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Abstract 
he Building Performance Indicator (BPI), not fully applied in 
Brazil, expresses objectively the overall condition of a building 
based on the performance assessment of the building systems that 
comprise it. Although BPI was originally developed for hospital 

facilities, it can be used in different types of buildings since its methodology is 
generic. The objective of the study is to adjust the BPI to allow its application 
in the maintenance management of Brazilian university buildings. The stages 
of the research consist of (1) adjusting the factors and criteria that comprise the 
BPI; (2) implementing the adapted BPI; and (3) verifying its utility and ease of 
use. The adjustment and implementation included a building for classrooms 
and another that houses a teaching and research laboratory, both located at 
University X. The results obtained allowed the comparison of the overall 
condition between the inspected buildings, which establishes the intervention 
priority helping to adopt the most adequate maintenance strategy. 

Keywords: Building maintenance management. Building condition assessment. 
Building performance indicator. 

Resumo 
O indicador BPI (Building Performance Indicator), ainda pouco aplicado no 
Brasil, expressa de maneira objetiva a condição global da edificação a partir 
da avaliação do desempenho dos seus sistemas construtivos. Embora o BPI 
tenha sido desenvolvido, inicialmente, para as instalações hospitalares, 
observa-se a possibilidade de aplicação em diferentes tipos de edificações 
uma vez que seu procedimento de obtenção é genérico. O objetivo da pesquisa 
é ajustar o BPI para permitir a sua aplicação na gestão da manutenção de 
edificações universitárias no Brasil. As etapas da pesquisa consistiram em: 
ajuste dos fatores e critérios que compõem o BPI; implementação do BPI 
ajustado; e verificação da utilidade e facilidade de uso. O ajuste e 
implementação abrangeram um edifício destinado a salas de aulas e outro que 
abriga um laboratório de ensino e pesquisa, ambos localizados na 
Universidade X. Os resultados obtidos propiciaram a comparação da 
condição global entre as edificações, o que permite estabelecer a prioridade 
de intervenção e auxiliar na adoção da estratégia de manutenção mais 
adequada. 
Palavras-chave: Gestão da manutenção predial. Avaliação da condição da edificação. 
Indicador de desempenho da edificação. 
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Introduction 
Universities are generally supported by an extensive portfolio consisting of different types of construction, 
dimensions, construction ages, forms of use and occupancy rates. 

Inevitably, buildings deteriorate over time, resulting in a reduced capacity to meet the functions for which they 
were designed and built. The physical condition of buildings affects the quality of the services provided. As 
pointed out by Lateef, Khamidi and Idrus (2011), several recent studies confirm the positive correlation 
between building performance and quality of education. 

Building maintenance has strategic importance since universities need their spaces in proper conditions in the 
longest available time and with lower operational costs. These conditions support the achievement of their 
mission and success in the organisational goals. 

Abbott et al. (2007) stated that maintenance can only be effectively managed if the demand for maintenance 
activities is adequately quantified. Reliable and objective knowledge of the buildings’ state and the impacts 
on the services provided by them will enable managers to develop appropriate strategies and actions for 
maintenance (DEPARTMENT…, 2017). On the contrary, as Dejaco, Cecconi and Maltese (2017) have 
emphasised, the lack of information on the current state of buildings leads to the use of unsafe buildings, poor 
building performance and low-income investments. 
Due to this, methods for the Building Condition Assessment (BCA) are considered primordial for building 
maintenance management (NATIONAL…, 2003b; ABBOTT et al., 2007; AHLUWALIA, 2008; EWEDA; 
ZAYED; ALKASS, 2010). The implementation of BCA makes it possible to systematise the data collected 
locally into information useful for decision making. 
BCA can be applied to all types of buildings (ROYAL…, 2005). However, the development of BCA in Brazil 
is restricted to the application in the structural system in reinforced concrete of buildings or bridges. In this 
case, the method developed by Castro (1994) from Klein et al. (1991), with modifications from Lopes (1998), 
Boldo (2002) and Fonseca (2007) are highlighted. 
In search of a method for BCA applicable to the complexity of the building maintenance management of 
university campuses in the country, the literature review pointed out the work of Shohet, Lavy-Leibovich and 
Bar-On (2003). The authors have developed research related to the maintenance management of public 
hospital facilities in Israel, proposing integrated key performance indicators (KPIs) as a basis for the strategic 
planning of building maintenance. Among the KPIs, Shohet (2003) described the building performance 
indicator (BPI) that objectively expresses, on a scale from zero to 100, the overall state of a building by 
assessing the condition of each of its constructive systems. Besides considering the state of conservation of 
the building, BPI is based on economic aspects of maintenance. Due to its formation, BPI evaluates not only 
the overall state of the building, but also the systems that comprise it. In addition, it provides inter and intra-
organisational benchmarking and makes it possible to decide on the most appropriate maintenance strategy. 
Although BPI has been developed for the maintenance management of hospital facilities, this indicator can be 
used in different types of buildings since the methodology for its formulation can be generalised by adjusting 
the factors and criteria that comprise it. 
Therefore, the main objective of the study is to adjust the BPI proposed by Shohet (2003) to the constructive 
characteristics of university buildings in order to use it in building maintenance management of university 
campuses. 
The expected contribution is the availability of a useful tool for the strategic and tactical maintenance 
management of university buildings. In addition, the description of the procedures for adjusting BPI makes it 
possible to apply it in other types of buildings. 

The results obtained in this study are part of broader research that aims to propose an integrated set of 
performance indicators for the maintenance management of university buildings. 

Building Condition Assessment (BCA) 
BCA is defined in different ways in the literature. BCA is a tool for strategic management to support long-
term building maintenance forecasting (STRAUB, 2002). According to Uzarski and Grussing (2008), BCA 
consists of translating the inspection data into one or more indicators that report the building condition and 
allow better decision making regarding maintenance management. These definitions agree with the established 
practice in ASCE/SEI 30-14 technical standards (AMERICAN…, 2014) that report the BCA potential to 
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identify any discrepancy between current and expected performance of a building, to plan maintenance 
activities, and also comply with the regulations (legislation).  
Elhakeem (2005) and Ahluwalia (2008) describe the four steps that comprise BCA: 

(a) the breakdown of the building into its main parts; 
(b) the definition of procedures for assessment; 

(c) the building inspection and data collection; and 
(d) analysis of inspection data. In the literature, they are characterised by: 

- the breakdown deals with the division of the building into its main parts, allowing the assessment of their 
condition. The breakdown occurs in a stratification, starting with clustering the parts of the building in 
systems (structural, facade, roof, hydro-sanitary installations, etc.). In general, the criterion for clustering is 
the usability and/or association of degradation mechanisms. Afterwards, the breakdown of each system can 
occur at hierarchically lower functional levels, elements until reaching the components of construction; 
- the procedures for the condition assessment of the building’s parts are generally distinguished in a survey 
of constructive anomalies and direct classification of the condition. Regarding the survey of constructive 
anomalies, indicators (mathematical expressions) are used to reflect the degradation or loss of functional 
performance of the building’s parts or aspects associated with maintenance. In relation to direct 
classification, the condition is expressed numerically (for example, on a scale of 0-100 points or in 
percentage) or in classes. One or both procedures can be implemented, whose selection depends on the 
purpose of BCA. Although the use of the constructive anomalies survey leads to more accurate BCA, the 
direct classification makes the evaluation of the building’s parts faster; 

- the building inspection consists of a survey carried out in loco in order to collect data that calculate the 
indicators or to evaluate the condition of all the parts of the building. In general, it is a visual observation 
made by expert inspectors (engineers or architects). Mayo and Karanja (2017) argue that BCA’s accuracy is 
highly dependent on the experience and training of building inspectors. According to Straub (2009), the 
variability in the results obtained is due to the subjective perceptions of the inspectors. In order to accurately 
and reliably measure the building condition, Uzarski and Grussing (2008) argue that building inspection 
requires an objective and consistent process. Similarly, Dejaco, Cecconi and Maltese (2017) emphasise that 
the preparation and application of pre-formatted diagnostic forms for data collection make it possible to 
standardise the inspection process and avoid subjectivity. Ahluwalia (2008) reports the use of checklists or 
list of constructive anomalies in printed or electronic format, as well as the use of photos to register them; 

- analysing the building conditions requires translating the data collected in the inspection into values. In the 
survey of constructive anomalies, the analysis comprises calculating a condition indicator (CI) for each part 
of the building. CIs can be aggregated to reflect the condition of higher levels in the hierarchy of the 
building’s parts. In these combinations, the CIs are generally weighted to adequately represent the relative 
importance of each part concerning the safety and usability of the building or its participation in the cost 
(maintenance or replacement). In the direct classification of the condition, the analysis refers to the 
classification of the degradation state of the parts on ordinal scales (numerical or not). 

Concerning periodicity, BCA is usually planned to occur based on a schedule, often one to five years. The 
literature review conducted by Ahluwalia (2008) pointed out the predominance for the implementation of 
BCA each year. Ahluwalia argues that long periods between inspections make the BCA more extensive and 
difficult, with an increase in its cost. Otherwise, Uzarski, Grussing and Clayton (2007) propose the periodicity 
based on the knowledge (measurable information) of the condition obtained in the previous inspection. In this 
case, the frequency and level of detail of the inspection are adjusted to the various stages of the life cycle of 
the building and its parts. The authors believe that this procedure results in a more efficient application of 
resources in BCA implementation. 
There are several methods for BCA described in the literature that apply to different types of buildings. Dejaco, 
Cecconi and Maltese (2017) distinguished the main attributes required for the BCA. According to the authors, 
data collected in the inspection should be reliable and objective, as well as translated into one or more KPIs 
capable of facilitating the decision making of the building maintenance and prioritising the intervention. 
The method for BCA proposed by Shohet (2003), which is the focus of this research, is presented next. 
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Building Performance Indicator (BPI) 
Shohet (2003) described the BPI as an indicator that allows the quantitative expression of the physical and 
functional condition of the building. The calculation of this indicator involves the performance evaluation of 
the various systems and elements that compose the building. 
To begin with, the performance of the building systems (Pn) is evaluated combining three aspects of 
maintenance represented in the factors of Equation 1. 

Pn = Cn × W(c)𝑛𝑛 + Fn × W(f)n + PMn × W(pm)𝑛𝑛                                                                                  Eq. 1 
Where: 

Cn is the factor that expresses the current physical and functional condition of each (n) system. The 
evaluation of each system occurs on an ordinal scale of five levels that are transformed into points ranging 
from 20 to 100; 

Fn is the factor that reflects the frequency in which the failures affect the function of each (n) system. The 
evaluation of each system also occurs in an ordinal scale of five levels transformed into points; 

PMn is the factor that represents the preventive maintenance activities performed in each (n) system to keep 
it at an acceptable level of service. This factor is also expressed in the ordinal scale of five levels 
transformed into points. The preventive maintenance is evaluated considering the maintenance guidelines 
and the frequency of proactive inspections performed in each (n) system; 

W(c)n, W(f)n and W(pm)n are the weights of the factors Cn, Fn and PMn, respectively, whose determination is 
based on the cost of failures and preventive maintenance. The sum of the weights must be equal to W(c)n + 
W(f)n + W(pm)n = 1 to each (n) system. 
Shohet (2003) proposes the evaluation of the current physical and functional condition for each element (Cn) 
in five levels, expressed in scores varying from 20 to 100. For example, Table 1 refers to the criteria for the 
evaluation of the reinforced concrete columns that comprise the structural system of a building.] Table 2 
presents the criteria for the assignment of the score to the factor Fn, which expresses the frequency of failures 
in building systems. 

Table 3 illustrates the criteria associated with the frequency of the building inspections which are used for 
evaluating the preventive maintenance activities carried out in the systems (PMn). 
Table 4 shows the distribution of the weights W(c)n, W(f)n and W(pm)n for each building system for hospital 
buildings (SHOHET, 2003). 

Table 1 – Scores and criteria for assessing the current condition (Cn) of reinforced concrete columns 

Dangerous 
(20) 

Run-down 
(40) 

Satisfactory 
(60) 

Good 
(80) 

Very good 
(100) 

Existence of diagonal 
cracks more than 0.5 
mm wide crossing the 
section of the 
column, or 
fracture/buckling of 
concrete has already 
taken place. 

Existence of 
diagonal cracks up 
to 0.5 mm wide 
crossing the 
section. Shedding 
of concrete has 
begun, exposing the 
reinforcement. 

Existence of 
vertical cracks 
due to corrosion 
of reinforcement 
bars in isolated 
locations. 

Localised hair-
cracks 
discernible here 
and there, but no 
signs of 
corrosion. 

No cracks and no 
sign of corrosion 
whatsoever. 

Source: Shohet (2003). 

Table 2 – Scores and criteria for assessing the frequency of failures (Fn) 

(20) (40) (60) (80) (100) 
12 times a year, 

or more. 6-11 times a year. 2-5 times a year. Once a year. Less than once a 
year. 

Source: adapted from Shohet (2003). 
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Table 3 – Scores and criteria for assessing the frequency of building inspections (PMn) 

(20) (40) (60) (80) (100) 

Never. Every two years, 
or less frequently. Annually. Semi-annually. Quarterly (once every 

three months). 
Source: adapted from Shohet (2003). 

Table 4 – Distribution of the weights (%) for each building system (n) in the Pn score for hospital 
building systems 

Building system 
Weight of physical performance 

and frequency of failures 
(%) 

Weight of periodical 
maintenance 

(%) 
Structure 90 10 
Interior finishing 70 30 
Exterior envelope 75 25 
Fire protection 75 25 
Water and wastewater 75 25 
Elevators 60 40 
Electrical system 50 50 
Communications 50 50 
HVAC 50 50 
Medical Gases 20 80 

Source: Shohet (2003). 

Shohet (2003) comments that the weight of 90% attributed to the physical performance and frequency of 
failures reflects the low cost of preventive maintenance (periodic visual inspections) compared to the 
implications of failures in its constructive elements. 
The validation of the proposed scales for the factors in Tables 1 to 3 was carried out through a group of 14 
building inspectors, who received previous training to evaluate the same building. According to Shohet (2003), 
there was low variability in the assessment among the inspectors. However, the author highlights the need for 
in-depth training of inspectors regarding the application of these scales. 
Next, BPI is obtained by applying Equation 2.  

BPI =  ∑ Pn × Wnn                                                                                                                                        Eq. 2 
Where: 
Pn refers to the performance level for each (n) system on a 100-point scale; and 

Wn is the weight, in percentage, of the (n) system. 
The weight (Wn) is obtained through the contribution of each (n) system to the life cycle cost (LCC) of the 
building, which reflects the essence of the building management operations. 

The BPI value reflects the performance level of the entire building. It is classified by Shohet (2003) in: 
(a) BPI > 80 indicates good or better conditions; 

(b) 70 < BPI ≤ 80 shows that some of the building systems are in a marginal condition, requiring some 
preventive maintenance measures; 

(c) 60 < BPI ≤ 70 expresses the deteriorated condition of the building, requiring the use of corrective and 
preventive activities; and 

(d) BPI ≤ 60 means that the building is run-down. 

The BPI implementation in several hospital complexes in Israel was reported by Shohet (2003), Shohet, Lavy-
Leibovich and Bar-On (2003), Shohet and Lavy (2004b) and Lavy and Shohet (2004). The results and analyses 
of the BPI in this application were presented to six facility managers with experience in maintenance. 
Managers were asked to evaluate the accuracy and reliability of the BPI with responses on a five-point scale, 
where 1 indicates completely inaccurate and 5 represents highly accurate. The mean of responses equal to 4.17 
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(standard deviation of 0.65) was considered high, showing a good level of accuracy. This BPI validation, 
among other KPIs for the management of building maintenance, was described by Lavy and Shohet (2004).  
In summary, BPI evaluates the physical and functional condition of the building and its parts based on 
performance and economic criteria. Shohet (2006) points out four contributions to the application of BPI:  
(a) the assessment of the overall condition of the building; 

(b) the assessment of the condition of its various constructive systems and elements; and 
(c) the comparative analysis of building performance in relation to other buildings (intra-organisational 
benchmarking) or between facilities (inter-organisational benchmarking).  

Due to these contributions, BPI can be applied to define the organisational strategy in terms of performance 
requirements and for decision making at the tactical level. 
Although the focus of BPI application has been on public hospital facilities, Lavy and Shohet (2004) argue 
that the indicator can be implemented for the assessment of other types of buildings, since it is modified 
according to the constructive characteristics. 

Research method 
The stages of the research consisted of: 
(a) adjusting the factors and criteria that comprise BPI;  

(b) implementing two recurrent constructive typologies on a university campus; and 
(c) verifying its utility and ease of use. 

Two recurrent constructive typologies of the University X campus were selected: 
(a) building intended for classrooms; and 

(b) building for teaching and research laboratory. 

Adjustment of BPI 
Initially the two selected buildings were decomposed into constructive systems and subsystems taking into 
account: 
(a) the function; and 

(b) the interaction of the degradation mechanisms that lead to the loss of physical performance, following 
the criteria proposed by Rodrigues (2001) to identify the elements subject to maintenance (ESM). 

The weights W(c)n, W(f)n and W(pm)n of the Pn factors were also established according to the distributions of 
Shohet (2003), shown in Table 1 adapting them to the systems of the buildings of this study. 
In order to calculate BPI, weight Wn was obtained by the relation between the Life Cycle Cost (LCC) of each 
system and of the building, expressed in percentage. The costs involved in an LCC analysis are usually 
grouped by categories and phases of the life cycle of the building. They were structured according to the ISO 
15686-5 (INTERNATIONAL…, 2017) as: 
(a) the initial construction cost; 

(b) maintenance-related cost required to ensure functional performance covering corrective, preventive 
maintenance and replacement activities; and 
(c) the resale value of the building. 

The simplified calculation model adopted is presented in Equation 3. It was adapted from E917-17 
(AMERICAN…, 2017). 

PVLCC = IC + PVM – PVS                                                                                                                        Eq. 3 
Where: 

PVLCC is the net present value (R$); 
IC is the initial cost (R$); 
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PVM is the present value of maintenance and repair cost (R$); and 
PVS is the present value of resale value (R$). 

The Initial Cost (IC) corresponded to the sum of the construction costs estimated for each part of the building, 
resulting in the total cost. A margin of 30% was added to this total cost. 
Maintenance and repair cost (M) over the service life was calculated based on the maintenance records 
collected by the researchers according to the construction typologies. These data describe corrective, 
preventive and component maintenance activities and also the periodicity of these activities. The maintenance 
interventions considered the history of these maintenance interventions, the current physical condition and the 
maintenance plans developed for similar buildings. The cost of the maintenance interventions was calculated 
based on the unit parameters for maintenance services extracted from specialised publications and the prices 
were obtained from the local market.  A margin of 30% was added to this cost of maintenance interventions. 
In the LCC analysis, the resale value (S) covers the costs of demolition, removal of debris and cleaning of the 
site. According to Lopes and Alonso (2007), this cost has been assumed equal to 20% of the initial cost.  

All relevant cost components were discounted to a common time in a cash flow in period t = 0 to N. The 
calculation was given in terms of the net present value as represented in Equation 4, according to ASTM E917-
17 (AMERICAN…, 2017). 

PVLCC =  ∑ Ct
(1+i)t

N
t=0                                                                                                                     Eq. 4 

Where: 
PVLCC is the Net Present Value of the cash flow (R$); 

Ct is the sum of all relevant costs occurring in (t) year (R$); 
N is the length of the study period (year); and 

i is the discount rate (%). 
The period of analysis (N) of the LCC usually refers to the predicted occupancy period of the building (life 
cycle). In this work, it was adopted equally to 50 years since very long periods also distort the influence of 
activities very far from the start time. 
The discount rate (i), as a technique used to compare costs that occur in different periods of time, was assumed 
equal to 3.5% per annum, reflecting the real discount rate that excludes inflation. Such a rate is regularly used 
in the analysis of public projects in the United Kingdom (HM TREASURY, 2018). This rate is also used by 
Marenjak, El-Haram and Horner (2003) and it is within the range, 3-4% per annum used in European countries 
(DAVIS…, 2007). 

The LCC analysis for both buildings was conducted using the Microsoft Excel spreadsheet, allowing the 
calculation of (Wn) weights that comprise the BPI indicator. 

Implementation of the adapted BPI  
The implementation phase aimed at demonstrating the utility and ease of use of the adapted BPI. The two 
selected buildings were inspected following the procedures established in the Brazilian Building Inspection 
Standard (INSTITUTO…, 2012). The inspections of the buildings were visually carried out by one inspector 
who works at University X and has a degree in civil engineering. This inspector is a faculty member and has 
been working in engineering, building inspection and maintenance of buildings since 1993.  

Inspection led to assigning scores to factor Cn of the system’s components. The assigned scores to factors Fn 
and PMn were based on prior knowledge of the interventions carried out by the building maintenance 
department of the university. Thus, the Pn for each system of the building was obtained considering weights 
W(c)n, W(f)n and W(pm)n.  

Finally, the BPI indicator was calculated for each building in order to quantitatively express its condition. 

Verification of utility and ease of use of the adapted BPI 
The implementation of the adapted BPI was verified taking into account the utility and ease of use of the 
indicator. Empirical evidence was established in terms of what the BCA’s content should be and how its 
process should be. 
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Regarding the utility for the building maintenance management, the observed variables are associated with 
three requirements: identifying the construction systems that need more attention; identifying the overall state 
of the building in order to prioritise maintenance intervention; and indicating the most appropriate 
maintenance strategy. The sources of evidence were the results obtained for the condition (Pn) of each system 
and the BPI of the building. Data for this evidence came from the inspection report provided by the inspector. 

Considering the ease of use, the observed variable is associated with the speed of assessment, measured by 
the time (h) spent by the inspector. The source of evidence is the record of the beginning and end of work 
registered by the inspector in his inspection report. 

Results and discussion 
Characterisation of the buildings selected for the study 
The two buildings are located on the campus of University X. The first building is intended for classrooms, 
called the Classroom Centre, as shown in Figure 1. 

The Classroom Centre was built in 2013, comprising 3.236,65 m² distributed on three floors: open ground 
floor and the two upper floors that have 16 classrooms. The building also has the main stairwell, and toilets, 
as well as another emergency staircase. 
The constructive system used in this building consists of a cast-in-place concrete structure, exterior walls of 
masonry with ceramic blocks and internal walls with plasterboard plates. Regarding roofing, it is made in a 
metallic structure and galvalume steel tiles, with internal thermoacoustic protection in EPS. Aluminium and 
wood are the materials chosen, respectively, for windows and doors. The coating of external walls is made 
with mortar, ceramic on the outside of the stairwell and ceramic tiles on the internal face of the toilets. The 
ceiling is coated with mortar, except for the toilets, which were made out of PVC. The inner face of the walls 
was painted with latex paint, and the outer face with acrylic paint. The floor is made from concrete and the 
electrical system and hydraulic installations can be found inside it. 
The second building is intended for the Materials Laboratory, as illustrated in Figure 2. 

Figure 1 – North facade of the Classroom Centre 

 

Figure 2 – East facade of the Building Materials Laboratory 
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The Building Materials Laboratory was built in 1994, containing 42000 m² and houses the laboratory 
experiment room, classroom, office, storage room and wet chamber. The constructive system used consists of 
a precast concrete structure, except the north and south facade with a cast-in-place concrete structure. The 
internal and external walls were made in ceramic block masonry. The roof was built in prefabricated concrete 
beams and fibre cement sheets, and the windows and doors are made of steel. The coating of the walls is 
mortar and they are painted with latex paint on the inner face and with acrylic paint on the outer face. The 
floor is made out of cement. The system and hydraulic installations can be found inside the walls and floors. 

Identifying the construction systems (n) 
The two university buildings were decomposed into six systems, which in turn were grouped into subsystems 
and elements as listed in Table 5. 

The parts of the building hierarchically presented in Table 5 made it possible to survey the life cycle cost in 
the level of each element subject to maintenance (ESM). 

Definition of the Weights W(c)n, W(f)n and W(pm)n to obtain Pn 
For the purpose of calculating Pn, the relative importance of the physical condition, frequency of failures and 
periodic maintenance was considered, expressed in Table 4. The weights adopted for W(c)n, W(f)n and W(pm)n 
are given in Table 6. 

LCC analysis 
The Initial Cost of the two buildings was calculated based on the quantification of construction services and 
taking into account the unit cost published by the National System of Costs Survey and Civil Construction 
Indices (SINAPI) for the state of Paraná, Brazil. The data collection period of the unit cost in SINAPI was 
August 2016 for the Classroom Centre and October 2017 for the Building Materials Laboratory (CAIXA…, 
2016, 2017). A margin of 30% was added and the results are presented in Table 7. 
In the LCC analysis, the maintenance cost (M) should comprise the corrective, preventive and replacement 
activities, and also their frequencies during the life cycle. These costs must be for each ESM and, particularly 
considered the constructive system, the exposure characteristics and the use of the building under analysis. In 
this study, maintenance records were calculated for each ESM that composes the buildings. An example of 
the maintenance cost (M) for the facade cladding of the Classroom Centre is presented in Table 8. 

Table 5 – Breakdown of university building in systems and subsystems 

n Building system Building subsystem 

1 Structure Foundation 
Superstructure 

2 Roof 
Roof structural frame 
Fibre cement roof sheet 
Gutter 

3 Exterior enclosure 
Wall 
Wall finishes 
Windows and doors 

4 Interior construction 

Wall and partitions 
Wall finishes 
Ceiling finishes 
Floor finishes 
Doors 
Balustrades and screens 

5 Hydraulic installations 
Water and waste water 
Rain water drainage 
Fire protection 

6 Electrical system 
Lighting and branch wiring 
IT networks 
Lightning strike protection 
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Table 6 – Distribution of the weight (%) of factors that compose Pn 

n Building system 
Weight 

(%) 
W(c) W(f) W(pm) 

1 Structure 72 18 10 
2 Roof 60 15 25 
3 Exterior enclosure 60 15 25 
4 Interior construction 56 14 30 
5 Hydraulic installations 60 15 25 
6 Electrical system 40 10 50 

Table 7 – Initial cost of construction per system (n) for university buildings 

n Building system Initial cost (US$) 
Classroom Centre Building Materials Laboratory 

1 Structure 394,337.26 32,487.78 
2 Roof 51,316.19 18,206.04 
3 Exterior enclosure 242,746.09 42,714.93 
4 Interior construction 170,553.79 22,078.51 

5 Hydraulic 
installations 43,683.84 1,070.31 

6 Electrical system 118,472.77 10,217.76 
 Total 1,021,109.94 126,775.32 

Table 8 – Example of the maintenance record developed for the exterior wall finish 

Subsystem Wall finishes 
Element Ceramic plates 
Initial cost (R$) 39,287.34 

Maintenance 
level 

Periodicity 
(year) Building maintenance service Ratio 

(%) 
Maintenance 

cost (US$) 
A – Inspection 
of control 3 Check for detachments. 0.1 39.29 

B – Preventive 
cleaning and/or 
treatment 

3 Cleaning of localised stains and dirt. 1.3 510.73 

C – Small 
interventions 10 

Painting (100% of paint area): 
application of waterproofing. 
Repair (5% of area): detachments. 
Repair (10% of area): degraded 
grouting. 

13.0 5,107.35 

D – Major 
intervention - - 0.0 0.00 

E - Replacement - - 0.0 0.00 

Bromilow and Pawsey (1987) recommend that the appropriate procedure for inferring future needs is to review 
archived information regarding buildings in the past. However, it is generally found that there is no archived 
data. Taking such a prospect into consideration, the indication of the maintenance services should be based on 
different sources of consultation. Such sources would be the building preventive maintenance plan prepared 
by the Secretary of Maintenance of the Court of Justice of the Federal District and Territories (TRIBUNAL…, 
2013), the building management manual developed by the Administration Secretariat of the State of Bahia 
(BAHIA, 2009), the building maintenance manual produced by the State Secretariat for Administration and 
the Patrimony of the Federal Government (BRASIL, 1997), as well as in the records developed by the 
Catalonia Institute of Construction Technology (INSTITUT…, 1991a, 1991b, 1991c) and Albano (2005). 
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The maintenance activities were categorised in five levels:  
(a) inspection of control, in which the manager seeks to identify the occurrence of constructive failures; 

(b) preventive cleaning and/or treatment, whose activities are aimed at the removal of debris, dirt or 
obstructions; 
(c) small interventions; 

(d) major intervention; and 
(e) replacement, completely removing most of the elements and constructive components and applying new 
ones. 
The cost of the maintenance activities was determined from the quantitative estimate necessary to preserve or 
recover the functional capacity of each ESM due to the current occurrence of constructive failures. The cost 
of these activities was established on the basis of the services’ costs published in SINAPI. Table 8 shows an 
example of cladding with ceramic plates. 
As a result, maintenance costs (M) were calculated over the period of analysis for the Classroom Centre and 
the Building Materials Laboratory. 

Finally, the residual value (S) of each (n) system of the building was estimated. 
The results of the LCC analysis for the Classroom Centre and Building Materials Laboratory are presented in 
Appendices A and B, respectively. 
It should be noted that the distribution of maintenance cost (M) over the period of analysis made it possible to 
estimate the average annual maintenance cost of US$ 15,506.85/year and US$ 7,028.95/year for the Classroom 
Centre and the Laboratory, respectively. The relation of these maintenance costs to the IC corresponded to 
1.5% and 5.5%. The indices (M/IC) obtained are close to those reported by Abate et al. (2009), of 1.72% and 
2.98% for buildings of similar use. 

Determination of weights Wn for the calculation of BPI 
The last column of tables in Appendices A and B shows the participation (%) of each (n) constructive system 
in the LCC analysis, which is equivalent to the weights (Wn) to obtain the BPI as listed in Table 9. 
The weight (Wn) also reveals the preponderance of each (n) system from the perspective of the overall cost, 
which makes it possible to focus on the building maintenance management in terms of expenses. As can be 
seen in Table 9, the systems structure (31%) and sealing and interior finishing (25%) predominate for the 
Classroom Centre, while for the Building Materials Laboratory the systems roof (31%), and facade (28%) 
prevail. 

Implementing the adapted BPI 
The Classroom Centre and Building Materials Laboratory were inspected by the inspector. All inspections 
were carried out over the same period. 

A spreadsheet was used to record the scores assigned by the inspector to factor Cn. In order to assign the scores 
to factors Fn and PMn, the maintenance occurrences in the buildings and the inspection activities carried out 
by Facilities Services of University X were analysed. 

The scores to Cn, Fn and PMn allowed the calculation of Pn, considering the weight of each factor (Table 6) 
and applying Equation 1. Finally, they enabled the calculation of the BPI for the building, taking into account 
the participation of each system (Table 9) and using Equation 2. 

As an example, Table 10 summarises the condition assessment of the Classroom Centre performed by the 
inspector. 
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Table 9 – Weights (Wn) of BPI for the investigated buildings 

n Building system 
Wn   

(%) 
Classroom Centre Building Materials Laboratory 

1 Structure 31 20 
2 Roof 5 31 
3 Exterior enclosure 18 28 
4 Interior construction 25 14 
5 Hydraulic installations 7 1 
6 Electrical system 14 6 

Table 10 – Condition assessment of the Classroom Centre by the inspector 

n Building system 

Actual 
condition of 
the system 

Failures 
affecting the 

service 
provided by 
the system 

Preventive 
activities 

carried out in 
the system Pn Wn 

(%) Pn × Wn 

Cn WCn 
(%) Fn WFn 

(%) PMn WPMn 

(%) 
1 Structure 100  72 100  18 20  10 92 31 28.5 
2 Roof 100  60 100  15 20  25 80 5 4.0 
3 Exterior enclosure 80  60 60  15 20  25 62 18 11.2 
4 Interior construction 80  56 80  14 20  30 62 25 15.5 
5 Hydraulic installations 100  60 80  15 20  25 77 7 5.4 
6 Electrical system 100  40 80  10 20  50 58 14 8.1 

BPI = 73 

The scores attributed by the inspector (Table 10) revealed the good physical and functional condition for the 
structural (92) and roof (80) systems of the Classroom Centre, while the electrical system is in a worse 
condition (58). Regarding the overall condition of the building, the BPI equal to 73 indicates that this building 
has some of its systems in a marginal condition of performance, requiring some preventive maintenance 
measures. 

Table 11 summarises the scores assigned in the condition assessment of the Building Materials Laboratory by 
the inspector. 

For the Building Materials Laboratory, the scores given by the inspector in Table 11 pointed out only the 
structural system in good physical and functional conditions (82), while the roof was in a worse condition 
(45). The BPI equal to 60 expressed the deteriorated overall condition of the Building Materials Laboratory, 
indicating the need to use corrective activities to recover and maintain it under satisfactory conditions. 

Verifying the utility and ease of use of the adapted BPI 
The utility of the adapted BPI was verified based on the results obtained for Pn and BPI, which are recorded 
in the reports issued by the inspector. 
The decomposition of the building adopted in BPI identified the building systems that deserve more attention 
by the building maintenance manager, such as the electrical installations (Pn = 58) for the Classroom Centre 
and the roofing (Pn = 45) for the Laboratory. 
The comparison of the results obtained for BPI between the buildings indicated the Laboratory (BPI = 60) in 
a more degraded condition than the Classroom Centre (BPI = 73). Therefore, the BPI allowed the building 
maintenance manager to establish the priority of intervention in those buildings. In addition, the most adequate 
maintenance strategy was defined to keep them in a satisfactory state. 
In the performance assessment of the systems, numerical criteria and scales were adopted, which made 
standardisation of the measurement procedure possible. However, the dispersion of the results obtained for Pn 
and, consequently, for BPI was observed. 
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Table 11 – Condition assessment of the Building Materials Laboratory by the inspector 

n Building system 

Actual 
condition of 
the system 

Failures 
affecting the 

service 
provided by 
the system 

Preventive 
activities 

carried out in 
the system Pn Wn 

(%) Pn × Wn 

Cn WCn 

(%) Fn WFn 

(%) PMn WPMn 

(%) 
1 Structure 80 72 100 18 60 10 82 20 16.3 
2 Roof 40 60 40 15 60 25 45 31 14.0 
3 Exterior enclosure 60 60 60 15 60 25 60 28 16.8 
4 Interior construction 60 56 80 14 60 30 63 14 8.8 
5 Hydraulic installations 80 60 80 15 60 25 75 1 0.8 
6 Electrical system 60 40 60 10 60 50 60 6 3.6 

BPI = 60 

Regarding ease of use, the time (h) spent on applying the adapted BPI was 3 hours for the Classroom Centre 
and 45 minutes for the Laboratory. Consequently, the speed and the feasibility were verified when 
implementing the building inspection in the application of BPI. 

It was realised that such advantages resulted from the only visual observation of the condition of the building 
systems performed by a single professional. Furthermore, the data related to the frequency of constructive 
failures and the occurrence of preventive maintenance activities were also easily accessed by the organisation 
responsible for the building maintenance. Thus, the reduction in the cost of building inspection is possible. 

Conclusion 
Shohet and Lavy (2004a) define the maintenance of buildings comprising the activities that continuously 
ensure the usability of the building in a cost-effective way for a certain level of performance. In this sense, 
they affirm that the definition strongly connects the maintenance of buildings with the functional performance 
and the cost of the interventions. 

In close accordance with this, the BPI indicator proposed by Shohet (2003) is based on using systematic 
classification scales for assessing the physical and functional condition of the whole building and its systems. 
In addition, BPI is weighted by an economic aspect since the weights (Wn) are derived from an LCC analysis. 
This means that BPI establishes a relationship between the physical condition of each system and the economic 
aspects of building maintenance. 
BPI as a method for assessing the building condition proved to be easy to apply and inexpensive since it 
consumed a small workload from a single inspector for visual observation and judgment of the condition. 
Moreover, the adoption of standardised criteria and scale of measurement contributes to minimising the 
subjectivity in the judgment of the condition of the systems and, consequently, of the building. 
The methodology for composing BPI is generic and could be implemented in the two university buildings 
under study. Nevertheless, its adjustment, done by the LCC analysis, required the specification of the 
maintenance activities, their periodicities and costs, which demands data and information, in general, not 
stored by the organisms responsible for building maintenance. 
The study showed that the BPI indicator makes it possible to determine maintenance intervention priorities 
based on the overall performance of the building and in each of its systems. Moreover, it was found to be a 
tool that helps decision making, at the strategic level, for building maintenance management of a university 
campus. 
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