Int. Journal for Housing Science, Vol.38, No.4 pp. 271-279, 2014
Published in the United States

EFFICIENCY INDEXES FOR BUILDING CONDITION ASSESSMENT

F. Re Cecconi, M. C. Dejaco and S. Malitese
Department of Architecture, Built Environment and Construction Engineering (ABC)
Politecnico di Milano, Milan
Italy

ABSTRACT

Building condition assessment has become more and more important in the last years
because it is essential at any time of buildings life. An assessment is absolutely
necessary, for instance, in building takeovers to know what one is going to buy or it
can be used to measure global service contracts success; similarly, to be aware of the
building actual condition is important when planning maintenance. Condition
assessment process results, in this research, are given by an efficiency index, made of
an index assessing anomalies and two assessing degradation, pertaining to the whole
building. Although the building assessment is obtained through a global index, which
is computed from indexes assessing each building component degradation and
anomalies so a deep knowledge of building condition is assured.

In order to compute the degradation index, building components service life is
compared to a Reference Service Life database. The two possible cases, either the
service life of the component is smaller than the RSL or it is bigger, generate two
different indexes here called D+ and D-. In order to compute the anomalies index
building components anomalies are compared to a defined set of anomalies, which are
categorized by typology, gravity of the damage and extension, and an index, here
called A, measuring numbers and extensions of existing anomalies is created. Once
building components have been assessed the information about their degradation (D+
and D-) and anomalies (A) of each component are grouped in building components
families and then the three indexes of each family are grouped in indexes for the
whole building. This index may be used in conjunction with another one assessing the
building technical documents quality to reach a final index describing the whole
building; both of them are supposed to be integrated in the building logbook.
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In this paper two case studies are presented in order to show how the building
efficiency index works, how the intermediate results may be useful and to prove the
effectiveness of the methodology.

Key words: building condition assessment, building degradation, building anomalies,
service life

Introduction

Owners and users of buildings, regardless of their functions, are often faced with
questions like ‘Is the maintenance policy adequate?’; ‘Is the building getting older
properly?’; ‘Is the building losing its economic value?’.

The aim of this paper is to show how an easy, fast, cheap and reliable condition
assessment tool can answer these questions. This tool may be used in conjunction
with a tool to assess quality and quantity of technical documents of the building [9,
10] in order to have a complete picture of the building: the two information together
may, for example, measure how suitable the building is for owners or users purposes.

Condition assessment has quite standard procedures [1, 2] but most of the methods [1,
4, 6, 7] either lack on giving information on building components state because are
too focused on assessing the quality of building spaces or are too sensitive to human
subjectivity. In this research building condition assessment is done by filling well
guided diagnostic forms connected with two indexes, one related to the component
service life and the other to the pathologies detected. This procedure eventually
provides an index describing the whole building and all its analyzed parts.

Technical Efficiency Indexes

The technical efficiency index is the output of a building assessment from two
different points of view, one related to its service life and the other to its possible
anomalies. The assessment is made from bottom to top, i.e. starting from building
components and arriving to the whole building, using a database of building
components Reference Service Life (RSL) [8] and anomalies, classified by damage
magnitude (minor, medium and serious) and behavior (gradual change or step
change). This database is used to feed diagnostic forms during the necessary building
surveys. Each building component has its own diagnostic form (more than 400 forms
has been created) and these forms are grouped into eighteen building components
families (Elevation structures, roof, HVAC, etc.) according to UNI 8290-1 standard.
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During the survey each building component is described by two indexes; the first
index, which can be called ‘Service Life Index’, depends on the component actual
service life (here called ASL). If ASL is under or above the component RSL the index
is respectively called D+ or D-, both going from 1 (good) to 0 (bad). The first one,
D+, measures how many years remain to reach the RSL, while the second, D-,
measures how much time has passed from the RSL. The second index, which can be
called ‘Anomalies Index’, is a weighted ratio between the encountered anomalies and
all the possible ones for the specific component.

The mean of the indexes of all components pertaining to a family gives the three
indexes for the family. Each of the eighteen building components families has a
relative importance weight, calculated starting from its construction cost, and the three
indexes D+, D- and A for the whole building are computed as the weighted mean of
the indexes of each family. The use of a weighted mean where the weights are
proportional to the construction cost of each family makes degradation and anomalies
on components with higher construction cost more important than the ones on low
construction cost components, i.e. the building indexes are more affected by
degradation and anomalies on expensive components than by that ones on cheap
components.

The computed building efficiency indexes describe the condition of the building with
three numbers that vary from 100%, the best condition, to 0%, the worst one. They
can be combined into a single index using formula [11], which compares the area of
the triangle depicting the actual condition of the building with the one for the optimal
building (please see the Figure inside Table 1).

Table 1 : Technical efficiency index
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The technical efficiency index is a measure of how much the building condition is far
from its best possible condition (not from the condition of the new building), i.e. the
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condition in which the building can be, if maintenance is performed as it is supposed
to be and there are no anomalies.

Case Studies

Many case studies have been prepared to prove usability and effectiveness of the
technical efficiency index, in this paper an application on two residential buildings is
presented; for one of them it will also be shown how the technical index may be
summed up to another describing quality and quantity of technical documentation of
the building [9, 10].

Residential Building in Milan

The first case study is a residential building in Milan, built in 1953, with 5 storeys
above ground level and one under, the main fagade facing the road (Figure 1) is
cladded with tiles and the other, facing an inner courtyard, has a plaster finishing. The

survey, as requested by client, dealt only with public parts, fagades and windows of
the building,

Figure 1 : Residential building in Milan

The first step is the evaluation of all the building components (both construction and
plants) in terms of ASL and anomalies: totally 32 forms, similar to the one showed in
the Figure 2, have been filled.
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the deposits.

The results of the assessment, both for building component families and for the whole
building, are listed in Figure 3.
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05 [CV.Y  [Transparent p 8] 12.12%]  10.10% $.20% 9.34%| 440n105
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Figure 3 : Technical efficiency index, residential building in Milan.
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The grey lines mean that the corresponding building components families have not
been assessed. As shown by the results (D*, D" and A) the building seems to be old
but in a good conservation state; not too many components went beyond their RSL
and the anomalies have limited extension and refer to minor damages, fixable without
a great effort and not influencing the building use.

For this case study it is also possible to combine the technical efficiency with the
document one [9, 10]. The indexes for this case study are graphically displayed in
Figure 4.
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Figure 4 : Documents and technical efficiency graphical output for a residential
building in Milan.

The whole building efficiency index is just the average of the two main indexes, in

this case:
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The efficiency indexes for building, families of components and components are a
detailed picture of the building and they can give information on it to both non
technicians (building owners, users, investors, ...) and technicians (architects,
consultants , building managers, ...). As instance, the graphical output displayed in
Figure 5 is one of the many ways to present the results in a less technical way, easier
to understand than a detailed report, which goes more in depth. Anyway, detailed
report and synthetic indexes are the two complementary parts necessary to give to
stakeholders an accurate building description.

Building Efficiency index 70%
© Documents Efficiency 78.74%
Mandatory documents are all present

@ Technical Efficiency 61.86% : ‘
There are 38 serious anomalies 32 0.0% + B e - o
diagnostic forms Documents Technical BULDING

Figure 5 : Building Efficiency Index.
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Residential Building in Rome

The second case study presented is a high quality three storeys building in Rome built
in 1890 as a dwelling and now used as an office building. Figure 6 shows the main
facade of the building and Figure 7 shows efficiency indexes for component families
of this case study.

Figue 6 : Residential building in Rome.
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Figure 7 : Technical efficiency indexes for building component families.

This building seems to be in a very good conservation state and without relevant
anomalies because a complete refurbishment has been made 10 years ago. Although
some components seem to be quite old (the D index is low), they have not been
replaced because they have only few anomalies and are still fulfilling, in owner
perspective, their function. An upgrade of some of them could be evaluated in case of
another refurbishment, remembering obviously that it is a building with an historical
value to be preserved.
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N. of technological units

16
lN. of forms 135

IN. of components with D+ 105

[n.of components with D- 28
Anomalies detected 73 on 1300

e

Figure 8 : Technical Efficiency Index.

The results of the assessment, made by CNP], is showed in Figure 8 with the graph of
the three indexes of the building (D*, D" and A); the table on the left side of the figure
tells us the number of building component families assessed (16), the number of
components analysed and, among these, how many have already gone beyond their
reference service life (28).

Conclusion

The condition assessment procedure here presented and its main output, the technical
efficiency index, has proven to be reliable, easy-to-use and fast. Moreover, it can give
information understandable by non-technician stakeholders (the efficiency indexes of
the building) but useful to technicians (component families index and information
about anomalies) in different stages of the building service life. The two case studies
also showed that this tool can be adapted to different building types.

The efficiency index is the base point for further research on refurbishment potential
of the built environment, the next questions that are to be answered are: ‘how much
do I have to pay to repair all the anomalies that this tool says are serious?’; ‘are there
any maintenance operation that has to be done before then other?’; ‘Is it possible to
find a priority for maintenance operations?”’.
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