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Summary of the research project AiF No.: 20511N

Composite construction has established itself
as an cost-efficient alternative for the cons-
truction of highly stressed structures. In order
to be able to use the advantages of the mixed
construction method, simple assembly of the
connection area between steel and concrete
must be ensured and the connections must
be designed to be sufficiently load-bearing.
Structures in which high loads must be trans-
ferred in a concentrated manner from steel to
concrete components are increasingly in de-
mand. Examples of this are column base con-
nections in building construction and bearing
connections in bridge construction. For these
applications in particular, the standardization
is conservative due to the risk of concrete fai-
lure and there are currently no conclusive ve-
rification concepts for edge-near connections
with multi-sided edge influence that take lo-
ad-bearing behavior and the possible failure
mechanisms in the area of the connection into
account. In applications such as column ba-
ses and bridge bearings, connections are sub-
jected to superimposed load from the dead
weight of the structure or to traffic loads ac-
ting simultaneously with the horizontal load.
The load-bearing capacity of the concrete

components can be increased with a super-
imposed load, since an additional shear force
component is activated by friction and the
concrete is overcompressed in the area of the
anchor plate. By taking into account the influ-
ence of a superimposed load and the targeted
arrangement of reinforcement in the area of
the connection, the load-bearing capacity of a
connection close to the edge can be increased.
The aim of the project was to develop an ana-
lytical model for transversely loaded, edge-
near connections between steel and concrete
under superimposed load, with which the lo-
ad-bearing capacity can be determined taking
into account the possible failure mechanisms.
Within the framework of the research pro-
ject, the load-bearing behavior of connec-
tions under superimposed load was investi-
gated using experimental investigations on
transversely loaded anchor plates. With the
appropriate choice of test parameters, dif-
ferent failure mechanisms were generated in
the tests. By applying a superimposed load,
the connection area could be overcompressed
and additional friction components could be
activated, and the load-bearing capacity of
the connection could be increased. In the ap-
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plication cases investigated, the connecting
structures are often subsequently cast into
the concrete component with high-strength
mortar. In addition to varying the edge dis-
tance and the reinforcement ratio, tests
were carried out in which the anchor plate
was cast into the concrete component using a
high-strength mortar. In the tests with morta-
red anchor plate, it was shown that with in-
creasing height of the mortar layer between
anchor plate and concrete component the
connection load-bearing capacity decreases.
A numerical model was developed for fur-
ther investigations. The numerical model was
validated by experimental investigations.
The numerical investigations made it pos-
sible to subsequently record the shear load
distribution and to draw conclusions about
the activation of the reinforcement and the
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load-bearing behavior of the mortar layer
Based on the experimental and numerical inves-
tigations, an analytical model was developed
for steel-concrete connections under superim-
posed load and edge influence based on the
failure mechanisms of the fastening technolo-
gy. With this model, it is possible to capture a
load redistribution within the connection as a
result of the edge influence and the influence
of a superimposed load. Other influences, such
as the load-increasing effect of reinforcement
present in the component or load transfer
due to friction, are also taken into account.
In the case of column foot connections close
to the edge and in the area of bearing bases
in bridge construction, the force introduction
areas can be designed more economically and,
in particular, in a structurally simpler manner.
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Image 1: Development of an analytical model for joints under superimposed load and
edge influ-ence based on experimental and numerical investigations
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The ICR project 20511 N ,,Investigations into
the load-bearing behavior of connec-tions
between steel and concrete under superimpo-
sed load“ of the German Com-mittee for Steel
Construction (DASt), was funded through the
German Federation of Industrial Research As-
sociations (AiF) within the framework of the
Program for the Promotion of Collective Indus-
trial Re-search (ICR) by the Federal Ministry
for Economic Affairs and Climate Protection
based on a resolution of the German Bun-de-
stag. The German Committee for Steel Cons-
truction (DASt) provided technical support for
the work. We would like to take this opportu-
nity to thank our spon-sors for their support.
We would like to thank the members of the
project support committee, which met as part
of the meetings of the Technical Office working
committee of bauforumstahl eV, for the fruit-
ful discussions in the working group meetings.
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Special thanks go to the industrial part-
ners mageba SA and Maurer SE for provid-
ing the anchor plates and the test setup,
to Goldbeck GmbH for providing and ma-
nufacturing the test specimens with mor-
tar pockets, and to Koster & Co. GmbH
for providing and welding the shear studs.

We would like to express our sincere thanks
to the engineers and technicians of the Ma-
terials Testing Institute at the Uni-versity of
Stuttgart (Department of Struc-tural Design
and Component Testing) for their advice,
friendly support and the smooth execution
of the large-scale tests on transversely loa-
ded anchor plates un-der superimposed load.
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