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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.
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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-

International Journal of Strategic Property Management

ISSN 1648-715X print / ISSN 1648-9179 online © 2007 Vilnius Gediminas Technical University

http:/www.ijjspm.vgtu.lt



126

S. Lavy and 1. M. Shohet

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
ITHFMM 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-

4 I
Input Interface
Maintenance Performance and Energy and Business Development
Management Risk Management Operations Management p
A 4
Reasoning Evaluator and Predictor Phase
Statistic Heuristic
Output Interface
Maintenance Performance and Energy and Business Development
Management Risk Management Operations Management P
Legend : [:] Developed in this research D Not developed in this research
N J

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
KPT’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-

I Facility area
!
Layer 5 - Facility coefficient Building systems’ weights - Performance
Facility Building Importance
parameters Total Annual ln%lica:jor L ¥
Maintenance Required
i i — , Performanc
Expenditure Building systems’ oAy
weights - Risk
R N R . S 2 2 E -_—Ph
Annual Maintenance Building Performance asc
Layer 6 - Expenditure (AME) Indicator (BPI) C
Actual
indicators Maintenance Efficiency T
Indicator (MEI) Actual Rigk
= L ]
| Projected Performance |
h J h 4
Layc_r ? - l v ‘ Policy setting
!’rcf]lctmn ‘ Projected Risk
indicators
A J A J h 4 h 4 ¥
Projected Annual Maintenance Expenditure

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 THFMM, 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.!

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-

L 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-

Table 1. Effect of facility parameters on the facility coefficient

Occupancy In-land Environment

Marine Environment

Low Relevant interior components —
(80% or lower)
maintenance costs.

Standard (bet- Reference case (refers to 100 %

ween 80% and  occupancy).

133%)

High (133% or Relevant interior components —
higher) Shorter life cycles, and higher annual

maintenance costs.

Longer life cycles, and lower annual

Relevant exterior components — Shorter life cycles,
and higher annual maintenance costs.

Relevant interior components — Longer life cycles,
and lower annual maintenance costs.

Relevant exterior components — Shorter life cycles,
and higher annual maintenance costs.

Relevant exterior components — Shorter life cycles,
and higher annual maintenance costs.
Relevant interior components — Shorter life cycles,
and higher annual maintenance costs.
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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):

¥ = 12429 * expl- 0.08139 * 05259

R <t <63 (D

This equation represents the deterioration
in performance, where y is the projected per-
formance score for year ¢. The correlation co-
efficient of this equation was found to be
R? = 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
PRy = AR j; ————, )
/ PR dley
where: PP, k= Projected performance score for

component £ of system j in building i; AP, k=
Actual performance score for component £ of
system j in building i; and dlcj , = Designed

life cycle for component % of system j.
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Figure 3. Cumulative facility coefficient along building’s service life for various conditions

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-
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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.

wr - NAME )
BPI

Namg = AME_ (4)
FAC(y)

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 sg-
m); and FAC(y) = Facility coefficient for
yeary.

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-



A Strategic Integrated Healthcare Facility Management Model 137

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.
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Figure 4. Normative range of MEI on a BPI vs. NAME-graph
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Table 2. Actual risk for control panels, elevator system

Level of Risk Building Maintenance Policy
Category Performance
Indicator

Very Low >90 Inspection of elevators is implemented twice a year by an authorized
inspector, and in crowded buildings, detailed inspection (including control
system, command board, mechanical condition, etc.) of elevators is
implemented monthly, or more frequently.

Low 70-90 Inspection of elevators is implemented twice a year by an authorized
inspector, and in crowded buildings, detailed inspection of elevators is
implemented quarterly, or more frequently.

Standard 50-70 Inspection of elevators is implemented twice a year by an authorized
inspector, and in crowded buildings, detailed inspection is not
implemented.

High 30-50 Inspection of elevators is implemented less than twice a year by an
authorized inspector.

Dangerous <30 No inspection of elevators is implemented.

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 ITHFMM 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
THFMM may provide new means and concepts
for measuring the effectiveness and efficiency
of performance and operations of facilities.
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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.

REFERENCES

Allweil, A. (1989) Maintenance Expenditure in Dif-
ferent Types of Buildings, Third research re-
port of Life Cycle Costs of Buildings, National
Building Research Institute, Haifa, Israel (in
Hebrew).

Amaratunga, D., Haigh, R., Sarshar, M. and Baldry,
D. (2002) Assessment of facilities management
process capability: A NHS facilities case study.
International Journal of Health Care Quality
Assurance, 15(6), p. 277-288.

American Hospital Association (AHA) (2004)
TrendWatch Chartbook 2004: Trends affecting
hospitals and health systems — September
2004, <http://www.hospitalconnect. com/
ahapolicy forum/trendwatch/chartbook2004.
html>, (June 2004).



140

S. Lavy and 1. M. Shohet

Atkin, B. and Brooks, A. (2000) Total Facilities Man-
agement, Blackwell Science, Oxford, U.K.

Barrett, P. (2000) Achieving strategic facilities man-
agement through strong relationship. Facilities,
18(10/11/12), p. 421-426.

Bentur, A., Diamond, S. and Berke, N. S. (1997)
Steel Corrosion in Concrete: Fundamentals, and
Civil Engineering Practice, E&FN Spon, Lon-
don, U.K.

British Ministry of Finance (2003) Budget 2003:
Report — Chapter 6: Delivering high quality
public services, <http://www.hm-treasury.
gov.uk/budget/bud_bud03/budget_ report/
bud_bud03_repchap6.cfm>, (February 2005).

Building Performance Group Ltd. (1999) BPG Build-
ing Fabric Component Life Manual, E&FN
Spon, London, U.K.

Construction Audit Ltd. (1999) HAPM (Housing
Association Property Mutual) Component Life
Manual, E&FN Spon, London, U.K.

Federal Statistical Office Germany (2003) Facilities,
beds and patient turnout: Hospitals, 1991-2003,
<http://www.destatis.de/basis/e/gesu/
gesutab29.htm>, (June 2004).

Gallagher, M. (1998) Evolution of facilities manage-
ment in the health care sector, Construction
Papers, No. 86, 1-8, The Chartered Institute of
Building, Editor: P. Harlow.

Hosking, J. E. and Jarvis, R. J. (2003) Developing
a replacement facility strategy: Lessons from
the healthcare sector. Journal of Facilities Ma-
nagement, 2(3), p. 214-228.

Lavy, S. and Shohet, I. M. (2007a) On the effect of
service life conditions on the maintenance of
healthcare facilities. Accepted for publication
in Construction Management and Economics.

Lavy, S. and Shohet, I. M. (2007b) Computer-aided
healthcare facility management. Accepted for
publication in Journal of Computing in Civil
Engineering.

Melin, A. and Granath, J. A. (2004) Patient focused
healthcare: an important concept for provision
and management of space and services to the
healthcare sector. Facilities, 22(11/12), p. 284—
289.

Moubray, J. (1997) Reliability-Centred Maintenance,
ond od. Butterworth-Heinemann, Oxford, MA,
U.S.A.

O’Sullivan, P. E. and Powell, G. C. (1990) Facilities
management: growth and consequences, Pro-
ceedings of the International Symposium on

Property Maintenance Management and Mod-
ernization, CIB International Council for Build-
ing Research Studies and Documentation
Working Commission 70, Singapore, Vol. 1,
pp. 156-161.

Payne, T. and Rees, D. (1999) NHS facilities man-
agement: a prescription for change. Facilities,
17(7/8), p. 217-221.

Procter, S. and Brown, A. D. (1997) Computer-inte-
grated operations: The introduction of a hospi-
tal information support system. International
Journal of Operations & Production Manage-
ment, 17(8), p. 746-756.

Regterschot, J. (1990) Facility management in
changing organizations, Proceedings of the In-
ternational Symposium on Property Mainte-
nance Management and Modernization, CIB In-
ternational Council for Building Research Stud-
ies and Documentation Working Commission
70, Singapore, Vol. 1, pp. 146-155.

Shen, Q. and Lo, K. K. (1999) Priority setting in
maintenance management, The Hong-Kong
Polytechnic University, Kowloon, Hong-Kong.

Shen, Q. and Spedding, A. (1998) Priority setting
in planned maintenance — practical issues in
using the multi-attribute approach. Building
Research and Information, 26(3), p. 169—180.

Shohet, I. M. (2003) Building evaluation methodol-
ogy for setting maintenance priorities in hos-
pital buildings. Construction Management and
Economics, 21(7), p. 681-692.

Shohet, I. M. (2005) Key performance indicators for
strategic healthcare facilities maintenance.
Journal of Construction Engineering and Ma-
nagement-ASCE. In Press.

Shohet, I. M., Lavy-Leibovich, S. and Baron, D.
(2003) Integrated maintenance monitoring of
hospital buildings. Construction Management
and Economics, 21(2), p. 219-228.

Shohet, I. M. and Lavy, S. (2004a) Development of
an integrated healthcare facilities management
model. Facilities, 22(5/6), p. 129-140.

Shohet, I. M. and Lavy, S. (2004b) Healthcare fa-
cilities management: State of the art review.
Facilities, 22(7/8), p. 210-220.

Shohet, I. M. and Paciuk, M. (2004) Service life pre-
diction of exterior cladding components under
standard conditions. Construction Management
and Economics, 22(10), p. 1081-1090.

Shohet, I. M., Park, C. S. and Augenbroe, G. (2006)
Key Performance Indicators for public office fa-



A Strategic Integrated Healthcare Facility Management Model 141

cilities maintenance, Proceedings of the CIB agement view of facilities management. Facili-
W70 2006 Trondheim International Sympo- ties, 17(12/13), p. 462—469.
sium, Chan'ging User ngands on Buildings: Waring, T. and Wainwright, D. (2002) Enhancing
Needs for Lifecycle Planning and Management, clinical and management discourse in ICT im-
Norway, June 12-14, 2006. pp. 253-264. plementation. Journal of Management in Medi-
Then, D. S. S. (1999) An integrated resource man- cine, 16(2/3), p. 133-149.
SANTRAUKA

STRATEGINIS INTEGRUOTAS SVEIKATOS PRIEZIUROS PASTATU UKIO VALDYMO MODELIS
Sarel LAVY, Igal M. SHOHET

Reikalavimas mazinti ,,neesminés“ veiklos iSlaidas bei pastato savininky luikesciai dél geresniy rezultaty — su tokiomis
pagrindinémis dilemomis reguliariai susiduria pastaty tkio valdymo vadybininkas. Sio tiriamojo darbo pagrindinis
uzdavinys yra nustatyti, koks yra apibrézty parametry, tokiy kaip realus pastato amzius ir jo uzimtumo lygis, poveikis
pastaty ir ju sistemy rezultatyvumui. Sis tyrimas prisidéjo kuriant modelj, kuris leidzia $iuos parametrus integruoti
i taktiniy ir strateginiy pastaty tkio valdymo sprendimy priémimo procesa ir yra vadinamas integruotu sveikatos
prieziiiros pastaty tkio valdymo modeliu. Modelio rekomendacijas galima taikyti vykdant metodologini pastaty
projektavima ir eksploatavima i§ gyvavimo ciklo perspektyvos. Siame darbe pristatoma sukurto modelio architektiira
ir keturios i$ penkiolikos procedury, sudaranciy Sio modelio Serdi.
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APPENDIX A

Performance rating scale for the exterior cladding system

100 80 60 40 20
VERY GOOD GOOD MARGINAL RUN-DOWN DANGEROUS
There are no cracks  Only localized There are visible There are sizeable Considerable part of

or other visible
damage to exterior
claddings. No
claddings are falling
down or peeling off.

hairlines cracks
discernible here and
there, or localized
mould grows around
the horizontal edges
of the claddings.

cracks in less than
5% of the cladding
surface or falling
down of claddings is
observed in few
places.

cracks in more than
5% of the cladding
surface, or
substantial peeling
off or falling down
of claddings.

exterior cladding has
peeled off or fallen
down, and mould
grows on substantial
part of the
remaining cladding.

APPENDIX B

Facility coefficient, in different environmental and occupancy conditions for a hospital building
with designed life cycle of 75 years

Building's In-land Environment Marine Environment
Service Life Low Standard High Low Standard High
Occupancy Occupancy Occupancy Occupancy Occupancy Occupancy

5 0.3714 0.4205 0.5121 0.4010 0.4501 0.5417
10 0.4451 0.5289 0.6552 0.4742 0.5580 0.6843
15 0.8259 0.8550 1.0324 0.8505 0.8797 1.0570
20 1.1439 1.2032 1.4877 1.2055 1.2649 1.5493
25 1.0695 1.2037 1.3640 1.1569 1.2912 1.4515
30 1.0297 1.0800 1.1085 1.0665 1.1168 1.1453
35 1.2743 1.3506 1.5974 1.2596 1.3359 1.5827
40 1.5174 1.5311 1.7815 1.5369 1.5507 1.8010
45 1.1860 1.3955 1.5034 1.2507 1.4601 1.5681
50 0.9466 1.2929 1.2122 0.9926 1.3389 1.2582
55 1.1890 1.2274 1.2866 1.2219 1.2603 1.3195
60 1.1630 1.2343 1.5936 1.2047 1.2760 1.6353
65 0.7023 0.8383 1.0537 0.7421 0.8781 1.0935
70 0.4121 0.4212 0.5100 0.4501 0.4591 0.5480
75 0.3980 0.3923 0.4970 0.4343 0.4287 0.5334




