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Abstract.  Fire protection engineers and preservation architects have long recognized the
difficulty in applying building and fire codes to historic buildings. Small, older buildings
of significant historic value need an efficient approach to performance-based evaluation.
One technique that has gained acceptance is fire risk indexing. The Historic Fire Risk
Index described in this paper uses a linear additive model of multiple attribute evalu-
ation to produce a measure of relative fire risk. Weights are established to indicate the
importance or significance of fire risk parameters. Then, for each specific historic structure,
purameter grades, i.e., the amount or degree that a parameter is present, are determined from
information. collected in a detailed site survey. Fire risk is evaluated by the scalar product
of the parameter weights and grades, producing a single numerical value representing the
level of fire safety provided in the building. This is a more rational and more transparent
method than the risk indexing systems currently published in model codes and standards.

Key words: historic buildings, historic house museums. code compliance allernatives, fire risk indexing, fire
safety evaluation system

Introduction

deitiona]ly, US building codes have exempted historic buildings and rely on the code
Official to determine what is safe, or what is an acceptable equivalency to a specific
Cf)de requirement [1]. Historic buildings suffer under codes that virtually ignore historic
‘gnificance or that rigidly impose safety requirements with minimal regard for cultur-
“”_!" significant spaces and materials. In the US, building codes are written to prescribe
Minimum safety requirements for occupants of new buildings. They do not provide guid-
dice to design professionals or code officials working with historic properties. As a
*sult, the historic character of a building can be desecrated by rigid application of fire
Mf_my regulations. At the same time, the current international perspective on fire safety
“th?ctives specifically includes the protection and preservation of life, property, mission,
“WVironment, and cultural heritage [2].

The historic building poses unique problems -for fire protection. Unlike most public
"]"d tommercial buildings, -an historic structure exists as an artifact or visual record of
:;C:;li‘;‘:“ll'ﬂ.[ or historic.al significance. If the building is d?slroyed, -t!]iﬁ fL.mCHOH‘ CEASES
"Vithou[l Creative .S(-J]UUOHS r:ﬂust.be deve]c')ped that }]}CE-EL. fire ﬂncl. life Sfxieq{ objf?cu.vcs

Compromising the historic or architectural significance of the historic building.

L no statistics are available to determine the vulnerability of historic buildings to fire

- How much of our cultural heritage is lost to fire is unknown. Fire loss data is
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collected only on factors that relate to fire cause and origin. There is no fire logg daig
historic significance or building age. We learn about fire losses of historic builgj,
observing those that occur around us or through media attention to those that
significant and newsworthy.

The vulnerability of historic buildings to loss or damage from fire is reinforeeq Wi
each major fire that destroys an historic structure and its contents. Historie Strucgyp
are not buildings that can be replaced, but rather irreplaceable artifacts whose valy
cannot be recovered by insurance payments. Very few organizations cap match g,
financial resources used 1o reconstruct Britain's Windsor Castle. Instead, bui]djngS .
less significance, albeit with historic designations, often fall prey to the wrecking fy
following a major fire [4].

As rehabilitation and adaptive reuse of existing buildings has increased, some attemyy,
have been made to devise separate code provisions for cerlain classes of these sy
tures. While some of the resultant approaches are more progressive than others,
are riddled with immeasurable terms such as “minimum,” “acceptable,” “adequate”
“reasonable.” This situation places a tremendous burden on the code official, the de
professional, and the propetty owner who lack the technical and financia| mean
adequately determine alternatives and equivalencies.

Furthermore, building codes prescribe only minimum criteria for various fire safeyy
features and do not associate benefit to buildings in which these criteria are surpassed
For example, reducing travel distances or increasing the number of exits beyond coge
requirements is not recognized as improving fire safety. New approaches to fire rig
assessment and performance-based design are addressing this issue.

For world heritage class buildings, the evolution of performance-based fire safely
evaluation and design is a boon. Computer fire modeling and simulation can identify soly.
tions that meet multiple objectives of life safety and historic preservation. Performance.
based codes and fire safety design methods involve comparing predicted outcomes wifh
stated objectives. The performance-based approach is one that establishes fire safety
objectives and leaves the means for achieving those objectives to the design profes-
sional. Implementation requires the capability to evaluate whether the stated fire safety
objectives are met, which in turn mandates the establishment of an acceptable leve]
of performance. An acceptable design is one that satisfies the specified performance
evaluation.

Difficulties with performance-based fire modeling that have yet to be overcome include
identification of appropriate safety factors and how to address subjective attributes such as
human behavior and emergency response. Additional problems for historic buildings arethe |
limitation of design options for existing buildings and the high cost of performance-based !
fire-safety engineering.
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Fire Risk Indexing

For many situations where a quantitative fire safety evaluation is desirable, an engineering
assessment may not be cost-effective or appropriate. This could be the case where a large
number of properties suggests a simple, standardized procedure or where the size and
condition of a building does not warrant a detailed engineering analysis. Risk indexing
can provide a cost-effective means of fire safety evaluation that is sufficient in both
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sility and validity. Other advantages of indexing systems include overcoming evaluation
problems of inadequate data, eliminating need for safety factors, and integration of
qualitative attributes.

Fire risk indexing systems, also referred to as risk ranking, rating schedules, point
«hemes, and numerical grading, are simplified models of fire safety. They constitute
wrious processes of analyzing and scoring hazard and other risk parameters to produce
arapid and simple estimate of relative fire risk. Such quantitative approaches to fire risk
wsessment has been in use at least since the beginning of the twentieth century [5].
Fire risk indexing has been applied to a variety of hazard and risk assessment projects
to reduce costs, to set priorities, and to facilitate the use of technical information. They
have typically evolved in an ad hoc manner and the most widely used approaches are
reviewed in the literature [6].

Indexing systems are based on relative or comparative risk rather than absolute risk.
The lack of statistical data of fire loss in historic buildings makes determination of abso-
lute risk impossible; thus, relative risk is the only alternative. In a study of comparative
tisk, there is no need to introduce explicit safety factors, as any uncertainties in the
calculation procedures will apply to both benchmarks and alternative designs. While
lypical engineering models of fire risk are awkward in their consideration of subjective
fire safety attributes such as human behavior and attitudes, the structure of a risk index
facilitates quantification and inclusion of such factors.

Several risk-indexing systems have been applied to historic buildings. The Fire Safety
Evaluation System (FSES) [7] is an indexing approach to determining equivalencies
o the NFPA Life Safery Code [8]. 1t does not distinguish between new and existing
buildings except in the total score. A similar system appears in Chapter 34, “Existing
Buildings” of the BOCA National Building Code [9]. However, Section 3406 in that
chapter specifically exempts historic structures.

Chapter ILHR 70 of the Wisconsin Administrative Code is a building code for historic
ructures [10]. Subchapter IV is an indexing system called the Building Evaluation
Method. This system assesses life safety for a qualified historic building by comparing
“venteen building safety parameters with the requirements of the prevailing building
tode of the State of Wisconsin. Most of these parameters are the same as in the BOCA
*item and quantitatively the difference in parameter values is negligible.

Like the other indexing systems, the Historic Fire Risk Index (HFRI) described in this
Faper provides a single numerical value used in fire safety decision making that is pro-
d"“?d by analyzing and scoring safety features, hazards, and other risk parameters. Using
l:I:it’e?iﬁicmal judgment and past experience, fire risk indexing assigns values to selected
; ables representing both positive and negative fire safety features. The selected vari-
:T:: lﬂ“'d a-ssigned 'ffa]ucs are then ?pel’ated on by somm.e combina_tio.n of arithmetic func-
. :]1' «fmve at a smg}e vu?ue Lh-at _15 tl‘mn comp;%red 'wuh other similar usses§[11t?1lls or. to

ard. The HFRI is unique in its focus on historic house museums and its inclusion

OF atpes
i tributes for fire prevention, building significance, fire growth rate, and emergency
“Spong
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Mulfiatiribuite Evaluation

Multiattribute evaluation is an aggregation of system attributes into a single index_ It is
used to develop simplified but robust models of complex systems. I\/Ielemolorm)[g for
example, realized that temperature alone does not represent the coldness of a wintey day,
They created the wind-chill factor from a combination of temperature and wind speeg i
measure overall cooling effect. Such multiattribute evaluations have been widely useq ; in
fire safety.

Multiattribute evaluation is a common and powerful heuristic decision-making te‘-hlllquc
that is supported by a large body of knowledge described in the literature of decisjg,
analysis and management science. It is a formal procedure for structuring and quantnfyu“,
complex problems with multiple concerns to provide a logical, rigorous, and defenipj
basis for resulting decisions. Multiattribute evaluation has been used to produce meaning.
ful risk index models of fire safety that rely heavily but not exclusively on demonslraud
principles of physical or management science [11].

Fire safety decisions require more than one attribute to capture all relevant aspects of
the consequences. If there are # attributes for a decision problem, x;, x5, x5, . .. , X, thep
an evaluation function E(x,, x,, x5, ..., x,) needs to be determined over these measure
in order to conduct a performance assessment. A linear measure of the overall outcome
of a system is given by

By o0 v B0= TR,

where the w; are weighting constants greater than zero and the R;(x;) are normalizing
functions of the attributes’ grades. §

This is referred to as a linear additive model, in which each attribute of fire safely
is decomposed into a weight and a grade and their products are summed to give g
score. Since not all fire safety attributes are equally important, the role of weight serves
to express the importance of each attribute compared with the others. Also, individual
buildings will vary in the degree to which each attribute exists or occurs. Attribute grades,
also called ratings or values, are measures of the intensity, level, or degree of danger or
security afforded by the attributes in a particular application.

In a typical compensatory evaluation procedure, good performance of one attribute cin
at least partially compensate for low performance of another attribute. This is also called
tradeoff or equivalency. Accommodating tradeoffs of low versus high performance among
attributes generally requires normalization of incommensurate data, i.e., each quantif:
tive attribute typically has a different unit of measurement. Quantitative attribute grades
must be normalized to a scale that is common for all attributes. This is accomplished
by constructing a normalizing function R;(x;) for each attribute i. Normalization aims
at obtaining comparable scales that allow interattribute comparison; consequently, the
normalized grades are dimensionless.

The summation of the each attribute’s weight times its grade is referred to as ¢
scalar product and assumes that the attributes are independent; i.e. there is no accounting
for interactions among attributes. Linear additive models are widely used in many are#
of decision-making and have been found to be quite robust even when the attribulé
independence assumption is not fully valid [12].
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Multiattribute evaluation requires selection of appropriate parameters, the assignment
of levels of importance or significance to each parameter, and the identification a metric
und corresponding normalizing function for each parameter. There are many different
ways to accomplish these tasks and the procedures used for the HFRI represent just one
approach.

Attributes

Fire safety is a complex system affected by a large number of factors ranging from
ignitability of personal clothing to availability of a heliport for evacuation. However,
it is appropriate to use only a relatively small number of these variables given our
computational and cognitive limitations and since general fire loss figures indicate that
4 small number of factors are associated with a large proportion of fire loss. It is thus
necessary to identify as attributes some defensible combination of factors that account
for an acceptable portion of the fire risk.

Multiattribute evaluation begins with the generation of a list of attributes that provides
4 means of evaluating goal achievements. Fire safety attributes are components of fire
fisk that are quantitatively determinable by direct or indirect measurement or estimate.
They are intended to represent factors that account for an acceptably large portion of
the total fire risk. Usually they are not directly measurable. This is especially true for
existing buildings where only limited information is readily available. Attributes may be
tither quantitative or qualitative and both types of attributes are important.

In the HFRI, the set of system attributes having the greatest impact on fire risk are
_ffferred to as the fire safety parameters. These parameters were chosen through exam-
nation of other well-established fire risk indexing systems. The initial list of HFRI
parameters was derived from the two most widely used risk-indexing systems, FSES [13]
d BOCA [14], which have a long history of accepted use for life safety evaluation.
Eﬂch of these systems was analyzed with regard to the parameters used and the implied
Mportance of weight placed on the parameters [15].

FSES

Tible 1 shows the parameters of the FSES and values of their general fire safety scores.
‘i:dl::]lve fire snfety parar'nefters are listed ‘in the left-hand column. The second and
& Tugllmns speFlfy the minimum a1‘1d maximum \iu[ues for each pm.'aﬁneter, extracted
® mini e 7-1 of NFE"A 101A. The fourth column is the spread or difference between
% Imum and. maximum values and the last column is that spread as a percent of the
“Pread (94) in the evaluation system.
mcu;:a:lbll?‘shows ll?al Lhe' lqwest possible General Fire Safe.ty score for any business
o Pﬁ!isibly 18—51 p01lnls. Similarly, the_ hlghesF _]?osmble score is +43 polnt§. The spr?ad
“'Orst-f- ‘ Eneral' I?]re Safety scores is the dl.fference .betwee-:n 'the score for a building
tails anddhel Condllfons .and the l'.nghesl p-osm‘ble scoring I-Jmldlr?g or 94 pgmts. More
f “Sineg? her ramﬁcunmm of this analysis of the NFPA Fire Safety Evaluation System
S occupancies are presented elsewhere [16].
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TABLE 1
Parameter Values for FSES for Business Occupancies

-

Parameter Min Max Spread Percent (%)

1. Construction -12 2 14 16

2. Segregation of Hazards ~7 0 7 o)

3. Vertical Openings —-10 1 Il I

4. Automatic Sprinklers 0 12 12

5. Fire Alarm =2 4 6 6

6. Smoke Detection 0 4 4 4

7. Interior Finish -3 2 5 5

8. Smoke Control 0 4 4 4

9. Exit Access -2 3 5 5

10. Exit System -6 5 11 12

I 1. Corridor/Room Separation -6 4 10 11

12. Occupant Emergency Program =3 2 5 5
Total -51 43 94 100

BOCA

The eighteen safety parameters in BOCA Section 3408 are listed in column one of
Table 2. The second and third columns specify the minimum and maximum values of
each parameter for the business use group, as extracted from the formulas and tables iy
Sections 3408.6.1 through 3408.6.18. Column four in Table 2 is the spread or difference
between the minimum and maximum values, and the last column is the percentage of
the total spread attributable to each parameter. Assumptions used to derive these values
are described in reference [15].

Table 2 indicates that the lowest possible General Safety score for any business use
group is —196 points. Similarly, the highest possible score is +130 points. The spread
of possible General Safety scores is the difference between the score for a building of
worst-case conditions and the highest possible scoring building or 326 points. The last
column in Table 2 is the percentage of each parameter’s spread out of the total spread
of points (326} in the General Safety scoring.

Comparison

To make meaningful comparisons between these systems, the individual parameter spreads
were normalized. This was accomplished by adjusting for variations between systems i
terms of overall spread in total scoring and the difference in the number of parameters
used in each system. Table 3 shows the parameters of both systems, aligned according
to the approximately equivalent parameters [15].

The third and last columns of Table 3 are normalized spreads (NS) for the paramelers
of each system. Individual parameter spreads (S) shown in columns two and five of
the table were adjusted to account for the magnitude of overall spread (FSES 94 poinis
and BOCA, 326 points) and the different total number of parameters in each system
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TABLE 2
parameter Values for BOCA Section 3408 {Business Use Group)

Parameter Min Max Spread Percent (%)
1. Building Height =20 10 30 9
2. Building Area =20 20 40 12
3. Compartmentation 0 20 20 6
4. Unit Separations —4 4 8 2
5. Corridor Walls =5 5 10 3
6. Vertical Openings =70 3 72 22
7. HVAC Systems —15 5 20 6
8. Automatic Fire Detection —4 8 12 4
9. Fire Alarm System -10 5 15 5
10. Smoke Control 0 4 4 |
11, Means of Egress -1 0 1 0
12. Dead Ends -2 2 4 l
13. Max. Travel Distance =20 20 40 12
14, Elevator Control —4 4 8 2
15. Egress Emergency Light. 0 4 4 |
16. Mixed Use Groups -5 3 10 3
17, Sprinklers -12 12 24 7
18. Spec. Oce. Arca Protect. —4 0 | |

Towl —196 130 326 100
TABLE 3

Comparative Parameter Spreads for BOCA and FSES

BOCA parameter S NS NFPA parameter S NS
1. Building Height 30 1.66 1. Construction 14 1.85
2. Building Area 40 2.21
3. Comparimentation 20 1.10
4. Unit Separations 8 0.44
3. Corridor Walls 10 0.55 1 1. Corridor/Room Sep. 10 1.32
6. Vertical Openings 72 3.98 3. Vertical Openings 11 1.45
1. HVAC Systems 20 L.10 0.00
8. Automatic Fire Detection 12 0.66 6. Smoke Detection 4 0.53
9. Fire Alarm System 15 0.83 5. Fire Alarm 6 0.79
10. Smoke Contral 4 0.22 8. Smoke Control 4 0.53
:: Means of Egress | 0.06 10, Exit System 11 1.45
i Enmd Ends 4 0.22 9. Exil Access 5 0.66
14. Elﬂx. Travel Distance 40 2.21 9. Exit Access — 0.00
li. 2 evator Control 8 0.44
|‘()' ME_FCHS Emergency Light. 4 022 -~
9 g txed Use Groups 10 0.55
b sl’”“klcrs 24 1.33 4. Automatic Sprinklers 12 1.58

“9pee. Oce. Area Protect. 4 0.22 2. Segregation of Hazards 7 0.92
7. Interior Finish 5 0.66
12. Oce. Emergency Prog. 5 0.66

Tonls 326 18 94 12
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(FSES 12 parameters and BOCA 18 parameters). Normalized spread values were cal.
culated by dividing each parameter spread by the average spread in its evaluatiop Sys.
tem. For example, the normalized spread for BOCA parameter 1. Building Heigp i
30/(326/18) = 1.66. This normalization produces comparable indicators of the relevay
importance of each parameter. ~

Overall, the variation between low and high normalized spread values is much &reate
in BOCA (0.06 to 3.98) than in the FSES (0.53 to 1.75). This is partially due tq the
larger number of parameters in the BOCA system. Though normalized for the number o
parameters, as the number of parameters increases, new parameters will aiter the valye
distribution. Further discussion is found in reference [15].

Combined BOCA and FSES Parameters

Table 4 is a list of the parameters from both systems ordered according to the combing
normalized spread expressed as a percentage of the overall sum. For example, the no.
malized spread for vertical openings in Table 4 is the sum of the normalized spregg
for BOCA parameter 6 (3.98) and FSES parameter 3 (1.45) divided by the total fi
all parameters (30). These values were calculated as a general indicator of what ,

TABLE 4
Ranked Normalized Spread for Combined
BOCA and FSES Parameters

Parameter Percent (%)
Vertical Openings/Vertical Openings 18
Building Height/Construction 12
Sprinklers/Automatic Sprinklers 10
Building Area 7
Maximum Travel Distance/Exit Access 7
Corridor Walls/Corridor/Room Separation i}
Fire Alarm System/Fire Alarm 5
Means of Egress/Exit System 5
Automatic Fire Detection/Smoke Detection 4
Spec Occ Area Prot/Segregation of Hazards 4
Compartmentation 4
HVAC Systems 4
Smoke Control/Smoke Control 2
Dead Ends/Exit Access 2
Interior Finish 2
Mixed Use Groups 2
Occupant Emergency Program 2
Unit Separations 1
Elevator Control 1
Egress Emergency Lighting |
Total 100
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mbination of these two evaluation systems might be. The combined list of twenty
jesafety paramelers consists of eleven parameters represented in both systems and
sine parameters that are unique to one system or the other.

This list ignores what may be very significant effects of differences in scope and
spplication of the two systems and differences in specific definitions of the parameters.
|15 not intended to be viewed as an archetype for a fire risk index. However, it does
puvide o ranked list of fire safety parameters for which there is explicit justification
bed on the extensive experience with the BOCA and FSES systems.

Some observations can be made from this list. First, there are fewer parameters than
me might expect given the voluminous nature of building codes and standards. This
« attributable to the Paretian nature of fire safety attributes in which there are a small
sumber of major and a large number of minor contributors to fire safety [15]. Also, there
we some obvious missing factors such as fuel, fire prevention, fire department response,
wd human factors. This suggests modifications to the list that better correspond to our
present level of knowledge.

Historic House Museums

Historic house museums were selected as the occupancy for development of a prototype
HFRI. An historic house museum is considered to be a structure with recognized historic
designation or apparent historic significance that is open to the public in order to display
lhe building and its contents. Most often, the historic house museum was originally
designed as a single-family residence. Professional or qualified staff or volunteers with
ﬂl_wcil'ic expertise in museum management or historic preservation usually manage the
listoric house museum.

For the HFRI, it was assumed that the primary function of the building is as a museum.
There is no residential or lodging use of the building; accessory functions that support
e museum are limited to offices and storage; and No conservation processes using
]abn_r.'nnry-type facilities are undertaken within the building.

Historic house museums are distinct from other museums and galleries, as typically,
:i‘;;lr;cture ]:IO.LlSil'].g the collections has not been fully modernized for use as a museumn.
by l}.nei:e| exhibited in context .as they were sefen and used when the houses were occup}ed
’ - ast owners, and not in cases or behind glass or segregated by Lype or material.
\mi‘;ll‘ llltls.loric house museums, the size of thg structure and imcrio_r‘ spaces are relatively
I U-S 1S ussuméd _&.hal there are no rooms in \_ﬂnch more than fifty persons as'semble.
Cusaiﬁé cIim:)del b_u]ldmg codes .and the NFPA Life Safety Code [8], these buildings are

ied as business occupancies.
i“U(flrl:ﬂ.glthis definition fllld set of churucteristirl:s, the compined FSES and BOCA par:'lmcter
b his[g;ie ‘L) was modified based on professﬁmnal experience. Parametm:s not app-llcal')le
applicmigc ouse museums were deleted, some par.umeters were combined to simplify
i o n, several parameters were expzfnded to include important components, .and

A iy Igll?lers deemed necessary to fire risk assessm.ent were ac-lded.. It was determined

"iftling A_the paru.meters in Tabls-a 4 were not nppllf:able t.o historic house museums:
.mﬁr“enc 1&;&_, Corridor 'Wulls/Ccn‘.rldorf'Room Separation, Mixed Use Groups, Ocnaupam

fﬂ\'eT ks y : Iogral?i, Unit Sepm‘auons: and Eleva.tor Control, The paramei?rs Maximum

stance/Exit Access, Means of Egress/Exit System, Dead Ends/Exit Access, and
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TABLE 5
Parameters for Fire Safety Evaluation of
Historic House Museums

Fire Prevention 5 Compartmentation
Egress Fuel

Historic Significance Detection & Alarm
Vertical Openings Emergency Response
Automatic Suppression Smoke Control

Building Height & Construction

Egress Emergency Lighting were combined as a single parameter, Egress. Fire Alary
System/Fire Alarm and Automatic Fire Detection/Smoke Detection were combineg 4
Detection and Alarm. The Compartmentation parameter was expanded to include Spe-
cific Occupancy Area Protection/Segregation of Hazards and HVAC Systems. Fue]
a new parameter that represents an expansion of Interior Finish to include other cop.
bustibles in the facility and entirely new parameters were introduced to cover areas
Fire Prevention, Historic Significance, and Emergency Response. The resulting ligt of
eleven parameters of the HFRI is shown as Table 5.

Parameter Weighis

Not all fire safety attributes have equal importance. Parameter weights serve to expres
the importance of each attribute compared with the others. Hence the assignment of
weights is a key component of multiattribute evaluation. Implied weights from the FSE§
and BOCA fire risk indexing systems were used to develop a set of parameter weights
for the HFRI

In the FSES and BOCA systems each parameter is evaluated by only a single measure,
thus weights and grades are not distinguished. Using a form of reverse engineering
implicit weights were extracted from these systems. The weight of a parameter is a mes
sure indicating its influence or significance to fire risk. The spread or range of possible
values of each parameter was assumed as a measure of this importance. As described ear
lier, to make meaningful comparisons between the two systems, the individual paramelet
spreads were normalized by adjusting for variations between systems in terms of overill
spread in total scoring and the difference in the number of parameters used in each sys
tem. This process resulted in a combined list of twenty weighted parameters of Table 4

For this analysis, importance is defined as the magnitude of the potential contribution
of a parameter to the total fire safety score. This value is measured as the percent of
variability in the score potentially attributable to a single parameter. If a; is the value of
parameter i, then the total fire safety score is defined as § =3 a;. The total variability
of the score S is its range S* given by 8" =Y ¢ yux — 2 @ min- 10€ spread or range of 4
single parameter, is defined as 7, = @;  — ;. min- Then by the associative law §* = o
and the importance of any parameter, is given by 100#,/8*, for example, the perceil
columns in Tables | and 2.

The validity of this approach relies on its similarity to multiple attribute utility theots
of management science, e.g., Keeny and Raiffa [17]. Each of the parameter values s
the product of a weight, w;, and a physical value, r;, as specified in the general lines
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TABLE 6
Weighted Parameters for
Historic House Museums

Parameters (%)

Fire Prevention

Egress

Historic Significance
Vertical Openings
Automatic Suppression
Building Height & Construction
Compartmentation
Fuel

Detection & Alarm
Emergency Response
Smoke Control

’JthUIDGWWmI-J'-oJ'..«JU\

Total 100

alditive model S = ¥ w;r, where S is the total safety score. In such a model the range of
physical values is normalized to a Likert scale so that all attributes are measured over the
wme range. Since the physical value range is constant for all attributes, the difference
in variability of attribute values is directly attributable to their weight or importance.

The percentages from Table 5 were used to assign weights to the HFRI parameters,
maintaining the ranking and scaling of Table 5. The new parameters were located in the
nmnking and assigned weights according to experienced judgment. The resulting HFRI
parameters weights are shown in Table 6.

Parameter Grades

Parameter srades are measures of the intensity, level, or degree of danger or security
dlorded by the attributes. Individual buildings will vary in the degree to which each
Prameter exists or occurs. In the HFRI the parameters are comprised of both quantitative
and ‘lU:dlitalive attributes, and methods to make them commensurable are necessary.
' Scaling techniques are used to capture the essential meaning of qualitative paramelers
»md' 10 develop scales upon which surrogate measures or grades are based. Quantitative
?j;?;ilel's are readily measured but still requ‘ire scaling to convert to a compensatory
sure. In most cases, parameters are not directly measurable. Parameter grades are
mi::pil)];e{'rum _values of sub-parameters that are more readily ldetermi.nable, recognizc_:d,
ity fe'nls_of a paramctf:r. Sub-purum.ett.trs are directly associated with measurable fire
5 ature_s or survey items of a building.
o d[;: i:fzhll‘lvqlue for evaluating and coml?ining sub-parameters u.).develop parameters
B i“- thetl:ﬁlon tables [18]. Measurable items make up the cond.u';ons and the conclu-
¥ niquege- -hlb‘le are_the. p(_)ss:b}e g{’ade.s. Ex'amples of such decision tables and other
. }i];;l{e lqund in 51.mllar fire r}sk indexing apprqaches [19, 20].
80, , I, Likert _sculmg_, as ll_le sunp];st and most d}f&t:l, was used to grade parameters
' 1,2, 3, 4, or 5, reading from unfavorable lo favorable. Most of the parameler
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TABLE 7
HFRI Summary Score Sheet

Fire Technology Second Quartey 200)

Parameter

e

“Parameter Weight Fire Sﬂfﬂly

Grade (%) Score
(A) (B) (Axn)

Fire Prevention
Exposure
Security
Staff
Minagement/Fire Safety Plan
Housekeeping
Egress/Evacuation
Adequacy (Automatic suppression,
travel distance)
Utilization (deiection and alarm,
emergency lighting)
Protection (exits, ways out, direct exit)
Availability (capacity, dead ends)
Significance
Building
Contents
Vertical Openings
Floors Penetrated
Protection
Fire Stopping
Automatic Suppression
Coverage
Response Time
Building Height & Construction
Height and Construction
Compartmentation
Hazard Segregation
Interior Walls
Attic Compartmentation
Fuel
Fire Growth Rate
Detection And Alarm
Detection
Alarm
Emergency Response
Fire Service Capability
Water Supply
Response Time
Accessibility
Smeke Control

Total Fire Safety Score

13
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qnges are similar to their counterparts in the NFPA and BOCA index systems. An exam-
ple and list of sources for the parameter grading are discussed elsewhere [21]. The sub-
qrameters for each parameter are listed on the HFRI scoring sheet shown in Table 7.

The final fire safety score of a facility is given by the scalar product of the parameter
weights and grades as shown in Table 7. This score enables one building to be compared
1o another or to a standard established by management or society.

tonclusions

Fire risk indexing is openly subjective and one of the major criticisms is its validity in
view of such subjectivity. Such criticism is no more warranted than for any other evalu-
ation system, as all rely on subjective components. In most cases, validity is established
irough longevity or by default. An approach to validity taken in this paper is to extract
information from “accepted” fire safety practices. Applying a form of reverse engineering
on two well-established fire risk indexing methods allowed the extraction of parameter
weights that have associated empirical validity.

Although the evaluation systems of FSES and BOCA are not fully transparent, and
in some aspects may be considered counterintuitive, much is to be said for the apparent
consensus they achieve within the community of code officials, architects, and fire pro-
lection engineers. Using the parameters of these systems and their implicit measure of
importance, attributes and their weights were derived to create a fire risk index applicable
0 historic house museums. This example is intended to encourage more formal structured
approaches to the development of fire risk indexing.
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Note

Th's.[’dpﬂr is adapted from J.M. Wats, Jr. and M.E. Kaplan, “Development of an Historic Fire Risk Index,”
if Fire Risk and Hazard Assessment Research Application Sympositm Proceedings, Quincy, MA: National
e Protection Research Foundation, 1997, pp. 315-327.
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