CILASCI

S

5° CONGRESSO IBERO-LATINO-AMERICANO
EM SEGURANGA CONTRA INCENDIOS

oth IBERIAN-LATIN-AMERICAN CONGRESS
ON FIRE SAFETY

15-17 /07/ 2019 - Porto, Portugal

ooooooooooooooooo - n albrasci



5% IBERIAN-LATIN-AMERICAN CONGRESS ON FIRE SAFETY — CILASCI 5
Porto, Portugal, 15 - 17 July 2019

A

‘J H

9° CONGRESSO IBERO-LATINO-AMERICANO
EM SEGURANGA CONTRA INCENDIOS

5th IBERIAN-LATIN-AMERICAN CONGRESS
ON FIRE SAFETY

15-17 /07/ 2019 - Porto, Portugal

Atas dos Artigos
Full Papers Proceedings

@ ipb . PORTO I‘s e‘p Enstltutho up dengr de H
2 Tinstituto poitécnico ngen H
DE BRAGANGA 4 O|brOSCI



5% IBERIAN-LATIN-AMERICAN CONGRESS ON FIRE SAFETY — CILASCI 5
Porto, Portugal, 15 - 17 July 2019



5% IBERIAN-LATIN-AMERICAN CONGRESS ON FIRE SAFETY — CILASCI 5
Porto, Portugal, 15 - 17 July 2019

TITLE:
Atas dos Artigos
5° Congresso IBERO-LATINO-AMERICANO EM SEGURANGCA CONTRA INCENDIOS

Full Papers Proceedings
5th IBERIAN-LATIN-AMERICAN CONGRESS ON FIRE SAFETY

PUBLISHER:
ALBRASCI - Associagéo Luso-Brasileira para a Seguranga Contra Incéndio
ALBRASCI - Luso Brazilian Association for Fire Safety

EDITORS:

Paulo Piloto (IPB - DMA), Débora Ferreira (IPB - DMA), Elza Fonseca (ISEP - DEM), Jodo Santos
Baptista (FEUP-DEM), José Miguel Castro (FEUP — DEC), Luis Mesquita (IPB - DMA), Mario
Vaz (FEUP-DEMec), Miguel Chichorro (FEUP — DEC), Rui Miranda Guedes (FEUP-DEMec) et
al.

BOOK COVER DESIGN:
Soraia Maduro — Instituto Politécnico de Braganga

INTERNET WEB PAGE:
Pedro Oliveira — Instituto Politécnico de Braganga

EDITION:
12, Julho de 2019

ISBN:
978-989-97210-3-6

IMPRINT:
Tipografia Artegrafica Brigantina

NOTE:

No part of this work may be reproduced without the written permission of the authors and the
publisher.



5% IBERIAN-LATIN-AMERICAN CONGRESS ON FIRE SAFETY — CILASCI 5
Porto, Portugal, 15 - 17 July 2019

PREFACE

The Iberian-Latin American Congress on Fire Safety (CILASCI) is held once every two years, with
the aim of disseminating scientific and technical knowledge in the field of fire safety, integrating
different players involved in this area of knowledge. The first edition of the Iberian-Latin American
Congress on Fire Safety (CILASCI 1), was held in Natal (Brazil) between 10-12 March 2011. The
second congress (CILASCI 2) was held in Coimbra (Portugal), between May 29 and June 1, 2013.
The 3 and 4t editions took place on the South American continent. The third congress (CILASCI
3) was held in Porto Alegre (Brazil) from November 3 to 6, 2015, while the fourth congress
(CILASCI 4) was held in Recife (Brazil) from 9 to 11 October 2017. The CILASCI 5 will take place
in the city of Porto (Portugal) from 15 to 17 July 2019, and presents 5 invited lectures and 78
manuscripts (full papers) from researchers around the world (Algeria, Australia, Belgium, Brazil,
China, Czech Republic, France, Hong Kong, Italy, Mozambique, Portugal, Spain, United Kingdom
and United States).

the 5 Iberian-Latin-American congress on fire safety reflects the new developments achieved on
active and passive fire protection, on evacuation and human behaviour under fire, on
computational modelling of structures and materials under fire, on explosion and risk
management, on architectural issues for fire safety in buildings, on fire dynamics, on the
experimental analysis of materials and structures under fire, on fires in special buildings and
spaces, on fire-fighting operations and equipments, and on the behaviour of structures and
materials under fire.

The Fire Safety is reaching new developments as a result of new research, development and
innovation around the world, based on the excellence level of the research, the support of new
skilled professionals and due to the existence of advanced training programmes in fire science
technology. This development will increase the safety level of people, buildings, and products,
but also is going to produce an impact in the economy of each country, with a positive impact on
society.

The organizing committee believe that this congress will address to our delegates a wide forum
of discussion about the recent developments in Fire Safety, promoting the exchange of ideas and
international cooperation.

The organizing Committee would like to thanks to all authors and delegates.

On the behalf of the Organizing Committe
Paulo A. G. Piloto



51 IBERIAN-LATIN-AMERICAN CONGRESS ON FIRE SAFETY — CILASCI 5
Porto, Portugal, 15 - 17 July 2019

ORGANIZING COMMITTEE

Paulo Piloto, Insituto Politécnico de Braganga - DMA

Débora Ferreira, Insituto Politécnico de Braganga - DMA

Elza Fonseca, Instituto Politécnico do Porto- ISEP - DEM
Jodo Santos Baptista, Faculdade de Engenharia da Universidade do Porto - DEM

José Miguel Castro, Faculdade de Engenharia da Universidade do Porto — DEC
Luis Mesquita, Insituto Politécnico de Braganga - DMA
Mario Vaz, Faculdade de Engenharia da Universidade do Porto -DEMec
Miguel Chichorro, Faculdade de Engenharia da Universidade do Porto — DEC

Rui Miranda Guedes, Faculdade de Engenharia da Universidade do Porto -DEMec

S

.
. . Instituto Superior de
INSTITUTO POLITECNICO P ORT O I s e‘ A
0 'Pb DE BRAGANCA Engenharia do Porto
FEUP FACULDADE DE ENGENHARIA
UNIVERSIDADE DO PORTO

n albrasci



5% IBERIAN-LATIN-AMERICAN CONGRESS ON FIRE SAFETY — CILASCI 5
Porto, Portugal, 15 - 17 July 2019

SCIENTIFIC COMMITTEE

Aldina Maria Santiago — Universidade de Coimbra — Portugal
Ana Belén Ramos Gavilan - Universidade de Salamanca — Espanha
Angela Gaio Graeff — Universidade Federal do Rio Grande do Sul — UFRGS - Brasil
André Teles — Corpo de Bombeiros Militar do Distrito Federal - CBMDF - Brasil
Anténio Moura Correia — Instituto Politécnico de Coimbra — Portugal
Armando L. Moreno Junior — Universidade Estadual de Campinas — UNICAMP - Brasil
Bernardo Tutikian — Universidade do Vale dos Sinos — Brasil
Carla Neves Costa — Universidade Estadual de Campinas — UNICAMP - Brasi
Carlos Balsa - — Instituto Politécnico de Bragancga - Portugal
Carlos Pina dos Santos — Laboratério Nacional de Engenharia Civil — Portugal
Cristina Calmeiro dos Santos — Instituto Politécnico de Castelo Branco — Portugal
Daniel Alvear Portilla - Universidade de Santander - Espanha
Dayse Cavalcanti Duarte — Universidade Federal de Pernambuco — Brasil
Débora Rodrigues de Sousa Macanjo Ferreira - Instituto Politécnico de Braganga — Portugal
Domingues Xavier Viegas — Universidade de Coimbra - UC - Portugal
Edna Moura Pinto — Universidade Federal do Rio Grande do Norte — Brasil
Elza Maria Morais Fonseca - Instituto Superior de Engenharia do Porto — Portugal
Fabio Martin Rocha — Universidade de Séo Paulo — USP - Brasil
Francisco Carlos Rodrigues — Universidade Federal de Minas Gerais — Brasil
Gabriela B. de M. Lins de Albuquerque— Universidade de Sdo Paulo — USP - Brasil
George Cajaty Braga — Corpo de Bombeiros Militar do Distrito Federal — CBMDF - Brasil
Geraldine Charreau — Instituto Nacional de Tecnologia Industrial — Argentina
Jodo Santos Baptista - Universidade do Porto — FEUP - Portugal
Jodo Godinho Viegas — Laboratério Nacional de Engenharia Civil — Portugal
Jodo Paulo Correia Rodrigues — Universidade de Coimbra — Portugal (Coord.)
Jodo Raméba Correia - Universidade de Lisboa — IST — Portugal
Jorge Gil Saraiva — Laboratério Nacional de Engenharia Civil - Portugal
Jorge Munaiar Neto — Escola de Engenharia de Sdo Carlos da Univ. de Sao Paulo — Brasil
Jorge Saul Suaznabar Velarde - IASU - Bolivia
José Carlos Lopes Ribeiro — Universidade Federal de Vigosa - Brasil
José Carlos Miranda Gais — Universidade de Coimbra - Portugal
José Jéferson do Régo Silva — Universidade Federal de Pernambuco — Brasil
Jose Luis Torero - Universidade de Maryland - Australia
José Miguel Castro - Universidade do Porto — FEUP - Portugal
Larissa Kirchhof — Universidade Federal de Santa Maria — Brasil
Lino Forte Marques — Universidade de Coimbra — Portugal
Luiz Carlos Pinto da Silva Filho— Universidade Federal do Rio Grande do Sul - UFRGS
Luis Mesquita — Instituto Politécnico de Braganga — Portugal
Manuel Romero Garcia — Universidade Politécnica de Valencia — Espanha
Mariano Lazaro Urrutia - Universidade de Santander - Espanha
Mario Augusto Pires Vaz - Universidade do Porto — FEUP - Portugal
Miguel Chichorro Gongalves — Universidade do Porto — FEUP - Portugal
Nuno Filipe Borges Lopes — Universidade de Aveiro — Portugal
Orlando V. Abreu Menéndez - Universidade de Santander — Espanha

vi



5% IBERIAN-LATIN-AMERICAN CONGRESS ON FIRE SAFETY — CILASCI 5
Porto, Portugal, 15 - 17 July 2019

Paulo A. G. Piloto — Instituto Politécnico de Braganga - Portugal
Paulo Jorge M. F. Vila Real — Universidade de Aveiro — Portugal
Poliana Dias de Moraes — Universidade Federal de Santa Catarina - Brasil
Ricardo Azoubel Silveira — Universidade Federal de Ouro Preto — Brasil
Ricardo Cruz Hernandez — Universidade Industrial de Santander — Coldmbia
Ricardo Fakury — Universidade Federal de Minas Gerais - Brasil
Rodrigo Barreto Caldas — Universidade Federal de Minas Gerais — Brasil
Rogério Antocheves — Universidade Federal de Santa Maria — Brasil
Ronaldo Rigobello - Universidade Tecnoldgica Federal do Parana — Brasil
Rosaria Ono — Faculdade de Arquitetura da Universidade de Sao Paulo — Brasil
Rui Faria — Universidade do Porto FEUP — Portugal
Rui Miranda Guedes - Universidade do Porto FEUP — Portugal
Saulo Almeida — Universidade Estadual de Campinas — UNICAMP - Brasil
Tiago Ancelmo de Carvalho Pires — Universidade Federal de Pernambuco — Brasil
Valdir Pignatta e Silva — Escola Politécnica da Universidade de Sdo Paulo — Brasil (Coord.)
Wolfram Jahn — Pontificia Universidade Catélica do Chile — Chile

Vii



5% IBERIAN-LATIN-AMERICAN CONGRESS ON FIRE SAFETY — CILASCI 5
Porto, Portugal, 15 - 17 July 2019

INDEX
PREFACE ...t iv
ORGANIZING COMMITTEE .....oooovuiumreeiaeeeiemeemsseeessssesseseessssessss st osses e v
SCIENTIFIC COMMITTEE ......coomiiiiieeiceeseeesseseses s vi
INVITED LECTURES. .......osvetsunessssssssssssssssessssssessssssesssasessssssssssssossssssesssassssssasessssssssssassssassssssssssssssasssssssssssassssssssssssasssssnnes 1
EMERGENCY EXITS IN HIGH-RISE BUILDINGS ..ot 3

ESTRUTURAIS 1,3 E 4. .ot b e e e n e 13
CHARACTERIZATION OF THE FIRE REACTION OF MATERIALS.........c.coooiiiiiiiiccn e 31
CONTROLO DE FUMO EM COMPARTIMENTOS: SIMULACAO E EXPERIMENTAGCAO .......cvviiiiiriireereineineienieeenees 41
SESSION S1A: ACTIVE AND PASSIVE FIRE PROTECTION ..ottt snesae s sne s sannsnens 69

A IMPORTANCIA DOS SISTEMAS DE PROTEGAO QUE INDEPENDEM DO USUARIO PARA EDIFICAGCOES OCUPADAS
POR PESSOAS COM DIFICULDADE DE MOBILIDADE AUTONOMA EM CASO DE INCENDIO...........cccccoiviiiiiiiee, 81

PROPIEDADES TERMICAS DE LADRILLOS CERAMICOS CON ADICION DE PRODUCTOS DE RECICLADO: REVISION
DE ESTUDIOS ... bbb bbb h e s h e b bR b et b b 89

INTUMESCENT COATINGS FOR THE PROTECTION OF STRUCTURAL STEEL IN CELLULOSIC FIRES — WATER

BORNE VS SOLVENT BORNE .......ooiiiiiiiiiiii bbbt 99
SYNTHESIS OF SILICA NANOPARTICLES TO ENHANCE THE FIRE RESISTANCE OF CEMENT MORTARS............. 113
SESSION S1B: EVACUATION AND HUMAN BEHAVIOUR UNDER FIRE ........cccovienninteinnninsnss s sesssssansnes 123
EVACUAGAO EMERGENCIAL DE EDIFICAGOES HOSPITALARES ........cccuiuiuiueireereisieeeessessesesessesssssessesssesssessessnens 125

A INFLUENCIA DE DIFERENTES ANGULOS DE FUSAO ENTRE FLUXOS DE PEDESTRES NO TEMPO DE EVACUAGAO
........................................................................................................................................................................................... 133

ESCADAS E RAMPAS EM SAIDAS DE EMERGENCIA E O TEMPO DE EVACUAGAO EM EDIFICAGAO ESCOLAR ...145

METODO PARA COLETA DE TEMPOS E TRAJETOS EM ESCADAS PARA A OBTENGAO DE VELOCIDADE DE

CAMINHAMENTO DE CRIANCAS EM SIMULADOS DE ABANDONO .........ccociiiiiiiiiiiceicsc s 155
SESSION S2A: COMPUTATIONAL MODELLING OF STRUCTURES AND MATERIALS UNDER FIRE............ccceeeuuuen. 167
NON-LOADBEARING LIGHT STEEL FRAMING WALLS UNDER FIRE ........c.cooiiiiiiiiiiii s 169
NUMERICAL SIMULATION OF COMPOSITE SLABS WITH STEEL DECK UNDER FIRE CONDITIONS .............ccccue. 187

MODELO NUMERICO TRIDIMENSIONAL PARA A VERIFICAGAO DO COMPORTAMENTO DE VIGAS DE CONCRETO
ARMADO EM SITUAGAO DE INCENDIO........cciuiiiiteeieeiiseeeiseeeseseessssessesseessssessssssesssessssssessssesssssssssssessssssssssssssssssnssnens 203

viii



5% IBERIAN-LATIN-AMERICAN CONGRESS ON FIRE SAFETY — CILASCI 5
Porto, Portugal, 15 - 17 July 2019

METODO GERAL PARA O DIMENSIONAMENTO AO FOGO DE COLUNAS DE INERCIA VARIAVEL — ENCURVADURA
PARA FORA DO PLANO ...ttt e e n e e et saae 215

ESTUDO NUMERICO DE PAREDES DE ALVENARIA ESTRUTURAL DE BLOCOS DE CONCRETO EM SITUAGAO DE
INCENDIO . ...t e h e e b e h e e oo e e e e e e b et ee e se e e e seen e e n e ene e 227

SESSION S2B: FIRE, EXPLOSION AND RISK MANAGEMENT ..ot snnnas 265
ANALISE DE RISCO EM TUNEIS RODOVIARIOS. A SITUAGAO EM PORTUGAL FACE A DIRECTIVA 2004/54/CE ....267
AVALIAGAO DO RISCO DE INCENDIO DO CENTRO URBANO ANTIGO DE VILA NOVA DE GAIA / MATOSINHOS....279

INFLUENCIA DOS OCUPANTES E DOS ELEVADORES NA EVACUAGAO EM CASO DE INCENDIO DAS ENFERMARIAS
E DOS LABORATORIOS DE UM HOSPITAL ......ocuiiiiiiiii ittt 291

AVALIAGCAO DA SEGURANGA CONTRA INCENDIO DE UM EDIFICIO NO CENTRO HISTORICO DE VISEU .............. 307

ANALISE DE RISCO DE INCENDIO EM QUATRO ESCOLAS DA REDE PUBLICA DE ENSINO NA CIDADE DE PORTO

ALEGRE E POSSIVEIS IMPLICAGOES NO PLANO DE EMERGENCIA DAS EDIFICAGOES .......cccooniunienieeeieereineneenas 319
EXPLOSOES DE POEIRA: UMA VISAO GERAL ..ottt sscen 331
SESSION S3A: COMPUTATIONAL MODELLING OF STRUCTURES AND MATERIALS UNDER FIRE.............ccccueu... 345

REVIEW ON THE BUCKLING STRUCTURAL ANALYSIS OF COLD-FORMED STEEL COLUMNS AT AMBIENT AND FIRE
CONDITIONS . ... bbb a e b b e e b e s e e e e s e e b e e s b e b e s b e e e sa et 347

PROPOSTA DE NOVAS EXPRESSOES PARA O CALCULO DO FATOR DE MASSIVIDADE EM PERFIS ESTRUTURAIS
EM CONTACTO COM PAREDES..........oooiiiiiiitii e 359

THERMAL BEHAVIOUR OF PARTIALLY ENCASED COLUMN UNDER COMBINED COMPRESSION AND BENDING .371

CONSTRUCTION PRODUCTS PERFORMANC E ..ot 413
RESISTENCIA AO FOGO DE COLUNAS EM ACO INOXIDAVEL COM SECGOES CIRCULARES OCAS .........c.ccovvenn.. 423
PARTIALLY ENCASED COLUMNS EMBEDDED ON WALLS UNDER FIRE .......c.ccociiiiiiiiiiiiiicicceee e 435
SESSION S3B: ARCHITECTURAL ISSUES AND EVACUATION FOR FIRE SAFETY IN BUILDINGS.............ccccuverununns 447

ATUALIZACAO DO METODO ARICA E DISCUSSAO DA SUA APLICAGAO A REABILITAGAO DE EDIFICIOS
EXISTENTES ... e e b a s st 449

VULNERABLE PEOPLE AND THE RESEARCHES ON FIRE SAFETY .....ccoiiiiiiiiiiiiiiiiri e 459

COMPARAGAO DE CUSTOS DE EXECUGAO ENTRE LAJES CONVENCIONAIS E NERVURADAS UNIDIRECIONAIS
DIMENSIONADAS EM TEMPERATURA AMBIENTE E EM SITUAGAO DE INCENDIO ......ooiuiiiieiricirieieineeeeeseeeesenees 465



5% IBERIAN-LATIN-AMERICAN CONGRESS ON FIRE SAFETY — CILASCI 5
Porto, Portugal, 15 - 17 July 2019

INTEGRATED FIRE-SAFE AND ENERGY-EFFICIENT DESIGN OF INSULATED ASSEMBLIES USING A MULTI-CRITERIA
APPROACH ...ttt e 477

SEGURANGA CONTRA INCENDIO E PANICO DE EDIFICAGOES ANTIGAS E TOMBADAS: SOLUGOES ADOTADAS
PELO CORPO DE BOMBEIROS MILITAR DO DISTRITO FEDERAL ........cooiiiiiiiiiii e 489

COMPARTIMENTAGAO HORIZONTAL: SISTEMAS LEVES DE ALTO DESEMPENHO AO FOGO .......ccvvveieeeeineennens 499

PERCEPCION SUBJETIVA VS REALIDAD OBSERVADA DURANTE LOS PROCESOS DE EVACUACION EN CASO DE
EMERGENCIA ... e et 511

SAIDAS DE EMERGENCIA, ANALISE E REFLEXAO A PARTIR DE ESTUDO POR MODELAGEM E

NORMALIZAGAO. ... ovveee oo eeeeeeeeeeee s ssee s sese e seeeeee e s s e e s ee s eeeeseeeseessee e esesseeeeeeeseeseeeeseeen 519
SESSION S4A: COMPUTATIONAL MODELLING OF STRUCTURES AND MATERIALS UNDER FIRE...........ovcuvnneeen. 529
SOBRE A FLUENCIA DOS ACOS ESTRUTURAIS EM INCENDIO ........coomeveeceeeeeeeeeeeeeseeeseeeeeeeeesses oo seeeeseeseesesseeseesee 531

THE FIRE RESISTANCE OF (W-W-W) WOOD-TO-WOOD CONNECTIONS PROTECTED WITH DIFFERENT TYPES OF
GYPSUM PLASTERBOARD ...ttt et a e a e 543

ERRO DE MODELO PARA O CALCULQ DA CONFIABILIDADE ESTRUTURAL DE LIGAGOES PARAFUSADAS DE
ESTRUTURAS DE MADEIRA EM SITUAGAQ DE INCENDIO .........cccoiiiiiiiiiiicicice e 553

THE DENSITY EFFECT IN (W-S-W) WOOD CONNECTIONS WITH INTERNAL STEEL PLATE AND PASSIVE
PROTECTION UNDER FIRE ...ttt 563

ANALISE DA CONFIABILIDADE DE UM PILAR DE AGO EM SITUAGAO DE INCENDIO DIMENSIONADO CONFORME AS
NORMAS BRASILEIRAS ... bbb bbb s ne s 573

ANALISE TERMOESTRUTURAL DE VIGAS DE CONCRETO ARMADO ........oiuiimimiaieneiseiseseneesissssessessessessseesesssens 585

SOBRE OS EFEITOS DAS INTERAGOES ENTRE VIGAS E PILARES EM PORTICOS BIDIMENSIONAIS DE CONCRETO

EM SITUAGAO DE INCENDIO ..o s e seeeseeeeseeeesseeseeeeeeeeseeeeeeeseeeeseeeseeeeeeesseeeeeesseeesseeseeseeeseeen 595
MECHANICAL ANALYSIS OF A PORTAL STEEL FRAME WHEN SUBJECTED TO A POST EARTHQUAKE FIRE.........607
SESSION SAB: FIRE DYNAMICS ...oo..o.ceeeeesseeeesssesssssesssssssessssssssesssssssssssssssssessssssasssssssssssssssssssnesssssssssssssssasasssssansons 617

SIMULAGAO NUMERIQA DA EXAUSTAO DE FUMAGA POR MEIO DE CONVECGAO NATURAL EM DUTOS DE
ESCADAS DE EMERGENCIA ... e e 619

ANALISE DO COMPORTAMENTO DE INCENDO EM EDIFICAGOES RESIDENCIAIS UNIFAMILIARES EMPREGANDO A
FLUIDODINAMICA COMPUTACIONAL ...ttt 631

PROTOTIPAGEM DA EXAUSTAO DE FUMAGA POR MEIO DE CONVECGAO NATURAL EM DUTOS DE ESCADA DE

EMERGENCIA ...ttt sttt s e85 8 2185288ttt e et 643
GASES DE INCENDIO: A COLETA E ANALISE EM EXPERIMENTOS EM ESCALA REAL ........c.oouiiuiiniiineeneeeieeeees 655
CONSIDERAGOES SOBRE O TAMANHO DA MALHA EM SIMULAGOES COM O FIRE DYNAMICS SIMULATOR ....... 661
SISTEMA ALTERNATIVO DE COLETA DE AGUAS PLUVIAS PARA COMBATE DE INCENDIOS RESIDENCIAS ......... 673
0OS CUIDADOS NO SISTEMA DE COMBATE A INCENDIO ENVOLVENDO ALUMINIO LIQUIDO .........cccoorvrireiinienens 683
SESSION S5A: EXPERIMENTAL ANALYSIS OF MATERIALS AND STRUCTURES UNDER FIRE.........cccceeuieiuinnunanns 689



5% IBERIAN-LATIN-AMERICAN CONGRESS ON FIRE SAFETY — CILASCI 5
Porto, Portugal, 15 - 17 July 2019

THERMAL ANALYSIS OF SOLID GLASS BRICK WALL EXPOSED TO FIRE ........ccooiiiiiiiiicicicccce e 691
SELF-EXTINGUISHMENT ON LAMINATED BAMBOO STRUCTURES ........ccoiiiiiiiiiiieicee e 701

FIRE BEHAVIOUR OF ECOLOGICAL SOIL-CEMENT BLOCKS WITH WASTE INCORPORATION — EXPERIMENTAL AND
NUMERICAL ANALYSIS ... s et 709

STRUCTURAL PERFORMANCE OF STRUCTURAL INSULATED PANELS USED AS FLOOR SYSTEMS UNDER FIRE
CONDITIONS . ... bbb a e h e b e e b e e s e se s e e bbb b e s b s e et 723

AVALIAGCAO DOS EFEITOS DO FOGO NA RESISTENCIA A TRACAO RESIDUAL DO CONCRETO REFORGADO COM
FIBRAS DE ACO POR MEIO DO ENSAIO DEWS (DOUBLE EDGE WEDGE SPLITTING) .......cccocoiiiiiiiiiiiiiicicieee 733

DURABILITY OF REACTION TO FIRE PERFORMANCE OF WOOD BASED PANELS THROUGH ACCELERATED AGING

[0 0 PP 743
SESSION S5B: FIRES IN SPECIAL BUILDINGS AND SPACES ...ttt nssssnnnes 757
FIRE SAFETY IN BIG PUBLIC TRANSPORT TERMINAL BUILDINGS .........c.ccoooiiiiiiiciiriccccces e 759
DESENVOLVIMENTO DO INCENDIO NO EMPREENDIMENTO PORTIMAO RETAIL PARK .......coiiriririiieeineeeeneenences 767

COMPORTAMENTO DE INCENDIOS EM AMBIENTE MOBILIADO COM MATERIAIS CONSTITUIDOS COM
RETARDANTE DE CHAMA: UM ESTUDO COMPARATIVO ..ot 783

CARACTERIZAGAO E DISTRIBUIGAO DOS INCENDIOS REGISTRADOS NO ESTADO DO TOCANTINS NO ANO DE
2018 — UMA GRANDE INTERFACE URBANA FLORESTAL .......ccuiiiiiiiiiiiiice et 797

MODELLING REAL FIRE BY THE MEAN OF FDS AND A 2-ZONE MODEL FOR STRUCTURAL POST-FIRE ASSESSMENT

PURPOSES ... e b e bbb bbb e b 807
INNOVATIONS FOR SMOKE MANAGEMENT IN PASSENGER TRAINS.........cooiiiiiiiiiiiciccre e 819
A MOVE TO FULL PROFESSIONALISM FOR FIRE SAFETY ENGINEERS — THE WARREN CENTRE RESEARCH......831
SESSION S6A: EXPERIMENTAL ANALYSIS OF MATERIALS AND STRUCTURES UNDER FIRE.........cccceeuiuiuinnunanns 841

ANALISE EXPERIMENTAL DE PAREDES DE VEDAGAO DE BLOCOS MACIGOS DE GESSO SUBMETIDAS A
ELEVADAS TEMPERATURAS ...ttt e b et s a e e e e ene e 843

ANALISE TEORICA E EXPERIMENTAL DE CONCRETOS ESTRUTURAIS SUBMETIDOS A TEMPERATURAS
ELEVADAS ... e e et e Rt a e e et 853

ANALISE DA INFLUENCIA DO TEMPO DE CURA DE PLACAS MACIGAS PRE-FABRICADAS DE CONCRETO ARMADO
SUBMETIDAS A ELEVADAS TEMPERATURAS ... ..ot 865

REAL-SCALE EXPERIMENTAL ANALYSIS ON THE CONTINUITY EFFECT OF STEEL-CONCRETE COMPOSITE SLABS
UNDER FIRE: STATE OF THE ART ...ttt ettt sttt 875

NUMERICAL ANALYSIS OF LATERAL TORSIONAL BUCKLING OF STEEL I-BEAMS WITH AND WITHOUT WEB-
OPENINGS UNDER FIRE........ooiiiiiiii bbb b 893

SESSION S6B: FIRE-FIGHTING OPERATIONS AND EQUIPMENTS........cccoiiiniinnnnninssnsss s sssssesassess 905

NUMERICAL VALIDATION OF THE FIRE PERFORMANCE OF FIRE FIGHTER CLOTHING AND EXPERIMENTAL TESTS

Xi



5% IBERIAN-LATIN-AMERICAN CONGRESS ON FIRE SAFETY — CILASCI 5
Porto, Portugal, 15 - 17 July 2019

NUMERICAL PREDICTION OF THE INCOMING HEAT FLUXES ON FIREFIGHTER PROTECTIVE CLOTHING ........... 919
MOD!ELACAO DA EFICACIA DA INTERVENGAO DOS BOMBEIROS NA SEGURANGA AO INCENDIO EM
EDIFICIOS ... h et e R R Rt 929
PROTOCOLO EXPERIMENTAL EM CONTEINER PARA TESTES DE TRAJES DE COMBATE A INCENDIO ................ 939

AVALIAGAO DA MANUTENGAO DE SISTEMAS AUTOMATICOS DE EXTINGAO DE INCENDIO ..........vveeereerecrenennee. 963

ANALISE DA CULTURA DE PREVENGAO DE INCENDIOS E PERCEPGAO DE RISCO DE INCENDIO EM COMUNIDADES
ESCOLARES DE PORTO ALEGRE PARA O DESENVOLVIMENTO DE TREINAMENTO PARA PROFESSORES......... 975

Xii



5% IBERIAN-LATIN-AMERICAN CONGRESS ON FIRE SAFETY — CILASCI 5
Porto, Portugal, 15 - 17 July 2019

BEHAVIOUR OF INDUSTRIAL BUILDINGS WITH STEEL PORTAL
FRAMES UNDER FIRE CONDITIONS

Nourredine Abdelkader Abdelkadir Fellouh
Benlakehal * Bougara PhD Student
Professor, UHBC Professor, UHBC UHBC

Chlef, Algeria Chlef, Algeria Chlef, Algeria

Paulo A. G. Piloto
Professor,

IPB

Braganca, Portugal
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1. INTRODUCTION

Pitched roof Steel frame structures are widely used in industrial buildings for practical reasons of
exploitation, durability and cost efficiency. However, steel being a ductile material, it remains
vulnerable to excessive temperatures. The recent accidents, which occurred in the industrial
buildings of Sonatrach (petroleum industry in Algeria), in an urban area in Algiers or in an
industrial zone in Skikda, remind us of the real danger and the potential risk of fire.

European standards [1-2] give an overview of simplified design rules, which are common for the
evaluation of the fire resistance of steel structural elements. However, for industrial and
warehouse buildings, specific requirements defined in terms of structural behaviour have been
imposed to meet the safety objectives of occupants and firefighters. In this context, the criteria of
non-collapse outward of the structure exposed to fire and non-progressive collapse must be
verified. In order to meet these performance criteria, a European project [3] covered the structural
behaviour of industrial buildings and warehouses exposed to fire. The project aimed to
demonstrate that, given the 3D behaviour of the structure in case of fire, these structures could
offer better structural strength. Based on the numerical results, simplified calculation methods

“Autor correspondente — Civil Engineering Departement, Hassiba Benbouali University of Chlef. National Road N° 19,0uled Fares, Chlef, Algeria.

Telef.: +213 (0)773043513, E-mail: n_blk@yahoo.fr

401



Nourredine Benlakehal, Abdelkader Bougara, Abdelkadir Fellouh, Paulo A.G. Piloto

have been proposed.

The actual behaviour of the industrial buildings in fire situation requires some parameters such
as material and geometrical nonlinearities as well as variation in thermal and mechanical
behaviour in time. However, only numerical analysis using finite element programs provide a
comprehensive analysis of such structures by providing various fire scenarios [4-6].

This work proceeds by numerical simulations to study the behaviour of industrial steel portal
frames with haunches under standard fire /ISO834 [7]. A model is developed using ANSYS
program [8] to determine the time resistance and the collapse mode considering particularly the
effect of fire scenario, haunch length and geometrical dimensions of the portal frames. The
parametric study was performed by both shell elements to model the portal frames in 3D and non-
uniform temperature within the structural beam-column elements.

2. FIRE MODEL AND THERMAL RESPONSE

Although the governing parameters of a real fire are numerous, the 1SO834 standard time-
temperature curve [8] is assumed testing purposes and numerical simulations. It represents the
action of a fire in a confined compartment of building and the gas temperature evolution given
according to the formula of the EC1 [1]:

6 = 20 + 345 log 1o (8t +1) 1)

For thermal response, the governing equation for the three-dimensional non-linear transient heat
conduction within the cross section of a structural element takes the following form:

0 o0 0 o0 0 o0 00
I Ay 2 || Ay = |+ | Ay =2 | = pac, —2
6x(aaxj 6y[aayJ 6z(aazj Pafa 5 (2)

Where Aa and ca are respectively the thermal conductivity and the specific heat of steel both are
expressed as a function of the temperature in EC1 [1], 6a is the steel temperature in x, y and z
directions at time t, pa is the density of steel equal to 7850 kg/m?3.

Since the solution of equation (2) is non-linear, simplified solution for the temperature rise of an
unprotected steel member is provided by EC3 [2], assuming a lumped thermal model for non-
massive elements, with the following equation:

An/V

ala

Ab, = kg

Pnet a At (3)

Where ksh is the correction factor for the shadow effect, Am/V is the section factor for unprotected
steel elements, hnetd is the net heat flux or heat transfer by convection and radiation per unit area,
At is the time interval in seconds (At <5 s).
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3. PARAMETRIC STUDY

A parametric study is conducted using numerical simulations with ANSYS [8]. The industrial portal
frame, shown in Fig. 1, is analysed based on the variation of the following parameters: fire
scenarios, haunch length and portal frame dimensions.

This structure is illustrated in the CTICM guide [9] where both frame and purlins are checked for
15 minutes of fire exposure. Load combination on the rafter take into account G (dead load, roof,
industrial equipment under roof and cladding) equal to 4.16 kN/m and S (snow) equal to 4.4 kN/m.
A total uniformly distributed load q in fire situation is calculated using G and 0.2S which gives 5.04
kN/m. Elements are chosen using hot rolled sections with IPE400 for the rafter and IPE500 for
both columns. The steel grade is taken as S235 with a density of 7850 kg/m3 and Poisson’s ratio
equal to 0.3. Haunches, with IPE400 section, are added at the ends of the rafter. Column bases
are supposed fully pinned.

q=5.04 kN/m
PR R PR P P " P P S "R P R T "
_ ; Slope 3.5% (2°) 2 1
I L
Los ml—=_ Rafter IPE400
e [ Haunch (1/2 IPE400)
i 2.50m
h=8m [:
— caumn: |
; Column IPESO0 IPESO0 ——]:
Column base

= L=20m

[=20m

Figure 1: Portal model to be analysed.

3.1 Finite element modelling

The frame model is created using 3D finite elements with SHELL131 for thermal analysis and
SHELL181 for mechanical analysis. The task is solved as a combined one using material
nonlinear thermal analysis and geometry and material nonlinear static analysis in the ANSYS
software [8].

After a convergence test, the columns and beam are subdivided into 60 elements and 86
elements respectively along their lengths. Along the height, the section is subdivided into 12
elements (figure 2). Lateral-torsional buckling of the rafter has been prevented by adding
appropriately lateral supports to the flanges.
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Figure 2: Numerical model, discretization of the portal frame.

3.2 Thermal analysis

The nonlinear transient thermal analysis is performed using the resolution of equation 2. Figure 3
shows the temperature distributions in the portal frame after 15 minutes of a standard 1SO834
fire. It is important to note that all the four sides of the elements are under fire load.

500,954 545 .545 590,125 (24,725 GB79.3515
525,249 56B7 .04 Gl2.43 G57 .02 TOL.&a1

Figure 3: Temperature field in the portal frame at time t = 15 minutes.
The temperature field is recorded for the corresponding resistance class and applied as body load
to the mechanical model. The nonlinear material response of steel at elevated temperature is
provided by EC3 [2]. The results in term of displacements (vertical and horizontal) of the portal

frame, failure time and Von Mises stresses at the developed hinges are illustrated in the next
section.

3.3 Mechanical analysis

3.3.1 Effect of fire scenarios
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Fire scenarios can have a great influence on the behaviour of the structure and consequently its
resistance time and failure mode. In this analysis, as shown in figure 4, four fire scenarios have
been considered.

(b) Scenario 2
Sm Sm

fe——lc——]

(c) Scenario 3 (d) Scenario 4
Figure 4: Heating profiles of the frame model.

Figures 5, 6 and 7 show the variations of the vertical (at ¥4 and %2 of the rafter) and the horizontal
displacements at the top of both columns according to the four scenarios.

Time (min)
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36
0,40ttt
020 |
0.00 Lo g
020 |
2040 L
060 |
080 |
-1.00 +
-1.20 §
140 §
160 +

Vertical displacement (m)

—&— Scenario 1
—&— Scenario 2
l | —©— Scenario 3
-1.80 T | —%— Scenario 4
-2.00
Figure 5: Vertical displacement at node a (fire scenarios 1, 2, 4) and node c (fire scenario 3).
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Figure 6: Horizontal displacement of node b.

Time (min)
Figure 7: Horizontal displacement of node.

According to the above figures, the failure times are estimated to be 16.32 (min), 19.08 (min),
20.22 (min) and 33.63 (min) respectively for scenarios 1, 2, 3 and 4. This gives an improvement
0f 16.91%, 23.90% and 106% respectively for scenarios 2, 3 and 4 compared to scenario 1. These
results confirm the severity of generalized fires in comparison with localized fires. From the
results of the horizontal displacements at the top of both columns, figures 6 and 7, only scenario
1 confirms the beginning of collapse of the structure towards the inside. For the other fire
scenarios, the horizontal displacements of the columns do not confirm the collapse modes (inside
or outside). The simulations are stopped before the columns come back to the inside of the
structure. According to the work of Vassard et al [10] and Song [5], only simulations with dynamic
approach can go further in the analysis so the collapse mode can be predicted.

3.3.2 Effect of haunch length

To analyse the influence of haunches on the fire resistance of single portal frame, five different
lengths are considered: 0 m, 0.5 m, 1 m, 2 m, 3 m and 4 m. The profile section of the haunch is
taken constant (1/2 IPE400). The scenario 1 (generalized fire) is considered in this section.

The displacement-time curves presented in figures 8 and 9 show that the use of haunches until
one-tenth of the span (2 m) increases the time resistance of the portal frame. With the same rafter
profile (IPE400), time resistance without haunches is about 13.81 minutes and with 2 m haunches
(one-tenth) time resistance increases to 16 minutes (16% increase). We notice that beyond this
distance (2 m), no improvement can be seen. This may be explained by the fact that weakest
section can be located at the end of the haunch when shorter haunch is used (less than one-
tenth) to rafter end when haunch reached one-tenth and more. Results from figure 9 show that
when the lengths of haunches are less than one-tenth of the rafter span, the collapse of the
structure tends to happen in the outward direction.
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Time (min) Time (min)
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0.4 ——————————— 0.00 =t ——+——F+—F+—+—F+——+—
00 | E 005 1
~ E L
g 04 & 1) [
S04 £ -010 §
2 08 1 g EoS .
o -Uo T a. [
T -12 1 o [
g 1 & 020 £
< -1.6 T 5— 1o haunch —e— 0.5m haunch [ —B8— no haunch —©— 0.5m haunch
F —st— 1m haunch—2— 2m haunch 025 £ —¥%—1m haunch —A—2m haunch
2.0 T —o—3m haunch —— 4m haunch [ —¢—3m haunch —+—4m haunch
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Figure 8: Vertical deflection (node b). Figure 9: Horizontal displacement (nodes a).

The maximum Von Mises stresses developed in the rafter at different locations (haunch end,
rafter ends and rafter mid-span) are shown in figures 10 to 13. From figures 14 and 15, the yielding
stresses are obtained at the eaves when haunch length is one-tenth (2 m) and more. For shorter
haunches (less than one-tenth), the yielding stresses appear at the ends of the haunches, see
figures 10 and 11. This is due to the weakest section on the rafter, which change from the eaves
to the ends of the haunches.

As expected, when no haunch is used, maximum stresses are located at the eaves, see figure
13. A value of 250 N/mm? is obtained at 2 minutes heated time, which is greater than the yield
stress (235 N/mm?) and this has favourably led to the collapse of the portal frame at early time.

.108E+07
. 300 T
N’ .111E+08] F — = Yield stress f, —©— 0.5mhaunct
< 5 C —%— 1m hauncl
21ms8) g 2500 —~A— 2m hauncl
§ E e —%— 3mhauncl
: : 3128408 < 200 L N —+— 4m hauncl
Plastic hinge 4 ; N
.4128408) 5 s .
%z 150 T \\Plastlchmge
) 5138408 £ :
Eg[z 158 min .613E+08 ;S ;
.T13E4+08
EB1A8: 08 0
2 2
o14E:08 0 2 4 6 ) 8 410 12 14 16
- Time (min)
Figure 10: Von Mises stresses in the half portal Figure 11: Von Mises stresses at haunch’s
frame (1m haunch). end for different haunch lengths.

3.3.3 Effect of geometrical dimensions

Different geometries for frames are investigated in this section, see table 1, looking at the
influence on failure modes. A series of frames with h/L ratio (h: is column high and L: is rafter
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span) taken equal to 0.2, 0.3, 0.4, 0.5 and 0.6. The other parameters of the portal frames, such
as the haunch length and the rafter slope are taken respectively 1/10 of portal’s span and 3.5%.
For all portal frames, the haunch’s section is the same as the rafter’s section. Table 1 summarises
the details of these frames.

— =—Yield stress f, —5— no haunch
—6— 0.5mhaunch

—%— 1m haunch

™~ —4&— 2m haunch

N —4— 3m haunch

673956

.114E+08I
. 2028408

250 +

X

Plastic hinge 200

Von Mises stress (N/mm?)

q N\ —— 4mhaunch
\
3208408 150 .
437408 ¥ N
.5«141&081H 100 /_,_A_/_\
6522408 s & M ?
- TS9E+08 Plastic hinge
- 8678408 0 ——t— t t 1
ter=16.32 min ' 0 2 4 6 8 10 12 14 16 18
. 974E+08

Time (min)

Figure 12: Von Mises stresses in the half
portal frame (2.5 m haunch).

Figure 13: Von Mises stresses at eaves (nodes
a) for different haunch lengths.

Table 1: Characteristics of the portal frames.

Portal frame L h h/L  Column section Rafter section Load (gried)
(m) (m) (Grade S$235) (Grade S235) (kN/m)
1) 25 5 0.2 IPE 500 IPE 500 3.660
(2) 30 9 0.3 HEA 600 HEA 600 4.230
(3) 20 8 0.4 IPE 500 IPE 400 5.040
(4) 16 8 0.5 IPE 360 IPE 330 4.804
(5) 10 6 0.6 IPE 330 IPE 300 3.180

According to figures 14 and 15, the horizontal displacements at eaves indicate that when the h/L
ratio is greater than 0.4 (case of the portal frames 4 and 5), the collapse of the portal frames is
developed outwards of the structure. This is confirmed by the positive values of the horizontal
displacements of both eaves. For portal frames (1), (2) and (3), with h/L ratio less or equal than
0.4, the horizontal displacements at eaves are developed towards the outside of the structures
until the time of collapse when a reversal movement towards the inside of the structure is found.
This collapse mode (inward) is considered safe according to the European standards [3].
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Figure 14: Horizontal displacement node b.  Figure 15: Horizontal displacement node d.

4. COMPARISON OF RESULTS WITH THE SIMPLIFIED METHOD R15

For industrial steel buildings such as warehouses, simplified methods are used to verify frames
and purlins for fire stability of 15 minutes [9]. According to these methods, for sections of class 1
and 2, the critical temperature is determined using equation 4 and table 2.

2
. e L

YO = 4w, f )

pl.y'y

Table 2: Reduction factor ky,s for yield strength at elevated temperatures.
0(°C) 20-+400 500 600 700 800 900 1000 1100 1200
ky,o 1 0.78 0.47 0.23 0.11 0.06 0.04 0.02 0

Where grieqis the uniformly distributed load applied to the rafter under fire condition, ky,e is the

reduction factor for the yield strength f,, Wpy plastic modulus and L is the length of the rafter
outside haunches.

Critical time tr of the portal frame can be calculated using equation 3. For the comparison
purpose, the correction factor Ks» obtained from equation 3 is taken equal to 1.

Tables 3, 4 and 5 present the values of time resistance obtained using this study and those
calculated with simplified method R15 [9].

Table 3. Time resistance using different fire scenarios.

Numerical simulation (ANSYS) Simplified method (R15)
Fire Scenarios ter (min) ter (min)
1 16.32
2 19.08
3 20.22 15.95
4 33.63
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Table 4: Time resistance using different haunch lengths.
Haunch length  Numerical simulation (ANSYS) Simplified method (R15)

(m) ter (min) ter (Min)
0 13.81 12.20
1 15.80 13.61
2 16.04 15.14
3 16.05 16.92
4 16.11 23.49

Table 5: Time resistance using different portal frames.
Numerical simulation (ANSYS) Simplified method (R15)

Portal frame

ter (min) ter (min)
(1) 17.85 18.90
2) 23.58 22.33
(3) 16.32 15.95
4) 14.30 14.28
(5) 28.00 28.85

These results indicate that the fire resistance determined by the simplified method R15 are
approximately in agreement with those of the present study when generalized fire (scenario 1) is
considered and haunch length varying up to one-eight of the rafter span. Beyond this length, the
results are overestimated.

5. CONCLUSIONS

This work investigates the behaviour of industrial steel portal frames under standard ISO834 fire
using numerical simulations. The following conclusions can be drawn:

- Fire scenarios can have a great influence on the fire resistance of industrial steel portal
frames. An improvement varying from 16% to 106% is observed with localized fire
scenarios compared to the generalized fire scenario.

- The use of haunches until one-tenth of the span increases the fire resistance of the portal
frame around 16%. Beyond this length, no improvement can be observed.

- The geometrical dimensions of the portal frames have a significant effect on the structural
behaviour of industrial buildings. When column height to span length ratio is greater than
0.4, the collapse of the portal frames tends to happen toward the outside of the structure,
which is considered unsafe according to the actual codes.
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