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Abstract 
Växjö University has together with Södra developed a new green-glued laminated beam, 

which to be used in a building system. To make a product of the beam it is desired to also 

develop a building system based on the beam. An important part of such a building system is 

the connections. The main aim of the thesis was to design a new beam-to-beam connection in 

for the new green-glued laminated boards. 

This thesis is about to develop and test a new connection for a beam-to-beam connection in 

the building system. The requirements set on the connection was that it should be used in an 

office building with a beam length of 6 m, the connection should be fast to assemble and 

invisible. The report thoroughly describes the conceptual design, the development and test of 

the connection.  

Five different types of connections were designed in the conceptual design phase. One of 

these connections fulfilled the requirements and was taken to the development and testing 

phase. Three versions of the connection were tested. The report describes how the green-glued 

laminated beams with the connections were tested in a testing machine until the failure 

occurs. The developed connection could fulfil the requirements set on the connection. One 

version of the connection was even stronger than the green-glued laminated beams.  

 

Key words: Green-glued laminated beams, connections, design, development, main 
beam, secondary beams. 
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1. Introduction 

1.1 Background 

The aim of this project is to design a new connection for a new developed material named 
‘Green-glued laminated boards’. When the log is sawed into different dimensions, some 
pieces with low value are created. To raise the value of these pieces, Växjö University 
together with Södra timber has developed a new green-glued laminated beam with dimensions 
of 50x300 mm. To manufacture traditional glulam beams, the laminates are always dried 
before they are glued together.  

Södra timber has developed a technique to glue the laminates together before drying, using 
those pieces that normally twist too much if they are dried before gluing. To raise the value of 
the beam, Södra timber wants to develop a building system using this beam. And for these 
types of building systems they want to create a connection between those green-glued 
laminated beams and columns. 

1.1.1 Södra timber 

Smålands Skogsägareförening, as we today know as Södra, was formed in 1926, through the 
merging of country associations. During the years Södra has grown up in higher rates. 

Södra has five business areas (Södra 2009): 

- Södra Skog - timber raw products, forestry services 

- Södra Timber - wood products 

- Gapro  - interior wood products 

- Södra Cell  - pulp and paper 

- Södra Windpower AB 

Södra Skog 

Södra Skog manages the forest on behalf of Södra´s members from planting and forest 
conservation to the final felling. 

Södra Timber 

Södra Timber produces and delivers wood products and other constructed material for 
building systems.  

Gapro 

Gapro manufactures mouldings, interior fittings, hobby boards, floors, panels, storage 
systems, special sections and components. Most of the products are supplied through 
construction trade to private persons and to the construction industry.  
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Södra Cell 

Södra Cell is one of the world's leading manufactures of paper pulp. Södra Cell has chosen to 
concentrate their operations on pulp and do not carry out any papermaking.  

Södra Windpower AB 

Suitable land for wind power is mainly dependent on wind conditions and distance to the 
consumers of electric energy. These conditions Södra can meet on its own land. Therefore, 
Södra Windpower AB establishes wind power on its own land and on individual member 
properties (Södra 2009). 

1.2 Aim 

The aim of this thesis is to develop and test a new connection between the green-glued 
laminated beams.  

The requirement for the connection in the building structure is as follows: 

i. Load bearing capacity 

ii. Stiffness 

iii Easy and fast assembly 

iv. The floor beam shall be assembled from above 

 v. The connection shall be possible to assemble by 1 person, in 1 min., with 1 tool without 
use of electricity. 

 vi. The connection shall be locked from the side 

vii. Invisible (if possible) 

The connection design should be cheap to produce and easy to assemble at site. 

 

1.3 Limitations 

In this project, we have to consider the limitations for material and connection. Considering 
the material, it should be of new technique named ‘Green- glued laminated boards' and the 
cross section of the beam is fixed to the dimension of 50x300 mm as shown in (Figure 1.3.1) 
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                                         Figure: 1.3.1 Cross-section of beam. (Anon-a 2009)   

Regarding the connections, there are three important connections to be taking into account in 
the building system (Figure 1.3.2), ground-column, and column-beam and beam-beam 
connection (Figure 1.3.3). Due to the time factor, it is only possible to try to design the beam-
beam connection. While, the connection is to be connected at site, it should be assemble by 
one person, in one min with one tool, without electrical use. During the design process 
another requirement, to be taken in account, is that it should be locked from the side and if 
possible then it should be invisible. 

6m

6m

6m

 

Figure: 1.3.2. A beam- column system.                       Figure: 1.3.3. A beam- beam connection.  

                  

 



 4

 

1.4 Outline of the thesis        

The content below describes the chapters included in the report. 

This report explains about the introduction and background of the thesis project and about 
Södra timber. 

It discusses about the literature study of the glulam material, how it is developed and what it 
is used for. It also describes the different types of connection used during construction. 

It mentions new design connection processes in general, and design and development of 
different types of connection design. 

It mention about the test and results of different types of designed connection. 

It discusses and compares the connections based on the test results. 

Last part of the report describe about the conclusion of the overall thesis.  
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2. Literature review 

2.1 Glue laminated material  

The term ’glulam‘ means Glued-laminated timber, which is the combination of boards or 
planks connected together by adhesives (see Figure 2.1.1), to form structural members. In this 
material, the wood grain is in the longitudinal direction of the component and the glue lines 
are parallel with the width. The dimension of each laminates is 19-50mm thick and 1.5-5m in 
length. The laminates are finger jointed to reach the desired length of the beams before gluing. 
Glulam can be used for various purposes, such as, beams, columns, arches and portals which 
are parts of a building structure (Portoeous, Kermani 2007 and Carling 2001). 

 

                                Figure: 2.1.1 Lay up of Glulam member (Carling 2001). 

Systematic studies (Colling 1990a, Colling 1990 b) show that the strength of glulam beams is 
determined by the strength of the timber and strength of the finger joints. In the case of 
bending member higher strength class of laminations are placed in the outer part and in the 
middle part lower quality is placed which acts as economic, (see Figure 2.1.2) (Williamson, 
Thomas, 2002). 

2.1.1 History 

’Glulam‘ technology was first developed at the end of 18th century in Germany. At the 
beginning of 19th century it was manufactured in Scandinavia. This modern technology has 
its own characteristics to hold the components of structural member, which are as follows: 

- High strength- weight ratio 

- Good form of stability within normal temperature and moisture conditions. 

- High resistance to fire. 

- Low weight 

- Flexible  
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The glulam elements are assembled by nailing, screwing or bolting, with the help of simple 
hand tools. Glulam frame can hold the full load immediately after construction (Carling 
2001). 

2.1.2 Material and importance 

Glulam shows the same characteristics as timber, which are as follows: 

 -Strength varies with the angle between the load and the direction of the grain (anisotropism). 

 -Strength decreases with increased moisture content. 

-Strength decreases with increased duration of load. 

-Wide variation in material characteristics, both within a single beam and between them.  

In comparison with corresponding components of structural timber, components of Glulam 
have higher strength and a smaller spread of strength characteristics. This ’lamination effect‘is 
usually explained as follows: 

 

 

                                      Figure: 2.1.2. Glulam (Carling 2001) 

The maximum strength of structural timber depends of the weakest cross-section. The 
weakest cross-section is normally where there is knots, finger joints or similar. In glulam 
beams laminates with differing strengths are mixed and the risk that severe knots occur in the 
same cross-section is minimal (Carling 2001). 

Advantages of glulam are as follows (Thelandersson and Larsen 2003): 

• Improved strength and stiffness properties. 

• It is free to choose different geometrical shapes. 

• Possibility to match the lamination qualities in relation to expected stress levels. 

• Improved accuracy of dimensions and stability of shape during exposure to moisture.  
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Mechanical Performance of glulam is based on following factors (Thelandersson and 
Larsen 2003): 

 

• Laminating effect 

• Size effect 

• Stress distribution effect. 

• Importance of finger joints. 

• Load sharing between laminations. 

2.1.3 Manufacturing of glulam 

The manufacturing process for glulam in Sweden can be described as follows. Sawn materials 
of Norway spruce are delivered to the manufacturer where it is kiln dried, to receive moisture 
content in the laminates between 8-15%. In the glulam factory, the raw material is strength 
graded before finger jointing, planning and gluing together. Finally, the process ends with 
planning of the beam, (see Figure 2.1.3.) 

 

             Figure: 2.1.3 Process of manufacturing Glulam. (Carling 2001) 

To have high strength, in the glulam, the top part and bottom part should be laminated with 
the high quality of strength class of laminate timber, so called "Combined glulam", see 
(Figure 2.1.1.). Finger jointing is the process to join the timber into long laminates. The 
laminates are cut to the required length and placed on the top of each other. The laminates 
packages are lifted over to gluing benches with the necessary pressure applied to it.  
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This process should be done before the glue harden. To make forms like curved, cambered, 
laminates should be bent and pressure applied as shown in (Figure 2.1.4) 

 

                   Figure: 2.1.4. Section shows glue the bench (Carling 2001)                                      

1. Vertical stop. 

2. Pressure distributing base 

3. Distance piece 

4. Compression block. 

5. Tension screw. 

6. Pressure distributing boards. 

7. Horizontal stop 

When the glue joints have cured, the applied pressure is released and the glulam components 
are lifted from the benches to a planning machine where the sides are planed to the required 
degree of finish. And, then final work for the component will start. For example, fine sawing, 
hole drilling and/or pre-drilling for connectors.  

2.2 Green-glued laminated boards 

Green glued laminated boards are new technology which has been developed by Växjö 
University and Södra timber. The difference is that these beams are glued together before 
drying,. The green-glued laminated boards are made up of the outer parts of the log, as shown 
in (Figure 2.2.1) 
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Figure: 2.2.1 Log for green glued laminated boards.     

Wood is a natural material so the modulus of elasticity, shear modulus and density vary for 
different kind of trees and it varies from one tree to another and it varies within the log. In 
spruce, that the green glued laminated beam is made of, the longitudinal modulus of elasticity 
is lowest close to the pith and increase with the distance from the pith to a level that can be 
double as much as close to the pith, see (Figure 2.2.2.). In this case the properties were 
decided on pieces with the dimension 9x9x200 mm cut out from a faultless piece of spruce.  

 

 

Figure: 2.2.2.Variation of density and modulus of elasticity over a wood cross-section    
(Steffen, 1997) 

 

a)
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Figure: 2.2.3. Cross section of density and modulus of elasticity, Steffen 1997 

2.3 Connection and use 

A connection act as mediator between two or more members joined with one or more 
mechanical fasteners. In most wood structure, connections plays an important part, connection 
provides continuity to the members and strength and stability to the system. 

Connections are defined as those fasteners which penetrate the wooden structure. Connections 
details are important for wooden frame structures. Connections are designed to transfer the 
load in such a manner as to avoid failure. The strength of a structure is often decided by the 
strength of the connection. Connections should also be considered by aspect such as aesthetic 
and cost efficiency. 

While designing connections for glued laminated timber structures it is essential to design and 
detail the connection so that the member's shrinkage is not restrained. To design the 
connection certain criteria should be considered which are as follows: 

-It should be considered that glued laminated beams should not be placed in direct contact 
with masonry or concrete. 

- Eccentricity in joint details should be avoided, to minimize the risk of tension perpendicular 
to grain stresses in the member. 

- Moisture entrapment at connections should be avoided. 

(Blass,Aune,Choo,Görlacher,Griffiths,Hilson,Racher and Steck, Step-1 1995) 

To select and design the connections it is necessary not only to consider the load carrying and 
durability conditions but also aspects such as aesthetics, cost effectiveness, the manufacturing 
and assembly. It is very essential to design the connection in such a manner that shrinkage and 
swelling of the timber parts are possible without creating problems (Blass, Aune, Choo, 
Görlacher, Griffiths, Hilson, Racher and Steck, Step-2 1995). 
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2.3.1 Types of connection and fasteners 

Connections can be divided into generally two types (Anon-c): 

i. Dowel type fasteners such as nails, screws and bolts which transmit lateral loads or 
withdrawal loads. Metal connector plates are dowel type fasteners connection. 

ii. Bearing type connections are shear plates and split rings connectors; that transmit shear 
forces through bearing on the connected materials. 

iii. Hanger type connections are combinations of dowel and bearing type fasteners. 

There are several types of Fasteners: 

i. Nail, Spikes, Staples: 

Nails are fastening devices usually made from round or oval wire, having a point at one end 
and a head at the other. Nails are made in different shapes, sizes, treatments, coating, finishes 
and qualities. Spikes are long nail like fasteners designed to connect larger sized of member. 
Staples are designed of thin wire and consist of two legs and crown. 

ii. Lag screws and wood screws: 

Lag screws are threaded fasteners with a square or hex head that are placed in wood members 
by turning with a wrench. Wood screws are usually designed of steel or brass and are 
categorized according to type of material, finish, head shape and shank diameters. 

iii. Bolts, drift bolts and pins: 

Bolts are the most commonly used fasteners in wooden structures. Bolts which are used for 
structural connections are standard machine bolts. Drift bolts and drift pins are long 
unthreaded bolts, steel pins or steel dowels that are fitted in pre drilled holes. 

iv. Metal connectors’ plates: 

Metal connectors plates are usually known as steel truss plates, truss plates which are used 
extensively in wooden trusses. These plates are generally made of light gauge structural 
quality galvanized steel or stainless steel metal. It is designed to transmit lateral loads. 

2.3.2 Connection Details 

The possibility of simple connections is a benefit for glulam material. To fix the connection in 
these materials is easy to handle. Here are some examples which show how glulam members 
can be connected effectively and economically.' 
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       Figure: 2.2.1 (www.glulam.co.uk)                             

 

         

 Figure: 2.2.2 (www.glulam.co.uk)      

 

 

 

   Figure: 2.2.3 Beam to beam connections. (Carling 2001). 
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3. Design loads 
To design a new connection it is necessary to know the loads the connection will have to 
withstand. In this case an office area is assumed to be built and design calculations are carried 
out accordingly. The structure is assumed to be a beam-column structure, see (Figure 3.1.) 
The office space will be 6 x 6 meters with main beams around the edges fastened to the 
columns. The secondary beams are used as floor beams which spans 6 m. The connections 
designed in this thesis shall work as connection between the main beam and the secondary 
beam. 

6m

6m

6m

 

Figure 3.1. Assumed structure and main measurements. 

3.1 Secondary beam 

Material properties 

Green-glued laminated beam  2
. /30: mmNf km =   

    2
. /7,2: mmNf kv =  

Density    3/500: mkg=ρ  

Modification factors 

Service class 1. Medium term  8,0:mod =k  

Partial factor    25,1:=mγ  

Geometrical dimensions 

Span length    mmL 6000:=  

Spacing between beams   mms 400:=  
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Depth of the beam   mmh 300:=    

Width of the beam   mmb 50:=  

Section modulus of the beam                      34
22

10*75
6
300*50

6
*: mmhbWy ===  

Actions 

Permanent action mNghbQe /6,7381,9*500*3,0*05,0***: === ρ  

Imposed load  mKNqsQ kid /2,13*4,0*: ===  

Design load  mKNQQQ ided /9,11200*5,16,73*35,1*5,1*35,1: =+=+=  

Moment on the beam KNm
LQ

M d
Ed 55,8

8
6*9,1

8
*

:
22

===  

Shear force  KN
LQ

V d
Ed 7,5

2
6*9,1

2
*

: ===  

Capacity of the secondary beam in ULS 

Design bending stress  MPa
W
M

y

Ed
dym 4,11

10*5,7
10*55,8: 4

3

.. === −σ  

Design bending strength  MPa
fk

f
m

km
dym 2,19

25,1
30*8,0*

: .mod
.. ===

γ
   Bending strength is satisfactory 

Design shear stress  MPa
hb

VEd
dv 57,0

3,0*05,0*2
10*7,5*3

**2
*3

:
3

. ===τ  

Design shear strength  MPa
fk

f
m

kv
dv 73,1

25,1
7,2*8,0*

: .mod
. ===

γ
 

   Shear strength is satisfactory 

Capacity of the secondary beam in SLS      

For service class 1, glulam   6,0:=defk   

Second moment of inertia  45
33

10*25,11
12

3,0*05,0
12
* mhbI −===  

Instantaneous deflection due to the self weight of the beam  
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 mmm
IE

LQ
u

ybmean

d
inst 85,000085,0

10*25,11*10*13*384
6*6,73*5

**384
**5

: 59

4

..0

4

. ==== −  

Limitation on deflection for self weight-span/600 mmLwinst 10
600
6000

600
: ===  

  Instantaneous deflection due to self weight satisfactory 

Instantaneous deflection due to design load   

 mmm
IE

LQ
u

ybmean

d
inst 22022,0

10*25,11*10*13*384
6*1900*5

**384
**5

: 59

4

..0

4

. ==== −  

Final deflection due to design load 

 ( ) ( ) mmkuu definstfin 2,356,01221 =+=+=  

Limitation on final deflection-span/150  mmLwinst 40
150
6000

150
: ===  

3.2 Main beam 

Material properties 

Green-glued laminated beam  2
. /30: mmNf km =   

    2
. /7,2: mmNf kv =  

Density    3/500: mkg=ρ  

Modification factors 

Service class 1. Medium term  8,0:mod =k  

Partial factor    25,1:=mγ  

Geometrical dimensions 

Span length    mmL 6000:=  

Spacing between loads   mms 400:=  

Depth of the beam   mmh 400:=    

Width of the beam   mmb 70:=  

Section modulus of the beam 35
22

10*7,18
6
400*70

6
*: mmhbWy ===       
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We need two beams between each other    33
2

10*73,3
6

4,0*14,0: mWy ==                 

Actions 

Permanent action             mNghbQe /7,27481,9*500*4,0*14,0***: === ρ    

Load per connection    KNQL 7,5
2

6*9,1: ==  

Imposed load . 14 beams KNQnQ Lid 8,797,5*14*: ===    

Design load  mKNQQQ ided /7,136/798007,274*35,1*35,1: =+=+=  

Moment on the beam  KNm
LQ

M d
Ed 65,61

8
6*7,13

8
*

:
22

===  

Shear force   KN
LQ

V d
Ed 1,41

2
6*7,13

2
*

: ===  

Capacity of the main beam in ULS 

Design bending stress  MPa
W
M

y

Ed
dym 5,16

10*73,3
10*65,61: 3

3

.. === −σ  

Design bending strength  MPa
fk

f
m

km
dym 2,19

25,1
30*8,0*

: .mod
.. ===

γ
   Bending strength is satisfactory 

Design shear stress  MPa
hb

VEd
dv 1,1

4,0*14,0*2
10*1,41*3

**2
*3

:
3

. ===τ  

Design shear strength  MPa
fk

f
m

kv
dv 73,1

25,1
7,2*8,0*

: .mod
. ===

γ
 

   Shear strength is satisfactory 

Capacity of the main beam in SLS      

For service class 1, glulam   6,0:=defk   

Second moment of inertia  45
33

10*33,37
12

4,0*07,0
12
* mhbI −===  

We need two beams  45
33

10*66,74
12

4,0*14,0
12
* mhbI −===
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Instantaneous deflection due to the self weight of the beam  

 mmm
IE

LQ
u

ybmean

d
inst 48,000048,0

10*66,74*10*13*384
6*7,274*5

**384
**5

: 59

4

..0

4

. ==== −  

Limitation on deflection for self weight-span/600 mmLwinst 10
600
6000

600
: ===

  

   Deflection due to self weight satisfactory 

Instantaneous  deflection due to design load   

 mmm
IE

LQ
u

ybmean

d
inst 260258,0

10*66,74*10*13*384
6*13700*5

**384
**5

: 59

4

..0

4

. ==== −  

Final deflection due to design load 

 ( ) ( ) mmkuu definstfin 6,416,01261 =+=+=  

Limitation on final deflection-span/150  mmLwinst 40
150
6000

150
: ===   

The deflection exceeds the limitation with 1, 6 mm if the beam get maximum load, but we 
consider this to be very small.  
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4. Connection development  
When a connection is to be designed it is important to consider the building frame structure. 
In this thesis project, the connection to be designed is a beam to beam connection. To create a 
new idea on how to design the connection, there are various requirements to be considered. 
The main focus on the connection design should consider for the crack or failure of the 
material. Connection should be developed according to its behaviour, and fulfil the required 
requirements. To work during assembly, a new connection should be easy to handle and 
process should be fast as per time factor. Taking into account all the above mention criteria 
the new connection should be design for aesthetic, strength and economy. 

In this study we tried five different solutions for the connection between the main and 
secondary beam. The five connections were then analysed compared to the pre-defined 
requirements for the connection. 

4.1. Connection requirements 

In this section, it is discussed how the designed connection is to be analysed. When the 
connection is designed it has to fulfil all the requirements and it should be judged whether it 
holds its characteristics or not. The design criteria should take both the material of connectors 
as well as the green glued beams into account. 

The methods to implement design connection in the building structure are as follows. 
a) Several different designs for the connection should be evaluated. b) It is necessary to take 
both the material in the connection and in the green glued beam into account. c) The designed 
connection is to be manufacture. d) When the connection is ready, it should be tested in the 
university lab. e)  Wood connection is then used for building structure. 

4.2. Connection Designs 

Five different connection types were evaluated within this project. Four of them could not 
fulfil all the requirements set-up in chapter 1. The fifth connection fulfilled the requirements 
and was therefore produced and tested in the laboratory. 

4.2.1 Connection-1: Glass container connection 

Definition: 

This connection is designed with moving parts and holds a cylindrical rod and glass container. 
It acts as an invisible connection. It is like a bolt in a cylinder, and in the bottom of the 
cylinder there is a glass container with an expanding substance which starts to expand when 
the glass container is crushed. 

Method: 

The process in this connection is to crush the glass container with a hammer blow on the bolt. 
When hammer blow hits the bolt it immediate hit the container which is in the bottom of 
cylinder. And the substance which is inside the glass container starts to expand and move the 
bolt into the main beam from secondary beam, and performs the connection in between the 
beams. 
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                   Figure: 4.2.1. Connection-1, Glass container connection 

Advantages: 

This type of connection is invisible. 

Disadvantages: 

It is irreversible. 

Secondary beam should be in exact position during expanding time. 

It is not cheap to produce. 

It is not easy and fast. 

4.2.2 Connection-2: Spring clip connection 

Definition: 

This connection is same as the connection-1. It holds spring instead of an expanding 
substance.  

Method: 

The process in this connection is that a spring clip keeps the spring and the bolt in its bottom 
position when the spring is compressed. When the secondary beam is positioned in the right 
place the spring is released and the bolt is moving into the main beam. A drawback with this 
connection is that if the spring clip is released  in the wrong place then the bolt can be a 
projectile on the construction site. 

 

                      Figure: 4.2.2 Connection-2, spring clip connection. 
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Advantages: 

It is invisible 

Disadvantages: 

It is irreversible. 

It will be danger if the spring clips takes off in the wrong place. 

It is not cheap to produce. 

It is not easy and fast. 

4.2.3 Connection-3: Gear wheel connection 

Definition: 

This connection is same as the connections mention above. It holds the gear wheel instead of 
expanding substance and spring. 

Method: 

The process in this connection is that it should be locked from the side. It is uses a bolt in a 
cylinder and use a gear wheel to move the bolt from the secondary beam into the main beam. 
The above three connection all has the same principle and we chose not proceed with them 
due to their drawbacks. One drawback is that these connections takes the force in the middle 
of the beam where cracks can occur. 

 

                                     Figure: 4.2.3 Connection-3, Gear wheel connection. 

Advantages: 

It is almost invisible 

Disadvantages: 

It is irreversible. 

It is not cheap to produce 

It is not easy and fast. 
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4.2.4 Connection-4: Steel covered slotted in plate 

Definition: 

This connection is designed with no moving parts. It is designed in a way so that there is a cut 
in the secondary beam and uses glue and metal plates. 

Method: 

The process in this connection is that it is cut into the secondary beam; the cut part is lined by 
a metal plate, which is glued inside the secondary beam. The glue and metal acts as 
reinforcement and can take the force and pressure at the same time. In this connection the 
main beam should take the force in the top and the secondary beam should take the force in 
the bottom. But it is difficult to construct the curved metal plate that should be in the 
secondary beam. 

 

  Secondary beam       Main beam 

Figure: 4.2.4 Connection-4: Steel covered slotted in plate 

Advantages: 

It is simple and easy. 

Disadvantages: 

It is difficult to cut the metal plate in the curved shape. 

It is not cheap to produce. 
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4.2.5 Connection 5: Z-profil 

Definition: 

This connection five is divided into three different variants. The main feature of the 
connection is Z-shaped metal profile. The Z-shape take force in compression at the top side of 
the main beam and the bottom side of the secondary beam. These connections are of metal 
plates which are connected to the beam by the glue and screws. Different types of connections 
are described below: 

Connection (5.1): A connection with a triangular plate at bottom of the connection. 

Method: 

The process in this connection is that first a cut was made in the secondary beam, the 
triangular plate was flushed in the bottom part of the secondary beam and attached with glue 
and top part was joined to the main beam by screws. 

Advantages: 

It is simple and easy. 

It is almost invisible. 

 

 

 

 

 

 

 

 

                                         Figure: 4.2.5. (5.1) Connection with one triangle steel plate  
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Connection 5 :( 5.2) Connection with two side triangle plates 

Definition: 

Connection (5.2): it is the connection with the triangular plate at both the top and bottom parts 
of the connection. 

Method: 

The process in this connection was to make a cut in both the secondary beam and the main 
beam, one side of the triangular plate was flushed in the secondary beam and attached with 
glue and other side of it was joined to the main beam by screws.  

Advantages: 

It is simple and easy. 

It is almost invisible. 

 

 

 

 

 

 

 

 

                                    Figure: 4.2.5(5.2) Connection with two side triangle plates.            

Connection 5 :( 5.3) Connection with one triangle plate and one rectangle plate 

Definition: 

Connection (5.3): is the connection with triangular plate at the top part of the connection and 
rectangle plate welded to opposite side of the connection to all over the length of the metal 
plates.  
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Method: 

The process in this connection is that first a cut in the secondary beam was made, the 
rectangle plate was inserted to the secondary beam and fastened by glue and triangular plate 
was joint to the top part of the main beam by screws. 

Advantages: 

It is simple and easy. 

It is almost invisible. 

 

Figure: 4.2.5(5.3) Connection with one triangle plate and one rectangle plate  

4.3 Design calculations for connection 5 

Minimum length of the bottom plate with respect to compression force perpendicular to the 
grain 

Compression strength   2
,90, /7,2: mmNf kc =  

Shear force    KN
LQ

V d
Ed 7,5

2
6*9,1

2
*

: ===  

Width of the beam   mmmmmmb 47350: =−=  

Length of the bottom plate   l  

Assumption     lbfV kcEd **,90,≤  
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Minimum length of the bottom plate  mml 45
47*7,2

5700
==  (51mm) 

Minimum length of the bottom plate with respect to weld length 

Construction material   MPafuk 340=   

Welding material    MPafeuk 500=  

Length of weld   wl  

Thickness of weld   mma 2=  

Shear force    KN
LQ

V d
Ed 7,5

2
6*9,1

2
*

: ===  

Dimensioning value  MPaf wd 258
2,1*2,1

500*340*9,0
==   

Minimum length of weld  mmlw 16
10*258*002,0

2*5700
6 ==  

Design back plate of the connection  

 

Construction material   MPafud 215=  

Normal Force   KNP 7,5=  

Net area    2802*2*52*50 mmAnet =−=  

Minimum net area   2
, 5,26

215
5700 mm

f
PA
ud

netm ===

   Area is satisfactory with 2 mm steel plate 
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5. Preparation of test specimens 
All three types of connection number 5 were tested in the laboratory. We design and detailed 
our connection and then it was constructed in the factory. This paragraph describes the 
connection and how it was connected to the secondary beam. First of all the secondary beam 
was cut at the ends to make a smooth surface, and all the beams were fixed into exact length 
of 5200mm. In total we had ten secondary beams. 

The beams were reinforced with plywood to avoid the cracking all over the beam during 
testing, so we could use the opposite edge of the beam for testing too, but due to lack of time 
we did not use it. To reinforce the beam, we cut plywood of cross-section 700x400x12mm 
and placed to the middle part of the secondary beams. We made a mixture of glue by adding 
Casco adhesives and hardener in the ratio of 100:25, and applied to the plywood. The glued 
plywood is connected by common nails to the secondary beams. 

 

                               Figure: 5.1 Plywood glued to the secondary beam. 

When the glue was dried we made a cut in the middle part of the edge of the 10 secondary 
beams, the dimension of cut was 4mm as shown in (Figure: 5.2) 
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 Figure: 5.2 Cut in the secondary beam. 

 

             Figure: 5.3 Connections (5.1). 

The steel connector was fixed to the end of the secondary beam, by the use of epoxy glue and 
screws. The epoxy glue known as "NM laminering 275 A" , see details below, was then 
applied in the ratio of 100:55, to make a semi liquid we added the NM filler 51. The amount 
of NM filler was added to the solution of epoxy glue. The steel plates were screwed to the 
secondary beam, using wood screw of dimension 5 x 50.  
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To attach the joint to the secondary beam, the epoxy glue applied on the connection and on 
the beam end. The connection was placed in the cut, in such a way that the triangle plate of 
the connection flushed into the cut part. The amount of glue was enough to fill all gaps and 
produce a good glueline. To hold the connection in the right place we used screws. The same 
process was repeated to the all connections and beams.  

 

 Figure: 5.4 Connections fastened to the secondary beam. 

A glulam beam (90 x 315 mm) was used as a main beam for the connection in the experiment. 
For the test the glulam beam was cut into a 700 mm long peace to symbolise a part of the 
main beam. In those pieces of main beams we made a cut, for the connections with a 
triangular plate for the main beam, to flush the connection in the middle part of the main 
beam.  

We used epoxy adhesive in the connection to fasten it to the secondary beam. The glue used 
was made to connect steel to wood material. The adhesive was NM laminering 275 A which 
is an environmentally friendly epoxy that complies with the demands of the future. It is 
phenol and phthalate free and not contaminated with water. It is of low- viscosity, and room 
temperature hardened epoxy binding agent. It has long potlife and low exothermic heat. It is 
used in various materials such as: glass, carbon, polyster. It was produced by Nils Malmgren 
AB, which was founded in 1967 and is one of the Sweden oldest producers of epoxy products. 
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Table 5.1: Typical properties of the glue.  
Resin NM Laminering 275A 

Hardener NM Laminering 275B 

Mixing Ratio 

Resin-Hardener 100-55 by wt. 

Resin-Hardener 100-63.25 by volume. 

Density 110998kg/m3 

Viscosity at 25c 0.8 Pa.s. 

Pot life 100g 2c+10% 

accelerator 254 

15 min 

Compressive strength 90 MPa ISO R604 

Tensile strength 56 MPa ISO 527 

Modulus of elasticity   2.35 GPa ISO 527 

(www.nilsmalmgren.se) 

2) Steel Plates: connection was constructed by the steel plates of dimension 3mm. The 
material for the steel plates was hot rolled steel with MPa230≈σ . 

3) Screws: we used cutter wood screw of 5.0x50 to connect the steel plates and wood.  
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6. Experiments and test set-up 

 6.1 Test Configurations: 

All the connections and beams were tested until the failure. A total number of 10 beams were 
tested and all were reinforced with the plywood. The secondary beams were numbered during 
production, but we also numbered the beams for our convenience. The beams were identified 
as the first notification was for production and second was for testing of the connection. 

Table 6.1: Numbering of beams during production and during connection testing. 

Beam Production number Test number 

Beam.1 13LBX9A1 sb01A 

Beam.2 13LBX10B1 sb02A 

Beam.3 1LBX12B13 sb03A 

Beam.4 1LBX11A13 sb04A 

Beam.5 13LBX09B1 sb05A 

Beam.6 13LBX11B1 sb06A 

Beam.7 13LBX08A1 sb07A 

Beam.8 13LBX12A1 sb08A 

Beam.9 13LBX08B1 sb09A 

Beam.10 13LBX10A1 sb010 

6.2 Testing equipment 

Testing was done using the equipments setup at Växjö University, department of civil 
engineering. The connections and beams were tested with the two point loads. Test methods 
were used for the determining of properties of the connections and the green glued laminated 
boards.Data were collected of the connection at joints and the beams deflection. 

The tests were performed in the Electromechanical Testing machine of fabricates Alwetron. 
The electromechanical testing machine is used to apply the force to the beam. With this 
machine it is possible to apply loads up to 100kN. The machine was run with controlled 
deformation of 5mm/min.  
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                                        Figure: 6.2.1. Alwetron 

Potentiometers of fabricate Duncan was used to measure displacements. The total stroke of 
the potentiometer was 38mm. There were three points that were measured with the accuracy 
of 0.1mm. 

 

          Figure: 6.2.2 Potentiometers 

Aramis is a system for optical 3D deformation analysis. It is used to measure three 
dimensional deformations. It provides precise and convincing results. It determines the 
following characteristics: 
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3-D coordinates and 3-D displacements. 

3-D speeds and accelerations. 

Plane stress tensor and plane strain rate. 

Material characteristics. 

(www.gom.com) 

6.3 Test procedure: 

The specimens used for test was 5200mm long secondary beam. In one end the secondary 
beam was supported by the connection and the other support was a pinned connection. The 
beams were loaded in four point bending. The distance between the supports and the loading 
points as well as between the loading points were 1300mm. The loading was in this case 
lifting, making the beam-beam connection to be loaded upside down. 

First the beams were placed in the test set up machine known as Alwetron. The main beam at 
the left side was one support. The real case for the beams would have been a distributed load 
but in the test two point loads were applied instead of a distributed load. The two point loads 
which were applied were connected in the middle to the piston in the Alwetron. See (Figure 
6.3.1). Loading was done at 5mm/min, the load and displacement of the piston was collected 
and plotted in graph and saved in PowerPoint format.  

At the same time we used three potentiometers to check the displacement and deflection of 
the beam and the connection, potentiometer 1 was placed in the middle height of the 
connection and measured the vertical displacement, potentiometer 2 and 3 were placed at 30 
mm distance from the upper side and bottom side of the beam to measure the horizontal 
displacement. In this test setup data were collected and saved in the excel format and were 
plotted as graphs. 

Third data collection system called Aramis was used on the opposite side of the beam to the 
potentiometer. Here the beam was sprayed with a lot of dots and when the load increased, the 
sprayed area of the beam was captured by cameras every 5 second. This set up was used to 
check when the dots were moving and the results were saved. In this setup the calibration for 
the first six beams was measuring volume of 400x400x300. And for other four beams were 
measuring value of 485x496x490. Here the data were collected and saved as picture format. 
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The (figure 6.3.1) show the test setup. 

 

 

 

                          Secondary beam             Point loads 

                            

 

   Main beam   

 

 Potentiometers 

                                                                                  

                             

Figure: 6.3.1 Arrangements of test set up.     
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                                           Figure: 6.3.2Test set up of Alwetron 

 

 

 

 

 

 

 

  

 

 

 

                                   Figure: 6.3.3 Test setup of Potentiometer. 
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7. Results 
This section deals with the results from the testing. The results to be found in this chapter are 
the load deformation curve for mid-point deflection, load versus the potentiometer values and 
the strain in the vertical direction from Aramis.  

7.1 Connection type 5.1 

Beam 1 (sb01A) and connection (5.1) 

During testing the beam sb01A the top steel plate of the connection started bending see 
(Figure 7.4) at the point where it joined the back plate of the steel connector at the force of 
15.158 kN and the connection started to lift out from the main beam.  

The main beam was damaged due to the compression perpendicular to the grain. The results 
from the Alwetron and Potentiometer are shown as graph and the potentiometers show the 
deformation of each channel in one graph. 
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                             Figure.7.1 Load-Deformation (mid-point deflection) graph  Alwetron. 
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 Figure.7.2 Load-Deformation graphs of Potentiometer-1 (Channel-1), Potentiometer-2 

(Channel-2) and Potentiometer-3(Channel-3). 

 

                                    Figure: 7.3 The test results from Aramis, shown at the maximum force. 
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                    Figure: 7.4 The steel plates bent at the top part of the connection 

 

                                   Figure: 7.5 The main beam damaged at the joint           
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Beam 2(sb02A) and connection (5.1) 

During testing the beam sb02A the top part of the connection started bending at the joint of 
main beam and secondary beam, see (Figure 7.9) at the force of 16.396 kN and the connection 
started to lift out from the main beam. The main beam damaged as due to the compression 
perpendicular to the grain as shown in (Figure 7.11) 
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                              Figure.7.6 Load-Deformation (mid-point deflection) graph – Alwetron. 



 39
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  Figure.7.7 Load-Deformation graphs of Potentiometer-1(Channel-1), Potentiometer-2 

(Channel-2) and Potentiometer-3(Channel-3) 

 

 

         Figure: 7.8 The test results from Aramis shown at maximum force. 
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          Figure: 7.9 The steel plates bent and the joints parts during testing. 

 

                  Figure: 7.10.The steel plates bent at the top part of the connection. 
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                       Figure: 7.11.The main beam damaged at the joint. 

Beam 3(sb03A) and connection (5.1) 

The beam sb03A with the same connection as mention above, while testing this beam the 
connection started bending at the bottom part, at the joint of main beam and secondary beam, 
at the force of 17.218 kN the connection started to lift out from the main beam, as shown in 
(Figure 7.15). The main beam damaged as due to the compression perpendicular to the grain 
as shown in (Figure 7.16). 
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                    Figure.7.12 Load-Deformation (mid-point deflection) graph – Alwetron. 
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Figure.7.13. Load-Deformation graphs of Potentiometer-1(Channel-1), Potentiometer-2 

(Channel-2) and Potentiometer-3(Channel-3) 
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                     Figure.7.14.   The test results from Aramis shown at maximum force. 

 

          Figure: 7.15.The steel plates bent at the top part of the connection. 

 

                        Figure: 7.16.The main beam damaged at the joint. 
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7.2 Connection type 5.2 

Beam 4(sb04A) and connection (5.2) 

This beam sb04A was connected with the connection (5.2), i.e. with two triangle plates; the 
test set up was same as the previous connection. At a load of 20kN the glue line between the 
beam and the back plate failed and caused a decrease in load, see Figure 7.17. After that the 
back plate started to bend, during this time the connection could still take load but the 
deformations were larger. And suddenly it was tension failure of the beam at 42kN. 

Until the failure in the glue line the strain in the secondary beam was very well distributed as 
can be seen in the picture from Aramis just before the failure of the glue line, see (Figure 
7.19). 
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                         Figure: 7.17. Load-Deformation (mid-point deflection) graph – Alwetron. 
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Figure: 7.18 Load-Deformation graphs of Potentiometer-1(Channel-1), Potentiometer-2 

(Channel-2) and Potentiometer-3(Channel-3) 

 

 

Figure: 7.19. This test results from Aramis shows the strains just before failure of the gluline. 
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                              Figure: 7.20. The steel plates bent at the top part of the connection. 

 

 

                          Figure: 7.21. The main beam damaged at the joint. 
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                              Figure: 7.22. Tension failure 

Beam 5(sb05A) and connection (5.2) 

This connection was of the same type as the sb04A. During testing this beam first started 
cracking at the glued area at 16kN. The back plate started to bend and during that time the 
compression forces perpendicular to the grain in the main beam was so large that the top plate 
slid of the beam at 37kN as shown in (Figure 7.26) 
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Figure: 7.23. Load-Deformation (mid-point deflection) graph – Alwetron. 
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Figure: 7.24. Load-Deformation graphs of Potentiometer-1(Channel-1), Potentiometer-2 

(Channel-2) and Potentiometer-3(Channel-3) 

 

 

       Figure: 7.25. The test results from Aramis shows the strains after failure of the gluline. 
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                                 Figure: 7.26. The connection split out from the beam. 

 

 Figure: 7.27. The main beam damaged at the joint. 

Beam 6(sb06A) and connection (5.2) 

This connection sb06A was also the same as the sb04A and sb05A. During testing this beam 
it first started cracking at the glued area after which the connection started bending. The beam 
failed in tension at 35kN, see (Figure 7.32). Also in this beam severe compression damage 
could be found in the main beam at the final failure load.  
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                         Figure: 7.28. Load-Deformation (mid-point deflection) graph – Alwetron. 
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  Figure: 7.29 Load-Deformation graphs of Potentiometer-1(Channel-1), Potentiometer-2 

(Channel-2) and Potentiometer-3(Channel-3) 
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  Figure: 7.30. Test results from Arami shows the strains just before failure of the gluline. 

 

 

 

                                      Figure: 7.31. Damage occurs at the joint. 
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                                          Figure: 7.32. Tension failure 
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7.3 Connection type 5.3 

Beam7 (sb07A) and connection (5.3)    

This beam sb07Awas tested with the connection (5.3) which was designed with one triangular 
plate and opposite to it was of rectangular plates. The beam has tension failure at 51kN but 
the connection was not effected. The secondary beam has compression damages too, see 
(Figure 7.36) but it occurs on a place that was damaged during transportation. The main beam 
was not much damaged at the joint. 
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Figure: 7.33. Load-Deformation (mid-point deflection) graph – Alwetron. 
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Figure: 7.34. Load-Deformation graphs of Potentiometer-1(Channel-1), Potentiometer-2 

(Channel-2) and Potentiometer-3(Channel-3) 

                 

Figure: 7.35.Test results from Aramis shows strains in the connection just before global 

failure of the beam. 
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                         Figure: 7.36. Tension failure as well as compression failure 

 

                            Figure: 7.37. No reaction at the connection and no crack. 
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                      Figure: 7.38. Main beam do not damaged so much as previous beams. 

Beam8 (sb08A) and connection (5.3)    

This beam sb08A was tested with the same connection (5.3) which was designed with one 
triangular plate and opposite to it was of rectangular plates. The beam has tension failure at 
49kN as shown in (Figure 7.42) and it was compression failure too. The beam was not much 
effect in the connection area. The main beam was also not much damaged. 
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                          Figure: 7.39. Load-Deformation (mid-point deflection) graph – Alwetron. 
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Figure: 7.40. Load-Deformation graphs of Potentiometer-1(Channel-1), Potentiometer-2 

(Channel-2) and Potentiometer-3(Channel-3). 

 

Figure: 7.41.Test results from Aramis shows the strains just before tension failure of the 

beam. 
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                                         Figure: 7.42. Tension failure  

 

                            Figure: 7.43.  Main beam do not damaged so much. 
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8. Beam with hole 
The connection type 5.3, with the rectangular plate, had an extra reinforcing effect to the 
beam. This connection could therefore be used as reinforcement when a hole was made in the 
beam close to the support. as shown in (Figure 8.1). We therefore tested two beams with a 
hole close to the support and with the same connection (5.3).  

 

 hole 

 

 

 Secondary Beam   Point Loads 

    

    

                       Figure: 8.1.Arrangements of test setup- beam with hole.          Potentiometers. 
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Beam9 (sb09A) and connection (5.3)    

This beam was tested with the connection 5.3. In this test the secondary beam has a hole near 
the fixed support (200 mm), and the test setup was same as applied to the previous. The 
failure that occurred was a shear crack starting at the hole at the maximum load of 42kN. At 
that load the damage to the main beam was very small, as shown in (Figure 8.6). In this type 
of beam there is strain concentration above and below the hole, as shown in (Figure 8.4). 
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                       Figure: 8.2. Load-Deformation (mid-point deflection) graph – Alwetron. 
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 Figure: 8.3 Load-Deformation graphs of Potentiometer-1(Channel-1), Potentiometer-2 

(Channel-2, and Potentiometer-3(Channel-3)  

 

                          Figure: 8.4 Test results from Aramis shows strain concentration. 
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                       Figure: 8.5.Cracked at the upper and lower area of the hole. 

 

                              Figure: 8.6. The main beam was not much damaged. 
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                               Figure: 8.7. The connection was not damaged. 

Beam10 (sb010A) and connection (5.3)    

During testing this beam sb010A a shear crack started at the hole at the maximum load of 42 
kN. This crack extended both towards the middle of the beam and the end of the beam. In the 
final failure the part of the secondary beam loaded in failure snapped, see (Figure 8.11). In 
this beam strain concentration was in the 1/3rd of the diameter of the hole as shown in (Figure 
8.10). 
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Figure: 8.8. Load-Deformation (mid-point deflection) graph – Alwetron. 
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Figure: 8.9. Load-Deformation graphs of Potentiometer-1(Channel-1), Potentiometer-2 

(Channel-2) and Potentiometer-3 (Channel-3). 

  

 Figure: 8.10.Test results from Aramis shows strain concentration at the 1/3rd of the diameter 

of the hole. 
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                         Figure: 8.11. Cracked occur at the middle part of the hole 

                

                            Figure: 8.12. Connection was not damaged. 

The results from testing the beam with a hole worked out very well. The slotted in steel plate 
worked as reinforcement to the hole.  
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9. Comparisons and discussion 
Connection (5.1): In this type of connection only the steel plate bends at the top part of the 
connection. The mean maximum force of the three beams was 17 kN. The main beam was 
damaged in compression perpendicular to the grain under the top plate. The graph below 
shows about the vertical displacement of the potentiometers of three beams for sb01A, sb02A 
and sb03A. The results showed that there was very little difference in behavior between the 
three connections.  
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            Figure.9.1. Connection (5.1) shows the vertical displacement of first three beams. 

Connection (5.2): In this type of connection the glue line cracked at ≈20kN. At this time a 
large vertical deformation could be seen in the connection (potentiometer 1), see (Figure 9.1). 
The deformation curve will in this case increase due to bending of the back plate. After a 
certain deformation the steel plate has bent to its maximum and the load could increase again. 
The deformation that can be seen later in the curve is due to compression damage of the main 
beam under the top plate. The maximum capacity was reached either when the connection slid 
of the main beam or at bending failure of the secondary beam at approximately 42kN.  
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Load-Deformation(sb04A,sb05A,sb06A)
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Figure.9.2. Connection (5.2) shows the vertical displacement of sb04A, sb05A and sb06A.  

Connection (5.3): this connection was stronger than the above two connections. In this case, 
the maximum force was 52kN and the beams failed in bending. The graph below shows the 
vertical displacement of the potentiometers 1 for sb07A, sb08A. 

Therefore, to compare the three connections, the test results showed that the strongest 
connection was connection (5.3). 
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Load-Deformation ( sb07A,sb08A)
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Figure.9.3. Connection (5.3) shows the vertical displacement of sb07A, sb08A.  
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10. Conclusion 
The main purpose of thesis was to design a connection for a building system, due to lack of 
time; the connection was only designed for beam- beam connection. The requirement for our 
project was a structure with a span of 6 meter with the spacing of 400mm. The total load that 
should applied to the each beam was 11.4kN.  

We have to consider this load and with this load the connection was designed and the 
connection should take a force of 5.7 KN. The maximum force we achieved was 52kN with 
connection type 5.3, before tension failure of the beam. So the connection fulfilled the 
requirement more than enough.  

The test was performed between the beam-beam connection, and the results explained how 
the different types of connection react. The conclusion from our study is mentioned below: 

Five different types of connection were studied during the conceptual design stage. The fifth 
connection fulfilled all requirements on a theoretical level. This connection was therefore 
produced and tested in the laboratory. This connection type 5 was produced in three different 
models and tested in 8 different beam-to-beam connections.  

The three different connections has its own behavior which acts separately,  

Connection model 5.1 was a Z-profile in steel strengthened with a triangular plate at the 
secondary beam side. The failure of this connection was bending of the steel plate at the top 
part of the connection. The main beam was damaged in compression perpendicular to the 
grain, under the top plate. The connection could take a load of approximately 15 kN. 

Connection model 5.2 was a Z-profile in steel strengthened with a triangular plate both at the 
secondary beam side and the main beam side. In the connection (5.2) the glue line cracked 
and the back steel plate bent. The final failure was either a tension failure of the beam or that 
the connection slid of the main beam. The failure load was between 34-38 kN.  

Connection model 5.3 was a Z-profile in steel strengthened with a triangular plate at the main 
beam side and a rectangular plate of the same height as the secondary beam on the other side. 
The connection (5.3) connection was stronger than the above two connections. The beams 
failed in bending at a load of 45-55 kN. The test results show that this connection was 
strongest. 

All three connections (5.1), (5.2) and (5.3) fulfilled the requirement of 5.7 kN. The load 
capacity of the connection with a triangular steel plate at the secondary beam side was more 
than doubled, so we recommend using connection (5.2) ahead of (5.1). But if Södra want to 
have one connection for all situations, connection (5.3) is to be recommended. The beam fail 
before connection (5.3) and it is possible to make a hole close to the connection if it is 
necessary without losing so much of the capacity because of the reinforcement 
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