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PREFACE

On behalfofthe Organising and Scientific committees, as well as the CIB W-14 Commission on
Fire Safety it is our pleasure to welcome you to the International Fire Safety Symposium -
IFireSS 2015, which is organised by the CIB's Commission W14-Fire Safety, ALBRASCI and
University of Coimbra. The Symposium aims to contribute to the exchange of ideas and
knowledge in the área of Fire Safety and assist in planning future research activities in this área.

CIB W14-Fire Safety is a Working Commission of CIB (International Council for Research and
Innovation in Building & Construction) ana its main objectives are:

. To create an ongoing research and innovation focus for the development of a
comprehensive, coherent, rational and empirical basis for a safe and sustainable built

environment, which includes fire science and engineering practices and design methodologies;
. To promote the acceptance of Fire Science and Engineering Practices, Procedures and

Design Methodologies worldwide, and to encourage their use in Building and Fire Safety
Legislation, Codes, Regulations and Standards;

. To provide technical input, from a Fire Science and Engineering Perspective, to other
relevant CIB Working Commissions and Task Groups;

. To facilitate the transfer of state-of-the-art Fire Science and Engineering Technology at
international levei;

. To encourage capacity building for Fire Science and Engineering worldwide.

The Luso-Brazilian Association for Fire Safety (ALBRASCI) was established recently by
Portuguese and Brazilian specialists in the área of Fire Safety to create a platform for the
development of Fire Safety in Portugal and Brazil.

The University of Coimbra (UC) is a reference in higher education and research in Portugal, due
to the quality of the courses taught and to the advances achieved in pure and applied research
in various áreas of knowledge. UC is also well-known around the World due to the research and
training in Fire Safety with an MSc and PhD in the área.

The Symposium hás participants from researchers around the world and covers a wide variety
of research áreas including: Structural Fire Safety; Mechanical and Thermal Properties of
Materiais; Fire Chemistry, Physics and Combustion; Fire Reaction; Fire Safety in Vehicles and
Tunnels; Fire Risk Assessment; Smoke Control Systems; Firefighting and Evacuation; and Fire
Regulations, Standardization and Construction Trends.

João Paulo C Rodrigues
President ofthe Organizing Committee

George Hadjisophocleous
President of the Scientific Committee
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Tiago A. C. Pires, João P. C. Rodrigues and José J. R. Silva

series of fire resistance tests on CFCH columns with axial and rotational restraining to thermal
elongation.

The research is complemented with a numerical analysis that includes a range of practical
values of load levei, diameter of the column and ratio of reinforcement for the columns. Based
on this study, simple equations to evaluate the criticai time of the CFCH columns are proposed.
Finally, a comparison between the research results and the simple methods proposed by
EN 1994-1-2:2005 is presented.

CONCLUSIONS

The paper shows criticai times smaller than the fire resistance suggested in literature for the
studied CFCH columns. The stiffness of the surrounding structure does not lead to major
changes in the criticai times. The numerical model presents results in dose agreement with the
experimental data. Based on numerical data simplified equations to evaluate the criticai time of
these columns with restrained thermal elongation were proposed. The tabulated data method
may be unsafe and the simple calculation model is conservative to evaluate the tire resistance
of CFCH column in the fire.
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1. INTRODUCTION
The tabique is one of the main Portuguese traditional building techniques, which is based on
raw materiais as earth and wood. In general, a tabique wall is formed by a simple timber
structure covered by an earth-based material. Earth hás an important role in this system
because it protects the internai timber structure along with its finishing function. The northeast
region of Portugal is very rich in terms oftabique construction heritage. Nowadays, the existing
tabique constructions show a generalized and advanced stage of deterioration [1, 2, 3]. This
aspect, associated to the fact that there is still a lack of scientific studies in this field, motivated
this research work which main goals are to study, both experimental ana numerical, the
behaviour of this solution in terms of fire resistance using different earth-based material
thicknesses. Also, it is intended to motivate and to give guidance for future rehabilitation works
in this field. In relation to the earth-based mortar, and based on previous studies [4], it was
shown that it is a material with adequate fire resistance. When exposed to fire action the wood
inside tabique shows a decomposition process (pyrolysis) and produces a surrounding charring
depth layer. On the fire exposure side a charcoal layer, without effective resistance, causes the
reduction of the element cross-section. However, this charring depth layer can delay the heating
process, from the exposed side, acting as an excellent insulating material. When compared to
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steel or concrete structures, wooden structures have therefore an improved structural behaviour
[5].

2. MATERIAL AND METHODS

The thermal behaviour of tabique walls exposed to the fire action was evaluated using
thermocouples for measuring internai and externai temperatures of the wall. The entire
procedure is based on EN 1364-1 [6]. The aim of this study is to investigate the behaviour of the
earth-based mortar layer that protects the timber structure which constitutes the wall. Hence,
thermocouples have been placed at different depths in arder to obtain temperature records
inside the mortar (TA) and in the wood (TM). The unexposed surface was instrumented also
with disks thermocouples (TD), ali arranged according to Figure 1

B-B A-A

QThermocouple applied on the unexposed face
DThermocouple at 17. 5 mm depth from the unexposed face

HThermocouple at 42.5 mm depth from the unexposed face
BThermocouple at 67. 5 mm depth from the unexposed face

Figure 1: Paneis geometry and thermocouples location (dimensions in mm)

The experimental tabique wall model hás the appropriate geometry to be tested in a fire
resistance furnace, prepared to follow ISO 834 standard fire curve. The tabique wall, at the
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beginning of the test, was at ambient laboratory temperature of about 21 °C. During the test, the
integrity of the wall shall be evaluated throughout the test by cotton wool pads, gap gauges and
monitoring the test specimen for evidence of sustained flaming, however there was only a
significant amount of smoke release from burning wood at final stage of the test. In arder to
evaluate the earth-based mortar thickness effect, three walls were tested with different mortar

layer thicknesses of 1. 5 cm, 1. 0 cm and 0. 5 cm (see Figure 2).

D) ^ d)

Figure 2: Tabique wall test: a) airtightness; b) smoke release; c) oven doar; d) final aspect oftabique wall

Also, a tabique wall is investigated by theoretical approach with finite element method in order
to predict its behaviour and its performance under tire exposure. For this purpose a 2D
numerical simulation (side AA and side BB) is conducted with particular attention to the thermal
properties of the wood and mortar materiais within temperature. At the exposed wall face the
fluid temperature follows the ISO 834 curve with a convection value equal to 25 W/m2K. At the
unexposed face the ambient temperature is constant (26°C) and the value of convection equal
to 4 W/m2K. The surface emissivity is taken 0.9 for both exposed and unexposed sides, [7].
Figure 3 shows the temperature evolution at the end of fire exposure (2100 s), for each 2D side.
Both results represent the charring layer on the wood material, in grey colour.

AA BB

Figure 3: Numerical tabique wall results of the temperature.

3. RESULTS

Figures 3 ana 4 show the experimental (T_e) and numerical (T_n) results obtained in tabique
wall, with a 1. 5 cm mortar thickness, after fire exposure, both for thermocouples located on
wood structure (TM) and earth-based mortar (TA) respectively. In Figure 3, it can be seen that
the thermocouples 1 and 4 (which are placed on wood at 6.75 cm depth) recorded the highest
temperatures of approximately 100°C. Regarding the thermocouples located near the
unexposed sur face, 1.75 cm deep, the temperature remained practically unchanged.
Regarding earth-based mortar, the higher temperatures of about 180°C were recorded near to
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the fire exposed side. The lowest temperature (about 80°C) was registered at 1. 5 cm depth in
the mortar. Regarding the results the obtained numerical results are in good concordance with
experimental thermal response. Therefore, It can be concluded that the earth-based mortar
acted as a fire exposure protecting layer to the wood structure improving the overall fire of this
building element.

SOO 2K)()

Figure 3 - Temperatures on wood Figure 4 - Temperatures on earth-based material
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1. INTRODUCTION

The sufficiently high mechanical resistance and stability of civil engineering structures, such as
tunnels, bridges, power plants and dams is of a maximum importance. Proper mechanical
resistance and stability of structures are achieved through design by following certain
requirements (e. g. fire safety engineering). Majority of civil engineering structures is made of
concrete, which occurs as a rather simple composite material, but its behaviour in fire is

extremely complex and should be given a special thought. Concrete is a heterogeneous
material consisting of solid matrix, water and gaseous mixture of dry air and water vapour.
When exposed to high temperatures (e. g. in fire), physical and chemical processes within
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