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Contents and Goals

◼ Contents
 Fires and fire risk

 Classification of fires

 Fire prevention and protection 

 Standard of reference

◼ Goals
 Learning to assess the risk of fire

 Knowing some antifire plant solutions 

◼ Professional  Figures of reference
 All
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Fires and fire hazards

◼ Fires are uncontrolled combustion phenomena with presence of 

flame or coals (solid) - characterized by:
 Destructive power

 High propagation speed

 Large temperature gradient

◼ Fires can have the following origins:
 Natural/Accidental

◼ spontaneous combustion; 

◼ electrical faults (sparks, arc flash, overload, short circuit, electrostatic 
discharge); 

◼ flames (for example, furnaces, welding operations, etc.); 

◼ chemical processes; 

◼ mechanical phenomena (friction);

◼ thermodynamic phenomena (gas compression)

 Fire arson 
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Fires and fire hazards
◼ A combustion reaction is a chemical reaction of oxidation through 

which heat and often light and flame develop (due to the emission 
of volatile combustion products).

◼ A combustion reaction occurs when there are:
 Fuel

 Oxidizer (Oxigen)

 Ignition (heat)

◼ The most common oxidizer is oxigen, present in the air.

◼ The Materials are classified in 7 categories in relation to combustion 
reactivity
 from “0”, incombustible material

 up to “6”, highly combustible material

FIRE TRIANGLE 
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Fires and fire hazards
◼ The combustible substances have as fundamental

elements carbon C, hydrogen H, oxygen O, sulfur
S.

◼ Solid fuels are characterized by:
 size (mass of fuel)

 compactness (the presence of air in the mass)

 humidity (presence of water in the mass)

In this category the powders are included.

The powders behave as gas mixtures; based on the size of 
the particles and to their concentration and humidity, even a 
reaction of deflagration may occur. 
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Fires and fire hazards
◼ Liquid fuels tend to evaporate, and at this stage the 

combustion occures; the factors that influence the 
combustion are: 
 the temperature of the liquid

 the concentration of the vapor in the air

◼ In the case of gaseous fuels, combustion is influenced by 
the concentration of gas in air:
gases are those substances that are in the gaseous state under 

normal temperature and pressure. In general, since the gases are 
very light, depending on their physical properties, they are kept either 
under pressure at room temperature, or liquefied, in order to be able 
to use little space for considerable storage.
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Fires and fire hazards

◼ In any case it is necessary to reach

temperature of (spontaneous) ignition or

self ignition

which is the lowest temperature that a fuel has to 

reach to ignite spontaneously without more 

caloric intake
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Fires and fire hazards

◼ The flash point or the ignition temperature is the lowest 
temperature at which a liquid emits flammable vapors in 
such quantity that mixed with the air may be ignited in 
the presence of a flame.

◼ Liquid fuels are subdivided into: 
 very flammable liquids (Cat. A) with ignition temperature <21°C

 flammable liquids (Cat. B) with ignition temperature >21°C e 
<65°C

 liquid fuels(Cat. C), divided into fuel oils with ignition
temperature >65°C e <125°C and lubricating oils with ignition
temperature >125°C
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Fires and fire hazards
◼ Concerning Hydrocarbons, the ignition temperature is the lower the 

higher is the molecular weight.

◼ One more important element is the presence of air in certain
proportions:
 if the amount of air is more or less than certain limits, the combustion no 

longer takes place

◼ The lower flammable limit is the concentration of vapors of a 
flammable liquid mixed with air, below which there is no ignition

◼ The upper flammable limit is the concentration of vapors of a 
flammable liquid mixed with air, above which there is no ignition
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Fires and fire hazards
fuel ignition temperature (°C)

gasoline 250

diesel fuel 220

hydrogen 560

pentane 420

wood chips of fir 260

Newsprint 230

cotton sheet 238

matches 163

synthetic rubber 294 – 310

wool blankets 205

wood panels 216 – 230

nitrocellulose 137

nylon 476

rayon 280
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Fires and fire hazards

◼ The fuels are chemical fuel substances 
characterized by a high energy content 
which is generally in a semi-stable form 
in normal room conditions.

◼ The variation of the temperature, in the 
presence of oxidizer, can determine the 
rapid release of energy.
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Fires and fire hazards

◼ The flash point of a substance - usually a fuel - is the 
lowest temperature at which a flammable mixture with 
air can occur:
 at this temperature the vapor ceases to burn when the ignition 

source is removed

◼ At a slightly higher temperature, a point of ignition is 
defined, at which the vapor continues to burn after 
being ignited. However, none of these parameters 
refers to the ignition temperature (spontaneous) of the 
fuel, which is much higher.
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Fires and fire hazards

◼ More definitions are the following: 
 combustion temperature - the maximum temperature that 

can be achieved in the complete combustion of a fuel

 heat of combustion - amount of heat developed by a gram-
atom of solid or liquid substance, or from a gram-molecule of a 
gaseous substance

 calorific power - heat developed by the unit of mass of solid 
or liquid substance, or the unit of volume of a gaseous 
substance

 comburivorous power - theoretical volume of air required for 
the combustion of the unit of mass or of volume of the 
combustible substance
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Fires and fire hazards

◼ The development phases of a fire are:
 ignition, the vapors of flammable substances, solid and liquid, start 

the combustion process

 propagation, low temperature and low quantity of fuel involved

 flash over, sudden rise in temperature and massive increase of the 
material that participates in the combustion

 generalized fire, all the material participates in the combustion

 exhaustion, conclusion of combustion, thanks to the end of the fuel 

 suffocation, conclusion of combustion, thanks to the end of the 
combustion air

 cooling phase, post-closing phase of the fire that involves the cooling 
of the affected area and it is in conjunction with the solidification at 
the ground of the volatile substances which are heavier than the  
combustion residues

Lecture 9                             

Lorenzo Fedele



22/73

Fires and fire hazards
◼During the combustion process, ash and combustion gases develop in 

addition to heat and flames

◼ For the purposes of protection against risks arising from fire is of 

significant importance to know and study the substances that 

evaporate in the environment or in the affected areas during the 

development of combustion:
 carbon dioxide

 carbon monoxide

 hydrogen sulfide

 sulfur dioxide

 hydrogen cyanide

 hydrochloric acid 

 nitrous vapors

 ammonia

 acrolein

 phosgene
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Fires and fire hazards
◼The carbon monoxide is a gas that can be formed in large quantities 

and it is of great danger. This gas can combine itself with the red blood 
cells and can replace the oxygen transported by them, causing their 
death. At each breath, millions of red blood cells die, while the death of 
the organism occurs in 3 or 4 minutes.

◼Carbon dioxide can be formed in large quantities and it is a 
suffucating gas.  It causes an increase of breathing, for which the 
body tends to inhale it together with the other gases in the air. More 
carbon dioxide you inhale, the lowest is the oxygen level in the blood, 
resulting in numbness and loss of consciousness, death occurs by 
suffocation.

◼Hydrogen sulfide is a gas with a characteristic odor of rotten eggs. 
Prolonged inhalation of air containing this gas can cause dizziness and 
vomiting. At high concentrations this gas can attack the nervous 
system causing trouble and then breathing cessation.

Lecture 9                             

Lorenzo Fedele



24/73

Fires and fire hazards

◼ Ammonia is a gas that can be formed by the combustion of nitrogen 
containing materials. It is used in some refrigeration systems and in 
case of escape is a serious risk of poisoning. In high concentrations 
it produces spasm of the glottis and subsequent suffocation.

◼ Hydrochloric acid is a gas that is formed by the combustion of 
materials containing chlorine as the majority of plastics. A 
concentration of 1,500 ppm may be fatal in a few minutes.

◼ Acrylic aldehyde is a gas that is formed for the combustion of 
petroleum-derived materials, fats, oils. Concentrations higher than 
10 ppm can be fatal.
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Fires and fire hazards

◼ Phosgene is a gas that is formed following the combustion of 
materials containing phosphorus. The presence of this gas is to be 
feared especially in confined areas. Extinguishers with carbon 
tetrachloride can cause the formation of this gas, therefore after 
having used them, the environments have to be abandoned .

◼ In general, the combustion products may have effects on living 
beings, on items and on constructions
 Concerning the living beings the lethal action is expressed by the 

toxicity of some compounds, for the lack of oxygen and the action of 
heat

 Concerning the materials and the constructions the main effects are 
due, besides incineration, to corrosion by certain compounds and 
deformation due to heat. 
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Fires and fire hazards

◼ Some characteristics to take into account:
 speed of the combustion reaction, for high speeds there are phenomena 

of explosion
◼ It is not easy to indicate how an explosive reaction differs from a very rapid 

combustion. In general, it can be said that the explosive phenomenon 
manifests itself when the waves of propagation of the front flame are such as 
to induce the oxidation reaction not for transmission of the heat produced by 
the chemical reaction, but for the compression of adjacent particles; the 
explosion proceeds with shock waves, at speeds of up to 3500 m / s

◼ the burst is the mechanical rupture of a container subject to the pressure of a 
fluid, unlike the explosion, which is a chemical reaction

 specific surface area of the substance, if for a given mass we increase 
the surface area of the fuel, the reaction rate will have equivalent effects 
in terms of ease of ignition. 
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Fires and fire hazards

◼A fire provokes effects of different nature:
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Classification of fires

◼Class A: fires of solids, which are called 
dry fires 

 combustion can occur in two forms:
◼burning alive with flames

◼slow combustion without flames, but with the 
formation of glowing embers.

◼ the recommended extinguishing agent is water 

(it acts on the heat) but alternatively we can use 

polyvalent powder extinguishers (they act on 

oxidation reactions)(A-B-C)
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Classification of fires

◼ Class B: fires of solidified hydrocarbons fires or 

flammable liquids, called fat fires

 the use of water jet is contraindicated, as it is better 

to use diffused water jet or spray

 more extinguishing agents are: 

◼ multipurpose powders (A-B-C)

◼ classified powders (B-C)

◼ carbon dioxide (CO2) that "suffocates" the fire

◼ the extinguishing foam (it eliminates the oxidizer); it is the 

best extinguishing agent (it varies depending on the type of 

substances involved)
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Classification of fires

◼ Class C: fires of gaseous fuels
 they are characterized by a high heat at high 

temperature, the flame should not go out but it is 
necessary to reach the upstream valve and close it to 
prevent it from continuing to release highly flammable 
gas in the environment with devastating consequences 
in closed environments (explosion)

 only fractional jet or spray water is recommended to 
cool the tubes or the surrounding gas cylinders 
involved in the fire

 more extinguishing agents are: 
◼multipurpose powders (A-B-C)

◼ classified powders (B-C)

◼ carbon dioxide is the most effective
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Classification of fires

◼ Class D: fires of metals
 It is quite hard to to extinguish them because of their very high 

temperature and they require trained personnel and special 
extinguishing agents

 The extinguishing agents are different depending on the type of 
material involved in the fire:
◼ in the fires involving aluminum and magnesium, the sodium chloride 

powder is used

◼ all the other extinguishing agents are not recommended (including 
water) as they may be some reactions with the consequent release of 
toxic gas or explosion

◼ It was also considered an additional class, the “E” class, 
concerning the fires of installations and electrical 
equipment under voltage (whose specific extinguishing 
agents are constituted by dielectric powders and carbon 
dioxide).
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Fire prevention and protection 

 Risks analysis 

CI = H * d

CI, fire load [kcal/m2]

H, lower heating value [kcal/kg]

d, density (surface or volume) of combustible material 
[kg/m2]
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Fire prevention and protection 

◼ emergency route (or escape route): no obstacles to the flow path that allows people 

who occupy a building or a room to reach a safe place

◼ emergency exit: passage that leads to a safe place

◼ floor exit: exit that allows people not to be further exposed to the direct risk of the 
effects of a fire and that can be seen as follows:

 Exit that directly leads to a safe place

 Exit that leads to a protected route through which the exit that leads to a safe place can be
reached

 Exit that leads to an external scale

◼ safe place: a place where the people can consider themselves safe from the effects of 
a fire

◼ protected route: a route characterized by an adequate protection against the effects of 
a fire which may develop in the remaining part of the building

 It can be constituted by a protected corridor, by a protected scale or by an external scale 
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Fire prevention and protection 
◼Manual opening devices, devices of doors installed along exit routes 

in activities under the control of the firefighters to the aim of obtaining  
the certificate of fire prevention, when the installation of the above 
devices are expected
 devices must be marked CE

 The installation of the devices is foreseen in the following 
cases: 
◼ On the doors of the escape routes if the installation of devices is 

expected, devices shall be installed at least according to UNI EN 
179 or other equivalent standard, in the case that one of the 
following conditions occurs:
 The activity is open to the public and the door is used by less than 10 

people 

 The activity is not open to the public and the door is used by more than 
9 and less than 26 people
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Fire prevention and protection 
The installation of the devices is foreseen in the following cases:  

◼ On the doors of access routes if the installation of devices is expected, 
devices according to UNI EN 1125 or other equivalent standard, shall 
be installed in the case that one of the following conditions occurs:

 The activity is open to the public and the door is used by more than 9 
people 

 The activity is not open to the public and the door is used by more than 25 
people 

 the places with manufacturing and materials involving explosive hazards 
and specific fire hazards with more than 5 workers involvedi
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Fire prevention and protection 

◼Heat and smoke evacuators (EFC)

EFC with 1 wing EFC with 2 wings EFC with slats
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Fire prevention and protection 

◼Fire dampers
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Fire prevention and protection 

◼Fire interlocked doors 

1. Electromagnet restraint with wall 

bracket

2. Electromagnet restraint

3. Single zone controller 
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Fire prevention and protection 

◼ The protection measures mainly deal with:
 Heat

◼ It generates an effort on people who are exposed to, decreasing the 
physical strenght (this is known to the Firefighters while they use the 
breathing apparatus during fires: the length of the cylinders is much 
shorter than that used during the simulations)

◼ on the structures of the buildings, the heat causes, even at low 
temperatures, deformations that generate stress, but with increasing 
temperature the individual bearing elements enter into crisis, with 
the consequent risk of collapse

 for disintegration (crumbling of concrete)

 for reduction of the capacity of resistance of the materials (softening of 
the steel)

◼ the maximum temperature developed in the combustion is not the 
same for all the substances, but it varies greatly and it is between 
1200 ° C of dry wood to 1800 ° C of the oil to 2600 ° C of the  
acetylene
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Fire prevention and protection 

◼ The protection measures mainly deal with:
 Toxic gases

◼ They are the main cause of death in a fire

◼ The burn wounds are generally the consequences of an explosion, 
but in general the victims of the fires are due to the gases developed 
by the combustion

◼ carbon monoxide, hydrochloric acid, nitric acid, phosgene … are very 
frequent 

◼ a non-secondary aspect of their action is the attack of structural 
elements that can determine the crisis even where the heat has not 
caused excessive damages

 for example, the combustion of even widespread (insulation of electrical 
cables) polyvinyl chloride (PVC) gives rise to gas, which attacks the 
structures and the metal tools, up to the steel reinforcement embedded in 
the concrete, making them unusable. 
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Fire prevention and protection 
◼ The protection measures mainly deal with :

 Smog
◼ It causes important dangers for the following reasons:

 dimming of sight

 irritation of the eyes

 disorientation in people escaping from a fire 

◼ the difference with respect to the gas consists in the fact that the smoke 
consists of solid particles, very finely divided, that the flows of air and hot 
gases disperse into the surrounding atmosphere

◼ The danger of smoke mainly lies in hiding the escape routes from view and, 
along with the gas, it is one of the most difficult danger to control as smoke 
grows rapidly from the early stages of the fire

◼ The danger for sight (irritation of the eyes, lachrymation) has not to be
overlooked. This danger does exist outdoor too. Therefore, even for the 
toxic gases, the connected risk has to be taken into account even in the 
construction sites.  
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Fire prevention and protection 

◼ The fire behavior of a material depends on: 
 Fire resistance

◼ the acronym REI refers to the propensity of a wall or a floor 
to resist for a certain interval of time, expressed in minutes, 
ensuring: 

 the bearing capacity (R)

 smoke seal  (E)

 maintaining acceptable temperatures on the face which is 
unexposed to fire (I)

◼ In the case of beams or pillars only the letter R will be 
indicated, since a beam does not separate environments and 
should not limit the passage of fumes or gases, but it is 
required to ensure the requirements of resistance to stress
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Fire prevention and protection 

◼ The fire behavior of a material depends on :
 Fire resistance 

◼ Current standardization assigns
 The value REI 120 to the walls with two heads with plaster, as well as 

the traditional slabs in brick cement

 lower values - which by convention are in Classes 15, 30, 45, 60 and 
90 – can be found in the reinforced concrete elements according to 
the thickness of concrete cover
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Fire prevention and protection 
◼ The fire behavior of a material depends on :

 Reactivity
◼ Italian regulations (Decree of the Ministry of Interior 26/6/1984) regroup 

in class zero the noncombustible substances (stone, plaster, metals) 
and in class 1 the combustible materials that, properly handled, exceed 
in a very good way the standard tests . The upper classes, accordingly, 
will indicate a worse behavior

◼ it is appropriate to specify that the class of reaction to fire is not on the 
product  itself, as it relates to its use and its installation

◼ in environments where  a small trigger may result in a fire - for 
example, theaters or hospitals, where also the fire alarm solely  may 
have serious consequences for the people – it is necessary to install 
coating materials or furniture that, even if subject to small triggers, they 
do not give rise to fire behavior . These materials have to be self-
extinguishing, i.e. for which once removed the trigger , combustion 
stops
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Fire prevention and protection 
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Fire prevention and protection 

◼ The fire behavior of a material depends on: 
 Reactivity 

◼ This classification was created to increase safety in public 
places (a few years before the two tragedies of the cinema 
Statuto in Turin and in the exhibition of antiques in Todi had 
taken place)

◼ It was later extended to other activities (hotels, schools etc.) with 
considerable success.

◼ It should be noted that in places where there are these products 
even arson fires fail to develope easily, and they expire soon 
when the ignition is removed or when it is exhausted
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Fire prevention and protection 
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Fire prevention and protection 

◼ fire detectors
 Temperature

 Smoke 

 Brightness

◼ Portable/mobile fire extinguisher equipment 
 Fire extinguishers 

◼ Powder extinguishers 

◼ Chemical foam extinguishers 

◼ Mechanical foam extinguishers 

◼ CO2 extinguishers

◼ fixed extinguisher plants 
 water spray

 water jet 

 CO2 extinguisher plant
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Legal references

◼ The DM 10/3/98 deals with "general criteria of 

fire safety and emergency management in 

the workplaces"

 in implementing the provisions of the former 

Legislative Decree 626/94, the decree sets: 

◼ the criteria for the fire risks assessment in the 

workplaces

◼ fire prevention and protection measures to be adopted 
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◼ DM 10/3/98
 in the risk assessment report the employer shall 

assess the level of risk of fire in the workplace 
and, where appropriate, of individual parts of the 
same place, by classifying this level in one of the 
following categories, in accordance with the 
criteria of the “Annex I”:
◼ High risk

◼ Medium risk 

◼ Low risk 

Legal references
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Legal references
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Legal references
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Sicurezza degli Impianti Industriali 53/73

Legal references
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Legal references
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Legal references
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Legal references
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◼ DM 10/3/98
 maintenance interventions and controls on the plants and on fire 

protection equipment are carried out in compliance with the laws 
and standards of good practice in force

 Further to the outcome of the fire risks assessment , the employer 
shall take the necessary organizational and management 
measures to be implemented in the event of fire. These measures 
have to be included in an emergency plan drawn up in 
accordance with the criteria set out in Annex VIII

 In the workplaces where there are less than 10 employees, the 
employer is not required to prepare the emergency plan, anyhow, 
it is necessary to adopt and implement all the necessary 
organizational and management measures in case of fire

Legal references
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Legal references
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Legal references
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Legal references
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Legal references
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◼ DM 10/3/98
 Further to the outcome of the fire risks assessment  and on the 

basis of the emergency plan, if it is foreseen, the employer 
designates one or more workers responsible for fire prevention, 
fire fighting and emergency management

 employers provide training of workers involved in fire prevention, 
fire fighting and emergency management as foreseen in Annex IX

 All the workers designated to operate in the workplaces where the 
activities are carried out in Annex X ("dangerous" places and 
Seveso Directive), have to obtain the certificate of technical 
idoneity (Law 609/96)

Legal references
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◼ DPR 151/2011 (former DPR 37/98) governs the procedures for 
reviewing safety conditions for fire prevention which is attributed, in 
accordance with current law, to the jurisdiction of the provincial 
command of the firefighters, for the relative phases
 To the review of the projects

 To the investigations in site 

 To the exercise of the activities under control 

 To the approval of the exceptions to the rules of compliance

◼ All the activities subject to inspections and monitoring of fire prevention 
in Annexes I and II of DPR 151/2011 are included.

◼ The formalities required for  the major hazard industrial activities subject 
to the discipline of the notification are excluded from the scope of the 
regulation. 
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◼ DPR 151/2011

 All the activities subject to fire prevention are divided into three 
categories, A, B, C, based on the assumptions of simplicity of the 
structure

◼ Category A: the firefighters do not assess the projects in advance 

◼ categories B and C: The organizations and the individuals responsible for the 

activities, are required to apply to the firefighter command not only  for the 

assess of the projects for new installations or buildings but also the projects 

which amend the existing ones, entailing an increase of pre-existing conditions 

of fire safety. 

◼ Then, we can begin the activity by presenting to the firefighter command the 

certified reporting of activity beginning
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◼ DPR 151/2011

 All the activities subject to fire prevention are divided into three 
categories, A, B, C, based on the assumptions of simplicity of the 
structure.

◼ Categories A and B, the firefighter command, within 60 days, makes the 

necessary controls. The controls are arranged by sampling basis or on the 

basis of sectoral programs, by type of activities, or in situations of potential, 

reported or detected danger. 

◼ The firefighter command, upon the request of the person interested, in case of 

success, issues a copy of the minutes of the technical visit, and no longer the 

Certificate.

◼ Category C, the firefighter command, within 60 days, makes the necessary 

controls. Within 15 days from the technical inspections, in case of success, 

issues the fire prevention certificate.
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◼ DPR 151/2011

 All the activities subject to fire prevention are divided into three 
categories, A, B, C, based on the assumptions of simplicity of the 
structure.

◼ The organizations and the individuals responsible for the activities, with 

reference to Annex 1, categories B and C, may ask to the firefighter command 

the preliminary examination of the feasibility of the projects of particular 

complexity, in view of the delivering of the authorization of feasibility. 

◼ The organizations and the individuals responsible for the activities, with 

reference to Annex 1 may ask to the firefighter command the technical 

inspections which have to be performed during the realization of the activity.
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◼ DPR 151/2011
 All the activities subject to fire prevention are divided into three 

categories, A, B, C, based on the assumptions of simplicity of the 
structure.

◼ The request of periodic renewal of fire compliance that, each five years, the 
holder of the activities listed in Annex I is required to send to the firefighter 
command, is made through a statement certifying that no changes have occurred 
to the previous conditions.

◼ The organizations and the individuals responsible for the activities, with reference 
to Annex 1, have to maintain the systems, the devices, the equipment and all the 
adopted safety measures efficient. They also have to make control inspections
and maintenance interventions in accordance with the established period of toime
indicated by the firefighter command in the prevention certificate or when issuing 
the receipt following the submission of the SCIA

◼ Controls, inspections and maintenance interventions have to be recorded in a 
register by responsible persons.

◼ This register must be kept updated and made available for the purpose of the 
controls pertaining to the firefighter command.
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◼ L 818/84

 For approval of a project or issuance of the fire prevention 
certificate, the provincial firefighter command may require 
certificates issued by institutions, laboratories or professionals who 
have been authorized and registered in special lists of the 
Ministry of the Interior

 The provisional authorization - lasting no more than three years -
issued by an engineer registered in the list of the Ministry of the 
Interior no longer exists (Decree 29 December 2005).
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