Accepted Manuscript -
Prevention

in the process industries

Analysis of emergency response actions for preventing fire-induced domino effects
based on an approach of reversed fuzzy Petri-net

Jianfeng Zhou, Genserik Reniers

PII: S0950-4230(16)30476-4
DOI: 10.1016/j.jlp.2017.03.011
Reference: JLPP 3451

To appearin:  Journal of Loss Prevention in the Process Industries

Received Date: 20 December 2016
Revised Date: 11 March 2017
Accepted Date: 13 March 2017

Please cite this article as: Zhou, J., Reniers, G., Analysis of emergency response actions for preventing
fire-induced domino effects based on an approach of reversed fuzzy Petri-net, Journal of Loss
Prevention in the Process Industries (2017), doi: 10.1016/j.jlp.2017.03.011.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.jlp.2017.03.011

Analysis of emergency response actions for preventing fire-induced
domino effects based on an approach of reversed fuzzy Petri-net

Jianfeng Zho@ ", Genserik Renier ¢

a. School of Electromechanical Engineering, Guangddniversity of Technology, Guangzhou 510006,
China

b. Faculty of Technology, Policy and Managemenfetyaand Security Science Group (S3G), TU Delft,
2628 BX Delft, The Netherlands

c. Faculty of Applied Economics, Antwerp Researchoupr on Safety and Security (ARG0SS),
Universiteit Antwerpen, 2000 Antwerp, Belgium

d. CEDON, KULeuven, 1000 Brussels, Belgium

Abstract: In the chemical process industry, large quantiiedifferent flammable substances are
stored in tank farms. Due to potential mutual impaamong the tanks, severe domino accidents
may occur after a tank catches fire. The emergeasgonse to a tank fire may influence the
development of the accident and impact the ocayrohescalating events or so-called domino
effects. In this paper, a fuzzy Petri-net (FPN)dokhreversed reasoning approach is proposed to
analyze emergency response actions impacting dosefiiests. FPN is utilized to deduce the
consequence-antecedent relationship between ateateind the emergency response actions. To
analyze and compare the impacts of the actionsdaonano effect, the backward reasoning is of
special interest and often preferable when theroenoe probability of domino effects is known.
As a tank fire accident in an oil depot usuallytdaf®r a certain period of time, and as it may be
greatly influenced by emergency response actidng faken as an example to illustrate the
proposed approach.
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1. Introduction

In the chemical and process industries, variousitaus chemicals which have flammable,
explosive, toxic or/and corrosive characteristite handled and/or stored. Once an accident
happens where such chemicals are involved, it naag la great impact and lead to huge losses.
Such an accident may result in the failure of othguipment around, and become the cause of
other accidents. The phenomenon where a primaridextc develops into some secondary
accidents is usually called the “domino effect”. domino effect contains the following
characteristics (Reniers & Cozzani, 2013):

(i) An initial accident triggering the domino eftec
(i) Escalation effect under the actions of thegamgation factors;
(iii) One or more secondary accidents.

A true domino effect always causes more significdarhage than the initial accident. After
an accident occurs, we should thus endeavor toeptethe accident from escalating. Safety
management therefore requires risk assessment rafndoeffects. In Europe, the Seveso-lll
Directive requires the European member states desasrisks of domino effects in hazardous
installations (Directive2012/18/EU).
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