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Fracture simulation in a steel connection In fire

Prof. Peter Schaumann, Thomas Kirsch

Introduction The results of the numerical simulation were
compared to test results using the load-rotation-
relationship, as well. Fig. 3 shows the relationship
for tests at different temperatures.

Actual developments In the simulation of
structural behaviour in fire are focussed on taking
Into consideration the interaction of all structural

members in a global numerical approach. Therefore o, [MPa] Lli . — L«
it is necessary to describe the load bearing iggg
oehaviour of connections in detail. 300 T

To investigate the behaviour of a bolted steel B o

endplate connection at ambient temperatures and 200 LG |
in fire, a detailed 3D numerical model has been 300 TS o
developed. The simulation Is validated by [-500 I A
experiments conducted at the University of :

Sheffield in 2008. Fig. 2: Stresses in beam direction [MPa] in deformed
Methods and Parameters FEM-model at rotation of 7.5° and 20°C
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In addition to other nonlinearities in FEM As shown, the results of numerical calculation and
simulations, like temperature dependant material experiment are correlating very well. Even at large
behaviour, methods for fracture simulation have deformations and  decreasing  forces, the
been tested. One promising method of simulating connection behaviour can be described by the
fracture has been found to be a general fracture numerical model. @\ . Rotation

algorithm for ductile damage. The algorithm is
described by the following equation:
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o=(1-D)-o - - - Simulation
The included damage-parameter D Is defined as — Experiment | =N _
strain dependant. Until a damage initiation strain | - T
s reached, the value is 0. From the initiation B T

strain, the parameter increases linearly till it T
reaches the value of 1 at a defined failure strain. o i | 8

The material properties for beam and column and
the properties for the bolts have been defined
according to descriptions of the experiments. They
are shown In Fig. 1 for structural steel. Obviously,

jthe region within decreasir_lg stress has_ not bee_n 0 : R4otation [Q] : 10
included to the stress-strain-relationship, as this Fig. 3: Force-rotation-relationship in different tests
part 1s simulated using "ductile damage”.
The damage initiation strain has been set to the From Fig. 4 it may be seen, that bolts of the upper
maximum strain described in Fig. 1 for each row are failing during the test at 550°C (blue bolt
temperature. The fracture strain has been defined shaft). At the end of the test at 20°C, they are still
t0 0.5. bearing loads. This change of failure mode Is
correlating with the results of the experiments.
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Strain[-] Conclusions
Fig. 1: Stress-strain-behaviour for structural steel The developed numerical model was validated
using the experimental tests and iIs able to
Results describe the failure mechanism as well as the
As can be seen in Fig. 2, the fracture in the test at overall load-rotation-behaviour.
20°C is simulated very well. In addition, stress in *The |IGF-project No. 16586 N AR | Bundesministeran
beam direction i1s shown. It Is obvious, that high from FOSTA was funded by the Luﬁrdv}’érgﬁﬁg?&ie
stresses occur at the end of the crack, which lead 'Federal Ministry of Economics
to a progressive fracture. and Technology' via AlF.
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