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PREFACE

IRF2018 is the sixth international gathering of a prestigious series of Integrity-Reliability-
Failure conferences coordinated by the International Scientific Committee of Mechanics and
Materials in Design. This series of conferences are wholy devoted to advances in mechanics,
materials, structural integrity and design. IRF2018 is jointly sponsored by the University of
Porto, the University of Toronto and the Portuguese Society for Experimental Mechanics. The
conference attracted over 200 participants with 258 accepted submissions involving 702
authors from 42 different countries around the world. The conference themes which address
novel and advanced topics on Integrity, Reliability and Failure focused on Automotive,
Locomotive, Aerospace, Civil Engineering and Biomechanics, including Computational
Mechanics, Experimental Mechanics, Fracture and Fatigue, Composite and Advanced
Materials, Tribology and Surface Engineering, Mechanical Design and Prototyping,
Biomechanical Applications, Civil Engineering Applications, Energy and Thermo-Fluid
Systems, and Industrial Engineering and Management, among other topics.

The conference also included an Open Forum on “Can Professors Balance Scholarly Work,
Teaching and Administration? The Challenges Going Forward”, where an expert panel with
many years of collective and active researchers and educators addressed the issue of balancing
the activities of teaching, research and services within the universities.

We believe that the meeting offered our delegates a forum for the discussion and
dissemination of their recent work in assessing the integrity, reliability and failure of
engineering structures, components and systems, fostered research that integrates mechanics
and materials in the design process, and promoted exchange of ideas and international co-
operation among scientists and engineers in this important field of engineering,

We are particularly indebted to the authors and special guests for their presentations. Each of
the 258 contributions offered opportunities for thorough discussions with the authors.
Particularly, we acknowledge the excellent contributions of the participants, their innovative
ideas and research directions, the novel modeling and simulation techniques, and the
invaluable critical comments. We are also indebted to the outstanding keynote speakers who
highlighted the conference themes with their contributions and covered the main topics of the
conference. We also take this opportunity to thank the members of the International Scientific
Committee and the reviewers for their time and helpful suggestions, the symposia organisers
for their efforts and valuable contributions to the success of the event, and the local organising
committee for an absolutely superb organization of the meeting in this magnificent city. To all
of you, we offer our gratitude.

Given the rapidity with which science is advancing in all areas related to the topics discussed
in the present meeting, the next conference in this series (Integrity-Reliability-Failure /
IRF2020) will take place in the beautiful city of Funchal/Madeira, in July 2020. Undoubtedly,
we expect IRF2020 to be as stimulating and interesting as IRF2018, as evidenced by the
excellent contributions offered in this current event. We look forward to seeing all of you in
Madeira in July 2020.

Shaker A. Meguid and J.F. Silva Gomes
Lisbon / Portugal, July 2018
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THERMAL EFFECT OF A LOCALIZEDR FIRE IN THE STEEL
STRUCTURE OF AN OPEN CAR PARK
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'LAETA-INEGI, Department of Applied Mechanics, Polytechnic Institute of Braganca (IPB), Portugal
*Mechanical Engineering Department, Federal Technological University of Parana (UTFPR), Brazil
D Email: ppiloto@ipb.pt

ABSTRACT

Due to the recent fire events in open car parks and in order to increase the fire safety in this
type of the building structures, simple calculation methods should be developed to estimate
the thermal effects of a localized fire. This investigation deals with a parametric analysis,
using different fire events (different car class), fire scenarios (relative position of the car with
respect to the main element of the structure and dimensions of the compartment) and section
factor of the main supporting element of the structure (dimensions of the beam cross section).
The temperature was calculated for each fire scenario, around the beam (gas temperature) and
also in the steel beam. The thermal effect on part of the structure was calculated by a mixed
formulation, taking into consideration the Hasemi and Heskestad methods to cvaluate the
temperature of the gas and also the lumped thermal model for the calculation of the steel
temperature.

Keywords: open car parks, localised fire, gas temperature, steel temperature.

INTRODUCTION

Fire events in car parks have been a major problem for buildings, vehicles and humans, since
this kind of buildings starts to become more popular. Vehicles have combustible materials
that are the main cause for fire propagation. Few events in open car parks have been reported,
the last happened on January 1st of 2018, at Liverpool Echo Arena, when 1400 cars were
destroyed due to a big fire event, where the temperature reached 1000 °C and the building
presents a huge damage level on slabs and other structural elements. The estimate time for fire
propagation between vehicles has been experimentally determined to be 12 minutes. In the
same research (D. Joyeux et al., 2002) statistics say that, approximately 98% of the fires were
restricted to less than 4 cars and the New Zealand study (Li Yuguang ef al., 2007) revealed
that approximately in 97% of the fires only 1 burning car was involved. The Building
Research Establishment (BRE, 2010) developed a project to gather information on the nature
of fires involving car parks, resulting that 51% of the fires started with the ignition of a car,
but in most cases, no fire spread to other cars was identified.

The thermal model of the fire event was realized in accordance to the ECCS report (ECCS,
1993). A total of 720 fire scenarios were simulated, taking into consideration 5 different
section factors, 2 heights for the compartment (H=3; 5m), 4 different car classes and 6 radial
positions (R=1,2,3,4, 5m) between car and steel profile. A mixed formulation has been used
to define the gas temperature, applying the Heskestad model when the flames are not touching
the ceiling and applying the Hasemi model when the flames are touching the ceiling. Both
models are applicable in accordance to EN1991-1-2 (CEN, 2002). The temperature of the
steel beam was determined by the thermal lumped model (CEN, 2005).
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RESULTS AND CONCLUSIONS

The maximum temperature of the beam (Tsie1) increases with the car class, see Figure 1. This
temperature also decreases with the increase of the relative position (R), see Figure 2. Similar
conclusions can be taken with respect to the gas temperature. The results were also compared
with the software ELEFTR-EN (Fransen, J.-M et al., 2016).

T IR A e T s oo Pt 1 1 e v i Tl €] TSGR oAb 13 51 315 ee8F W 8F X7
IR e e RO o R R R e e
H a

ws b o
£ ~

500 Eommres s o e e NESE S o SR s b5 T e |
i 3 4 Xy w8 2] is in
Car ks RH

Fig. 1 - Maximum temperature for different car Fig. 2 - Maximum temperature for different section
classes and H=3; Sm. factors (SF), for car class 3.

The temperature of the element is an important design parameter to verify the stability of the
beam and of the structure, by comparison to the limiting temperatures at which failure is
expected to occur (620 °C for beams carrying floor slabs (Corus, 2004)).
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