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Titel

Development of thin UHPC wall-elements with appropriate joining
techniques.

Anlass/ Ausgangslage

Ultra-High Performance Concrete (UHPC) allows the production of
extremely thin but high-strength elements. The application of UHPC
for concrete walls will reduce the thickness and thus the weight of the
walls significantly. Manufacturing of these thin wall-elements will pre-
dominantly take place in factories. Consequently, joining techniques
for precast UHPC-elements have to be developed. In addition, the
stability of the wall-elements has to be evaluated.

Gegenstand des Forschungsvorhabens

Ultra-High Performance Concrete (UHPC) is a high-tech material al-
lowing the production of extreme thin but high-strength elements. The
application of UHPC for common concrete elements, e.g. wall-panels
and beams, will reduce the thickness and thus the element weight
significantly. Furthermore, such elements are extreme durable and
life-cycle-costs will be reduced significantly. Therefore, a method has
to be developed in order to connect the thin UHPC-panels (see Fig. 1)
to other structural elements on site.

At first basic research was focused on the different connection tech-
niques for UHPC e.g. gluing or mechanical connections. It was found
that a mechanical connection with continuous shear connectors,
which are also known as composite dowels was best fitted for this
type of structure. If continuous shear connectors are embedded in
wall-panels during the production process at the factory, the connec-
tion between the wall element and other structural elements can be
arranged by means of welding or with bolts.

Experimental investigations with composite dowels demonstrated an
excellent load-deformation behavior, when tested with UHPC-beams
or plates. The structural behavior of continuous shear connectors in
thin wall-panels differs significantly from the behavior in plates since
the concrete failure mechanisms are different (see Fig. 2). To analyze
the shear-carrying behavior in thin wall-panels of UHPC a series of
Push-Out-Tests has been carried out.

Composite dowels with a clothoidal shape and a maximum thickness
of 10 mm have been used for the Push-Out-Tests. The UHPC-
elements had a thickness between 40 and 60 mm and the Push-Out-
Specimen and testing machine are displayed in Fig. 3 and Fig. 4.

The results of the Push-Out-Tests show that composite dowels in
UHPC can carry shear forces up to 1250 kN/m before a brittle failure
occurs. The concentrated load introduction leads in thin UHPC-
elements to splitting tensile forces and results in a concrete-splitting.
If steel failure is predominant shear forces up to 800 kN/m can be



transferred and the failure mechanism is very ductile. A brittle con-
crete failure should be prevented by choosing continuous shear con-
nectors which start yielding before the concrete fails. Continuous
shear connectors can be designed according to the already existing
design formulas for normal strength concrete.

In addition to the connection technique also the stability behavior of
thin UHPC-walls has to be investigated in order to construct safe and
economically advantageous buildings with these thin walls. Already
existing research results from buckling tests of filigree UHPC-
elements were compared to the theoretical buckling loads according
to DIN EN 1993-1-5:2010 for steel structures and a design formula on
the basis of this code was developed. Furthermore the buckling tests
of the thin UHPC-elements were compared to results from finite ele-
ment calculations.

The behavior under lateral loading was examined with a UHPC-
cantilever. For this reason a thin UHPC-panel with a clothoid-shaped
composite dowel at the bottom was fixed to the ground by welding the
clothoid-strip to a rolled-steel section and a lateral load was applied at
the top of the specimen (see Fig. 5). These experiments were also
recalculated with a finite element program. Numerical analyses were
afterwards used to evaluate the buckling-behavior of wall-panels with
openings.

In addition to requirements concerning the connection and the stabil-
ity of UHPC-walls, analysis regarding the building physics and build-
ing services engineering were conducted. Some details were pro-
posed involving the running of cables and pipes as well as the ther-
mal insulation and fire protection system.

Fazit

Composite dowels can be used in filigree UHPC-walls to connect two
structural elements. The clothoid-shaped composite dowel can be
designed similar to the application in normal strength concrete if a
UHPC-splitting is prevented.

The buckling strength of such wall-elements can be estimated by de-
sign formulas which were derived from DIN EN 1993-1-5:2010. A pos-
itive influence of the fixed support at the panel-edges should not be
considered for the design.

Filigree wall-panels of UHPC are even more sustainable if they are
used in modular buildings, where parts like columns, walls, beams
and floors can be assembled, disassembled, recycled or re-
assembled. Hence, a complete modular construction system should
be developed to fully exploit all the advantages of UHPC-panels.
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