parameters such 

as the geometry and the type of adhesive is studied.  

By means of the presented numerical simulation approach, the overall force-

displacement behavior of glued and dowel-type connections is captured to a high 

degree so that the main features regarding overlapping length as well as types of 

adhesive observed in experiments are covered.  

The FE-simulation tool is able to provide information on the individual effects of 

the variation of properties of the connection, both qualitatively as well as 

quantitatively, which has been shown in an extensive parametric study. By 

means of the FE-simulation tool, it is possible to obtain insight into the structure 

so that the distributions of stresses, in variation of overlapping length, adhesive 

stiffness, wood stiffness, Poisson’s ratio and bond line thickness can be studied 

in detail.  

From the test results, the influence of overlapping length on the connection 

stiffness is shown to be significant for SikaSil SG-500 and SikaFast-5215 NT, 

except for the adhesive of SikaPower-4720 with highest E-modulus which shows 

no substantial increase in connection stiffness. It is clear that glued connections 

together with a dowel would, to some degree, increase the connection stiffness 

compared to merely glued and dowel-type connections. The influence is more 

evident when applied to adhesives with lower stiffness. Meanwhile, the higher 

the stiffness of the adhesive applied, the more brittle the failure mode is.  

It can be seen from the FE-simulation results that the overlapping length 

influences the stiffness of the connections within a certain range. As for the 

adhesive stiffness, the influence is highest in the range of 10 to 1000 MPa. For 

wood stiffness, the influence is much more apparent when applied to a stiffer 

adhesive. Poisson’s ratio only slightly affects the stiffness of the connections. 

bond-line thickness exerts a negative influence on the stiffness of the connection.  

Regarding the stress distribution along the bond line the results show high 

agreement to the theory of Volkersen in a way that the stress distribution in the 

joint is not uniform and the peak stress will focus on the end of the glue line, 

particularly for stiff adhesives.  
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7. Conclusions 

Three kinds of connections involving SikaSil SG-500, SikaFast-5215 NT and 

SikaPower-4720 are studied in this project. The methods used in the analysis 

could predict the influence of the different parameters. As the results from the 

simulations show good agreement to the experiments, it is suggested that the 

results from FE-simulation are reliable.  

According to the experimental results, glued connections with similar 

overlapping length are superior to the dowel connections in the aspect of 

connection stiffness except for SikaSil SG-500. For loading capacity glued 

connections are distinctively superior to the dowel connections even for SikaSil 

SG-500. However, the dowel connections show a good performance related to 

ductile behavior, as the brittle failure becomes more obvious with the higher 

stiffness of adhesives. In addition, glued connections with a dowel gain some 

advantages with higher connection stiffness and better ductile behavior. 

Comparing the experimental results of different overlapping length, it is apparent 

that overlapping length exerts a great influence on the connection stiffness and 

loading capacity. This effect decreases with increasing stiffness of adhesive.   

From the results of the simulations, it is suggested that overlapping length, 

adhesive stiffness, glulam stiffness and bond line thickness influence connection 

stiffness. Summarizing it can be seen that all the parameters (with the exception 

of the Poisson’s ratio of the adhesive) varied in the simulations play a big role in 

influencing the connection stiffness of the glued timber connections. Therefore, 

there are many ways to control connection stiffness of glued timber connections. 

In order to discover further properties of glued timber connections, some 

suggestions for improvement of the simulation model will be given:  

- An extension of the simulation model to shear force and bending moment 

would be much more meaningful and worthy.  

- The influence of geometric non-linearity also will help to detect the 

characteristics of this type of connections.  

- It also would be valuable to derive useful values from the simulations 

involving cracking behavior, and, thus, to model the failure modes and 

define the ultimate failure. 
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Appendixes 

Appendix 1: The technical product data of three adhesives 

Table 9: The technical product data of SikaSil SG-500 [7] 
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Table 10: The technical product data of SikaFast-5215 NT ( [8]) 
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Table 11: The technical product data of SikaPower-4720 ( [9]) 
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Appendix 2: Dimensions of the specimens  

Table 12: Dimensions of the specimens 

Number 

Slot length Width of the bottom Width of the top Depth 

(mm) (mm) (mm) (mm) 

H B1 B2 B3 C1 C2 C3 D 

1 120.19 14.82 10.53 15.42 15.05 10.26 15.41 72.38 

2 120.11 15.12 9.95 15.13 15.14 9.92 15.14 71.90 

3 119.12 15.62 10.03 15.36 14.59 10.09 15.33 72.32 

4 120.24 14.71 10.04 15.34 14.93 10.14 15.34 72.58 

5 120.01 15.24 9.95 15.09 15.36 9.93 15.13 72.38 

6 120.09 14.98 10.26 15.16 15.11 10.20 15.30 72.49 

7 119.88 14.60 10.49 15.11 15.15 10.40 15.11 72.30 

8 120.10 14.77 10.77 14.86 14.67 10.85 14.82 72.51 

9 120.31 15.04 10.13 15.31 15.13 9.95 15.27 72.27 

10 119.98 15.03 10.39 15.21 15.12 10.40 15.14 72.28 

11 120.10 15.30 10.23 14.94 15.36 10.41 15.03 72.25 

12 120.11 15.15 10.09 15.50 15.01 10.23 15.27 72.36 

13 120.05 15.03 10.25 15.60 14.78 9.94 15.57 72.38 

14 119.90 15.21 10.11 15.19 15.17 9.91 15.31 72.34 

15 120.00 15.26 9.24 15.32 15.00 10.19 15.11 72.34 

16 119.98 14.79 10.26 15.35 14.68 10.33 15.39 72.58 

Specimen 11 was prepared with SikaPower-4720 and a nominal overlapping 

length of 110 mm but was not tested subsequently.  

 

Figure 46: Sketch of the structure 
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