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ABSTRACT

Buildings should have enough robustness to avadrpssive collapse due to localized failures in
case of extreme events, e.g. those which are eutdithe design envelopabnormal/accidental
loads (fire, explosion, impact, collision, and combination ok e.g. fire after explosion),
design/construction errors, occupant misuse. Howewewhat concerns standards available in
Europe, design for robustness is rather generic goes not deal for example with types of
constructions. As a result, extensive researchhm field of structural robustness has been
undertaken over the past few years [1], [2], [3].

In the present study, we investigated the essefe@ilires of robustness and the application of the
Collapse Control Design concept for evaluating dapacity of multi-storey steel frame structures
to resist the progressive collapse following thssl@f a column. The case study building has a
three-bay, four-span, and six-story steel structsee Fig. 1. Structure was calculated for theceffe
of gravity loads and lateral loads (wind and segsagtions), using the Eurocodes. The structure
with pure steel beams denoted as S and the composite beams structurdasoted as C. Structure
with full strength and full rigid joints isype | and structure with partial strength and semirigid
joints istype 1. Five different column loss scenarios were considiea) corner column (Al), b)
edge column (A3), c) internal column (B2), d) caraed penultimate column (A12), and e) two
consecutive edge columns (A23). The capacity fppstting additional gravity loads for a specific
column loss scenario was expressed using the texcabbustness” indexQ, calculated as the
ratio of the failure load to the nominal gravityath The progressive collapse of the structures was
investigated using ELS [4] by means of the altexmeth method AP [5].
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Fig. 1. a) Generalview of the model; b) plan layout

Fig. 2 shows the deformed shapes after 1.0 s Bmas® A23. To identify the critical components
of the resistance to progressive collapse, theitgréoads were gradually scaled up until collapse
was attained. Tabl#l summarizes the values of the robustness irdeX;he minimum degree of



robustness was obtained in case of S-1I-B2, wkerel.05. For the same scenario, the structure S-
I-B2 showed an improved robustness, &hdndex increased to 1.2. The effect of the composit
action is more effective for internal spans, whitr@ catenary action in the beams is accompanied
by the development of membrane action in the cdadleor.
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Fig. 2 Deformed shape after 1.0s for scenario A23: a)cBira S-1l; b) Structure C-II (displacements areneters)

Table 1. Values of robustness inde®,

Scenario Q Scenario Q Scenario Q Scenario Q
S-I-A1 2.3 S-lI-Al 2.05 C-I-Al 2.83 C-lI-Al 2.66
S-I-A3 1.8 S-11-A3 1.6 C-1-A3 2.83 C-1I-A3 2.75
S-I-B2 1.2 S-1I-B2 1.05 C-1-B2 291 C-11-B2 2.58
S-I-A12 1.2 S-II-A12 1.1 C-I-A12 1.60 C-llI-A12 1.58
S-1-A23 1.15 S-11-A23 1.15 C-I-A23 1.94 C-11-A23 a1

CONCLUSIONS

The numerical results showed the seismic desigisléa robust structure and a good selection of
structural system, materials and detailing may hiepstructure to avoid collapse in the event of an
extreme load event. Strong connections and alsagb@f composite floor beams reduce the risk of
collapse in case of a column loss. For validatibomumerical models, a large test program on
connection components, joints and assembliespsagress. The results of the study will allow the

development of a Collapse Control Based Designgaioxe for a more economical and safer design
of structure to resist extreme load events.
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