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ABSTRACT. The requirement to reduce expenditure on “non-core” activities, along with

building’s owners’ expectations for improved performance, are the main dilemmas with which

a facility manager deals on a regular basis. The primary objective of this research was to

identify the effect of defined parameters, such as the actual age of a building and its level

of occupancy, on the performance of facilities and their systems. This study contributed to

the development of a model capable of integrating these parameters into a Facility Manage-

ment (FM) tactical and strategic decision-making process, referred to as the Integrated

Healthcare Facility Management Model (IHFMM). The model’s guidelines may be outlined

for the methodological design and operation of facilities from a life cycle perspective. The

paper presents the architecture of the developed model, and four of the 15 procedures that

comprise the heart of this model.

KEYWORDS: Healthcare; Facility management; Occupancy; Performance; Service life

planning

1. INTRODUCTION

Increased competition in the business sec-

tor drives companies to reduce expenditures

on “non-core” activities. At the same time,

buildings’ owners and users have increased

their expectations and requirements of facili-

ties. These competing demands are the main

dilemmas with which a facility manager deals

on a regular basis.

Five processes have led the area of facility

management (FM) to become one of the most

important for business success: (1) increased

construction costs, particularly in the public

sector; (2) greater recognition of the effects of

space upon productivity; (3) increased perform-

ance requirements; (4) contemporary bureau-

cratic and statutory restrictions that deceler-

ate start up of new construction projects; and

(5) performance of high-rise buildings that are

highly dependent on maintenance (Shohet,

2005). Consequently, the traditional “mainte-

nance manager” has become a “facility man-

ager,” and is a key individual in an organiza-

tion’s continuity and success. The facility man-

ager is responsible for making critical strate-

gic and operational facilities-planning decisions

that affect the organization’s business perform-

ance. This is particularly true in healthcare

facilities, considered one of the most compli-
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cated and difficult types of facilities to man-

age, maintain, and operate. The facility man-

ager must make daily decisions in numerous

areas, such as maintenance policy, level of per-

formance, sources of labor, acceptable level of

risk, etc.

This paper presents the principles and the

architecture of the Integrated Healthcare Fa-

cility Management Model (IHFMM). The

IHFMM model is composed of 15 procedures

that have been developed within the frame-

work of this research. The paper, however, de-

scribes the outlines according to which four key

procedures (out of the 15 composing the model)

were developed.

2. LITERATURE BACKGROUND

Facility management has traditionally been

regarded in the old-fashioned sense of clean-

ing, repairs and maintenance (Atkin and

Brooks, 2000; Regterschot, 1990) while FM re-

sponsibilities were defined as “buying, selling,

developing and adapting stock to meet wants

of owners regarding finance, space, location,

quality and so on” (O’Sullivan and Powell,

1990). Nowadays, facility management is

known as “an integrated approach to maintain-

ing, improving and adapting the buildings of

an organization in order to create an environ-

ment that strongly supports the primary ob-

jectives of that organization,” as well as to

achieve a balanced, high performing organiza-

tion (Barrett, 2000). Then (1999) recognizes

that “the FM role is to meet the business chal-

lenges that confront the organization it is sup-

porting, for reaching the optimum balance be-

tween people, physical assets and technology.”

Healthcare facility management topics are

discussed widely in the literature. Natural

population growth, aging of the population, and

the consumer revolution have all increased the

demand for health services in public hospitals

(Hosking and Jarvis, 2003). Consequently, the

total number of in- and out-patient admissions

has increased. In order to deal effectively with

the increased number of in-patient admissions,

and as a result of their limited resources, hos-

pitals have reduced the average length of stay

(AHA, 2004; Federal Statistical Office Ger-

many, 2003). These trends have led to an in-

creasing investigation of the structure of

healthcare systems and facility management

decision-making in this industry. Melin and

Granath (2004) conducted a study in Sweden

on the effect of “Horizontal Integrated Care”

(HIC deals with ways that care is delivered to

patients) on facility management; Payne and

Rees (1999) discuss the importance of an inte-

grated facility management system in hospi-

tals; Procter and Brown (1997) present a case

study in which an information support system

was implemented in a hospital in the UK; and

Waring and Wainwright (2002) discuss the sig-

nificance of implementation of Information and

Communication Technologies (ICT) in the Na-

tional Health Service (NHS) facility manage-

ment system.

Examination of FM in the healthcare sec-

tor exposes an underinvestment in the alloca-

tion of resources (AHA, 2004; British Ministry

of Finance, 2003). This lack of attention might

adversely affect the non-core activities of

healthcare providers, and particularly facility

management aspects, such as maintenance

activities and operations.

Drivers of healthcare facility management

are discussed extensively in the literature.

Gallagher (1998), for instance, defines the fol-

lowing six issues as encouraging successful

implementation of healthcare FM: strategic

planning, customer care, market testing,

benchmarking, environmental management,

and staff development. Amaratunga et al.,

(2002) define the following attributes as key

processes for successful implementation of FM:

service requirements management, service

planning, service performance monitoring, sup-

plier and contractor management, health and

safety processes, risk management, and serv-
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ice coordination. Shohet and Lavy (2004b) iden-

tify the following five core domains (the “pen-

tagon”) within the area of healthcare facility

management: maintenance management, per-

formance management, risk management, sup-

ply services management, and development.

Information and Communications Technologies

(ICT) is treated as an integrator among all five

domains. These healthcare facility manage-

ment core domains are closely interconnected,

and a modification of any one affects the oth-

ers. The model this paper presents is composed

of the five core domains of healthcare FM de-

fined above as the pentagon of healthcare FM.

The problem of healthcare facility manage-

ment is characterized by the existence of dif-

ferent types of data, including both quantita-

tive data (e.g. maintenance resources, physi-

cal performance, and energy consumption), and

data that require a means of quantification for

implementation in FM (e.g. type of facility, and

maintenance policy). Moreover, data for most

healthcare facilities studied in extant research

was partially missing or incomplete. Further-

more, the type of solution and the reasoning

mechanism for FM policy setting and decision-

making involves integrating statistical knowl-

edge of the phenomenon with previous experi-

ence and heuristics of other cases. As a result,

the Structural Case-Based Reasoning approach

was found to be the most appropriate technique

for solving healthcare FM decision-making

problems.

3. OBJECTIVES

The complexity of decision-making in facil-

ity management requires a hierarchical evalu-

ation process, where perceptive understanding

of the effects of multiple factors is essential.

During the life cycle of an asset, many deci-

sions must be made so as to provide its own-

ers and users with optimal conditions. The pri-

mary objective of this research was to quan-

tify the effect of defined parameters, such as

the actual age of a building, level of occupancy,

level of outsourcing, and maintenance expendi-

ture, on the performance of facilities and their

systems. The performance of the built environ-

ment is defined in this research as the fitness

of the functional state of the facility to its in-

tended use. The performance of the facility is

measured using the Building Performance In-

dicator (BPI), developed in an earlier stage of

this research. Based on this, research efforts

focused on developing an artificial intelligence

model capable of integrating the above param-

eters into a Facility Management decision-

making process for FM policy setting and stra-

tegic planning. This main research objective

has been subdivided into the following goals:

(1) identifying core parameters for manage-

ment of system-intensive healthcare facilities

throughout the service life of the building; (2)

determining performance criteria for assess-

ing the core parameters; and (3) establishing

a multi-disciplinary (managerial, economic,

technological) hierarchical knowledge base for

an integrated FM model that supports the pre-

diction of performance and risk of various

buildings and systems in the facility.

The research method included the follow-

ing phases:

1. Field survey (data gathering): carried
out with a structured questionnaire,
designed to identify core parameters for
management of healthcare facilities;

2. Statistical analyses of the data collected
in the field survey: revealed the main
parameters affecting the field of
healthcare facility management;

3. Conceptual development of the decision-
making model (IHFMM): the five core
themes of healthcare FM were identi-
fied;

4. Computing of the decision-making
model: described in detail in the follow-
ing paragraphs; and

5. Feasibility evaluation of the model: im-
plementing the model in two case stud-
ies in Israeli public acute-care hospi-
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tals. Sensitivity analyses were carried
out to examine the sensitivity of the
results to variations in the model’s
parameters.

4. THE INTEGRATED HEALTHCARE

FACILITY MANAGEMENT MODEL

(IHFMM)

Architecture of the Model

This section delineates the architecture and

rationale behind the Integrated Healthcare

Facility Management Model (IHFMM). A com-

prehensive model should deal with all aspects

of healthcare FM, as mentioned in the back-

ground literature (Shohet and Lavy, 2004b) and

shown in Figure 1. Some components have al-

ready been developed in other studies, such

as the development of the facility. Shen and

Lo (1999), and Shen and Spedding (1998), for

instance, offer a model that prioritizes main-

tenance tasks by weighing six criteria, three

of which are physical condition, importance of

usage, and cost implications. This can be used

as a decision-support tool while planning main-

tenance projects. Likewise, in the framework

of this research, only the first two modules of

the IHFMM (maintenance management and

performance and risk management) were thor-

oughly investigated as a decision-support tool.

In addition, the relationships between the two

modules’ parameters were studied.

The model proposed in this research pro-

vides insight into the assessment of param-

eters that affect maintenance management,

and performance and risk management in

healthcare facilities. The proposed model is

divided into three main interfaces: Input In-

Figure 1. The architecture of the Integrated Healthcare Facility management Model
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terface, Reasoning Evaluator and Predictor,

and Output Interface, which are subdivided

into five phases (A to E), as described in the

following paragraphs.

The Input Interface

The Input Interface is subdivided into two

phases: (A) Facility phase; and (B) Buildings,

systems and components phase. In these two

phases, a variety of input parameters relevant

to the facility in question are required of the

user. This interface requires general data about

the facility (e.g., type of facility [principal/pe-

ripheral], availability of labor, designation of

areas with the facility [medical wards, utili-

ties, outpatient clinics, laboratories, offices]),

as well as specific data for each particular

building and system in the facility (e.g., actual

age and required service life of buildings, ac-

tual and required performance for components

and systems, and actual maintenance policies).

This interface uses a database of building com-

ponents for each sampled building, for which

the reinstatement value (cost of reconstruction)

per sq-m of floor area, Designed Life Cycle,

replacement cost per sq-m, and annual main-

tenance costs are given. The Input Interface

also employs several databases, such as the

pattern of deterioration for each of the build-

ing’s main components.

The first phase of the Input Interface

(Phase A) deals with general data from the

facility; while the second (Phase B), deals with

particular data from each building surveyed.

These two phases are further subdivided into

the following four layers: Phase A includes

Layer 1 – Facility: general data about the fa-

cility (type of facility, geographical location,

number of patient beds, and availability of

labor). Phase B is subdivided into three lay-

ers. These layers represent the input of par-

ticular data for each building, where each layer

refers to a different aspect of the facility. The

first layer in this phase, Layer 2 – Building,

deals with aspects related to the design pa-

rameters of the surveyed buildings (such as

floor area per building, actual age of buildings,

and required service life of buildings). Layer

3 – System – deals with maintenance and re-

quired performance of each particular build-

ing system. Each building was broken into 10

building systems, for which the following in-

formation is needed: maintenance policy per

building system, required level of performance

score, and the level of risk attributed to the

system’s physical performance score. The last

layer in this phase, Layer 4 – Component, ad-

dresses the particular components in the dif-

ferent building systems. This layer requires

information such as reinstatement value of

each component, its annual maintenance and

replacement costs, and its actual physical per-

formance score. Some of the data is collected

simultaneously at two layers; for example, an-

nual maintenance expenditure is analyzed at

both the facility level (for measurement of over-

all effectiveness of maintenance activities at

this level) and at the component level (identi-

fying effectiveness of maintenance for a par-

ticular component). The Input Interface is de-

signed according to a deductive reasoning ap-

proach, i.e. from the general facility level to

the specific components level. It begins by ac-

quiring general facility data, then buildings

and systems, and finally it acquires particular

and detailed data about the specific compo-

nents.

The Reasoning Evaluator and Predictor

Interface

The Reasoning Evaluator and Predictor In-

terface is both the mind and the heart of the

developed model, since it includes the calcu-

lating, analyzing, and deducing stages of the

facility’s Key Performance Indicators. This in-

terface includes a single phase – Key Perform-

ance Indicators (Phase C) – in which the dif-

ferent procedures of the IHFMM are imple-

mented. This phase is composed of 15 proce-

dures, based on previous studies and on the
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statistical analyses of the field survey carried

out in the preliminary stages of the current

research (presented and discussed in Shohet

and Lavy, 2004a). The Reasoning Evaluator

and Predictor Interface measures and predicts

KPI’s of maintenance, performance, and risk

for the facility, the buildings, the systems, and

their components. Thus, a set of outcomes and

recommendations is deduced, as described in

the following paragraphs.

The scheme of the Reasoning Evaluator and

Predictor Interface is presented in Figure 2.

As seen in Figure 2, this interface is sub-di-

vided into three hierarchical layers, i.e. the pro-

cedures are implemented and computed from

Facility Parameters (Layer 5), through Actual

Indicators of the facility FM (Layer 6), to Pre-

diction Indicators of facility performance

(Layer 7).

The Facility Parameters layer (Layer 5) im-

plements seven procedures that calculate and

determine the following parameters in the sur-

veyed facility: (1) facility coefficient calculates

an economic coefficient that assesses the

amount of resources allocated on an annual

basis for implementing annual maintenance

activities (as detailed in the following para-

graphs); (2) facility area calculates the total

surveyed floor area; (3) Total Annual Mainte-

nance Expenditure (TAME) indicates the sum

of actual annual maintenance expenditure

spent for the whole facility; (4) required per-

formance indicator shows the required level of

performance (as set by the facility manager)

for the different buildings and systems on-cam-

pus, as measured on a 100-point scale (Shohet

et al., 2003); (5) building systems’ weights in

the performance indicator calculates the eco-

nomic weights (based on Life Cycle Costs

analysis) with which the systems in each sur-

Figure 2. Scheme of the Reasoning Evaluator and Predictor Interface
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veyed building are weighted in the different

performance indicators; (6) Building Impor-

tance Indicator (BII) indicates the priority set-

ting according to which the surveyed buildings

are prioritized for maintenance, as defined by

the facility manager; and (7) building systems’

weights in the risk indicator shows the poten-

tial risk involved in the maintenance of differ-

ent building systems, defined by a combina-

tion of parameters, such as the area of the

building and the vitality of the system (for ex-

ample, medical gases and fire protection sys-

tems ought to be in a much higher risk cat-

egory than the interior finishes and the exte-

rior envelope systems).

As seen in Figure 2, some of Layer 5’s out-

puts are used by Layer 6 (Actual Indicators

layer), including the following four procedures.

(1) Maintenance Efficiency Indicator
(MEI) indicates the efficiency with
which maintenance activities are im-
plemented (as detailed in the follow-
ing paragraphs).

(2) Annual Maintenance Expenditure is
the annual resources allocated for
maintenance activities per building.

(3) Building Performance Indicator (BPI)
indicates the actual performance of the
surveyed buildings on a 100-point
scale, weighted according to their sys-
tems’ and components’ shares in the
building’s Life Cycle Costs (as
weighted in procedure no. 5 in Layer
5). The BPI score is measured by
using previously defined performance
scales (Shohet, 2003). An example of
the scales used for measuring perform-
ance is given in Appendix A, where a
given scale for exterior cladding sys-
tem performance rating is presented.
A similar scaling system was used to
evaluate the level of performance of
51 components in a building.

(4) Actual risk indicates the actual levels
of risk with regard to each of the sys-
tems in the surveyed buildings, de-

fined by a default set of rules that can
be modified by the user and measured
on a 5-point scale (Very Low, Low,
Moderate, High, and Very High).

The main outcomes of this interface are

shown in Layer 7 – The Prediction Indicators

layer, which constitutes four procedures for

computing the following projections for FM

planning of a facility: (1) Projected Annual

Maintenance Expenditure (PAME) per built sq-

m of floor area in a facility – this procedure

computes the annual maintenance expenditure

required to perform a given maintenance policy

under a given condition of the facility; (2) pro-

jected performance indicator for different com-

ponents, systems, buildings, and for the en-

tire facility – projects the future physical condi-

tion of the facility, buildings, and systems for

a given actual condition and a given mainte-

nance policy; (3) projected level of risk involved

in maintaining the buildings – projects the

level of risk of systems and buildings for a

given actual physical condition and risk, and

a given maintenance policy; and (4) policy set-

ting, to compare the surveyed facility with

other similar facilities, based on “best practice

cases.”

The Output Interface

The Output Interface provides the user with

the analyses and results of the facility in ques-

tion on a variety of topics: economic, perform-

ance, risk, maintenance policy setting, and

sources of labor. This interface implements in-

ductive reasoning, i.e., the policy setting and

output parameters are deduced from the com-

ponent to system layer; the latter layers are

then incorporated into the analysis of the build-

ing and facility. In this interface, the user be-

gins with the results of the analyses conducted

in the Reasoning Evaluator and Predictor in-

terface. The Output Interface is subdivided into

two phases: the first phase of the Output In-

terface (Phase D) deals with particular data

for the facility, including economic (e.g., pro-
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jected Annual Maintenance Expenditure), per-

formance (e.g., projected level of performance),

and risk (e.g., projected level of risk) aspects,

which are divided into the following four lay-

ers: Components Evaluation, Systems Analy-

sis, Building Analysis, and Facility Analysis

(Layers 8 to 11). The second phase (Phase E)

compares the facility’s main Key Performance

Indicators with other facilities, and includes

Policy Setting for maintenance and sources of

labor for each of the systems and buildings in

the facility (Layer 12).

Two principles outline the design of the pro-

posed IHFMM, as follows:

1. The architecture of the database is ob-
ject-oriented, enabling adaptability to
diverse healthcare facilities and build-
ings. This attribute makes the model
flexible and capable of receiving infor-
mation about different types of
healthcare buildings, according to par-
ticular configurations; and

2. The model links the six core issues of
strategic healthcare FM. Although the
developed modules deal simultane-
ously with aspects related to mainte-
nance, performance and risk of
healthcare facilities, future develop-
ment will expand to include energy
and operations, business management,
and development aspects.

The following paragraphs outline the ration-

ale behind selecting four main procedures out

of the 15 specified in this research for in-depth

analysis, namely the facility coefficient, the

projected performance, the Maintenance Effi-

ciency Indicator, and actual risk, drawn from

the Reasoning Evaluator and Predictor Inter-

face (Figure 2). The facility coefficient is key

for determining projected maintenance and

actual maintenance efficiency; and projected

performance is associated with the projection

of future performance and risk in the facility.

Being able to correctly predict maintenance

efficiency, future performance and actual risk

forms the basis of healthcare FM’s contribu-

tion to overall organizational efficiency.

Facility Coefficient

The facility coefficient determines projected

maintenance and assesses actual maintenance

efficiency. This procedure assumes that annual

maintenance expenditure is affected by four

independent variables: (1) category of environ-

ment in which the facility is located (marine

vs. in-land); (2) level of occupancy (number of

patient-beds per 1,000 sq-m built, with stand-

ard occupancy being 10 patient-beds per 1,000

sq-m.); (3) actual age of the buildings in the

facility (years since completion of construction);

and (4) designation of built areas in the build-

ing, such as hospitalization wards, offices, labo-

ratories, clinics, and utility areas (the more

complex the building the higher the mainte-

nance demands) (Lavy and Shohet, 2007a). It

should also be stressed that this coefficient

refers merely to the projected expenditure for

maintenance.1

The facility coefficient procedure is an eco-

nomic coefficient used in computing the An-

nual Maintenance Expenditure, by adjusting

a coefficient for each of the surveyed buildings

in the facility, and for the entire facility. This

economic coefficient expresses the maintenance

resources required for implementing a preven-

tive maintenance policy based on the facility’s

level of occupancy, type of environment, age of

buildings, and the components included in the

buildings.

As mentioned above, the assumption made

in the development of this procedure is that

the facility coefficient is affected by the four

main variables in the following manner: (1) age

of the building dictates the replacement of

building components; (2) category of environ-

1  The facility coefficient has no relevance to revenue escalation as a result of other conditions, such as increased number

of patients accommodated in a given area, or the level of utilization of certain areas in the facility.
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ment (marine or in-land) affects the deteriora-

tion of exterior building components, as seen

in Table 1; (3) average occupancy level of the

facility (defined as the number of patient beds

per 1,000 sq-m, where 10 patient-beds per

1,000 sq-m are characterized as standard 100%

occupancy) affects the deterioration of interior

building components, as seen in Table 1; and

(4) the configuration of each building (e.g., hos-

pitalization wards require different building

systems and components than warehouses).

The model assumes that the type of environ-

ment and the level of occupancy variables are

statistically independent. Occupancy level af-

fects the life cycle of a component, or its an-

nual maintenance costs, or both—particularly

in the case of indoor components that are ex-

posed to intensive or moderate service condi-

tions (Table 1). Marine environment affects the

life cycle of a component and its annual main-

tenance costs, particularly in the case of out-

door components that are exposed to severe

environmental conditions (Building Perform-

ance Group Ltd., 1999; Construction Audit

Ltd., 1999). In addition, each component is as-

sumed to be replaced at the end of its life cy-

cle, unless the residual service life of the build-

ing is less than half of the component’s De-

signed Life Cycle. In that case, the component

continues to serve the building until the end

of the building’s life cycle (Allweil, 1989).

The facility coefficient is an adjusting coef-

ficient for the maintenance of the actual facil-

ity, compared to a standard hospitalization

building at standard service conditions used

as a reference case. The standard service con-

ditions are defined to be in-land environment

and standard level of occupancy (100%). The

facility coefficient represents an annual snap-

shot indication – an increase or decrease in

the required maintenance resources; it is thus

calculated on a yearly basis. A facility coeffi-

cient of 1.25, for example, represents an in-

crease of 25% in the annual maintenance re-

sources compared with a standard hospital

building, under standard service conditions

(occupancy and environment). It does not mean

that in general, the cost of maintenance is 25%

higher for one type of environment or occu-

pancy level as measured against the standard;

however, does indicate that additional re-

sources are required for the particular year for

which the coefficient is calculated. The facility

coefficient for any building changes during the

service life of the building, based on its unique

configuration of systems and components. The

facility coefficient provides an analytical means

for service life planning of facilities; this coef-

ficient can be used to allocate resources to the

maintenance of the facility from a long-term

service life planning perspective.

The facility coefficient is used in the pro-
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Table 1. Effect of facility parameters on the facility coefficient
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jection of annual maintenance resources re-

quired by healthcare facilities. The coefficient

enables the delineation of resources required

for replacement and maintenance activities;

based on this outline, an annual maintenance

plan can be created. This coefficient is also

used in the Maintenance Efficiency Indicator

to evaluate the actual efficiency with which

maintenance activities are implemented. Most

assumptions used for developing the facility

coefficient procedure are parametric, and as a

result, they can be modified and adapted for

other types of buildings and situations. The

facility coefficient procedure uses the Life-Cy-

cle Costs analysis, and applies it to different

environmental and occupancy conditions over

a designed life cycle of 75 years (Figure 3 and

Appendix B). The figure was produced from

simulations of the building’s maintenance un-

der six combinations of environmental and oc-

cupancy service conditions. Figure 3 depicts

that the cumulative effect of marine environ-

ment and high occupancy adds up to an in-

crease of 19% in maintenance life cycle costs.

Conversely, light service conditions, i.e. low

occupancy, lead to a 10% decrease in the cu-

mulative facility coefficient. These findings are

explained by statutory regulatory requirements

for preventive maintenance of most of the

electro-mechanical systems within the build-

ing, even under partial occupancy conditions.

Comparison of the cumulative coefficient for

standard occupancy and marine vs. in-land

environment reveals that the effect of marine

environments accumulates to only 2.1%. The

cumulative effect of high occupancy is found

to be as high as 14%.

Projected Performance Procedure

Projected performance is associated with

the projection of future performance and risk

in the facility. This procedure projects the per-

formance score for each component and sys-

tem, used to compute the projected perform-

ance indicator for each surveyed building, as

well as for the entire facility. This procedure

provides a projection of the physical perform-

ance score of buildings’ components and sys-

tems, measured on a 100-point scale, based on

their actual physical performance.

The deterioration pattern of each compo-

nent in the structural system is assumed to

be non-linear (Bentur et al., 1997), as found in

a field survey conducted during an earlier

phase of this research (Equation 1):

( )5289.0*08139.0exp*29.124 ty −=

638 ≤≤ t (1)

This equation represents the deterioration

in performance, where y is the projected per-

formance score for year t. The correlation co-

efficient of this equation was found to be

R2 = 0.65, representing structural components

in an in-land environment, between 8 and 63

years of age. During this period of time, per-

formance decreases exponentially from 97.33

points to 60 points. A similar analysis was con-

ducted for buildings in a marine environment.

However, the deterioration pattern of each

component in all systems other than the struc-

tural system was assumed to be linear (Equa-

tion 2). The linear pattern of deterioration as-

sumes standard service conditions that yield

time-dependent linear deterioration of build-

ing components, based on previous research

findings that linear patterns of deterioration

are appropriate and valid for interior compo-

nents and exterior claddings (Shohet and

Paciuk, 2004; Moubray, 1997).

,
40

,

,,,,

kj
kjikji

dlc
APPP −= (2)

where: PPi,j,k 
= Projected performance score for

component k of system j in building i; APi,j,k =

Actual performance score for component k of

system j in building i; and dlcj,k = Designed

life cycle for component k of system j.
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Although this was not proven for all build-

ing components, and since this research does

not investigate the exact pattern of deteriora-

tion for all components, the linearity assump-

tion was made in order to simplify the calcu-

lation process. However, the equations used in

this research are parametric, so future stud-

ies could replace these equations with others,

if they are found to be more accurate and pre-

cise.

The weight of each system in the building’s

performance indicator is calculated as the ra-

tio between the system’s Life Cycle Costs

(LCC) and the building’s LCC. Since this ratio

weighs the systems based on their LCC rela-

tive to the total LCC of the building, it repre-

sents a physical performance score weighted

on the basis of the LCC criterion. This crite-

rion sets a service life planning means for the

allocation of maintenance resources.

The prediction of a building’s performance

indicator projects future functioning level

based on actual monitoring of its performance

and on other assumptions, as detailed above.

In this research, patterns of performance pro-

jection were developed for all 51 main hospi-

Figure 3. Cumulative facility coefficient along building's service life for various conditions
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tal building components. Based on this, future

performance can be projected for each system

in the building, for the building as a whole,

and for the entire facility that is composed of

several buildings (Lavy and Shohet, 2007b).

The process of performance projection in-

cludes two patterns of deterioration: non-lin-

ear and linear deterioration. Although the con-

cept of different patterns of deterioration is

well documented in the literature, this research

advances one step further: it proposes the use

of these patterns of deterioration to not only

project the performance of a single element or

system in a building, but to project it for the

entire building and even of the entire facility,

using Life Cycle Costs as the weighting prin-

ciple for the various building systems. Moreo-

ver, it allows decision-makers to break each

building down into its separate systems, and

to analyze it in great detail, down to its com-

ponents.

Maintenance Efficiency Indicator

Procedure

This procedure computes the Maintenance

Efficiency Indicator (MEI), which indicates the

actual efficiency with which maintenance ac-

tivities are implemented. The MEI range of

values for healthcare facilities is defined as:

(1) lower than 0.37, representing a high level

of efficiency; (2) between 0.37 and 0.52, repre-

senting a standard level of efficiency, with 0.45

being the middle of this range; and (3) higher

than 0.52, representing a low level of efficiency.

These values are based on a desired perform-

ance level of 90 points, 25 years as an average

age of Israeli healthcare facilities, and Annual

Maintenance Expenditure that assumes imple-

mentation of a preventive maintenance policy

(Shohet et al., 2003). In order to calculate the

Maintenance Efficiency Indicator, this proce-

dure uses the following two indicators: (1) the

Normalized Annual Maintenance Expenditure

(NAME) which is the adjusted Annual Main-

tenance Expenditure – this value expresses the

maintenance expenditure, weighing the effects

of the building’s age and level of occupancy

(Shohet et al., 2003); and (2) the actual Build-

ing Performance Indicator (BPI) for the entire

facility, measured on a 100-point scale. The

MEI calculation is shown in Equation 3. The

NAME itself is composed of two parameters:

(1) the Annual Maintenance Expenditure,

which is the annual amount of resources per

sq-m spent on maintenance activities in the

facility; and (2) the facility coefficient, repre-

senting the maintenance resources for imple-

menting preventive maintenance policy. This

calculation is shown in Equation 4.

BPI

NAME
MEI = , (3)

( )yFAC

AME
NAME = , (4)

where: MEI = Maintenance Efficiency Indica-

tor; NAME = Normalized Annual Maintenance

Expenditure ($US per sq-m); BPI = Building

Performance Indicator for the facility; AME =

Annual Maintenance Expenditure ($US per sq-

m); and FAC(y) = Facility coefficient for

year y.

Figure 4 delineates the Maintenance Effi-

ciency Indicator on a two dimensional graph

where the vertical axis represents the BPI

scores of the buildings, while the horizontal

axis represents the NAME. The diagonal

dashed line represents the normative stand-

ard level of MEI (0.45) in hospital facilities in

Israel, and the other two lines provide the up-

per and lower boundaries of this range as de-

rived from the standard deviation of the sam-

ple population. This diagram provides a stra-

tegic tool for long-range facility management

in healthcare. On the vertical axis, the diagram

allows setting of performance benchmarks and

short as well as long-term objectives. The hori-

zontal axis provides a clear means for economic

evaluation of the annual expenditure on main-
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tenance. The normative lines set the criteria

for efficient maintenance (MEI = ±0.37), stand-

ard efficiency (MEI = ±0.45), and poor effi-

ciency (MEI > 0.52).

Actual Risk Procedure

This procedure aims to categorize the ac-

tual level of risk for each system in each build-

ing. The risk scales were defined as ordinal

scales with five categories of risk: Very Low,

Low, Standard, High, and Dangerous. This pro-

cedure provides an indication for the level of

risk associated with each of the 51 main com-

ponents in a building (also discussed in the

Building Performance Indicator (BPI) proce-

dure). The assumption is that the following two

parameters characterize a risk level: (1) actual

Building Performance Indicator and (2) actual

maintenance policy and design parameters.

Table 2 presents the calculation method for the

actual risk for one building component – the

control panels, which are part of the elevator

system. The values presented in this table are

parametric, and were developed as an aver-

age of the responses received from a survey of

five Israeli healthcare facility managers in

public acute-care hospitals; therefore, these are

the model’s default values. However, since

these are parametric figures, they may be

changed and adapted according to the specific

requirements of each type of building and for

each user’s needs.

Based on this table, the actual risk of any

specific component may be deduced according

to the higher option, i.e., if the BPI shows an

actual risk category of Low, but the mainte-

nance policy fits the actual risk category of

Standard, then the final actual risk of that

component will be Standard (the higher value

of Low and Standard). If the BPI is lower than

30 points, then the maintenance policy has no

affect on the actual risk, which means that it

remains Dangerous, regardless of the mainte-

nance policy.

Figure 4. Normative range of MEI on a BPI vs. NAME-graph
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5. CONCLUSIONS

The research proposes deductive hierarchi-

cal reasoning for strategic healthcare facility

management. The reasoning mechanism im-

plements integrated analyses of Key Perform-

ance Indicators that shed light on organiza-

tional effectiveness and efficiency of healthcare

FM, and on performance and maintenance

policy setting.

When making a decision, a facility manager

must consider many factors in FM decision-

making. Yet, existing models supporting deci-

sion-making processes are quite limited, par-

ticularly at the strategic level of facilities man-

agement. This may be attributed to the fact

that the integration between the different pa-

rameters of the facility has not yet been re-

searched thoroughly, particularly with refer-

ence to the effects of these parameters on the

facility’s service life planning. As a result, this

research focused on the identification of prin-

cipal variables affecting the performance and

maintenance of facilities throughout their serv-

ice life. These parameters were drawn together

into an analytical Integrated Healthcare Fa-

cility Management Model, which proposes si-

multaneous diagnosis and analysis of the

complexities involved in this intricate area. Al-

most all facility managers and owners of pub-

lic and private facilities face these complexi-

ties. Managing these complexities is, however,

more critical in healthcare facilities that oper-

ate 24 hours a day, 7 days a week, provide

emergency intensive and life-saving care and

treatment services, and support critical infra-

structure of healthcare, such as power supply

for operating theaters, and medical gas in in-

tensive care units.

The development of the IHFMM enhances

the existing body of knowledge about the man-

agement of built facilities and provides generic

parameters, as well as methods, for the com-

plicated decision-making processes in

healthcare facility management. It enables the

facility management discipline to become more

structured and quantitative by offering simul-

taneous hierarchical analysis of healthcare FM

core parameters, as seen by the structure of

the model. The IHFMM may provide a means

for coping with complexities, such as insuffi-

cient data, that the facility management disci-

pline often faces. In addition, the developed

IHFMM may provide new means and concepts

for measuring the effectiveness and efficiency

of performance and operations of facilities.

ksiRfoleveL
yrogetaC

gnidliuB
ecnamrofreP

rotacidnI

yciloPecnanetniaM

woLyreV 09> dezirohtuanaybraeyaeciwtdetnemelpmisisrotavelefonoitcepsnI
lortnocgnidulcni(noitcepsnideliated,sgnidliubdedworcnidna,rotcepsni

sisrotavelefo).cte,noitidnoclacinahcem,draobdnammoc,metsys
.yltneuqerferomro,ylhtnomdetnemelpmi

woL 09–07 dezirohtuanaybraeyaeciwtdetnemelpmisisrotavelefonoitcepsnI
sisrotavelefonoitcepsnideliated,sgnidliubdedworcnidna,rotcepsni

.yltneuqerferomro,ylretrauqdetnemelpmi

dradnatS 07–05 dezirohtuanaybraeyaeciwtdetnemelpmisisrotavelefonoitcepsnI
tonsinoitcepsnideliated,sgnidliubdedworcnidna,rotcepsni

.detnemelpmi

hgiH 05–03 naybraeyaeciwtnahtsseldetnemelpmisisrotavelefonoitcepsnI
.rotcepsnidezirohtua

suoregnaD 03< .detnemelpmisisrotavelefonoitcepsnioN

Table 2. Actual risk for control panels, elevator system
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The proposed IHFMM could assist

healthcare facilities managers in their FM-re-

lated decision-making process, as it creates the

basis for strategic decision-making in facility

management. The facility coefficient procedure,

for example, shows significant evidence that

the maintenance expenditure in a building sig-

nificantly depends on a combination of factors

that have not been taken into consideration in

previous research, such as the age of the build-

ing, its level of occupancy, and even the type

of environment in which the building is located.

The projected performance procedure can be

used as an indicator for the projection of the

physical condition of a building and its vari-

ous systems and components, by using linear

and non-linear patterns of deterioration for

each specific component. Based on these two

parameters, strategic decision-making, such as

determining the best investment in terms of

resource allocation and even broader aspects

of facility management which were not dis-

cussed in this paper, such as space planning

and workplace design, can be undertaken. The

third procedure this paper deals with is the

Maintenance Efficiency Indicator that ex-

presses the efficiency with which resources are

utilized. Using this indicator provides strate-

gic decision-makers with a powerful tool in

terms of identifying required changes in order

to improve efficiency and productivity in im-

plementing maintenance work. The fourth pro-

cedure is the actual risk procedure that com-

bines the physical performance and mainte-

nance policy into a 5-point scale representing

the risk associated with a building and its vari-

ous systems and components. Using each of

these procedures by itself can add an impor-

tant component to strategic facility manage-

ment; however, using the IHFMM as an inclu-

sive model for healthcare facility management

has the capacity to make considerable changes

in this process.

Nevertheless, the model is not yet complete;

the current modules must be further studied,

and the modules that this research did not

address, such as energy consumption and op-

eration costs, should be studied and combined

into a comprehensive Integrated Healthcare

Facility Management Model. This research

may also be extended to include analyses of

performance, risk, and patterns of deteriora-

tion vs. annual revenue and level of occupancy.

Moreover, this study was conducted on Israeli

hospital buildings. Implementing it in hospi-

tal buildings in other parts of the world will

require adjustments and modifications of the

different indicators to reflect local environmen-

tal conditions and construction. Furthermore,

a similar, continuing study was conducted on

office buildings (Shohet et al., 2006); its find-

ings support these conclusions.

Based on this research, and using the de-

veloped procedures, guidelines for strategic

facility management may be outlined for the

methodological design and operation of facili-

ties from a life cycle perspective. The develop-

ment of the analytical quantitative model may

significantly contribute to a better understand-

ing of healthcare facility management, as well

as contribute to measuring efficiency, and im-

proving FM performance.
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SANTRAUKA

STRATEGINIS INTEGRUOTAS SVEIKATOS PRIEÞIÛROS PASTATØ ÛKIO VALDYMO MODELIS

Sarel LAVY, Igal M. SHOHET

Reikalavimas maþinti „neesminës“ veiklos iðlaidas bei pastato savininkø lûkesèiai dël geresniø rezultatø – su tokiomis
pagrindinëmis dilemomis reguliariai susiduria pastatø ûkio valdymo vadybininkas. Ðio tiriamojo darbo pagrindinis
uþdavinys yra nustatyti, koks yra apibrëþtø parametrø, tokiø kaip realus pastato amþius ir jo uþimtumo lygis, poveikis
pastatø ir jø sistemø rezultatyvumui. Ðis tyrimas prisidëjo kuriant modelá, kuris leidþia ðiuos parametrus integruoti
á taktiniø ir strateginiø pastatø ûkio valdymo sprendimø priëmimo procesà ir yra vadinamas integruotu sveikatos
prieþiûros pastatø ûkio valdymo modeliu. Modelio rekomendacijas galima taikyti vykdant metodologiná pastatø
projektavimà ir eksploatavimà ið gyvavimo ciklo perspektyvos. Ðiame darbe pristatoma sukurto modelio architektûra
ir keturios ið penkiolikos procedûrø, sudaranèiø ðio modelio ðerdá.
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APPENDIX A

Performance rating scale for the exterior cladding system
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APPENDIX B

Facility coefficient, in different environmental and occupancy conditions for a hospital building

with designed life cycle of 75 years

s'gnidliuB
efiLecivreS

tnemnorivnEdnal-nI tnemnorivnEeniraM

woL
ycnapuccO

dradnatS
ycnapuccO

hgiH
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woL
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dradnatS
ycnapuccO
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5 4173.0 5024.0 1215.0 0104.0 1054.0 7145.0

01 1544.0 9825.0 2556.0 2474.0 0855.0 3486.0

51 9528.0 0558.0 4230.1 5058.0 7978.0 0750.1

02 9341.1 2302.1 7784.1 5502.1 9462.1 3945.1

52 5960.1 7302.1 0463.1 9651.1 2192.1 5154.1

03 7920.1 0080.1 5801.1 5660.1 8611.1 3541.1

53 3472.1 6053.1 4795.1 6952.1 9533.1 7285.1

04 4715.1 1135.1 5187.1 9635.1 7055.1 0108.1

54 0681.1 5593.1 4305.1 7052.1 1064.1 1865.1

05 6649.0 9292.1 2212.1 6299.0 9833.1 2852.1

55 0981.1 4722.1 6682.1 9122.1 3062.1 5913.1

06 0361.1 3432.1 6395.1 7402.1 0672.1 3536.1

56 3207.0 3838.0 7350.1 1247.0 1878.0 5390.1

07 1214.0 2124.0 0015.0 1054.0 1954.0 0845.0

57 0893.0 3293.0 0794.0 3434.0 7824.0 4335.0
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