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Summary 

According to the increasing requirements of energy efficiency of buildings the new type of 
thermal insulating joint has been developed. The bolted end-plate connection of steel 
structures with the intermediate insulating layer will break the thermal bridges in the 
external cladding. The insulating layer in the connection has not only the insulating 
function but also the bearing function to transfer the internal forces appearing in the joint. 
The new technical plastics with sufficient compression and shear resistance are suitable for 
the thermal insulating layer on load. As a design method the component method seems to 
be proper. After testing the new component "insulating layer in compression" the 
description of the whole joint can be calculated from the partial component characteristics. 
The experiments have been done with the new component as well as with the whole joint 
and have shown a good agreement with the calculated values. The design of the thermal 
insulating joint is using the component method as the design of common steel joints, with 
a simple modification for the new component. The new solution for the thermal insulating 
joint is statically functional, easy to design, energy saving and economically efficient. 
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1 Thermal insulating connections  

1.1 Economic impact of thermal insulating joints 

One challenging question in the steel structures are the thermal bridges between inner and 
outer structures. This problem can occur in a lot of points of the external cladding of the 
building, e.g. garages, balconies, loggias, cantilevers or roofs, and it causes big increase of 
the overall heat conductivity of the cladding. To break the heat flow in the steel structures 
it is necessary to insert an intermediate layer of thermal insulating material into the critical 
connections. The insulating layer can be put between the two bolted end-plates which are 
connecting two beams together, see Fig. 1, or between the end-plate and the column flange 
in case of the beam-to-column connection. Considering the fact that the thermal insulating 
layer is a part of the connection and its function is not only breaking heat flow but also 
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transferring the internal forces appearing in the connection, special materials have to be 
used. Elastomers have already been tested for this purpose, see [1]. Now the research is 
focused on the new technical plastics appearing in the market which are reasonable priced 
as well as statically functional and suitable for thermal insulating use. This easy solution 
for the connections can minimize the heat costs effectively and spare a lot of energy in big 
bussiness buildings as well as in ordinary one-family houses. Solving the problem of 
critical points of the building also helps to prevent the fungoid growth. 

Fig. 1 Thermal insulating connection under   
the effect of internal forces 

Fig. 2 Components of the thermal              
insulating connection 

1.2 Heat engineering 

The heat engineering standard is regulating the obligatory values for the energetical 
costingness of the buildings. The prices of energy are growing constantly and the low-
energy buildings are getting more common and more desirable. The thermal insulating 
connection is one segment of all the energy saving solutions for modern building. 

With respect to the static requirements of the connection the thickness of the thermal 
insulating layer can vary only between cca 5 and 25 mm which is not comparable with the 
thickness of the cladding insulation system and so is the thermal conductivity of the usable 
materials for the insulating layer which is around 0,2 to 0,3 W/Km. However even with 
these poor characteristics of the intermediate layer the influence of the thermal barrier is 
evident as demonstrated on 2D simulation by AREA [2]. In addition the structural detail of 
the thermal insulating connection works properly when being a part of the whole structure, 
see the 3D thermal simulation by TRISCO [2]. 

2 Static modeling of thermal insulating connections 

2.1 Component method with extension for the insulating connection 

The insulating layer is under the effect of the internal forces transferred by the joint – 
rotational moment, normal force and shear force, see Fig. 1. Accordingly the materials of 
the insulating layer need to have sufficient compression and shear strength. For 
experiments the technical plastic material Erthacetal H has been chosen for its good 
characteristics and moderate price [3]. 
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The analytic modeling method is used for static design of the thermal insulating 
connection. The component method describes the joint as a moment-rotation relation. The 
main characteristics of the joint are the ultimate moment bearing capacity, the initial 
stiffness and the rotational capacity. Firstly the joint is disintegrated into so-called 
components which are investigated separately. Secondly the components are put together 
with respect to their real position in the joint and the characteristics of the joint are 
calculated from the partial values. The component method works also well for describing 
the joints under the effect of interacting rotational moment and normal force, see [4]. 

The components of the thermal insulating bolted end-plate connection of two beams 
are shown on Fig. 2. The steel components (numbered 5, 7, 8, 10) have been already well-
described [5]. The new component 'thermal insulating layer in compression' (15) needs to 
be investigated to assess its ultimate bearing capacity in compression, stiffness and other 
values described in part 2.2. Once the new component is described the characteristics of 
the whole joint can be easily derived. 

2.2 Component tests for thermal insulating layer in compression 

A set of experiments had been undertaken with the new component of plastic material 
Erthacetal H, see the scheme (Fig. 3). The influence of different thickness of the insulating 
layer (8 mm, 16 mm and 25 mm) and different thickness of the steel plate (12 mm and     
20 mm) was tested and the values of force-deformation relation, stiffness and the width of 
the compression area under the beam flange were monitored. The results are to be seen on 
the following graph (Fig. 5) and equations (1) to (6). For detailed graphs visit [6]. 

 

Fig. 3 Scheme of component tests Fig. 4 Scheme of connection tests 

The width of the compression area had been measured using the copy-paper. It shows 
a good accuracy with the calculated values using the slightly modified analytic relation for 
the effective width (1): 
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Good agreement was also achieved using the modified relation for the offset width c of the 
compression area around the column flange known from design of the steel column bases 
(2): 
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where fe is the experimentally stated elasticity limit of the insulating material Erthacetal H. 
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The stiffness of the insulating component is decreasing with the increasing thickness 
of the component, see Fig. 5. This is similar to the behaviour of steel plate component in 
compression and can be described with the following mathematic approximation (3), (4): 

E

E

t

A
ttfkk eeff

c
2

2115 *);(  (3) 

200

1
2,0);( 2

1
21

t

t
ttf   (4) 

where Ee is the modulus of elasticity of the insulating material Erthacetal H, 
experimentally determined. 

The force at the limit of elasticity of the insulating layer is also the lower the higher 
the thickness of the component is and can be approximated as (5), (6): 
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Fig. 5 Force-deformation relation for different thicknesses of the component 

The creep effect of the insulating layer cannot be neglected. It is obvious that the effect is 
increasing with the increasing thickness of the layer. A couple of long-term tests are being 
undertaken to measure the amount of creep. Also the changing temperature can cause some 
additional deformation of the plastic layer. It can have a significant influence on the 
resulting rotation in the joint. The creep effect can also be crucial for the loss of the stress 
in pre-stressed bolts during the connection lifetime.  In case of large creep behaviour of the 
insulating material the shear force in the connection cannot be transferred via friction [7] 
and the connection needs to be upgraded with a special shear bracket. 

A couple of material tests had to be done with the insulating material to work out the 
modulus of elasticity Ee and the elasticity limit fe mentioned above in (3) and (5). The 
experimental values for Erthacetal H had been measured on the cubes sized 30x30x25 mm 
and the relations mentioned above are fit to these experimental cubes. It is evident that the 
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material characteristics measured on different experimental solids would need some 
change in the approximation rules (4) and (6). 

2.3 Connection tests 

The last step of the research is to verify the component method as suitable for the design of 
thermal insulating connections. The characteristics of the bolted end-plate connection with 
a plastic intermediate layer, see Fig. 1, were calculated using the analytic description of the 
steel components and the approximate description of the new component "insulating layer 
in compression" derived from the component tests. The experiments with the whole 
connection have been undertaken (Fig. 4) and the preliminary results are showing a good 
agreement with the calculated values. The particular results are being worked up from the 
measured values of the moment-rotation relation of the connection and of the width of the 
compression area. 

3 Conclusions 

The goal of this research is to introduce the new type of thermal insulating connection with 
a complete design solution which should be simple, functional, reasonable priced and 
economically efficient. This is another step for improving structural details in ecologically 
and economically efficient sustainable building.  
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