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ABSTRACT: Thermal break elements (Isokorb) are used for preventing thermal bridges in
buildings. To ensure force transmission and thermal break, Isokorb elements are equipped with
load bearing components and insulation material. In this paper the effects of seismic actions on
the Isokorb elements are analyzed. A design method accounting for dynamical forces acting on
balconies connected with Isokorb elements is investigated. In addition, the results of
experimental tests are presented and compared with numerical modelling to verify the
calculations methods. Finally, based on test results with Isokorb elements, the application of
thermal break elements in seismic zones is verified by the proposed calculation method.
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INTRODUCTION

Thermal Break Elements are commonly used in Europe. The Isokorb elements are placed in the
line of the façade to connect outside and inside structural elements, like balcony and slabs, see
Figure 1. The Isokorb element consists of an insulation body, tension bars, shear bars and
compression modules (UHPC) which all together behave like a strut-and-tie system. Isokorb
elements have to ensure transmission of static loads, like self-weight, dead loads and further
loads due to railing, covering and live loads. A design method accounting for both static and
dynamic forces acting on balconies connected with Isokorb elements is investigated, in which
the internal resistant forces are depending on material properties and the acting loads are
calculated according to Ultimate and Serviceability Limit State, ULS and SLS, combinations,
see Bocciarelli et al. (2015) and Eurocode 8 (1998).
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Figure 1.Thermal Break in application

In some European countries where earthquakes may occur, like Italy, both static and dynamic
loads have to be considered and seismic design has to be performed. According to EC8,
balconies are treated like secondary structural elements, but nevertheless a suitable structural
design is of crucial importance to ensure safety and absence of undue damage in these elements
in relation to seismic actions. The seismic loads are depending on the earthquake zones. In cases
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of dynamic loading, the Isokorb is acting like a spring and hence its stiffness is decisive for
absorbing the additional energy and for determining the forces acting on the secondary
structural element.
As mentioned above, balconies are secondary structural elements, usually not considered, if not
as added masses, in the seismic design of a building. Nevertheless, connections have to ensure
the absence of excessive deformations and structural failures in case of earthquake. According
to EC8 (1998) and NTC2008 (2008) the load acting on a secondary structural element can be
computed as follows:
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Where:
Ta = natural period of the secondary structural element
T1 = natural period of the building
Wa = weight of the element
qa = seismic behavior factor
Sa = maximum acceleration on secondary structural element induced by the earthquake
The effects of seismic actions are thus depending on Ta (natural period of the secondary
structural element) and T1 (natural period of the building).
For the seismic design of Isokorb elements the calculation of Ta is fundamental. In order to
determine this value, the whole Isokorb system can be modelled as a one degree of freedom
system, with mass M and stiffness K, relating the horizontal displacement u to the horizontal
force F, caused by the earthquake, see Figure 2.
System (a)

Mechanical Schema (b)

Spring Model (c)

Figure 2. Model for the calculation of the natural period of the secondary structural element.

In the following Sections the stiffness K of the connection, based on Isokorb element, will be
computed by 3D finite element (FE) models and the values obtained, will be verified against
experimental tests performed at Schöck laboratory. As a function of the stiffness K and the mass
M, the natural period of the system will then be computed and compared with the outcome of a
modal analysis performed with the same 3D FE model.
For a more accurate prediction of the stiffness K, the damage around steel reinforcement bars,
due to fatigue thermal stresses, was considered. Indeed, the bond stresses at the reinforcement
concrete interface is affected by thermal deformation cycles occurring on a daily basis. In the
adopted FE model this damage was considered by defining around the bars a fictitious layer of
material with anisotropic reduced mechanical properties, calibrated on the basis of experimental
tests, see Fritsch (2008).
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MODELLING OF ISOKORB ELEMENTS

Abaqus FE software is used for the calculation and modeling of Isokorb elements.
2.1

Geometry of Isokorb elements

Different modules were investigated in the present paper, see Table 1 for details and for instance
Figures 3 and 4, the former visualizing the geometry of the bracing system.

Figure 3. Isokorb EQ module (earthquake module) for horizontal forces.

Figure 4. Drawings and geometry of the Isokorb K70M element.

The following table reports the main information on steel reinforcement and compressive
modules, adopted in the different Isokorb elements studied.
Table 1. Reinforcement adopted in the Isokorb elements investigated in the present study.

Element
EQM
K70M
K80M
K20S
K30S

Tensile
reinforcement
/
8 bars N10
10 bars N10
8 bars N7
10 bars N7

Compressive
reinforcement
2 barsN10
/
/
/
/

Bracing
reinforcement
2 bars N10
/
/
/
/
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Shear
reinforcement
/
6 bars N8
6 bars N8
4 bars N8
4 bars N8

Compressive
modules
/
28
28
8
12

2.2

Finite element models of Isokorb elements

The following tables reports the main dimensions of each system investigated in the present
research (thickness x length x width):
Table 2. Dimensions of each system (made by internal slab, external slab plus connecting element)
investigated in the present research (thickness x length x width).

Element
EQM
K70M
K80M
K20S
K30S

Internal slab
30cm x 150 cm x 50cm
30cm x 150 cm x 200cm
30cm x 150 cm x 200cm
30cm x 150 cm x 200cm
30cm x 150 cm x 200cm

External slab
20cm x 222cm x 20cm
20cm x 222cm x 100cm
20cm x 250cm x 100cm
20cm x 145cm x 100cm
20cm x 160cm x 100cm

The following figure visualizes the finite element discretization of a K70M and EQM element,
respectively.

Figure 5. Finite element discretization of a K70M and EQM element, respectively.

As for the boundary conditions, the internal slab is fully restrained on three sides in order to
simulate the kinematic restrain provided by the surrounding building.
Figure 6 visualizes a zoom of the FE model close to the connection, characterized by reduced
mechanical properties (red zone) taking into account the damage occuring around tensile bars
due to thermal cycle deformations.

(a)
(b)
Figure 6. Finite element models and marked areas (in red) with reduced material properties.

In this area a linear anisotropic material model, characterized by two reduced elastic moduli, EL
and ET, is defined. The values attributed to these material parameters have been defined on the
basis of experimental tests, performed on Isokorb elements factiously damaged by an imposed
cycling displacement history, see Fritsch (2008).
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STATIC AND DYNAMIC TESTS ON ISOKORB ELEMENTS

To compare the results obtained with the FE models, experimental fatigue tests followed by
earthquake simulations and final shear tests were performed at the laboratory of Schöck
Bauteile Gmbh, see Figure 7, which is manufacturer of Schöck Isokorb. Moreover, dynamic
4

testing, based on accelerometers measurements, was performed at different stages of the
experimental campaign in order to measure the natural frequencies of the system at the different
conditions.

(a)

(b)

(c)

(d)

Figure 7. Test setup (a,b) and specimen (c,d) for earthquake tests, consisting in two slabs connected by
one K70M and one EQM element.

The experimental campaign was arranged in 6 stages:
1. Dynamic characterization of the undamaged system
2. Simulation of fatigue tests
3. Dynamic characterization of the damaged system
4. Vertical earthquake simulation
5. Horizontal earthquake simulation
6. Horizontal shear test up to failure
3.1

Results and measured data

For brevity in what follows we report only results related to stages 2 and 4.
The purpose of the series of cycles of horizontal displacement of different amplitude, performed
in Stage 2, is to produce a kind of "aging" of the sample, simulating the effect of differential
thermal expansion deformation between the balcony (not isolated and of modest thermal inertia)
and the rest of the building (isolated also thanks to the Isokorb device). This phase involved the
execution of 22100 cycles of different amplitude, as reported in Table 3.
Table 3. Cycles of different amplitude imposed on the specimen in stage 2.

∆T = ± 20°C
∆T = ± 20°C
∆T = ± 30°C
∆T = ± 35°C

Number of cycles Frequency Relative displacement
1000
0.50Hz
± 1.14mm
19000
1.00Hz
± 1.14mm
2000
0.50Hz
± 1.71mm
100
0.25Hz
± 2.00mm

Figure 8 shows some of the cycles of load-displacement recorded during stage 2 characterized
by an increasing cyclic displacement amplitude.
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Figure 8. Measured data and results of fatigue tests (Stage 2).

Stage 4 is intended to investigate the behavior of the system under seismic vertical loads,
although the current regulations do not ask for considering any vertical seismic action in the
design of light balconies with span less than 4.0m. During the test, the vertical displacement was
brought to negative values, resulting in fact in the repeated lifting of the slab so as to determine
the contribution in terms of stiffness provided by the two bars at the intrados of the EQM
element.
The specifications of this test are reported in the following table, where negative values indicate
upward shift.
Table 4. Cycles of different amplitude imposed on the specimen in Stage 4.

Number of cycles Minimum vertical displacement Maximum vertical displacement
5
+2.0mm
+12.0mm
5
-3.0mm
+17.0mm
5
-8.0mm
+23.0mm
The following figure shows the cycles of load-displacement recorded during this test.
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Figure 9. Results of vertical earthquake tests (Stage 4).

The results of these tests and of others performed in the past, see Fritsch (2008), were also used
for the validation of the FE models and for the calibration of the reduced Young moduli
assigned to the damaged zone, see Section 4.
4

FEM MODEL CALIBRATION AGAINST TEST RESULTS

By a best fitting procedure, with respect to the experimental tests reported in Fritsch (2008),
performed in the laboratory of Schöck, the anisotropic elastic moduli values, contained in Table
5, were identified and inserted in the FE models.
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Table 5. Identified elastic moduli.

&'
&

Short-term Long-term
31476 MPa 100 MPa
31476 MPa
10 MPa

The following figure visualizes the good agreement with respect to the experimental results in
terms of overall stiffness of the connection.

Load [kN]
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Displacement [mm]

Displacement [mm]

Figure 10. Comparison of test and FE model results in terms of short- and long-term stiffness.
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NUMERICAL RESULTS

The finite element models, above calibrated, were then adopted to analyze the system response
with respect to the different connecting elements adopted, in order to provide for each of them
values of the short- and long-term stiffness as well as short- and long- term shear strength.
The results obtained are reported in Table 6.
Table 6. Shear stiffness and strength of different connecting elements at both short- and long-term
conditions.

Element Short-term stiffness Long-term stiffness Short-term strength Long-term strength
EQM
85.3 kN/mm
9.4 kN/mm
41.4 kN
31.1 kN
K70M
12.3 kN/mm
2.3 kN/mm
37.2 kN
32.2 kN
K80M
14.8 kN/mm
2.6 kN/mm
43.8 kN
37.5 kN
K20S
4.9 kN/mm
1.3 kN/mm
19.9 kN
18.9 kN
K30S
5.7 kN/mm
1.4 kN/mm
22.8 kN
21.3 kN
Once the stiffness of the system is known, the following procedure can be adopted in order to
compute the natural period of vibration of the structure, which, as explained at the beginning,
represents a fundamental parameter for the seismic design of these connecting elements.
For example for a system having total mass (
element, it follows:
$
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0.1784

1868,-, made by a K70M connecting
(2)

Then the natural frequency reads:
5

1. 6.7

5.6289

(3)

This value was verified against a modal analysis performed with the same FE model above
introduced. Figure 11, visualizes the deformed shape corresponding to the first mode and the
computed natural frequency which fits very well with the one above computed. The difference,
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in terms of natural frequency, between the proposed calculation method (5.62 Hz) and modal
analysis (5.64 Hz) is only 0.4%.

Figure 11. First mode of vibration by modal analysis.
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CONCLUSIONS

The research investigation here presented, deals with secondary structural elements like
balconies connected to the main building, by thermal break Isokorb elements. In particular, the
effect of seismic actions was considered and because of this, both numerical and experimental
work was performed, to find out a suitable procedure to compute the natural frequency of a
secondary structural element connected by Isokorb, parameter entering the procedure for its
seismic design. In particular both the short- and long-term stiffness and strength of different
Isokorb elements were computed and verified against experimental results.
It turned also out that thanks to the steel reinforcement, Isokorb elements were characterized by
a sufficient ductility, which permitted them to accommodate increasing relative displacement
cycles without undue damage at the connection interface.
Therefore, two objectives have been met by this experimental and numerical study:
a) Dynamical properties of Isokorb elements (thermal break elements) were characterized.
b) It has been shown that standard design methods, for secondary structural element, in relation
to earthquake safety, can be properly applied to Isokorb elements, adopting the above
determined stiffness properties.
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