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M2D2017 is the seventh intemational gathering of a prestigious series of conferences
coordinated by the Intemational Scientific Committee of Mechanics and Materiais m Design.
This series of conferences is wholy devoted to advances in mechanics, materiais, structural
integrity and design. M2D2017 is sponsored by the University of Porto, the University of
Toronto and the University of Algarve. The conference attracted over 230 participants with
360 accepted submissions from 40 countries out of 416 submissions. These papers were
presented in June 11-15, 2017 in the magnificent city of Albufeira/Algarve, Portugal. The
conference themes which address novel and advanced topics in Mechanics and Materiais in
Design focused on computational mechanics, experimental mechanics, fatigue and fracture
mechanics, composite and advanced materiais, nanotechnologies and nanomaterials, tribology
and surface engineering, mechanical design and prototyping, biomechanical applications, civil
engineering applications, impact ant crashworthiness, energy and thermo-fluid systems, and
industrial engineering and management.

The conference also included an Open Fomm on The Challenges Facing Engineering
Education, where an expert panei with over 100 years ofcollective and active researchers and
educators addressed the roles of professors that they meet, the obligations of their
stakeholders and current challenges facing engineering education.

We believe that the meeting offered our delegates a fomm for the dissemination of their
recent work in mechanics and materiais and their applications in engineering design, fostered
research that integrates mechanics and materiais in the design process, and promoted
exchange of ideas and intemational 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 more than 360 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 criticai discussions. We are also indebted to the outstanding keynote speakers
who highlighted the conference themes with their contributions. We also take this opportunity
to thank the members ofthe Intemational Scientifíc Committee, the members ofthe Advisory
Committee and the reviewers for their time, effort and helpíül suggestions.

We offer our sincere gratitude to the symposia organisers for their efforts and valuable
contributions to the success of the event, and the local organising committee for attending to
the conference demands and delegates needs.

Ali in ali, M2D2017 was a great success and the credit must go to ali the participants for their
signifícant contributions and lively discussions, the keynote speakers for bridging the gap
between the different disciplines and the organizing committee for an absolutely superb
organization ofthe meeting in this magnificent city. To ali ofyou, we offer our gratitude.

Given the rapidity with which science is advancing in ali áreas of mechanics and materiais,
the next conference in this series (Integrity, Reliability and Failure - IRF2018) will take place
in Lisbon, the capital city of Portugal, in July 2018. Undoubtedly, we expect E[ÍF2018 to be as
stimulating and interesting as M2D2017, as evidenced by the excellent contributions offered
in this current event. We look forward to seeing ali ofyou in Lisbon in 2018.

ShakerA. Meguid and J. F. Silva Gomes
Albufeira /Portugal, June 2017
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PAPER REF: 6529

FIRE PERFORMANCE OF NON-LOADBEARING LIGHT STEEL
FRAMING WALLS - NUMERICAL SIMULATION

Paulo A.G. Piloto1", Mohamed S. Khetata2, Ana B.R. Gavilán3
LAETA-INEGI, Department ofApplied Mechanics, Polytechnic Institute of Bragança (IPB), Portugal

\ Science and Technology Park - Brigantia-EcoPark, Portugal
3Department ofMechanical Engineering, University of Salamanca (USAL), Spain
{)Email: ppiloto@ipb. pt

ABSTRACT

Light steel frame and prefabricated paneis are widely used in non-load-bearing walls, with
direct application to steel framed buildings. The fire resistance is usually provided by one or
more layers of fire protection materiais and the assembly is able to achieve a fire resistance in
accordance to technical regulations. Many different types of board materiais can be used,
including gypsum-based boards. This investigation evaluates the behaviour ofthe cavity, with
and without insulation material. The finite volume method is applied to perfonn the thermal
analysis of the wall taking into account the fluid effect in the cavity. The fmite element
method is applied to perform the thennal analysis of the wall with insulation material in the
cavity. The fíre resistance is compared for both models (with and without insulation) and a
new simple formula is proposed for the temperature evolution in the cavity zone. Some
insulant materiais can reduce the fire resistance of tfie wall, taking into to consideration the
insulation criterion.

Keywords: LSF walls, fire resistance, ANSYS FLUENT, ANSYS MULTIPHYSICS.

INTRODUCTION

Light Steel Frame (LSF) walls must provide the required fíre resistance specified by
regulations and usually this is a result of the assembly effect of certain materiais and
members. The steel fi-ame must be covered with paneis to preveni it from fíre. In case of a
non-loadbearing member (partition walls), some incombustible insulation material can
improve the fire resistance ofthe LSF wall, specially helping to keep the integrity ofthe wall
(Arcelor, 2005). Each component of a LSF wall detennines the fire rating of the whole
assembly. The spacing of the paneis, the thickness and the number of coating paneis, the
thermal properties of the materiais as well as the width of the insulation material are decisive
for fíre rating. The fire performance of the building products is regulated by the European
standard EN13501-2 (CEN, 2009), using data from fíre resistance tests. The perfomiance
characteristics must include the integrity capacity (E) (not evaluáted in this investigation) and
the insulation capacity (I). The assessment of the insulation (I) shall be made by the
calculation ofthe average temperature rise on the unexposed face limited to 140 °C above the
initial average temperature, or, with the maximum temperature rise at any point limited to 180
°C above the initial average temperature.

MATERIALS AND METHODS

A total of 12 simulations were performed (6 with fluid activity in the cavity and 6 with solid
insulation of the cavity). The maximum dimension of the LSF is 975 mm wide and 93 mm

Symposium-13: Fire and Structural Engineering 655
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depth. The thickness ofeach gypsum panei is 12. 5 mm. The numberof paneis varies and the
LsÏ"also-changes (spacing ofstuds, shape ofstaids), according to Fig. L The Steel Frame is
madeoÏC90x43xl5xl. 5 studs and U93x43xl. 5 tracks. Cavity changes fi-om air fluid to rock
fibre solid insulation (specific mass of 120 kg/m3 ), being ali themial properóes temperature

d-ependent. The thermaf analysis is transient and nonlinea^with fire loadIS0834 in one side
and"the"convection conditions on the unexposed side (CEN, 2002). The flow_analysis is
Faminar anïbased on density variation. The fluid motion is induced by heat transfer. ANSYS
FLUENT Density-based solver solves the goveming equations ofcontinuity mommtum and
energy simultaneously. Pressure is obtained through the equation of state Goveming
equations, for additional scalars, will be solved afterward and sequentially (radiation). The
integration time for each time step was 60 s, with the possibility to^b^reducedJ^5J_The
conwrgence criterion is based onthe residuais for each equation. ANSYS MULTIFHYSICS
solveïTransient and nonlinear thermal analysis, using fúll option solution method. The same
integration time step was used with similar convergence criterion for the heat flux.

RESULTS AND CONCLUSIONS
The insulation ofthe cavity with rock fíbre, in most ofthe cases, decreases the fire^esistance.
This conclusion is in accordance to the experimental evidence (Gunalan e/ al., 2014). The
mcrease ofthe number ofthe studs is responsible for the reduction ofthe fire resistance. The
firerating of the solid analysis (ANSYS MULTIPHYSICS) is definedby^maximum
temperature criterion, while the fire rating ofthe solid/fluid analysis (ANSYS FLUENT) is
defined by the average temperature criterion. Doubling the number of paneis (GYPSUM),
LS'F-waU''increases the fire'resistance to more than the double. The fire resistance is also
presented in the Fig. l, assuming that the non-loadbearing wall maintains the integnty.

CASE 1B (tfi,.'=70.5 min) "CASE IA (tf,^240 min) CASE 1C (t., ^78. 4 min) CASE IP (tf,,. -171. 8 min)

C=E
CASE 2B (tf,,, =72. 3 min)

T-l-l-

CASE 2A (te,^240 min) - CASE 2C (te.-78.5 min) CASE 2D (t^-172. 1 min)

J.

CASE3B(ti,,.-88.1min) CASE3A(ti,^240mm) CASE 3C (ti,,.-78.5 min) CASE 3D (tfc'172. 1 min)

Fig. l - Fire resistance ofthe LSF walls.
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