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ABSTRACT

	Fire safety engineering is relying more and more on probabilistic risk assessments to understand the individual parameter risks and the combined fault and/or event sequence probabilities to understand the global risk of certain series of events. Contemporary fire statistics of UK and USA are adopted in this research to develop event tree analysis for several property types. It provides a qualitative and quantitative assessment of fire protection in reducing property damage, quantifies the risk associated with particular fire scenarios and predicts the consequences due to the application of different fire safety measures in several property types. The influence of alarms is investigated to evaluate its performances and the impact on occupants as well as the fire brigade notification and attendance. Sprinklers are considered in terms of presence, operation and effectiveness on fire spread and fire and total damage in m2. Buildings stocks of UK and USA is analysed to obtain the total number of buildings at risk and calculate yearly fire frequency defined as fires per building. Response times less than 9 minutes seems to be effective in both UK and USA in reducing damage to properties; ignition to discovery and discovery to call both less than 5 minutes in UK for presence and absence of sprinklers, are also seen to reduce the extent of damage. In UK, fires appear well confined within the floor of origin with no-rapid fire growth and fire damage on average less than 50 m2. In USA, when sprinklers are absent, fires are not limited to the floor of origin with greater fire extents being observed. The analysis is considered as a first attempt to understand the likelihood of fire scenarios in several property types based on real structural fire data.

Keywords: fire statistics, probabilistic risk assessment, event tree analysis, fire frequency, fire response, fire consequences

INTRODUCTION

	Fire safety engineering has always faced the uncertainties related to design variables, fire scenarios and reliability of safety measures such as detector systems and sprinklers. The concept of safety itself is uncertain and there is no such thing as absolute safety 1. Furthermore, the real response of buildings subjected to fire is difficult to predict accurately due to various structural configurations that appear across different property types. It is in this light that industry is moving from prescriptive approaches towards more performance-based designs, which provide alternative solutions based on building performances, respecting the fundamental safety and structural rules 2. Indeed, there are different ways to evaluate fire consequences as with computer models or full-scale experiments 3. However, they are often expensive and time-consuming; they usually only consider a single particular fire scenario (predominantly standardised time-temperature fire curves) and use limited number of possible factors (i.e. assessing only single elements).

Risk, therefore, is usually classified as objective and subjective, respectively given by physical facts or social construction 4. Risk assessments provide evidence-based information and analysis to decide and reduce possible risks due to a particular incident. Quantitative risk assessments are useful to consider different fire scenarios and system failure modes, understand the interaction between events/systems and operators, quantify the uncertainties and provide valuable insights about physical phenomena and human behaviour and facilitate risk treatment and management 5. Risk assessments usually includes risk identification, risk analysis and risk evaluation as described in ISO/IEC 31010:2009 6. Moreover, the general framework for a risk assessment presents the definition of values/objectives, context, risk scenarios, likelihood and consequences, risk presentation and risk evaluation 7. The analysis developed in the paper will follow these steps where possible, to provide a complete analysis of fire risks in different property types.

Statistical analyses consider data collected in building fires and convert them into information useful to predict the likelihood of occurrence and consequences 8. Current UK codes such as BSI PD 7974-7:2003 9 provide methods to investigate probabilistic risk assessments for fire incidents based on fire statistics data from 1966 to 1987 9; updates to these 30 or more year old data are needed. The data present in BSI PD 7974-7:2003 have been recently updated according to USA National Fire Incident Reporting System 10 and UK Incident Recording System 11 fire statistics, for what concerns the frequency of fires, direct financial loss and the influence of the presence or absence of automatic extinguish systems on structural damage according to different property types (e.g. assembly, educational, industrial, storage buildings) 12. From the updated data, it is possible to observe that fire frequency in PD 7974-7 usually overestimates the current trends with values up to 10 times bigger, and the flame damage (excluding damage by heath, smoke and water) is underestimated if compared to the USA fire statistics. In this paper the probability of fire and its damage is expressed in probabilistic terms and estimated by examining past fire incidence data 13. 

Statistical data and engineering judgements are usually adopted to estimate the severity of the outcomes in event tree analysis. This methodology investigates different fire scenarios with several degrees of complexity, enables the assessment of multiple functioning and failing systems and quantifies the benefits of fire precautions based on related cost-benefit analysis 14. The aims are to ensure life safety and limit property damage, quantify hazards and risks, evaluate analytically the optimum safety measures able to limit the consequences due to fire incidents 15 and guarantee continuity to people or business involved in the fire incident. This approach perfectly fits into the idea of estimating and optimizing building fire resilience, defined as the ability to absorb and quickly recover from disruption to normal functionality. 

Event tree analysis is based on the identification of an initiating and undesirable event (fire incident) causing the final outcomes (occupants’ safety and/or structural damage). All the sub-events are placed in branches following a sequential order and ideally need to be independent and mutually exclusive. Event tree analysis is therefore, characterized by a discretization of a finite number of macroscopic events, each of them associated with an intervention aimed to modify the fire development 15. For each branch in the logic tree analysis, a probability is evaluated and probabilities for each sub-event are then combined to obtain the final risk linked to a specific path. Frequency is then obtained multiplying the probability evaluated previously by the frequency associated with that particular event.

In this research, fire incidents are classified according to different property types and the related frequency obtained in terms of fires per buildings per year, where the number of buildings determined by national building stocks. For each property type, an analysis is developed according to different variables and their influence on the final consequences based on UK and USA fire statistics. For safety systems, both alarms and automatic extinguish systems will be investigated regarding their operation and effectiveness respectively on human response and notification and on the reduction of fire spread and associated damage in each property type. Two different event tree analysis have been developed for UK and USA (due to different data available) considering response and damage based on contemporary fire statistics. Moreover, damage is investigated in terms of fire spread and m2 of fire damage and total damage. Response time, defined as the time in minutes of fire brigade from the notification of the incident to the arrival at the scene, has been included to understand its influence in a fire event. Probability given by each scenario is then multiplied by the fire frequency of the analysed property type to evaluate the influence and provide helpful information for possible prevention and mitigation strategies.

The analysis investigates fire statistics data in different property types to understand how different safety protections and response time of occupants and fire brigades affect fire risks and consequences. It provides a qualitative and quantitative assessment of fire protection in reducing property damage, quantifies the risk associated with particular fire scenarios and predicts the consequences due to the application of different fire safety measures in several property types. It will also create a comparison between UK and USA fire statistics and will provides a risk assessment based on data of real buildings subjected to real fires. Further works, will generate cost-benefit and sensitivity analysis to assess the robustness of a decision based on probabilistic risk assessment and will facilitate the creation of continuity and impact plans for specific building type.

UK AND USA FIRE STATISTICS

The event trees developed in this paper consider contemporary UK and USA fire statistics according to response and damage. In UK, the Incident Recording System (IRS) collects information on every incident attended by fire and rescue service in the aftermath of an event. The information are gathered by automatic system and people present at the time of the incident for Other buildings 16 or Dwellings 17. The dataset considered in this analysis is the one for Other Buildings which covers primary fires in buildings other than dwellings in England from 2010/2011 to 2016/2017 16 with 121,558 fires. The total number of fires is divided by 7 years to have a yearly evaluation. The property types covered in this database have been group according to the following general classes: Commercial; Educational; Utilities; Industrial; Leisure and Miscellaneous. 

In USA, the National Fire Incident Reporting System (NFIRS) have similar procedures as the UK statistics in which fire departments fill a form once attended a fire incident. USA statistics is a national collection in which all 50 states, more than 40 metropolitan areas and more than 15,000 fire departments participate every year 10. Property uses are classified in: Assembly; Educational; Health care, detention and correction; Residential; Mercantile and Business, Industrial, utility, defence, agricultural and mining; Manufacturing, processing; Storage and Outside or Special property. In this research, the classes of Industrial, utility, defence, agricultural and mining and Manufacturing, processing have been considered as a unique class named Industrial, manufacturing and the class of Residential neglected, being the paper focused on buildings other than dwellings. The USA fire statistics is divided in different parts and the information in the dataset of ‘basic incidents’ has been merged with the one of ‘fire incidents’ to have a full description of fires according to the specific property type. A total of 113,168 fires of the year 2014/2015 have been investigated and UK and USA statistical populations appear similar. 

[bookmark: _GoBack]In UK and USA statistics, response time is measured in minutes of attendance after the notification of the fire incidents taken by fire brigades to arrive at the scene. In UK, there are also other two fields related to the respond of occupants described by the time in minutes from ignition to discovery and the time from discovery to call. This research has focused the results considering an ignition to discovery and discovery to call below 5 minutes for UK and response time for both UK and USA less than 9 minutes (Table 1). The value of 9 minutes response time has been based on the evaluations of the average response time in 2016/2017 for Other Buildings determined by the Home Office 18 and by previous analysis developed by the authors considering the USA datasets 19.

[bookmark: _Ref6307399]Table 1: Fire response times in UK and USA fire statistics
	Fire response times
	UK
	USA

	Occupants
	Ignition to discovery
	Under 5 minutes
	/

	
	Discovery to call
	Under 5 minutes
	/

	Fire brigades
	Response time
	Under 9 minutes
	Under 9 minutes



For alarms, there are some differences in how they are recorded in the two countries. In UK, there is a unique field in which presence, operation and effectiveness are reported and the answers in which alarms were not present, did not raise the alarm or did not operate have been grouped together to simulate the scenario for no alarms (Table 2). In USA, data for presence, operation and effectiveness are separated and reported in the mentioned order. The three aspects for the alarm presence and performances need to be answered, only if the previous ones are verified as shown in Table 2. For example, if alarms were present and operated, there will be information on alert and occupant response but if alarms failed to operate than there will be no other details about these following specifications. In the case of no alarms, no other values will be provided.

Similar considerations could be applicable to automatic extinguish systems and in UK, the class of no safety systems and sprinklers or other systems which did not did not operate are summed together to simulate the scenario in which there is the absence of safety systems. The presence of sprinklers will be described considering when sprinklers or other safety systems were present, operated and alerted occupants (Table 3). In future works, these aspects will be separated to have similarities with the USA fire statistics datasets. In USA, as already explained for alarms, the classes of automatic extinguish systems present or partially present are considered together and presence, operation and effectiveness reported in the mentioned order. The presence of automatic extinguish systems and operation will provide data on effectiveness but if the fires were too small to activate or sprinklers failed to operate then information on how sprinkler performances were successful is not reported (Table 3).

[bookmark: _Ref6245654]Table 2: Alarms in UK and USA fire statistics
	Alarms

	UK
	USA

	Alarm Present and raised the alarm
	Present
	Operated
	Detector alerted
	Occupants responded

	Alarm Absent
	
	
	
	Occupants failed to respond

	Alarm Present but did not raise alarm
	
	
	Detectors failed to alert or no occupants

	Alarm Present but did not operate
	
	Failed to operate or fire too small to activate

	
	None present



[bookmark: _Ref6248749][bookmark: _Ref6415610]Table 3: Automatic extinguish systems in UK and USA fire statistics
	Automatic extinguish systems

	UK
	USA

	Sprinklers present and raised the alarm
	Present or partial present

	Operated
	Operated and effective

	Sprinklers operated but did not raise alarm
	
	
	Operated and not effective

	Other System present and raised the alarm
	
	Fire too small to activate or Failed to operate, Other

	Other System operated but did not raise alarm
	None present

	No Safety System
	
	
	

	Sprinklers present but did not operate
	
	
	

	Other System present but did not operate
	
	
	



In UK, for the evaluation of damage, fire size on arrival of fire brigades at the fire scene is considered if limited to room of origin. The room of origin, even if not specified in the fire statistics, will be assumed as a compartment. The fire descriptions in UK also specify if there was a rapid fire growth and fire spread is evaluated if limited to the floor of origin allowing a greater spread of fire after the arrival of fire and rescue services (Table 4). Finally, fire and total damage up to 50 m2 investigated where fire damage is defined as the total horizontal area damaged by flame and/or heat (in m2) and total damage as the total horizontal area damaged by flame, heath, smoke and/or water (in m2), both at the stop of the fire 16. In USA, fire spread is considered as limited to the floor of origin and the number of stories damaged by fire is reported. Fire damage is defined as the area (in ft2) actually burned or charred and does not include areas receiving heath, smoke, water or damage 10. Four different classes of fire damaged are specified: Minor damage (0-24%), Significantly (25-49%), Heavy (50-74%) and Extreme (75-100%). Each percentage of damage has been multiplied by the related number of floors and converted in m2 to obtain the total fire damage. Again, a limit of 50 m2 considered to have similarities with the UK statistics (Table 4).

[bookmark: _Ref6314079]Table 4: Damage in UK and USA fire statistics
	Damage
	UK
	USA

	Fire size on arrival
	Limited to room of origin
	/

	Rapid fire growth
	Yes / No
	/

	Fire spread
	Limited to floor of origin
	Confined to floor of origin

	Fire damage
	Up to 50 m2
	Minor (0-24%)

	
	
	Significantly (25-49%)

	
	
	Heavy (50-74%)

	
	
	Extreme (75-100%)

	Total damage
	Up to 50 m2
	/



Fire statistics parameters have been consequently inserted in the event trees to understand likelihood and consequences of several scenarios based on fire incidents of UK and USA. The results will increase the awareness of the influence of failure systems on response time and structural damage, provide an optimization in evacuations measures and time of attendance of fire brigade as well as investigate performances of different safety measures on fire growth and spread.

UK AND USA FIRE FREQUENCIES

Once context and objectives of the analysis have been specified, it is important to evaluate the frequency and the likelihood. Frequency is defined as the number of fires divided by the total number of buildings and it is determined for each property type in UK and USA. Numbers of fires according to specific building occupancies have been obtained respectively in the IRS for UK and in the NFIRS for USA. Since in UK data are collected from 2010/2011 to 2016/2017, the total number of fires is divided by seven to have a yearly estimate while in USA data are already referred to a single year 2014/2015.

Two different building stocks have been investigated for UK and USA. In UK, ‘Non-domestic rating stock: Stock of Property England and Wales’ published by the Valuation Office Agency 20, has been considered to obtain the rateable number of properties to associate with the number of fires in the IRS. In USA, building stock is determined by the US Energy Information Administration 21, which includes the Commercial buildings energy consumption survey (CBECS) 22 and the Manufacturing energy consumption survey (MECS) 23. Both are national surveys that determine the number of non-residential buildings in USA according to different building sizes. 

Fire frequency in UK appears to have a range of values approximately 5 times bigger considering peaks, than the one in USA according to Figure 1. This could be due to the fact that only the USA fire statistics in which the property types are specified has been used. In UK, the highest values are reached for Miscellaneous (0.058%) and Utilities (0.028%) while the lowest in Commercial (0.006%) as shown in Figure 1(a). The classes of Educational and Industrial buildings could be found in both countries with values respectively of 0.016-0.002% and 0.006-0.007% correspondently in UK and USA. While Educational in UK has a higher percentage than in USA, in Industrial the values in the two countries appear comparable. In USA, Storage and Outside or Special Property assume a similar value of 0.010% which represents also the highest frequency, followed by Industrial (0.007%) and Assembly (0.004%) (Figure 1(b)). It is important to specify that the frequency for each property type describes how often the related event tree will occur.

	(a)
	(b)

	A. Commercial; B. Educational; C. Utilities; D. Industrial; E. Leisure; F. Miscellaneous
	A. Assembly; B. Educational; C. Health care, detention and correction; D. Mercantile, Business; E. Industrial; F. Storage; G. Outside or Special property


[bookmark: _Ref6321858]Figure 1: Frequency in a) UK and b) USA

The frequencies evaluated in this analysis will multiply the probability obtained in each path of the event tree to understand the influence that a fire scenario has in relation to the fire frequency per building per year of different property types. 

EVENT TREE ANALYSIS FOR RESPONSE

Event trees have been developed for each property type in UK and USA to understand the detector performances and the response of occupants and fire brigades to fire incidents. The analysis for each country has been evaluated separately to consider differences in data collection and fire safety fields reported by the two fire statistics. The values adopted for the response, ignition to discovery and discovery to call times in UK and USA are specified in Table 1 and how alarm fields are applied described in Table 2. Probability for each path calculated in the event trees, will be multiplied by the frequency related to the specific property type analysed. 

UK response

The event tree related to the fire response in UK is evaluated considering the present and absent of alarms as specified in Table 2. The paths analysed present three different phases: the first one in which it is verified if the ignition to discovery time is under five minutes, the second one in which the discovery to call is checked if under five minutes and the third phase where a response time less than 9 minutes is considered. There are 8 total scenarios and once these are repeated for the two conditions of presence (called alarms ‘a’) and absence of alarms (named as no alarms ‘na’), 16 total response scenarios are obtained as described in Table 5. 

[bookmark: _Ref6388849]Table 5: Event tree for response in UK
	Ignition to discovery 
[5 mins]
	Discovery to call
[5 mins]
	Response time
[9 mins]
	Scenarios

	Ignition to discovery <
	Discovery to call <
	Response time <
	1

	
	
	Response time >
	2

	
	Discovery to call >
	Response time <
	3

	
	
	Response time >
	4

	Ignition to discovery >
	Discovery to call <
	Response time <
	5

	
	
	Response time >
	6

	
	Discovery to call >
	Response time <
	7

	
	
	Response time >
	8

	Alarms present = a; No alarms = na



When presence and absence of alarms are compared, scenarios 1 and 2 assume the highest percentages where the ignition to discovery and discovery to call are both under 5 minutes and the response time is less than or more than 9 minutes for Scenario 1 and Scenario 2, respectively. The related percentages when alarms are present, could vary in Scenario 1a between 0.11% in Commercial and Utilities and approximately 0.30% in Educational and Miscellaneous while in Scenario 2a the highest value is reached in Industrial with 0.12%. When no alarms are present, Scenario 1na assumes values between approximately 0.16% in Educational, Industrial and Miscellaneous and 0.25% in Commercial and Utilities while in Scenario 2na between 0.06% in Educational and 0.17% in Utilities. Scenario 5na and 6na present particular relevance in fires with no alarms and they are described as ignition to discovery greater than 5 minutes, discovery to call less than 5 minutes and the response time is less than or greater than 9 minutes for Scenario 5na and Scenario 6na, respectively. In particular, values vary in Scenario 5na between 0.12% in Miscellaneous and 0.28% in Commercial and in Scenario 6na between 0.05% in Educational and 0.12% in Commercial, Utilities and Miscellaneous (Figure 2).

	


[bookmark: _Ref6390373]Figure 2: Probability in response scenarios in UK

In Figure 3, frequency is calculated multiplying the probabilities by the related frequency expressed in Figure 1. Figure 3 shows that the highest frequencies are reached in Educational 0.0047-0.0015% and Utilities 0.0031-0.0018% respectively in Scenarios 1a and 2a. When alarms are absent, frequencies assume the greatest influence in scenario 1na, 2na, 5na and 6na.  The class of Utilities has the highest peaks approximately of 0.0073-0.0048-0.0051% followed by Educational 0.0024-0.0009-0.0021% respectively in scenario 1na, 2na and 5na. In Figure 3, Miscellaneous property is not reported because it presents the highest values of 0.0168-0.0056-0.0086-0.0050% respectively in 1a, 2a, 1na and 2na.

	No Miscellaneous property


[bookmark: _Ref6392541]Figure 3: Frequency in response scenarios in UK

As evaluated in Figure 2 and Figure 3, probabilities in different occupancy types assume values 10 times bigger than the related frequencies where the immediate response of occupants and fire brigade is very efficient in the first minutes after the ignition of the fire. Response time is well confined within 9 minutes and general considerations could be deduced for both presence and absence of alarms with small differences in values except for scenario 5 and 6. 

USA response 

The event tree for response in USA, present non-symmetric paths for presence (called detectors ‘d’) and absence of detectors (named as no detectors ‘nd’). This is due to how the data are collected in the NFIRS and, when detectors are present, there are other fields related to operation, effectiveness and occupant response. These mentioned aspects are empty when detectors are absent. The total number of scenarios is less than the one in UK and equals to 10 with 8 scenarios for detectors and 2 for absence of detectors as shown in Table 6.

[bookmark: _Ref6394558]Table 6: Event tree for response in USA
	Detectors
	Operation
	Effectiveness
	Response time 
[9 mins]
	Scenarios

	Present
	Operated
	Alerted occupants
	Occupants responded
	Response time <
	1d

	
	
	
	
	Response time >
	2d

	
	
	
	Occupants failed to respond
	Response time <
	3d

	
	
	
	
	Response time >
	4d

	
	
	Failed to alert occupants or no occupants
	Response time <
	5d

	
	
	
	Response time >
	6d

	
	Failed to operate or fire too small to activate
	Response time <
	7d

	
	
	Response time >
	8d

	Absent
	Response time <
	9nd

	
	Response time >
	10nd

	Detectors present = d; No detectors = nd



In Figure 4, it is clear that when detectors are present the most likely scenarios are the 1d, 7d and 5d in this order. In Scenario 1d, detectors operated, alerted occupants, occupants responded and the response time is less than 9 minutes; in 7d, detectors failed to operate but response time is less than 9 minutes and in 5d, detectors operated, failed to alert occupants and response time is less than 9 minutes. In Scenario 1d, probabilities vary from 0.18% in Mercantile, Business to 0.54% in Health care, detention and correction. In Scenario 7d, values assume percentages between 0.08% in Industrial, manufacturing and approximately 0.20% in Assembly and Health care, detention and correction. In both scenarios, values for Storage and Outside or Special property are neglected having approximately null values. Even if detectors are not present, response time seems to be less than 9 minutes for the majority of cases as shown by Scenario 9nd with values from 0.13% in Health care, detention and correction to 0.68% in Storage. Finally, in Scenario 10nd the highest values are reached in Industrial, manufacturing, Storage and Outside or special property (0.18-0.28-0.26%) while the other properties have less than 0.06%. In 4d, probabilities are less than 0,02% for the occupancy types analysed.

	


[bookmark: _Ref6395388][bookmark: _Ref6395381]Figure 4: Probability in response scenarios in USA

When frequencies are evaluated by multiplying the probabilities in Figure 4 by the building frequencies in Figure 1, the most relevant scenarios are the same found for the probability in Figure 4. The difference is given by values that for frequencies are approximately 10 times smaller than the ones for probabilities. In the case when detectors are present, values are always less than 0.0020%. In Scenario 9nd and 10nd, the highest values are given in Industrial, manufacturing (0.0028-0.0013%) and in Storage and Outside or special property (approximately 0.0070-0.0030%). In Scenario 9nd, Assembly assumes 0.0016% and the other properties are less than 0.0010% while in Scenario 10nd the other occupancies are approximately null (Figure 5). 

	


[bookmark: _Ref6501940]Figure 5: Frequency in response scenarios in USA

In USA, the event trees evaluated for the response show that fire scenarios more likely to happen, are the ones in which detector were present, operated, alerted occupants and occupants responded with attendance of the fire brigade less than 9 minutes. Even when detectors are not present, response time of fire brigade appear to be less than 9 minutes for the majority of cases

EVENT TREE ANALYSIS FOR DAMAGE

Event trees for damage in UK and USA have been developed according to the presence or absence of sprinklers as described in Table 3 and the parameters for damage specified in Table 4. Unfortunately, due to the elevated number of scenarios considered, only the most relevant paths will be presented in this paper. The event tree scenarios related to the presence of sprinklers will be called ‘s’ while the ones related to the absence of sprinklers named as ‘ns’ in both UK and USA.

UK damage

In UK fire statistics, several damage paths have been considered to evaluated fire size on arrival, rapid fire growth and fire and total damage in m2 according to the parameters in Table 4. A total of 64 scenarios have been obtained but due to data missing and values approximately equal to zero, 8 paths (4 for sprinklers and 4 for no sprinklers) have been found as the most significant and described in Table 7. The four damage scenarios considered in Figure 6 present different values for probabilities but they all represent cases in which spread of fire is well confined, fire damage up to 50 m2 while response time could be less (Scenario 9 and 10) or greater (41-42) than 9 minutes and total damage greater than 50 m2 in Scenario 10 and 42.

[bookmark: _Ref6416226]Table 7: Event tree for damage in UK
	Response time
[9 mins]
	Fire size on arrival
[Limited to room of origin]
	Rapid fire growth
	Spread of fire
[Limited to floor of origin]
	Fire damage
[50 m2]
	Total damage
[50 m2]
	Scenarios

	Response time <
	Limited
	No
	Limited
	Fire damage <
	Total damage <
	9

	Response time <
	Limited
	No
	Limited
	Fire damage <
	Total damage >
	10

	Response time >
	Limited
	No
	Limited
	Fire damage <
	Total damage <
	41

	Response time >
	Limited
	No
	Limited
	Fire damage <
	Total damage >
	42

	
	Sprinklers = s; No sprinklers = ns



When sprinklers are present, the property types which assumes the greatest values is Industrial with 0.03-0.01-0.02% respectively in 9s, 10s and 41s (Figure 6(a)). In 9s and 41s, the second and third highest values are reached by Utilities and Miscellaneous with a value of approximately 0.01%. In 42s, Commercial, Leisure and Miscellaneous present approximately null values. While when sprinklers are present there is greater variation in values for the different property types, when sprinklers are absent values appear similar with a percentage of approximately 0.50% in 9ns and 0.20% in 41ns as showed in Figure 6(b) where Educational present 0.59% in 9ns and Utilities 0.32% in 41ns. 

	(a)

	(b)


[bookmark: _Ref6416910]Figure 6: Probability in the most relevant damage scenarios (a) with and (b) without sprinklers in UK

Frequencies for scenarios with and without sprinklers (Figure 7) assume similar trends but with percentages approximately 10 times greater when sprinklers are absent. The peaks are reached in Miscellaneous (0.0005-0.0309%) followed by Utilities (0.0002%-0.0143%) respectively in 9s and 9ns. In Scenario 41, while the third highest value is represented by Industrial when sprinklers are present (0.0001%) when sprinklers are absent the third property is given by Educational (0.0032%).

In UK, the most likely scenarios representing the damage conditions in different property types are described by fire well confined in the room of origin at arrival of fire brigade and to the floor of origin at the end of the incident with no-rapid fire growth. Even when response time is greater than 9 mins, fire damage appear well confined within 50 m2 of fire damage. According to the results obtained, compartmentation is efficient in the property types analyzed and fires do not grow rapidly.

	(a)

	(b)


[bookmark: _Ref6478993]Figure 7: Frequency in the most relevant damage scenarios (a) with and (b) without sprinklers in UK

USA damage

The event tree to evaluate damage in USA considers 32 scenarios with 24 scenarios for presence of sprinklers and 8 for absence. Parameters considered for response time, automatic extinguish systems and damage are described respectively in Table 1, Table 3 and Table 4. The paths, which appear to be the most relevant, are reported in Table 8. Within the 7 scenarios considered, 2 are associated with presence of sprinklers and 5 with absence of sprinklers. In 17s and 19s, sprinklers failed to operate, response time is less than 9 mins, and fire damage confined to 50 m2 but while fire spread is limited to the floor of origin in 17s, it is not limited in 19s. The scenarios related to absence of sprinklers in Table 8 describe fire situations in which fire spread is not limited in the majority of paths (27ns, 28ns, 31ns and 32ns) while response time is limited to 9 minutes in 25ns, 27ns and 28ns. Fire is limited to floor of origin and fire damage less than 50 m2 only in 25ns. 

[bookmark: _Ref6480130]Table 8: Event tree for damage in USA
	Sprinklers
	Response time
[9 mins]
	Fire spread
Limited floor of origin
	Fire damage
[50 m2]
	Scenarios

	Presence
	Operation
	Effectiveness
	
	
	
	

	Present
	Failed to operate
	/
	Response time <
	Limited
	Fire damage <
	17s

	Present
	Failed to operate
	/
	Response time <
	Not limited
	Fire damage <
	19s

	Absent
	/
	/
	Response time <
	Limited
	Fire damage <
	25ns

	Absent
	/
	/
	Response time <
	Not limited
	Fire damage <
	27ns

	Absent
	/
	/
	Response time <
	Not limited
	Fire damage >
	28ns

	Absent
	/
	/
	Response time >
	Not limited
	Fire damage <
	31ns

	Absent
	/
	/
	Response time >
	Not limited
	Fire damage >
	32ns



When probability is analysed in 17s, Health care, detention and correction presents 0.42%, Educational 0.25%, and Mercantile, Business and Industrial, manufacturing 0.12%. In building fires without sprinklers, scenarios 25ns and 27ns assume the highest percentages with response time less than 9 mins. In 25ns, when fire is limited to floor of origin and fire damage up to 50 m2, the highest peaks are reached by Educational (0.45%), Mercantile, Business (0.40%), Assembly (0.33%) and Health care, detention and correction (0.28%). In 27ns, fire spread is not limited to floor of origin and percentages vary between 0.06% in Health care, detection and correction and 0.45% in Storage as showed by Figure 8.

Again, frequencies are obtained multiplying percentages in Figure 8 by the frequencies in Figure 1. In Figure 9, similar considerations as in Figure 8 can be deduced with the difference that in 17s values are less than 0.0020%. In 25ns, the average frequency is approximately 0.0014% with a peak of 0.0027% in Outside or special property. In 27ns, the highest values are in Storage (0.0046%) and Outside or special property (0.0040%) followed by Industrial, manufacturing (0.0009%) and Assembly (0.0006%).

	


[bookmark: _Ref6483048]Figure 8: Probability in the most relevant scenarios in USA

	


[bookmark: _Ref6483141]Figure 9: Frequency in the most relevant scenarios in USA

The damage scenarios analyzed in USA reveal that the typical fire incidents according to the parameters considered in the analysis, are in buildings not equipped with sprinklers, with response time within 9 minutes and fire that could be not limited to the floor of origin. Further works, will investigate if the limited data in sprinklered buildings are given by the nature of the datasets or by the fire safety fields involved.

CONCLUSIONS

In this paper, current UK and USA fire statistics have been analysed to investigate fire scenarios in different building types related to the response and damage of fire incidents according to presence and performances of alarms and sprinklers. Building stock of UK and USA have been analysed to obtain the total number of buildings at risk and calculate fire frequencies defined as total number of fires per building per year. Frequencies are then multiplied by the probability obtained in each path of the event trees to understand the implication of particular scenarios in real world.

In the event trees for response, alarms presence, operation and effectiveness as well as occupants and fire brigade response have been considered to evaluate the time between ignition and first mitigation measures. In UK, for presence or absence of alarms, ignition to discovery and discovery to call appear less than 5 minutes and response time confined to 9 minutes. In USA, values are greater when detectors are absent but, even in this case, response time seems well confined within 9 minutes. The most relevant damage scenarios in UK present fire size on arrival limited to room of origin, not-rapid fire growth, spread of fire within room of origin and fire damage up to 50 m2 where total damage is in general less than 50 m2 for both presence or absence of sprinklers. In USA, the most significant scenarios appear especially when sprinklers are absent with greater consequences being the fire not limited to the floor of origin. 

Further works, will analyse how changing the limits in the parameters analysed has an influence on the consequences in terms of increase in response and structural damage. The results could be applied to cost-benefits analysis to assess the decisions in fire risk assessments. Fire statistics of future years will be adopted to implement the datasets considered and increase the number of fires for the different property types. 
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Commercial	1a	2a	3a	4a	5a	6a	7a	8a	1na	2na	3na	4na	5na	6na	7na	8na	Alarms present	No alarms	0.11178190047706539	3.1604000989716448E-2	4.1942704853845545E-3	1.154237226598075E-3	4.422222130512693E-2	1.2702127396153482E-2	6.7244745564405805E-3	2.4553585995076613E-3	0.25884179301834026	7.9099140544866442E-2	1.0749795590186148E-2	4.6020934271394651E-3	0.27603231125551769	0.10579922278093579	3.4620029520179139E-2	1.5417022826842056E-2	Educational	1a	2a	3a	4a	5a	6a	7a	8a	1na	2na	3na	4na	5na	6na	7na	8na	Alarms present	No alarms	0.30377957661581539	9.5396719904557822E-2	7.562178563455659E-3	4.39661544386957E-3	9.431360917552073E-2	2.9641420026592227E-2	1.5202878038898802E-2	5.0676260129662674E-3	0.15576508808084569	5.83326517100589E-2	1.1869676847104757E-2	6.619627472423807E-3	0.13323246696515517	4.5804599912414257E-2	1.9715276867395489E-2	1.329998836292553E-2	Utilities	1a	2a	3a	4a	5a	6a	7a	8a	1na	2na	3na	4na	5na	6na	7na	8na	Alarms present	No alarms	0.10801854172229867	6.354031866017569E-2	1.690235077659846E-3	4.6481464635645762E-3	2.8096636080660334E-2	1.6569811021927887E-2	3.8443948954503511E-3	4.7315629482465862E-3	0.25755311177733087	0.16817998068194939	8.5765643244752072E-3	5.8476574939603683E-3	0.17985462645387099	0.10150593724757095	2.7013059350783804E-2	2.0329415800074409E-2	Industrial	1a	2a	3a	4a	5a	6a	7a	8a	1na	2na	3na	4na	5na	6na	7na	8na	Alarms present	No alarms	0.20597674522832379	0.1220638616484033	1.0888336084315508E-2	7.378872387717947E-3	5.2223415790581845E-2	2.8927676393802688E-2	8.8420807389950201E-3	7.3370457195916124E-3	0.16691439226857949	9.6740173296804316E-2	1.3240767603961076E-2	8.1555452633093571E-3	0.14660381230514061	7.959257490942509E-2	2.6789039129118609E-2	1.8325661231929701E-2	Leisure	1a	2a	3a	4a	5a	6a	7a	8a	1na	2na	3na	4na	5na	6na	7na	8na	Alarms present	No alarms	0.16274458488334387	4.4320420719864889E-2	4.2354205691565424E-3	2.6667462842837487E-3	7.2590509240705647E-2	1.9753612027891138E-2	1.0575726838997697E-2	4.4162375811199169E-3	0.20759488745605192	6.3205229127244383E-2	8.65062359425736E-3	2.6481500798747021E-3	0.25061492885970132	8.6066442674186908E-2	3.9681528462988211E-2	2.0234951600331737E-2	Miscellaneous	1a	2a	3a	4a	5a	6a	7a	8a	1na	2na	3na	4na	5na	6na	7na	8na	Alarms present	No alarms	0.28663176182264427	9.5002753869731907E-2	8.5908638037212569E-3	5.5892366915776849E-3	5.8677877928405543E-2	1.8974435536865866E-2	8.0957699399696759E-3	3.5908656991800983E-3	0.14795491910669376	8.5237824834056453E-2	8.2773617249378168E-3	7.1580031998572579E-3	0.11754020031421107	0.11170915573996418	1.6739210107534208E-2	2.0229759680649058E-2	
Probability




Commercial	1a	2a	3a	4a	5a	6a	7a	8a	1na	2na	3na	4na	5na	6na	7na	8na	Alarms present	No alarms	6.5265636577845564E-4	1.8452497534910905E-4	2.4488913861726354E-5	6.7391972255138409E-6	2.5819845717846258E-4	7.4163386636366926E-5	3.9261911875229374E-5	1.4336000849854393E-5	1.5112888868586557E-3	4.6183288514408267E-4	6.2764387551199639E-5	2.6870052828865755E-5	1.611658455730196E-3	6.1772555259568195E-4	2.0213453656944082E-4	9.0014734463695058E-5	Educational	1a	2a	3a	4a	5a	6a	7a	8a	1na	2na	3na	4na	5na	6na	7na	8na	Alarms present	No alarms	4.7086935824242598E-3	1.4786837476141578E-3	1.1721650964022097E-4	6.8149133511756393E-5	1.4618951385980824E-3	4.5945275784511159E-4	2.3565012188648434E-4	7.8550040628828113E-5	2.4144153428049867E-3	9.0417725185098553E-4	1.839842948563192E-4	1.0260662597756265E-4	2.0651515455983988E-3	7.0998790654666773E-4	3.0559393984088367E-4	2.0615464195615173E-4	Utilities	1a	2a	3a	4a	5a	6a	7a	8a	1na	2na	3na	4na	5na	6na	7na	8na	Alarms present	No alarms	3.0739089410981879E-3	1.8081817300577576E-3	4.8099415479368922E-5	1.3227339256826452E-4	7.9955255353437885E-4	4.7153099311001822E-4	1.0940084594566947E-4	1.3464719501005474E-4	7.3292492240391522E-3	4.785937100141806E-3	2.4406529972127689E-4	1.6640815890087059E-4	5.1181652292228673E-3	2.8885782302266396E-3	7.6871695674492679E-4	5.7851894682865626E-4	Industrial	1a	2a	3a	4a	5a	6a	7a	8a	1na	2na	3na	4na	5na	6na	7na	8na	Alarms present	No alarms	1.2681388875560974E-3	7.5151167938895011E-4	6.7036317104607099E-5	4.5429570269237866E-5	3.2152437563588222E-4	1.7809928650418965E-4	5.4438118340013688E-5	4.5172055643841145E-5	1.0276433463104926E-3	5.9560109861238753E-4	8.1519553486793659E-5	5.0211319176648257E-5	9.0259701522149766E-4	4.9002832475811069E-4	1.6493231914233456E-4	1.1282576400859439E-4	Leisure	1a	2a	3a	4a	5a	6a	7a	8a	1na	2na	3na	4na	5na	6na	7na	8na	Alarms present	No alarms	1.5538427702429817E-3	4.2315979581780553E-4	4.0438688851243375E-5	2.5461396684116194E-5	6.9307521385598362E-4	1.8860232589443802E-4	1.0097427635223932E-4	4.2165082432803232E-5	1.982061739530144E-3	6.0346701176765998E-4	8.2593893613512492E-5	2.5283844983728314E-5	2.3928058534343345E-3	8.2173990492942278E-4	3.7886886472199803E-4	1.9319803035492615E-4	Miscellaneous	1a	2a	3a	4a	5a	6a	7a	8a	1na	2na	3na	4na	5na	6na	7na	8na	Alarms present	No alarms	1.6755009909401694E-2	5.5533694953622424E-3	5.0217745321167178E-4	3.2671786112566597E-4	3.4300051742396538E-3	1.1091473374196573E-3	4.7323682730024717E-4	2.0990343146381932E-4	8.6486791275813771E-3	4.9825622627060698E-3	4.8385174358607649E-4	4.184198352007708E-4	6.8707920172372278E-3	6.5299393182815489E-3	9.7848762273886817E-4	1.1825270924574569E-3	
Frequency




Assembly	1d	2d	3d	4d	5d	d	7d	8d	9nd	10nd	Detectors present	No detectors	0.23576317776847297	8.9617582192694396E-3	6.8936601686688005E-3	2.06809805060064E-3	8.7557143764503409E-2	1.033283063059357E-2	0.20531975967154881	8.9623704618533202E-3	0.38808177632746788	4.6059424937021053E-2	Educational	1d	2d	3d	4d	5d	d	7d	8d	9nd	10nd	Detectors present	No detectors	0.3956302521008403	1.9781512605042014E-2	1.2588235294117645E-2	1.7983193277310921E-3	0.12500512400081984	1.1667144906743185E-2	0.16239572192513371	2.1133689839572194E-2	0.22784810126582278	2.2151898734177215E-2	Health care, detention and correction	1d	2d	3d	4d	5d	d	7d	8d	9nd	10nd	Detectors present	No detectors	0.54030941471693883	4.4749552752629908E-2	1.8231299269589957E-2	1.657390842689996E-3	3.119794527416464E-2	1.94987157963529E-3	0.1993715183282645	1.1727736372250852E-2	0.13443212717004813	1.6373143693787909E-2	Mercantile, Business	1d	2d	3d	4d	5d	d	7d	8d	9nd	10nd	Detectors present	No detectors	0.18652341981573817	1.0947198454196823E-2	6.3022537745723939E-3	4.2015025163815958E-4	7.3979042152667304E-2	5.8495056585829959E-3	0.16176362215381634	6.7505684670062472E-3	0.49379898350115448	5.3665255770627064E-2	Industrial, manufacturing	1d	2d	3d	4d	5d	d	7d	8d	9nd	10nd	Detectors present	No detectors	0.23019718386132365	3.2682316227224964E-2	7.085700811012092E-3	1.4171401622024183E-3	4.2014037750001114E-2	7.5858679270835354E-3	8.3901134968467156E-2	7.1236812709075887E-3	0.403365713141843	0.18462722387993447	Storage	1d	2d	3d	4d	5d	d	7d	8d	9nd	10nd	Detectors present	No detectors	1.8106341172028702E-2	3.1217829606946038E-3	6.1234973459778764E-4	0	8.5035736729051261E-3	1.2940220806594758E-3	9.3088935615298282E-3	1.3689549355190922E-3	0.67541102326493763	0.28227305861712759	Outside or special property	1d	2d	3d	4d	5d	d	7d	8d	9nd	10nd	Detectors present	No detectors	4.4822113138475908E-2	2.2909080048554353E-2	0	0	1.100894006909935E-2	2.9357173517598261E-3	1.7964119984587055E-2	4.567149148623828E-3	0.63581982214064525	0.2599730581182545	
Probability




Assembly	1d	2d	3d	4d	5d	d	7d	8d	9nd	10nd	Detectors present	No detectors	9.4613861654206557E-4	3.5964333377329977E-5	2.7664871828715369E-5	8.2994615486146094E-6	3.5137461097116158E-4	4.1466568996596705E-5	8.2396647009550861E-4	3.596679036131188E-5	1.5574067097120635E-3	1.8484057180223368E-4	Educational	1d	2d	3d	4d	5d	d	7d	8d	9nd	10nd	Detectors present	No detectors	8.8076040699055971E-4	4.4038020349527985E-5	2.8024194767881444E-5	4.0034563954116345E-6	2.782890421200771E-4	2.5973643931207194E-5	3.6152877940145452E-4	4.7048265812518048E-5	5.0724024600566208E-4	4.9315023917217143E-5	Health care, detention and correction	1d	2d	3d	4d	5d	d	7d	8d	9nd	10nd	Detectors present	No detectors	2.0491402699223324E-3	1.6971407143528521E-4	6.9142769844005069E-5	6.2857063494550056E-6	1.1831917834268249E-4	7.3949486464176556E-6	7.5612268776777494E-4	4.4477805162810286E-5	5.0983802586482979E-4	6.2095656996357458E-5	Mercantile, Business	1d	2d	3d	4d	5d	d	7d	8d	9nd	10nd	Detectors present	No detectors	3.0779706983213569E-4	1.8064839312947016E-5	1.0399848164204768E-5	6.9332321094698444E-7	1.2207867744475995E-4	9.6527326351670652E-6	2.669389664502403E-4	1.1139647749855471E-5	8.1485681721839255E-4	8.8557289450884227E-5	Industrial, manufacturing	1d	2d	3d	4d	5d	d	7d	8d	9nd	10nd	Detectors present	No detectors	1.6409715223874822E-3	2.3297743836365491E-4	5.0510753659060299E-5	1.010215073181206E-5	2.9949905699019284E-4	5.4076218623229277E-5	5.9809321239214007E-4	5.0781499165370388E-5	2.8754115809341706E-3	1.3161239054381561E-3	Storage	1d	2d	3d	4d	5d	d	7d	8d	9nd	10nd	Detectors present	No detectors	1.8515781047778095E-4	3.1923760427203613E-5	6.2619683914899388E-6	0	8.6958655398803672E-5	1.3232838865035342E-5	9.5193961797553772E-5	1.3999112029052023E-5	6.9068413685635585E-3	2.8865611773158527E-3	Outside or special property	1d	2d	3d	4d	5d	d	7d	8d	9nd	10nd	Detectors present	No detectors	4.7025955755973417E-4	2.4035488497497524E-4	0	0	1.1550234747081194E-4	3.0800625992216515E-5	1.8847391442261525E-4	4.7917096887105579E-5	6.670822219466104E-3	2.7275558140340381E-3	
Frequency



Commercial	9s	10s	41s	42s	4.78197110299122E-3	1.296520334261704E-3	9.8602897109565475E-4	1.9397291234668617E-4	Educational	9s	10s	41s	42s	5.5184256938642894E-3	2.4737770351805437E-3	1.7543859649122805E-3	7.7972709551656918E-4	Utilities	9s	10s	41s	42s	8.4269662921348312E-3	2.0064205457463883E-3	7.6243980738362749E-3	1.2038523274478328E-3	Industrial	9s	10s	41s	42s	3.2050949974136003E-2	5.7039826225157297E-3	2.1323714404626201E-2	3.294651152646108E-3	Leisure	9s	10s	41s	42s	3.1746031746031755E-3	1.5037593984962411E-3	1.3366750208855475E-3	3.3416875522138687E-4	Miscellaneous	9s	10s	41s	42s	9.0278617829431217E-3	8.6494484147958044E-4	5.4946976741354131E-3	2.3661377544123788E-4	
Probability




Commercial	9ns	10ns	41ns	42ns	0.45161610937057572	3.021699224766284E-2	0.13410998771484675	7.4949088019474553E-3	Educational	9ns	10ns	41ns	42ns	0.58810672669416575	4.428927698529872E-2	0.207201127725753	1.21214553696967E-2	Utilities	9ns	10ns	41ns	42ns	0.50409283309829378	1.8999489298812997E-2	0.31539702471485498	8.6517887078887898E-3	Industrial	9ns	10ns	41ns	42ns	0.37357204564655272	5.2628561203546413E-2	0.22144414279189512	2.347971080998645E-2	Leisure	9ns	10ns	41ns	42ns	0.52003694096934949	5.0796645104356192E-2	0.16438686412780243	1.1381879811024896E-2	Miscellaneous	9ns	10ns	41ns	42ns	0.52905030314313917	1.9359450206881231E-2	0.22077261014565708	8.9951175992071565E-3	
Probability



Commercial	9s	10s	41s	42s	2.7920297186002699E-5	7.5699397300077741E-6	5.757086631029291E-6	1.132541632333631E-6	Educational	9s	10s	41s	42s	8.5537599134408404E-5	3.8344440991286529E-5	2.7193618564176939E-5	1.2086052695189752E-5	Utilities	9s	10s	41s	42s	2.3980815347721823E-4	5.7097179399337669E-5	2.1696928171748312E-4	3.4258307639602598E-5	Industrial	9s	10s	41s	42s	1.9732837316301021E-4	3.5117761325620462E-5	1.3128390505283186E-4	2.0284208506016937E-5	Leisure	9s	10s	41s	42s	3.0310281566562983E-5	1.4357501794687731E-5	1.2762223817500202E-5	3.1905559543750506E-6	Miscellaneous	9s	10s	41s	42s	5.2772209427200676E-4	5.0560200648815011E-5	3.2119159926271695E-4	1.3831217193131353E-5	
Frequency




Commercial	9ns	10ns	41ns	42ns	2.6368323262609067E-3	1.7642670468965299E-4	7.830224465947734E-4	4.376021448591857E-5	Educational	9ns	10ns	41ns	42ns	9.115867500426247E-3	6.8649985174819446E-4	3.2116926070616175E-3	1.8788695324674907E-4	Utilities	9ns	10ns	41ns	42ns	1.4345087816386298E-2	5.4067291689667682E-4	8.9753270022772478E-3	2.4620597761857788E-4	Industrial	9ns	10ns	41ns	42ns	2.299974387220927E-3	3.2401873805881407E-4	1.3633671538242742E-3	1.4455774759286112E-4	Leisure	9ns	10ns	41ns	42ns	4.9651768233254477E-3	4.8499309396118982E-4	1.5695228233307771E-3	1.086712142761171E-4	Miscellaneous	9ns	10ns	41ns	42ns	3.0925543684932201E-2	1.1316533031589463E-3	1.2905224624072811E-2	5.2580803869253182E-4	
Frequency



Assembly	17s	19s	25ns	27ns	28ns	31ns	32ns	Sprinklers	No Sprinklers	0	3.0288459857851075E-2	0.33072949572792709	0.14430462115680809	3.4919629111368249E-2	2.2951694352409048E-2	6.9077915041231112E-3	Educational	17s	19s	25ns	27ns	28ns	31ns	32ns	Sprinklers	No Sprinklers	0.2489919436386806	1.3600697917105739E-2	0.45233895087046977	8.6095377462642744E-2	2.7996049314775437E-2	1.8111434218777703E-2	5.258158321580623E-3	Health care, detention and correction	17s	19s	25ns	27ns	28ns	31ns	32ns	Sprinklers	No Sprinklers	0.41953217919915431	1.4454061761638494E-2	0.28449531640444198	6.3600548869987603E-2	1.6671988538734618E-2	7.3253243120854515E-3	2.5638635092299082E-3	Mercantile, Business	17s	19s	25ns	27ns	28ns	31ns	32ns	Sprinklers	No Sprinklers	0.12356478597914769	1.7809903898911489E-2	0.39807776028330716	0.20608386442636648	5.613828813234692E-2	2.876733553539813E-2	1.1347115683407041E-2	Industrial, manufacturing	17s	19s	25ns	27ns	28ns	31ns	32ns	Sprinklers	No Sprinklers	0.12491654886548374	1.1556491434907806E-2	0.21417769946276338	0.12688793000079263	4.8644662819776474E-2	9.735200940958301E-2	4.3317178498759421E-2	Storage	17s	19s	25ns	27ns	28ns	31ns	32ns	Sprinklers	No Sprinklers	0	1.733766975426319E-3	0.15550385579557713	0.45214418632612813	7.0696290349373359E-2	0.18157107293384242	5.2456974075647846E-2	Outside or special property	17s	19s	25ns	27ns	28ns	31ns	32ns	Sprinklers	No Sprinklers	0	4.0566659500906859E-3	0.26093619961035996	0.38179184779267694	3.1269099768662115E-2	0.18876533448385016	2.4998652404617995E-2	
Probability




Assembly	17s	19s	25ns	27ns	28ns	31ns	32ns	Sprinklers	No Sprinklers	0	1.2155028524106204E-4	1.3272469030128592E-3	5.7910728856907536E-4	1.4013557965373698E-4	9.2107192257180815E-5	2.7721582135656358E-5	Educational	17s	19s	25ns	27ns	28ns	31ns	32ns	Sprinklers	No Sprinklers	5.5431111360179283E-4	3.0278160401577302E-5	1.0070065075933853E-3	1.9166734417133322E-4	6.2325395132636324E-5	4.032005664128918E-5	1.1705822895858148E-5	Health care, detention and correction	17s	19s	25ns	27ns	28ns	31ns	32ns	Sprinklers	No Sprinklers	1.5910888455934731E-3	5.481747904621404E-5	1.078957341052531E-3	2.4120706085962104E-4	6.3229035370968633E-5	2.7781520420108311E-5	9.7235321470379098E-6	Mercantile, Business	17s	19s	25ns	27ns	28ns	31ns	32ns	Sprinklers	No Sprinklers	2.0390404109247166E-4	2.9389533172253942E-5	6.5689964456786605E-4	3.4007530889569576E-4	9.2638236043485745E-5	4.7471259069882795E-5	1.8724774410898213E-5	Industrial, manufacturing	17s	19s	25ns	27ns	28ns	31ns	32ns	Sprinklers	No Sprinklers	8.9047353197279245E-4	8.2380996262851141E-5	1.5267758695110152E-3	9.0452661571843295E-4	3.4676578168515982E-4	6.939784075923462E-4	3.0878855750668621E-4	Storage	17s	19s	25ns	27ns	28ns	31ns	32ns	Sprinklers	No Sprinklers	0	1.7729727613027937E-5	1.5902027464522585E-3	4.6236855234857823E-3	7.2294950181394366E-4	1.8567695146752227E-3	5.3643187057257971E-4	Outside or special property	17s	19s	25ns	27ns	28ns	31ns	32ns	Sprinklers	No Sprinklers	0	4.2561267224585648E-5	2.737660792586603E-3	4.0056403603331448E-3	3.2806559068451437E-4	1.9804667040740289E-3	2.6227802297196598E-4	
Frequency




Frequency 	A	B	C	D	E	F	5.838658700496535E-3	1.5500362581580857E-2	2.8457234212629898E-2	6.1567090311596788E-3	9.5477386934673374E-3	5.8454826509314044E-2	N Buildings	A	B	C	D	E	F	1463570	47280	12510	252570	89550	91030	
Frequency



Frequency 	A	B	C	D	E	F	G	4.0130890052356019E-3	2.2262210796915169E-3	3.7925311203319502E-3	1.650179211469534E-3	7.1285473386852689E-3	1.0226130653266332E-2	1.04916864608076E-2	
Frequency



