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ABSTRACT

Given the rapid fire development in modern resiidgébuildings, there is discussion on the
extent to which someone can be rescued by théffigade. To gain insight into the probability of
rescue, the Fire Service Academy and the Netheslgird Service gathered information about
nonfatal residential building fires with an asséntescue. The findings of this exploratory study ar
compared to the findings of a long-term study k& Fire Service Academy on fatal residential
building fires, in order to analyse the differenbesween fatal and nonfatal casualties. The
comparison shows that there is a reasonable pilapabirescue victims out of a room of fire origin
Also an important finding is that fatality in resiatial buildings fires is strongly related to human
features in terms of a reduced mobility and a redumwareness of mobile persons. The probability to
survive a fire rescue, on the other hand, is styoregated to building features, since they more
frequently take place in apartment buildings andtab the victims need to be rescued because of a
blocked escape route. These, and other findinganare extensively presented in this paper.

INTRODUCTION

Recent researchdemonstrate that the fire development in residemtiildings has become
faster over time, because of influential changesnodern residential buildings, such as increased
synthetic fuel loads and changing construction nete(i.e. insulation). This change in fire dynami
has impact on firefighter response times and ojperattime frames. These findings fuel the current
discussion in the Netherlands on the extent to lwkameone can be rescued by the fire brigadeidn th
discussion, first of all, the definition of rescplays an important role. For example, it is claintiea
people are rarely rescued out of a room on fire flile brigades, on the other hand, claim that [geop
are indeed being rescued alive out of a room @n Kitoreover, results from experimental fire reslearc
on fire development in homes and the survivabdityictims, conducted in 2014 by the Fire Service
Academy? 3 shows that the duration of survivability is ghgdahfluenced by the conditions in the
residential building (such as doors that are opeareclosed, the degree of smoke development, the
value of fire load), and that it can be much lorntan just a few minutes. Furthermore, it is covalele
that there are also people rescued from residdntilding fires who are not in a room on fire, altigh
they are certainly in an unsafe situation. Foréhgsople the toxic gases, including carbon monogxide
which will be released during combustion, are tteatest danger. The smoke spreads faster andrfurthe
through the house than flames do, and thus thedingvaa of smoke is larger than the actual fira.are
Consequently people in the near surrounding ofitbearea may become intoxicated by the smoke or
become disorientated and therefore cannot escgpeoaa. If these persons cannot be rescued from this
dangerous situation, the probability of death ghhi



To gain insight into the number, nature and cirdamses in residential building fires with peoplside
two types of incident investigations are condudigdhe Fire Service Academy and the Netherlands
Fire Service. The first investigation focusses atalfresidential building fires and is conducteahir
January 2008 to present. In this study a fatatiesdial building fire is defined as a fire involgimivil
fatalities due to fire, which took place in a buniiglwith a residential function or another 'housielgted’
object and is not caused intentionally.

The second investigation focusses on nonfatal easia building fires where people were rescued by
the fire brigade. A fire rescue is defined as aacemation by the fire brigade of a person who caromot
does not want to, escape independently, and whtreiperson would end up in a worse condition if
the fire brigade does not intervene. This worsalitimm can for example be caused by fire (heatpkeanm

or (threat of) jumping. The criterion for a worgendition is that the situation (fire or the consegces

of fire, such as smoke) must be life threatenintp¢ovictim. The study on nonfatal residential Qg

fire rescues is an explorative study and is coretlrtom January 2014 to present.

The results of both studiés ®of incidents in 2014 and 2015 are presented sghper.

METHODOLOGY
Study on fatal residential building fires

The main goal of the study on fatal residentialding fires is to obtain a representative view o t
critical factors in fatal fires in order to idemtipossible policy improvements for reducing the bem

of fatalities in residential building fires. To aete this objective, the causes, circumstances and
development of the fatal fires are investigateduatiy. The incidents are mainly collected based on
news items on the Internet and on messages onl speia. In addition fire investigators of the
Netherlands Fire Service are asked to alert thee $@rvice Academy when a fatal residential building
fire took place in their region. The criteria telinde a fatal residential building fire in the spuate the
following:

e The fatal fire took place in the period from Janyuar 2014 to December 31, 2015 in the
Netherlands;

* The fatality is a direct result of an unintentiorime. Deliberately caused fires with fatal
outcome, such as fires caused by arson by sanelisachurder or suicide, are excluded from
the study. Also fatalities caused by a naturaltdeaith no connection to the fire are excluded,;

e The victim is a resident or visitor of a residehfienction or another housing related object that
is hit by (the effects of) fire. This means thagrinmust be question of more or less permanent
residence and familiarity of the victim with thev@onment. Fatal fires in nursing homes are
therefore included in the study, but fatal fires(fior example) hospitals are excluded. Fatal
house fires in mobile homes and barns (if belongpng residential property) are also included
in the study.

If the incident meets the research criteria theesponding fire investigator and/or fire commander
asked to fill in a digital questionnaire. In theegtionnaire information is inquired about general
characteristics, such as the time of the fire dwa region in which it took place, about building
characteristics, such as the type of residentidding and the presence and operation of smoke
detectors, about fire characteristics, such agdiuse of the fire and the extent of smoke spreadl, a
about human characteristics, such as gender aadte{tawareness and mobility.

Study on nonfatal residential building firerescues

The main goal of the explorative study on nonfegaidential building fire rescues is to obtain @i
in the extent and circumstances of rescues dotiieebgrigades. Up to now there is no clear pictifire
victims of residential building fires, in particuldhose in a room on fire, can be rescued at atiywkng
that residential building fires can develop rapidhd it takes time for the fire brigades to ar@tehe



fire scene. The methodology of the study is balgitiaé same as of the study on fatal residentiddiing
fires. It differences in the design of the questaire, as it is less extensive than in the studfated
fires, and in the criteria to include the incidenthe study. The criteria to include residentiailding
fire rescues in the study are the following:
e The rescue took place in the period from JanuargQil4 to December 31, 2015 in the
Netherlands;
e ltis arescue in a nonfatal fire from a buildinghna residential function or another housing
related object;
* The situation is life threatening to the victim hase of (effects of) fire or subsequent actions
of the victim. The fire does not necessarily haveaige at the residence of the victim;
e The rescue was carried out by the fire brigade.
Items that are analysed are, amongst others,rtieeddurse of the firefighting actions and the rescu
the degree of fire and smoke development at the tifthe rescue in comparison to the conditions in
the final situation of the fire, the location okthescued person, and the reason for the needafady
the fire brigade.

RESULTS

Response and number of incidents and victims

The response rate in the study on fatal residebti#gdling fires in both years is 100%. In the stuhy
nonfatal residential building fire rescues the e rate is 87% in both years. Table 1 summattiees

number of incidents and victims that are analysetié two studies.

Table 1. Number of incidents and victims in anaysi

Fatal fires Nonfatal firerescues
Incidents Fatal victims Incidents| Rescued victims
2014 30 30 76 186
2015 27 31 76 157
Total 57 61 152 343

Firecharacteristicsin general

The fatal fires occurred predominantly in the maentih January (11%), February (21%), September
(11%) and November (14%). The incidents with naiffite rescues mainly took place in the months
of January (13%), April (13%) and May (11%).

Most of the fatal fires occur around the weekemdsnely on Fridays (19%), Saturdays (21%) and
Mondays (19%). The same is the case for incidentls monfatal fire rescues, as they occurred
predominantly on Thursdays (16%), Fridays (19%) @&uddays (17%).

The largest amount of fatal fires are reportedhéoaiarm receive centre between 19:00 and 01:0&hou
(32%) and between 07:00 and 13:00 hours (28%).iAdidents with nonfatal fire rescues are mainly
reported between 01:00 and 07:00 hours (32%) amngdeka 19:00 and 01:00 hours (20%). This
indicates that the possibility of being hit by #afdire or nonfatal fire rescue is greater at smehen
people are commonly sleeping. In the study on fatd additional information about the circumstasic

of the victims is asked. The data confirms thahattime of the fire, many people were asleep, l\ame
a little more than half of the victims (n=32; 53%}e other half was awake, though most of them had
a reduced mobility or were immobile (n=19; 31%).



Attendancetimefor thefirst fire engine

The average attendance time for the first fire magvas for the fatal fires 7.1 minutes (sd=2.6) fand
the nonfatal fire rescues 6.1 minutes (sd=2.0)h lm@sed on attendance times that are rounded on
minutes. In both types of residential building $irthe maximum attendance time was between 13 and
14 minutes. In the fatal fires the first fire engiarrived in 19% of the cases within 5 minutes iand
66% of the cases within 8 minutes. In the nonfitalrescues the first fire engine arrived in 350the
cases within 5 minutes and in 88% of the casesma&iminutesThis might suggest that the firefighters
attend at a later time in the fatal fires tharhi@ honfatal fire rescues. Though, for the probigtilf the
survival of fire not only the attendance time isiofportance, but rather the combination of the
attendance time and the time prior to the repottiefire to the fire department. This means thsight

in the time between the start and detection, armddmn detection and reporting, is probably more
important than the attendance time.

Additional information is asked about the time efth, the time of the start of the fire and theetih
detection of the fire is only asked in the fataé fstudy. About half of the victims (n=28; 46%) had
already passed away before the fire was noticeesd lictims could not be rescued by the firefighter
at all, regardless of a short report and attendéinee The two major problems for these victims is
possibly a reduced mobility (n=9; 32% of 28) anel tlelay in the detection of fire because of thesta
of awareness of the victims as about three-quaofeitse other victims (n=14; 74% of 19) were asleep
during the fire. For these victims a smoke detest@ms an appropriate measure to shorten theidatect
time and to prevent casualties. Nevertheless darstiady on fatal fires it is found that in a quadgall
cases (n=15; 25% smoke detector was present and operational.iJkiso true for a quarter (n=7;
25% of 28) of the victims whbad already passed away before the fire was nofided indicates that

a smoke detector cannot prevent fatality in alesa®ossibly it is the location of the smoke detect
usually installed in the hallway and/or landingattmade it ineffectivé, as most victims were in the
room of fire origin.

A few victims (n=9; 15%) deceased in the periografhe report and before the arrival of firefiglster
The maximum attendance time was 14 minutes, thougtvo-thirds of the cases (n=6) the first fire
engine arrived within 8 minutes. In these casesféltalities are possibly due to the relative late
notification of the fire, however it cannot be exatd that they could be rescued if the firefighterare
even faster.

The other victims (n=18; 30%) deceased after theaiof the first fire engine. In some cases (nthid
fire started more than 30 minutes before the repaaiking a fast report and a relative skaténdance
time irrelevant. In four cases the fire was repbxtery quickly, namely within 5 minutes after iaged,
and in one case even within 1 minute. In all obtheases the first fire engine also arrived veigidy

as it arrived within 8 minutes. Other circumstanoesle that the victims did not survive. The mergtn
circumstances are a reduced mobility, the victiohsthes that caught fire and dense smoke.

Type of residential building

The nonfatal fires in residential buildings withscees have occurred mostly in apartment buildings
(69%) and predominantly in portico flats (41%), bigo a considerable part occurred in single-family
houses (28%), especially in row houses (18%).

The fatal fires are more evenly distributed on apant buildings (47%) and single-family houses
(44%). The fatal fires in apartment buildings oceoainly in buildings with apartments that are
connected to a hallway (21%) and in nursing homesoior housing (18%), instead of in portico flats
The fatal fires in single-family houses take predwntly place in row houses (32%), just as it is th
case with nonfatal fire rescues.

The distribution of fatal fires and nonfatal fiescues among the various types of residential inggd
shows that the type of dwelling is irrelevant aswtha half of the incidents took place in apartment
buildings and the other half in single-family hosisEurther on in the paper it will be discussed kiya



fatal residential building fires the human factarg predominantly relevant for the fatalities. For
nonfatal fire rescues, on the other hand, the dfpesidential building is very relevant, as eight of

ten victims needed to be rescued from an apartimelaing. In this type of residential buildings seal
apartments are connected to the same hallwayiowvstia \When the occupant of the burning apartment
leaves the door open, the only escape route frenotitier apartments, namely the hallway or stairway
connected to the burning apartment that is alsmected to their apartments, will quickly fill with
smoke. Consequently the neighbours will be trapipyeithe fire and smoke, and need to be rescued when
dense smoke blocks their only way out. This alguaxs why comparatively many victims (80%) in
apartment buildings need to be rescued in cageeof f

Table 2 presents the distribution of fatal firesl aronfatal fire rescues among the various types of
residential buildings.

Table 2. Type of residential buildings

Fatal fires Nonfatal firerescues

Incidents Victims Incidents Victims
Apartment 47% 49% 69% 80%
Portico flat 7% 7% 41% 56%
Apartment building 21% 25% 13% 10%
Apartment above company or store 0% 0% 6% 8%
Nursing home/senior housing 18% 16% 3% 3%
Single-family house 44% 43% 28% 19%
Row house 32% 30% 18% 12%
Semi-detached house 4% 3% 3% 2%
Detached house 9% 10% 5% 3%
Holiday cottage 5% 5% 1% 0%
Other 4% 3% 2% 1%
Unknown 0% 0% 1% 0%
Total 100% 100% 100% 100%

All the victims of the fatal fires (n=61) were,the time that they were found or initially rescuegjde

the residential building. This is also true for abtwo-thirds of the nonfatal fire rescue victinms216;
63%). The other third of the victims is rescuedhfra balcony, roof or roof terrace. This means that
about one in five of all analysed residential fiveith persons still in the building at the time tbe
arrival of the fire brigade has a fatal outcomect8imcidents have a significant impact on the fiijleters
concernedOnly thefatal and nonfatal caseswith victimsinsidetheresidential building arefurther

analysed hereafter.

L ocation of thevictims

Most victims of fatal residential buildinfiyes are in the room of fire origin (n=36; 59%)ngpared to a
small part of the nonfatal fire rescue victims (B=23%). Nevertheless, the absolute numbers dhwict

in the room of fire origin is comparable. This isteworthy as the generally held assumption is that
probability of rescue from a room of fire originmgnimal, while the absolute numbers show thatéade
persons can be rescued alive from the room obfigin and survive the fire.

In both the fatal fires and the nonfatal fire resthe victims are located in the living (n=21; 3466l
n=68; 31%) or in a bedroom (n=14; 23% and n=84; BRelatively more victims of fatal fires are
located in the kitchen (n=8; 13%) compared to tbafatal fire rescue victims (n=5; 2%). On the
contrary, relatively more victims of nonfatal firescues are located in the hallway or landing (n=18

8%) compared to the fatal fire victims (n=2; 3%).



Characteristics of thevictims

The age is known for 90% of the victims of fatadidential buildingfires and for 73% of the nonfatal
fire rescue victims. Relatively more victims ofdhtesidential buildindires are 80 years old or older
(n=21,; 38%) compared to the nonfatal fire rescaéms (n=5; 2%). The victims of nonfatal fire ressu
are more often in the age of 20 to 40 years oldb9n-38%) than the fatal fire victims (n=4; 7%).
Although the absolute numbers are low, they am@ralsre often younger than 20 years old (n=19; 12%
and n=1; 2%). For the other age groups the digtdbus comparable as almost three out of tenmisti

is between 40 and 60 years old (n=16; 29% forifealand n=42; 27% for non-fatalities) and about a
fifth is between 60 and 80 years old (n=13; 24%&balities and n=29; 18% for non-fatalities).

The gender is known for all the victims of fatadidential buildindires and for 74% of the nonfatal fire
rescue victims. In both studies about three-fifthsale (n=36; 59% and n=93; 58%) and two-fifths is
female (n=25; 41% and n=67; 42%).

The degree of mobility is only asked in the studyfatal residential buildingres and is known for
77% of the victims. A third is mobile (n=20; 33%)dahas no other impairments that impede them to
escape without help. Of 18 mobile victims it is wmoif they were in the room of fire origin or neind
most of them were (n=14; 23%), frequently asleegB(1r13%) but sometimes awake (n=6; 10%). Only
few victims were outside the room of fire origineh 7%) and only one was awake, but slept justreefo
and was under the influence of narcotics. Of tisimis who were in the room of fire origin and awake
two were awakened too late, two victims got thé&ites on fire, and of two no further information is
given. Of the victims who are reduced or immobitehave other impairments that impede them to
escape independently (n=27; 44%) about a half w#ssiroom of fire origin (n=15; 25%) and the large
majority of them was awake (n=11; 18%). Also mdsthe impaired victims outside the room of fire
origin was awake (n=8; 13%). This indicates thatlie mobile victims first the location is determnig,

as most of them were in the room of fire originc@wally the state of awareness is of importance for
survival, as most of the victims outside the rodnfire origin were asleep. For the impaired victims
just the fact that they cannot escape by themséhat®nough is the most determining factor, agethe
is no big difference in the number of victims thagre in- or outside the room of fire origin and abh
three-quarter of the impaired victims were awake.

Situation at thetime of arrival of thefire brigade

The location of the fire or flames and the degreéhe smoke spread is known in 93% of the fatal
residential building fires. For the nonfatal fiescues the location of the fire or flames and dgrek

of the smoke spread is known in all cases. In llmehfatal fire incidents and the nonfatal fire resc
incidents the fires are relatively small. In mobtlge incidents it is limited to the room of firgigin
(n=33; 58% and n=83; 71%) or even to the objetit®@brigin (n=9; 16% and n=26; 22%). Nevertheless,
the victims had to be rescued or did not surviesfite. As the figure indicates, it is not strongiyated

to the fire size but it is rather related to thgrée of smoke spread. In most of the incidentsiheke

is spread outside the room of fire origin (n=29%b4and n=75; 64%) or even spread over several floors
or further (n=41; 72% and n=107; 91%). This confirine general view that smoke is more dangerous
for the victim than the flames or heat of fire.

In Figure 1 the situation at the time of the ardriviathe fire brigade is presented.



Figure 1. Situation at the time of arrival of tlre forigade
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Need for rescue

The fatal fires and nonfatal fire rescues withrailsir pattern and a similar combination of featumes
grouped into ‘types of rescues’. The classificatibtypes of rescues is based on the process apesc
After all, the starting point for fire safety isathin case of fire the participants are able taapsc
independently. The process of escape consistedbllowing phases:

1. The detection of the fire;

2. Decision making based on an assessment of theisrua

3. Escaping.
In the various stages of the process the posyitiiescape independently can be obstructed, s@atha
rescue becomes necessary. The obstructions mayphauwecaused by the conditions of the victims, the
fire situation or by the building characteristi¢fie combination of the three phases of the proaeds
the three types of obstruction causes have leldesik types of rescues, which are described ineTab
3. For the distribution of cases on the rescue tygégianal use is made of the flow chart as shown in
Figure 2.
Following the flowchart one can see that there isiemarchy in the reasons for rescue. The most
important reason is an obstructed escape routaybeceven if a person is able to flee, an obsttuct
escape route will prevent that). So, a case catdssified as a type 3 rescue (escape route ikddpc
while the victim is reduced mobile and also seripugured by fire. This is because a blocked escap
route is considered to outweighs the grounds ofrotisons caused by a serious injury or a reduced
mobility. First, to escape independently it is impat that the escape route is available. Wheas it i
blocked, victims are trapped and rescue will be d¢hnéy option to survive. Second, a (mobile)
impairment caused by serious injury weighs heatign an already existing mobile impairment. In case
of a severe injury there is a probability of lo§onsciousness (also a form of serious injury) nehe
after there is usually no possibility to escapecdse of an existing mobile impairment the victiam c
possibly still escape, but it takes more time difaiemaking a rescue necessary.



Table 3. Description of the types of rescues

Type | Description Escape process and cause of obstruction
1 The victim has not yet detected the fire | During the phase of fire detection an
until the moment of rescue. obstruction occurs, for example, because the
victim is sleeping.
2 The victim decides not to escape, while it iBuring the phase of decision-making an
physically possible. obstruction occurs, for example, because the

victim is confused or does not want to leave
the building for another reason.

3 The victim cannot escape (any longer) | During the phase of escaping an obstruction

because of a blocked escape route. occurs that is caused by building
characteristics.

4 The victim cannot escape (any longer) | During the phase of escaping an obstruction
because of serious injury by fire or smoke.occurs that is caused by the fire situation.

5 The victim cannot escape (any longer) | During the phase of escaping an obstruction
because of an already present mobility | occurs that is caused by the conditions of the
impairment. victim.

(6) The victim cannot escape (any longer) | During the phase of escaping an obstruction
because of another reason of obstruction. occurs that is caused by building
characteristics, the fire situation and/or the
conditions of the victim.

In this particular study a type 6 rescue did n@uoc

Figure 2. Flow chart for the distribution of resdypes
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Table 4 shows the distribution on the various typla®scues for the victims of fatal fires and reaaf
fire rescues.



Table 4. Types of rescues

Type Fatal fire victims Nonfatal fire rescue
victims

Number | Percentage Number | Percentage
1. Victim did not notice the fire 24 39% 45 21%
2. Victim decides not to escape 0 0% 25 12%
3. Escape route was blocked 16 26% 127 59%
4. Victim was seriously injured by the fire 11 18% 14 6%
5. Victim could not escape because of 10 16% 5 2%
reduced mobility
Total 61 100% 216 100%

As the table shows, most victims of fatal fires dad notice the fire (n=24; 39%), while most of the
victims of nonfatal fire rescues could not escapealise of a blocked escape route (n=127; 59%). For
the five types of rescues the relevant buildinguiess are analysed, as well as the relevant fide an
human characteristics, and the relevant charattsrisf the firefighting interventions. The featsre
associated with the respective types give indioatior effective measures to prevent situations tha
make a rescue necessary.

Stage of lifethreat of victimsin fatal and nonfatal fire rescues

For the degree of threat to life of the victims tbkowing three situations are distinguished.

* In arescue with immediate threat to life the wicis rescued from the room of fire origin, or an
area (inside or outside the building) where thergéense smoke.

* In a rescue with a milder form of acute threatif® the victim is rescued from another area
from the fire area (inside or outside the buildimdjere there are no flames and where there is
no or light smoke nearby the victim. Nevertheldssd is a situation of acute threat to the life
of the victim, but for other reasons. One examgpla situation of fast fire and/or smoke spread
and the smoke pours from the stairwell of the porflat into the apartment, leaving the only
option for the victim to escape to the balcony et for a rescue or to consider to jump.

* In an evacuation as a precaution the victim isueddrom an environment where there is
(barely) no or light smoke, but without intervemisathe victim cannot escape safely. This is the
case if, for example, the stairwell of the portilzd (the only escape route) is filled with smoke
and the smoke not yet pours into the apartmeihteofictim, so the victim has not yet discovered
the fire.

The different stages of life threat are applicablboth the fatal fires as the nonfatal fire rescuie fatal
fires there is also a fourth situation whereinvtotim already has deceased before the arrivdiefite
brigade.

Among nonfatal fatal rescues about two-fifths @& thctims (n=94; 44%) is rescued from direct threat
to life: about three out of ten of these victimsdscued from the room of fire origin (n=28; 13%atif
nonfatal fire rescues from inside) and the othetiwis are rescued from another room where there is
heavy smoke (n=66; 31% of all nonfatal fire resdoes inside). Half of the victims (n=107; 50%) has
been rescued from a milder form of acute threag. dther victims (n=15; 7%) have been evacuated as
a precaution because they are trapped by the fiddoa smoke and therefore could not escape
independently (but there is no immediate thredifep

In the fatal fires most of the victims (n=37; 61%gre already deceased when the fire brigade arrived
and as a consequence rescue was impossible. @fiogisns, two thirds (n=25; 41% of all fatalities)
were found in the room of fire origin. About fountaof ten victims of fatal fires (n=24; 39%) wered
situation of immediate life threat. Initially théyave been rescued, but later they are deceasedHedm
injuries. Of these victims, about a half (n=11; 18%all fatalities) is rescued from the room ofefir



origin. In total, six out of ten victims of fatakés are present in the room of fire origin at tinge the
fire brigade tries to rescue the victim. This ie ttase for 8% of the rescued victims of nonfatalsfi
Figure 3 presents the distribution of rescue tyygestage of life threat for the fatal fires anel tlonfatal
fire rescues.

Figure 3. Distribution of rescue types per stagifethreat
(labels only visible i 3%)
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Almost half of the victims who did not notice theefwas already deceased before the first firerengi
arrived, or even before the fire was reported &ofite brigade. This indicates that if the victimed

not notice the fire, the probability of survivalligited. Conversely, it confirms that an earlyetgton

of fire increases the probability of survival. Alsscues as a consequence of an obstructed escape
caused by a reduced mobility are closely relatezhtes were the victim was already deceased on the
arrival of the first fire engine, namely in abolitge-quarters of all rescues because of a reduced
mobility. This is also true for rescues with viciiwho were seriously injured by the fire, howeweat
lesser extent since it is related to only about dfahll rescues because of serious injuries. Besa
wherein the escape route was blocked (type 3)rbigapility of being rescued and to survive the fire
is better than cases with other determining ob8tms of an independent escape, such as an delayed
detection (type 1) or a reduced mobility (type 5).

M ethod of rescue

In the study on nonfatal fire rescues informat®gathered about the method in which the victim&ha
been rescued. In the situations of immediate hfedt most of the victims are dragged out by the
firefighters (n=40; 19%). Others are rescued bymaed a ladder truck / rescue vehicle (n=18; 8%), b
supported walking without (n=16; 7%) or with resenask (n=15; 7%), or by means of a hand ladder
(n=5; 2%). The chosen method of supported walkiithout rescue mask sounds not suitable for the
circumstances of dense smoke, however most of thiesms were rescued in a split second and the
time needed for affixing the mask would take toogloWhen little more time is available, for example
in the situations of mild acute life threat, we Hestt the firefighters will take the time to affixe rescue
mask and support the victims while walking thensalé (n=33; 15%). Others in the situation of mild
acute life threat are rescued by means of a lapldek / rescue vehicle (n=28; 13%), by supported
walking without rescue mask (n=22; 10%), by medres lsand ladder (n=15; 7%), or they are dragged
out by the firefighters (n=9; 4%). Only few victimse evacuated as a precaution. Almost half of them
are rescued by means of a ladder truck / rescuieleglm=6; 3%) or by supported walking without
rescue mask (n=6; 3%), and some are rescued byngearescue mask (n= 2; 1%) or in another way
(n=1; 0.4%).



Major factors of fatality

In the study on fatal fires information is gatheedmbut the most decisive factor that led to theedse
of the victim. The distribution on the most mengdrmmajor factors of fatality are visualised in Figu
4.

Figure 4. Major factors of fatality for victims fatal fires (n=61)

Unknown 3%
Other 3%

Sudden incapacitation of victim (e.g. heart attadiELZH
Fast fire developmentEEZI2%
Smothered fire [IIEZE2%
Materials or layout of dwelling |INEZE2%
Fire hitting (clothing of) the victim 3%
Severe smoke developmenif 13%

Struck by fire while sleeping IR 8%
Impaired mobility 3%

m Already deceased on arrival = Still alive on arrival

In one out of ten fatal fires the factor of fataiig not known. In a fifth of the cases the reducexbility

of the victim is mentioned as the major factor atfafity (n=13; 21%). Often the victim was already
deceased on the arrival of the first fire engindysequently they could not be rescued. Also a major
factor for many victims is the fact that they weteuck by the fire while they were sleeping (n=10;
16%) or that there was a severe smoke developmeff 15%). The severe smoke development is also
the most mentioned factor for the victims that wsti# alive on the arrival of the first fire engin
namely for a third of all victims that were initliarescued.

LIMITATIONS

The results of both studies should be interpretitd @aution. The fatal fires only include the
victims that deceased from a unintended fire inilmg with a residential function or another 'stng
related' object. The cases wherein there was aprow strongly suspected case of murder or suicide
are not included in the study. In 2014 and 201&tal about twenty-seven victims of fatal dwelling
fires were caused by murder or suicide and wertudgd from the study. That is about a third (31%)
of the victims of intended and unintended fataidestial building fires together.

Also the study on nonfatal fire rescues has somidtions. First of all the data collection is b
news items wherein a rescue by the fire brigadedstioned. Also the data collection of fatal fires
initially based on news items, however, in contadgatal fires not all fire rescues become a ni@rs.
Secondly, the study is an explorative study ancetoee new for the fire service. Therefore thedlecits
with fire rescues are rarely reported to the lostifor Safety. Another limitation is the lower pesse
rate (87%) of the nonfatal fire rescue study coragao the fatal fire study (100%). Also in the retaf

fire study the quality of the response was limitesljn some cases many victims were rescued and not
all data of the victims was gathered. Those caspsesenting at least twenty-three victims in {otere
excluded from the study. Also nonfatal fire rescokesther persons (e.g. inmates or neighboursjta f
residential fires were excluded from the studyrithen to not disrupt the collection of data for gtedy

on fatal residential fires. Consequently the datighteen incidents with at least one hundredeagiaty
victims in total is not collected. To overcome thi®blem of missing data the questionnaires of both
studies are integrated for the incidents with fae and rescued victims as well. To improve theligy



of the response of the study on nonfatal residdiriéerescues some questions are reformulate@lligin

to improve the depth of the hitherto explorativedstand to align it with the study on fatal resitign
fires the questionnaire of the study of nonfatad fescues is extended. Because of these adjustihent
is in the following years possible to compare naata and thereby gain a better understanding of the
difference between fatal residential fires and atalfresidential fire rescues.

CONCLUSION

The analysis of the difference between fatal antfatal casualties in residential building fire
rescues presented in this paper is a first stggiimng a better understanding of the determinaugair
for fatality and survival in case of a residentied. The results show that in absolute numbeatiradly
many victims are rescued from the room of fire iorigh=28), compared to the victims in the room of
fire origin that did not survive the fire (n=36)hi§ indicates that even if residential fires temdévelop
rapidly and for the first fire engine it takes somimutes to attend, there is still a reasonabléaidity
to rescue victims out of a room of fire origin. Hewer, if the fire is not noticed by the victimstbe
victims are reduced mobile or have another impaitniigat impede them to escape without help then
the probability of survival is limited. When an epukendent escape is obstructed by a blocked escape
route, for example, if the shared hallway of anrapeant building is full of dense smoke, there is a
reasonable possibility to rescue the trapped vitifiis finding, and the finding that fire rescuesre
frequently took place in apartment buildings, irdés that the building features are of importance f
the need of rescue in case of a fire. Especiadlyctitumstance of several apartments that are ctethe
to the same hallway or stairwell, that is the amfy out and in case of a fire can quickly be filleith
smoke, makes that many neighbours will be trapgyetdfire and/or smoke and need to be rescued. In
fatal residential fires there are many victims vatfeduced mobility, who could not escape (fastighp
without help. The mobile victims that did not swevithe fire where frequently in the room of firégim
and did not notice the fire (fast enough) as manhem were asleep. Some victims were outside the
room of fire origin, but asleep or under the influe of narcotics and therefore did not notice tree f
(fast enough). This indicates that a reduced mgbdind a reduced awareness of mobile persons
decreases the possibility to survive a fire stron@ii other words, the human features are of great
importance in fatal fires. Since many victims waleady deceased before the first fire engine edlriv
or even before the fire was reported to the firgdate there is need for measures (by policy or &t
to shorten the time of detection and report offifehe finding also reduces the importance of dtiane
times, which are already quite short.
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