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Abstract The study was about collection and reporting of maintenance data required for life cycle costing (LCC) of
public buildings in Tanzania. The practice of LCC is important in building maintenance as through LCC, design solutions that
optimize future maintenance costs can be made at an early stage of a building project. Moreover, when a building is in use,
maintenance strategies and policies can be revised based on their life cycle cost impact. Despite of the importance of LCC in
building projects, its practice has not yet been utilized in Tanzanian’s building industry. One of the key hindrances to the
practice has been lack of reliable data. The challenge is particularly so, in maintenance whereby even though various public
institutions in Tanzania undergo regular maintenance there is no centralized source of data that can be used for LCC. The
study aimed to address this challenge by developing a framework for collecting and reporting maintenance data for LCC of
public buildings in Tanzania. A multi-case study of two cases which were the University of Dar es Salaam and Muhimbili
University of Health and Allied Science was done. It was revealed that the main issue hindering the availability of reliable
maintenance data for LCC is decentralization. The estate offices do not centralize data to the building level and as a result
they lack building maintenance databases for LCC. Therefore, addressing the issue of decentralization of data, a framework
was developed by outlining a detailed means by which a maintenance database for LCC can be established and how
maintenance data can be collected and reported in order to continuously update the database. The developed framework was
then validated by experts from National Housing Corporation, Ardhi university and Muhimbili National Hospital in order to
determine its adaptability, applicability and suitability in collecting and reporting maintenance data required for LCC of
public buildings in Tanzania.
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Maintenance costs form a significant part of the economic

1. Introduction

Life cycle costs refers to the costs which occur during the
whole life of a building. These costs include the costs of
construction, renewal, maintenance and end of life [38].
The process by which these costs are calculated under an
economic evaluation, is known as life cycle costing [13].
Life cycle costing (LCC) can be done during various phases
of the building project starting from the inception, design,
procurement, construction and when the building is in use [3].
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evaluation under which life cycle costs are calculated.
LCC decisions made in the design phase affects the future
maintenance costs of the proposed building [12]. Furthermore,
application of LCC facilitates best value for money decision
and promotes realistic budgeting of maintenance and repair
[38].

Despite the importance of LCC in informing design
decisions [12] and its useful application in maintenance [3]
and [38]. The practice has been heavily challenged by the
lack of reliable data [13] and [7]. This has been a problem
in various parts of the world such as Czech Republic where
there are no industrial standards for reporting life cycle
data [13]. Similarly, in African countries such as in Nigeria,
a study by [2] revealed that one of the problems limiting the
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practice of life cycle costing is the difficulty in obtaining
relevant and reliable data.

The state of Tanzanian’s construction industry is also
challenged by a lack of reliable data for LCC [25]. A study
by [26] on the availability of whole life cycle cost data in
Tanzania, revealed that currently there is no centralized
source of running (maintenance and operational) cost data
in Tanzania [26].

The problem of lack of reliable data for LCC is rooted in
lack of knowledge on what data needs to be collected [4].
In addition to that, the format in which the data is reported
by the estates is rarely in a form that is readily usable for
LCC [38]. The challenge is particularly so in maintenance
data as a lot of information is needed for accurate costing of
maintenance during the life cycle of a building. [4] and
[9] addressed the challenge in collection of data for LCC
by detailing the maintenance data that is needed for LCC.
However, it has not yet been addressed specifically, how
such data can be collected and reported by the estate
department in an institution in order to constitute a
centralized source of data for LCC of building maintenance.
Therefore, addressing the problem, the study aimed to
develop a framework so that an estate department of a given
public institution in Tanzania can be able to collect and
report maintenance data to constitute building maintenance
databases reliable for LCC.

2. Literature Review

2.1. Overview of LCC

LCC involves an economic evaluation of life cycle costs
over a period of analysis [13] and [38]. The period of
analysis could be a building’s economical, technological or
design life [3]. The aspects of costs considered under LCC
are construction, operational, renewal, maintenance and end
of life costs [14]. The construction costs include the costs of
construction, professional fees, infrastructure and statutory
charges [38]. Operational costs cover aspects such as the
cost of cleaning, waste management and utilities such as
electricity, water and gas [38]. The end-of-life costs represent
the cost which occur at the end of life of the building. They
include the costs of inspection, decommissioning and demolition
[14].

The common economic measures of LCC are the Present
Value (PV) and Annual Equivalent (AE) [38]. These are the
common economic measures by which construction, operational,
maintenance, renewal and end of life costs are calculated
during a building’s life cycle. Through the present value
method, the sums of all the future life cycle costs in a
building’s life are projected and discounted to the present as
a single sum. It a method that is suitable when comparing
the alternative costs of investments having similar periods
of analysis. The other method of LCC is the annual equivalent
method. [40] defined annual equivalent costs as the uniform
annual equivalent of the project’s real cost discounted over

the period of analysis. It is a method suitable when one
wants to determine the annualized costs of owning an asset
based on different design alternatives.

LCC can be done at the inception, design and during the
occupancy period of a building project [3]. It is argued that
it is at the early stages of the project where the maximum
benefits of LCC can be realized [13]. At the inception and
early design stage, the potential of cost reduction of a
change in design is high and the consequent cost of the
change is lower compared to later stages of the project [3].
At the early phase of the project there is high optimization
potential at a very low cost [13]. LCC decisions made at the
inception and design stage such as a change in design to
optimize natural ventilation to reduce the costs of
operations or a choice of durable materials to reduce the
frequency of maintenance and repairs are easier to
implement. When the building has already been constructed
or when its in operation phase, the changes become costly
and difficult to implement as to achieve the intended life
cycle costs benefit, there would be a need of removal of
already installed building components or even a complete
renovation of the building. However, this does not imply
that the application of LCC ceases when the building is
in the occupancy stage. During the occupancy stage, LCC
can be applied wherein the actual costs of operation and
maintenance can be monitored versus the planned costs during
the LCC calculations and provide feedback for facility
management [12]. Also, through LCC realistic budgets for
operation, repair and maintenance of the building can be
made [38].

2.2. LCC of Building Maintenance

According to [5] the process of LCC of maintenance
involves a systematic economic evaluation of life cycle
costs after the construction phase and before the end of life
in order to generate maintain and renewal plans. [5]
categorized maintenance costs into maintain and renewal
costs. [5] Maintain costs cover annualized costs of planned,
unplanned and proactive maintenance whereas renewal
costs cover the annualized costs of scheduled renewal of
major systems and components apart from those which fall
under unplanned maintenance. In this regard the process of
LCC of maintenance differs from the [14] standard whereby
renewal costs are not categorized in the same life cycle cost
group as maintenance costs.

The process of LCC of building maintenance involves
various factors that affect maintenance costs such as height
of the building, age and building materials [31]. Previous
authors have developed models for predicting future life
cycle costs of maintenance [17] and [19]. [19] developed a
LCC model from a case study of 4 universities through
analysis of their 42 years maintenance and repair data. The
authors developed a back propagation neural model which
predicted life cycle costs of maintenance and renovations
depending on age, number of floors and elevators in the
buildings. Similarly, [17] studied cost data records of 13
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university buildings in Osijek and developed a model for
predicting life cycle costs of operation and maintenance of
the buildings.

2.3. Maintenance Data Required for LCC

The accuracy of the results from LCC is largely dependent
on data [12]. The argument is also supported by [38]
regarding LCC as a data intensive tool hence stressing its
dependence on availability of sufficient data. Findings from
studies such as [19] and [17] show that the reliability of
maintenance data to yield accurate prediction of future life
cycle costs is not merely on the presence of a maintenance
cost database but rather there is a need for other supporting
data such as the age of the building, maintenance strategy
and quality of the structure. The following table 2.1 shows
a summary of maintenance data required for LCC as
identified from the literature.

Table 2.1. Maintenance data required for LCC

S/NO CHALLENGE SOURCE

1 Age of the building [19], [17] and [3]
2 Maintenance strategy [9] and [17]

3 Maintenance cost [9], [17] and [19]
4 e bting matria (), 132 and 2]
5 Location of the building [17]

6 Factors gffecting frequency [38]

of repair and replacement

7 Use of the building [17]

8 Type of the building [17]

9 Number of floors [19]

10 Height of the building [31]

11 Condition survey reports [17] and [5]
12 ma%rtfrrwztr:gz a:w:::ggals [37]

13 As built drawings [37]

14 Defect’s list [5]

15 Frequency of maintenance [37] and [4]
16 Cost of material [9]

17 Cost of equipment [5]

18 Cost of labour [9]

19 Hours of labour required for work [40]

20 Quantity of work [37] and [5]
2 the manenanes ation [37)and [5)
22 Life of the component [5] and [37]
23 Cycles of repair and replacement [4]

2.4. Systems of Collecting and Managing
Maintenance Data

As revealed from the literature there are various systems
from which maintenance data can be collected and reported
during the life cycle of a building. Those systems included

the manual filling system, computerized maintenance systems
(CMMS), building information modelling and automated
systems.

The manual filling system is the traditional method
of collecting and managing maintenance information that
is based on human written documents [34]. It is the most
common method used for collecting maintenance data
among public institution in Tanzania [30]. However, it
has its drawbacks, it is time consuming [1] and it leads to
dispersion of data [34]. Due to this, there has been a shift
towards the use of computerized systems in collecting and
managing maintenance information.

CMMS(s) improve the practice of collecting and managing
maintenance data. Through CMMS, maintenance works can
be scheduled [40], data concerning an equipment maintenance
history can be tracked [10]. Moreover, it can also be used as
a tool for maintenance management and facilitate a maintenance
practice that is geared towards a more proactive approach
[40]. However, the use of CMMS does not come without its
limitations such as poor connectivity, difficulty of use and it
can also be prone to errors as even though the data is
managed by computers it is still entered in by humans [25].

The other system of collecting and managing building
maintenance information is the use of Building Information
Modelling [6] and [8]. Whereby [15], integrated it with
CMMS in order to develop systems for diagnosis and
detection of defects. There have also been studies that have
geared towards automated systems of collecting building
maintenance information such as the use of digital twins
[21], [27] and other sensor-based systems [34].

2.5. Previous Frameworks for Collecting
and Reporting Life Cycle Cost Data

A review of the literature identified two previous frameworks
that addressed collection of maintenance data for life cycle
costing. The frameworks were developed by [4] and [9]. [9]
developed a generic framework for collecting whole life
cycle cost data whereas the life cycle costs of an institution
were broken down according to the building hierarchy. [4],
developed a framework that showed details of maintenance
required for LCC and the way in which the data could
be structured so as to facilitate data flow into a facility
management software for LCC. The following is the review
of each framework.

2.5.1. Generic Framework for Collecting
Whole Life Cost Data

The framework by [9] was structured into five (5) levels.
Level 1 of the framework was based on breaking down the
overall cost of the project into three phases which were the
capital, facility management and disposal phase. Level 2 of
the framework which was called the phase level, categorized
each phase in level 1 into their respective cost categories
for example the facility management phase was broken
down into costs of operation, maintenance and replacements.
The framework by [9] presents categories of life cycle costs
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similar to the LCC framework by [19], whereby they have
similar cost categories of operational, maintenance and
replacement costs. However, there is a difference between
the [14] and [9] framework. The difference is that the framework
by [9] provided a much more detailed breakdown of the
life cycle costs. For example, maintenance and life cycle
replacement costs were broken down into cost categories
of planned, reactive and life cycle replacement cost for each
of maintenance work that is carried out and each cost was
further broken down into the direct costs of materials,
labour and equipment respectively.

The framework provided a dataset of maintenance data
required for LCC up to a given building’s component level.
Whereas, cost of labour, materials and equipment which are
essential for LCC [5] were detailed in the framework.
However, there were missing information which is also
vital for life cycle costing of maintenance such as the timing
upon which those costs were incurred [4].

2.5.2. A Framework for Modelling and Management of
Data Flow for LCC

[4] developed a framework of data flow for LCC modelling
and management. The framework consisted of three main
steps. The first step of the framework involved aggregating
the price of items into individual functional parts of a
building. Aggregation of priced items as given in the
framework [4] involved the summation of all the items that
form a particular component of a building that performs a
specific function. For example, summing the price of fagade
boards and contact insulation as the total price of external
insulation to a wall of a building [4].

The second step of the framework involved acquiring
life cycle information about a particular functional part of
a building. The life cycle data as proposed in the framework
included description, timing, quantity and unit rate of cost
for each maintenance, repairs and replacements works
that have occurred during a given period of a building’s
functional part [4]. The framework also provided formulae
which can be used to calculate parameter for LCC such as
average cycles and costs of maintenance. The data obtained
in step 2 is then entered into a facility management software
and thereafter used as input for step three of the framework
whereby the data entered into the software is used for LCC.
The framework by [4] provides further details on the
description of maintenance work and timing of the works
which is vital for LCC [3].

3. Research Methodology

Development and validation of the framework followed
four main steps which were:

i) Literature review

ii) Study of previous frameworks
iii) Multi-case study

iv) Validation of the framework

The following is the detailed explanation on how each
step contributed towards the development and validation of
the framework.

3.1. Literature Review

The first step towards development of the framework
was a review on the relevant literature concerning LCC of
building maintenance, details of maintenance data required
for LCC, systems of collecting maintenance data and reporting
of life cycle costs.

Through the literature review, the researcher identified
the details of maintenance data required for LCC and the
means upon which the data required can be collected in
order to develop a framework for collecting and reporting
maintenance data for LCC of public buildings in Tanzania.

3.2. Study of Previous Frameworks Relevant to
Collection and Reporting of Maintenance
Data Required for LCC of Buildings

Two relevant frameworks were studied refer to 2.5 whereby
through those frameworks the researcher adopted aspects to
be included in the proposed framework.

The second step towards development of the framework
was a study of previous frameworks relevant to collection
and reporting of maintenance data required for LCC. The
aspects of collecting and reporting life cycle cost data as
proposed in the frameworks by [4] and [9] were adopted
in the developed framework They were adopted since they
detailed and comprehensive structure on the collection
and reporting of maintenance data for LCC. [4] guided the
researcher at the overall structure of presenting and categorizing
maintenance data for LCC from the building level up to the
component level. [9] guided the researcher as to the structure
of reporting and details of maintenance data required for
LCC of a building’s functional part.

3.3. Multi-Case Study

The research design adopted for the study to constitute
findings for the development of the framework was a multi-
case study design. A case study design involves an in-depth
description and analysis of the case [28]. In order to develop
the framework, the researcher needed an in-depth understanding
of how maintenance data is collected and reported in public
institutions. Due to this reason, the researcher adopted a case
study design. A case study design could either be a single
case or a multi-case study. The primary focus of a multi-case
study design differs from that of a single case. A multi-case
study design is focused towards reaching a better understanding
of the quintain as revealed from different cases while a
single case study design leans more towards an understanding
of the case [39]. Due to this, the study adopted a multi-case
study design since the study required a better understanding
of how maintenance data is collected and reported so that a
framework could be developed. Similar to [41], the multi-case
study included two public institutions in Tanzania.

The criteria for selecting the institutions to be included in
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the study were that the institutions had to: (i) have an estate
department (ii) Undergo frequent maintenance at least
annually (iii) have buildings of various functionalities in a
single location. The public institutions chosen for the study
were the University of Dar Es Salaam (UDSM) and Muhimbili
University of Health and Allied Sciences (MUHAS). Both
institutions have old buildings which require frequent
maintenance and they have various facilities in their campuses
such as lecture halls, offices, dispensaries and cafeteria. Due
to these reasons, they were selected as cases for the study.

3.4. Validation of the Framework

The framework was validated following two main approaches.
The first approach was through the use of the economic
measures of LCC and the second approach was through the
use of experts.

3.4.1. Validation of the Framework through
the Use of Economic Analysis Methods

The framework was validated by using the economic
measures of PV and AEV of LCC. They are the two most
common measures of LCC [38] and it’s why they were used
for validation. The framework was validated to check if its
application would yield a building maintenance database
sufficient for LCC at the item, elemental and building level.

3.4.2. Validation of the Framework by Experts

The framework was also validated by experts. The experts
selected were those who did not participate in the multi-case
study so as to avoid member biasness. The experts selected
for validation were from three public institutions namely
Ardhi University, National Housing Corporation (NHC)
and Muhimbili National Hospital (MNH). Ardhi University
was selected as it is a university with similar characteristics
as the cases studied. Whereas, MNH is the largest public
hospital in Tanzania, therefore their experts offered an opinion
on the adaptability and applicability of the framework in
public hospitals. In the case of NHC, it is one of the public
institutions with the largest number of public buildings in
Tanzania hence opinions of their experts were valuable for
validation of the framework.

There were two criteria for selecting experts to be included
for validation from those institutions. The first criterion was
that the experts had to be maintenance practitioners working
within the estate or facility management departments of
those institution. The second criterion was that they had
to have a professional background in either Architecture,
Quantity Surveying or Engineering.

A total of 9 experts were identified in the respective public
institutions and questionnaires were delivered to them, 6 by
hand and 3 using Google Forms. On each aspect as proposed
in the framework the experts were asked to rank how they
agree with such aspect using a 5-point Likert scale agree
level (5: Strongly Agree, 4: Agree, 3: Neutral, 2: Diagree, 1:
Strongly Disagree). A scale of interpretation as shown in
table 3.1 that follows adopted from [16] was used.

Table 3.1. Scale of interpretation

Scale Mean score Agreement level
5 4.21-5.0 Strongly agree
4 3.41-4.20 Agree
3 2.61-3.41 Neutral
2 1.81-2.60 Disagree
1 1-1.80 Strongly disagree

Source: Adapted from [16].

Using the scale of interpretation, a mean value from
3.41 implied that the experts agreed with the aspect of
collecting and reporting maintenance data as proposed in the
framework. Therefore, the cut-off point of validation was a
mean value of 3.41, implying any aspect as proposed in the
framework with a mean value equal to or above the cut-off
point was retained in the validated framework without any
modification.

4. Results and Discussion

Data collected from both cases was analysed and the
emergent themes for each case were the system of collecting
and reporting maintenance data, surveying of the building
condition and decentralization of maintenance data. The
following were the findings for each theme.

4.1. Results from the Multi-Case study

4.1.1. System of Collecting and Reporting Maintenance Data

Case A: It was revealed that the system of collecting
and reporting maintenance data is mainly based on the
manual filling system with some adoption of computerized
system in reporting defects and tracking materials used for
maintenance. Collection and reporting of data, is based on
the type of maintenance work. Under planned maintenance
work maintenance data is acquired through condition survey
reports, bills of quantities, payment certificates and final
accounts. Under unplanned maintenance the main means
of collecting and reporting data is through the use of
maintenance forms which are referred to as the work orders.
A review of the work orders showed that they contained
information regarding the location, the building, the
description of the defect, the materials, labour hours and
costs for each maintenance work requested. Regarding the
collection and reporting maintenance data, the respondent
pointed out the following challenge;

“In the past we used to have a computerized system
whereby through the system we could track the maintenance
needs of the building and its element. Through the system we
could predict when a certain element of the building needed
maintenance, the costs to be incurred and the cost impact
of delayed maintenance. However, the implementation of the
system needed personnel to collect data in order to feed
information into the system and as time went on, some of our
staff got outsourced and some retired as a result the system
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collapsed.”

It was revealed that apart from the current system used
in case A for collection and reporting of maintenance data,
there was a planned maintenance management system
(PMMS) which was used in the past that could predict the
optimum schedule and costs of future maintenance works.
The system included the collection of building information
regarding the building condition rating the defective scale
of a building’s elements and using those scales as variables
for predicting the optimum schedule and future costs of
maintenance. However due lack of adequate personnel, the
system had to be stopped because the personnel were not
enough to collect data for all university buildings.

Case B: The system of collecting and reporting maintenance
data at case B is dependent on the type of maintenance
work. In case of planned maintenance, the means by which
information is collected and reported is through the use of
condition surveys, bills of quantities, payments certificates
and final accounts. Collection and reporting of data for unplanned
maintenance is done through the use of maintenance requisition
forms. A review of the maintenance requisition forms showed
that the forms contained information concerning the location,
building, section of work, description of the defect and
materials used for each maintenance work. There is also a
computerized system of reporting building defects whereby
the user can access the system and report the defect to the
estate department. Reliance on manual collection methods
was pointed out to be the main challenge leading to difficulties
in tracking building maintenance data. Despite the ongoing
maintenance activities, the estate does not have the records
on the frequency of maintenance, history on maintenance
costs and materials used for the university buildings.
Responding to the difficulty in keeping track of maintenance
data, the respondent recommended;

“If we had a computerized system for the whole institution
or for the estate, we would be able to track materials and
frequency of maintenance. It would be good to have a system
of tracking each building we would know why this particular
building undergoes frequent maintenance. It would help us
to know a large proportion of the cost goes to which part and
help even in the design of the new buildings.”

4.1.2. Surveying of the Building Condition

Case A: It was revealed that during the condition surveys
the defects are identified and their extent measured in order
to determine the quantity of work and materials required
for maintenance. It also was revealed that under planned
maintenance bills of quantities are prepared through the
information derived from detailed condition surveys of the
building and its elements. Furthermore, it was also revealed
that for unplanned maintenance, condition survey is done
through the day-to-day inspection of the building condition
to identify defects and report them to the estate. In order to
regularly inspect the building condition, the estate in case A
has categorized buildings into zone whereby for each zone
there is an assigned estate officer who is responsible for

assessing the building condition. Apart from the estate
officers, there are building users’ representatives involved in
the inspection of the building condition and reporting defects
to the estate. It was revealed that the inclusion of building user’s
representative had caused some challenges in reporting of
building defects. The respondent pointed out the challenge
by saying;

“Many times, we get misleading information concerning
building defects once they are reported. We receive reports
whereby the building defect has not been properly described.
As a result, we have to depend mostly on our own estate
officers to identify and report building defects.”

It was revealed despite the inclusion of building user’s
representatives the work load of the estate officers had not
been significantly decreased because of the limited skills
the user’s lacked knowledge in construction to accurately
identify and report defects.

Case B: It was revealed that there is a team of experts
comprising of architects, quantity surveyors, civil engineers
and technicians who perform a detailed survey as a means of
determining the quantity of work and materials used for
planned maintenance. The primary method of surveying the
building condition is through the visual inspection method
whereby the respondent said the following:

“In order to survey the building condition, we have to
physically see something for example if there are cracks and
leaking pipes, we have to see them in order to identify. On
the part of electrical services, we use some equipment but
mostly we rely on the visual method of identifying building
defects especially for the building’s structural parts.”

Under unplanned maintenance it was also revealed that
it is through the day-to-day survey of building condition
that building defects are identified. the regular inspection of
the building condition is done by estate officers who are
assigned specific zones of buildings to inspect.

4.1.3. Decentralization of Maintenance Data

Case A: It was revealed that despite the system of
collecting and reporting maintenance data through the use of
condition surveys, bills of quantities and maintenance work
order forms, building maintenance data is decentralized. The
estate in case A, does not have databases that keep track of
changes in building characteristics and records of maintenance
history of its buildings. It was revealed that building
characteristics information is not centralized whereby the
means of storing building information is solely on the use
of as-built drawings therefore information concerning the
age, frequency of repairs and changes in building materials
is not tracked. Also, there is decentralization in reporting
maintenance costs whereby the respondent pointed out:

“In the current system we do not track maintenance data
for an individual building rather we have records of the
maintenance costs as a whole and if there is a need for an
audit the accountant can then use the records to ascertain
the expenditures. We do not track the materials or cost used
to repair specifically to a given building.”
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The estate does not centralize maintenance data at the
building level whereby at the end of the year it does not produce
annual cost reports specifying in details the maintenance cost
spent for each building.

Case B: It was revealed that maintenance data at Case B is
decentralized. There is no central point upon which building
maintenance history concerning the changes in building
characteristics and maintenance costs can be accessed. It was
revealed that there is decentralization of maintenance because
data concerning the building information and maintenance
cost data is not reported to the building level. It was revealed
that, there are no database that centralize building information
such the age, materials, use and building’s occupational
details. Also, it was revealed most buildings were old and do
not have their as-built drawings and as a result the estate
lacks readily available information on the floor areas, heights
and layouts of their building services such as plumbing
and electrical systems. The respondent also pointed out
decentralization in reporting maintenance costs by saying:

“We report according to the plans we made for example if
we planned to use a certain amount, we report the general
amount that we used this much but we don’t go in details
since we have the BOQ and if one wants to check he or she
can trace it in the BOQ.”

Hence due to decentralization in reporting maintenance
costs, it was revealed that even though data was initially
collected and reported in various documents such as the bills
of quantities, the data collected is not centralized to produce
building maintenance databases.

4.1.4. Cross Case Analysis

Both cases have similar systems of collecting and
reporting maintenance data. In both cases maintenance data
is collected and reported through condition surveys, BOQs
and maintenance requisition forms. Despite using similar
means of collecting and reporting maintenance data, there is
a difference in the forms of BOQs used in the quantification,
description and costing of planned maintenance and differences
in the contents of the maintenance requisition forms. Case A
uses an elemental form of a BOQ while the estate office in
case B uses a trades of work format of BOQ for measurement
of planned maintenance works. Also, in relation to the
contents of the maintenance forms used for collecting data
for unplanned maintenance. It was revealed that Case A
contains details on the duration of maintenance works and
the costs of labour while the contents of the maintenance
forms used in Case B do not contain such details.

Another point of difference between the two cases is in
the level of integration of computerized. Case A has a
much more integrated computerized system in reporting
of maintenance data whereby through the computerized
system materials used for maintenance are tracked and the
balance of materials remaining in the store is determined.
While, Case B does not a computerized system for tracking
maintenance materials, the materials used for maintenance

are tracked manually. Regarding condition surveys it was
revealed that both cases employ condition surveys as a means
for identification and measurement of extent of defects in
order to estimate the quantity of work and resources needed
for maintenance in both planned and unplanned maintenance.
It was also revealed that in both cases, maintenance data
is decentralized and there are no building maintenance
databases that can be used for LCC.

4.2. Discussion of Results from the Multi-Case Study

Findings revealed that in both cases maintenance data
concerning the quantity of work done, costs of maintenance,
materials and equipment used which is crucial for LCC [9]
is collected in both cases. However, in both cases details
concerning the cause of defect is not reported in the
maintenance work orders. Details on the extent and cause of
defects are useful for LCC whereby through such information
one could establish the relationship between the occurrence
of defects and the factors that caused their occurrence.
Through such relationship one could predict the frequency
of maintenance and repairs based on the factors that caused
their occurrence.

Findings also revealed that the predominant system of
collecting and reporting maintenance data is the traditional
manual filling system. The results are consistent with [29]
who also found out that most public institutions in Tanzania
rely on manual methods in collecting maintenance data.
The manual methods of collecting data leads to data that
is dispersed [33] and this was evident in both cases studied
whereby the reliance on manual methods of collecting and
managing data such as filling of work order forms manually
without the use of computerized systems has led to
decentralization of maintenance data.

Centralization of maintenance data is critical for LCC of
building maintenance. LCC is data intensive [13] and there
needs to be a centralized source of information for the process
to be accurate. As revealed from the literature for accurate
LCC, there needs to be data on the building’s characteristics
and maintenance history concerning its; number of floors
[19], condition [5], details on the frequency of maintenance
[4], cost of materials, equipment [9]. However, this was
not the status in both cases, whereby in both institutions,
maintenance data is decentralized. There are no databases for
individual buildings showing their maintenance history and
building characteristics upon which the records on the life
cycle costs of maintenance can be accessed.

4.3. Development of the Framework

4.3.1. Findings Considered in the Development
of the Framework

The framework was developed based on findings from
the literature, previous frameworks and key findings from
the multi-case study. Findings from the literature identified
the maintenance data required for LCC. The framework



12 Kevin Ntiyakunze et al.:

Developing and Validating a Framework for Collecting and

Reporting Maintenance Data for Life Cycle Costing of Public Buildings in Tanzania
The Case of University of Dar es Salaam and Muhimbili University of Health and Allied Sciences

developed addressed how maintenance data required for
LCC can be collected and reported in order to establish and
continuously update a building maintenance database
for LCC. The framework also considered the details and
structure of reporting maintenance data as given in the
frameworks by [4] and [9]. [9], developed a framework
for collecting whole life cost (WLC) data whereby the
framework included the structure of presenting WLC from
the project level to the component level. The framework
categorized maintenance costs into reactive, preventive and
replacement costs and broke down the costs of each
maintenance work into indirect costs and direct costs of
labour, equipment and materials. The framework developed
also considered the means by which details on the equipment,
materials, hours of work and labour used for each
maintenance work can be collected and reported during
the execution of maintenance works. The framework by [4]
included the data structure containing details of maintenance
data required for LCC of a building’s function part. The
framework categorized maintenance work into repair,
replacement and regular maintenance work and the details
for LCC each maintenance work included the quantity, cost,
timing, unit cost and the description of the maintenance
activity. The developed framework also considered how the
details provided in [4] can be collected and reported in order
to establish and continuously update a database that could be
used for LCC of each building’s item.

The key findings from the multi-case study revealed that
there are mainly two types of maintenance work carried in
both cases which were planned and unplanned maintenance.
Hence, the framework developed provided stages of collecting
and reporting maintenance data which were categorized into
planned and unplanned maintenance. Findings also revealed
that the contents of the maintenance forms used for reporting
data in unplanned maintenance were not consistent with
the data required for LCC as revealed in the literature.
As identified in [37] maintenance data regarding the cost of
labour, duration of maintenance works and the factors
affecting the frequency of repairs and maintenance are vital
for LCC. Details on the cause of defects are not reported in
both cases and details on the duration and labour are not
contained in Case B maintenance forms. It was also revealed
that although there is a use of BOQs, there are no forms
in both cases that track details on the materials, labour and
time used for planned maintenance work. Therefore, the
framework developed as provided a means by which details
on the causes of defects, duration of work and labour can be
reported during the execution of both planned and unplanned
maintenance works. It was also revealed that maintenance
data is decentralized in both cases.

Decentralization of maintenance data was revealed as to
be the main issue which hinders the development of a building
maintenance database for LCC. The framework developed
provided a means by which a building maintenance database

can be established. In addition to that the framework outlined
a systematic and detailed means by which maintenance data
required for LCC can be collected and reported in order to
continuously update the database.

4.3.2. Main Parts of the Framework

The proposed framework consisted of two main parts
which were the Building Maintenance Database (BMD) and
the stages for updating the BMD. The BMD is aimed to be
the means by which maintenance data required for LCC can
be centralized. The BMD s structured into three levels
which are the building level, elemental level and item level.
The building’s level contains information on the condition
surveys, maintenance plans, operation and maintenance
manuals and building characteristics such as its location,
age, gross floor area, height, number of floors, materials and
use. The contents of the database at the elemental level
include history on the costs of planned and unplanned
maintenance for each building element derived from the
annual maintenance reports from the item level. The item
level contains information on the specification and date of
installation of each building item and annual update on the
annual costs of maintenance cost categorized into planned
and unplanned maintenance. The annual report updating the
database at the item level contains details on the description
of each maintenance work, the type of maintenance action
whether repair or replacement, costs, quantity, materials,
labour and time used for each maintenance work done for
that building’s item.

The second part of the framework are the stages proposed
for updating the established BMD. The stages are aimed
to provide a detailed means of collecting and reporting
maintenance data prior, during and after execution of planned
and unplanned maintenance work in order to continuously
update the BMD. The framework proposed stages 1 up to 4
for collection and reporting of maintenance data executed for
each building’s item during the year. Stage 1 addresses how
a maintenance form can be opened and the data that needs
to be assessed prior to execution of maintenance work. Stage
2A addresses collection and reporting of data for planned
maintenance. Stage 2B addresses the collection of data prior
to execution of unplanned maintenance whereby since
unplanned maintenance works are reactive, the framework
provides a means by which data regarding the building’s
defect and the recommended maintenance action can be
collected. Stage 3 of the framework addresses the details of
maintenance data to be collected and reported during and
after execution of each unplanned maintenance work. Stage
4 of the framework outlines the details of the annual
maintenance reports derived from data compiled from all the
maintenance forms collected during the year for a given
building’s item.

The framework which was developed for validation is as
shown in figure 1.
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BUILDING MAINTENANCE

DATABASE(BMD)
Building level

There should be am established
bulding database contanng
mformation about: (i)} Age ()GFA
(i) Height (iv) Number of floors
(v)Use (vii)Location (vi) MP(s) (vii)
O&M manuals (vit)}CS5P(s) denved
from peniodic condition surveys.
There should be periodic condiion
surveys to constitute data for PM and
there should also be an AMP
updating the PM and UM costs for all
the elements of the building

F 1

Elemental level

At this level there should be an AMP
updating the PM and UM costs of all
the bulding items of a particular
bulding element

A

Building item level

At the building item level there
should be an established database
about :(1) Specification of the item
and date of installation of the item.
There should also be an anmual
update of the bulding item
maintenance history derived from the
AMP prepared in stage 4. The update
should include the following details
maintenance activity: (i) The type of
maintenance work done either PM or
UP (i) The defect DEC (i)DMA
W) TQW (VIMT.TL and E used | |4——
()ACH)DC (viu)DP and (ix) The
S&D of the renewed building item in
case of RC.

AC - Actual Cost

AMP — Anmual Mamntenance Feport
BMD - Building Maintenance Database
C5P - Condition Survey Feports

DC- Date of completion

DEC- Description, Extent and Cause
DP — Date of payment

E- Equipment

Stage 1: Set up of a maintenance form (MM) for a building item

On oconmence of maintenance work for each building item there should be a
maintenance form for tracking maintenance data of that particular item. Prior to
execution of the maintenance work there should be a review of the BMD on the
MP(s). O&M manuals, as built drawings, location and the specification of the
item.

If the work is under PM proceed to 2(A) and if it is under UM proceed to stage
2(B)

Stage 2(A). Collection of data on Ttaze I{B]? Camrv_out
planned maintenance work insﬁecl:ion N

Feview the CSP to retrieve details on a) Carry field inspection

the defect’s DEC and the to identify the defect then
recommended action. fill in the maintenance
Execute work and each day track data form the defect’s DEC
on the MT, T. L and E used. and the recommended
Upon completion of the work fill in the action.

maintenance form the total MT, T, L
and E used for the work and also fill in
the DMA, AC, TQW, DC and DP. In
case of PP there should also be a report
on the specification of the new matenal

Stage 3: Collection of data on unplanned
maintenance

During the execution track dataon M, T, Land E
used for the work.

Upon completion of the work fill m the
mamtenance form the total MT, T, L and E used
for the work and also fill in the DMA, AC, TQW,
DP and DC. In case of RC there should also be a
report on the S& D of the new materal

h J Yy

13

Stage 4: Annnal maintenance report of the data collected

Compile the MMs of a given year for pertaining to a particular building item and
prepare an AMP specifying for each mamtenance activity:(i) The type of
mamtenance work done either PM or UP (1) The defect DEC (Qu)DMA () TQW
(WIMT, T. L and E used {(vi)AC (vu)DC (viu)DP and (1x) The S&D of the renewed
building 1tem n case of B.C.

The AMP should then be used to update the BMD at the building item level.

L- Labour

MP — Maintenance Plans

MT- Material

0&M - Operation and Mamtenance Manuals

PM — Planned Maintenance

RC - Replacement

T—Time

TQW — Total Quantity of Work UP — Unplanned Maintenance

LIDMA- Location of the Item and Description of the Maintenance

Activity

Figure 1. A proposed framework for collecting and reporting maintenance data for LCC of public buildings in Tanzania
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Table 4.1. Anillustration of a typical database at the building item level as adopted and modified from [4]
Item A: Painting to walls and sides of columns in three coats, one thinned and two full gloss oil paints externally
Location: Block A, Office nr. 3
Date of painting: Painted from DD/MM/YY
Type Deszt:?;::n of Cause DMA T(hr) M(nr) E(nr) L(nr) | Q(m?) | AC(Tshs) DOC DP
- - Repaint with M; L of Ejroller L
UM Peeled off paint Moisture wo full coats T, paint brush Q: ACuyr1 DOCuyri | DPur1
. . Repaint with M, L of E,roller L,
UM Dirty paint Poor use one coat T, paint brush Q: ACyr2 DOCur2 DPur:
Estimated cycle of End of Repaint to M;s L of Esroller Ls
PM repaint life match existing Ts paint brush Qs | ACPrrus | DOCerws | DPrrws
Estimated cycle of End of Repaint to M; L of Esroller Ls
PM repaint life match existing Ts paint brush Q| ACPrawz | DOCerus | DPerwe
um | L e e e

KEY: UM -Unplanned Maintenance
PM — Planned Maintenance
M — Material
DOC- Date of completion

T- Time

4.4. Validation of the Framework

The framework was validated using two approaches which
were validation by using the economic methods of LCC and
the other approach was by using experts. The following was
the validation.

4.4.1. Validation of the Framework Using Economic
Methods of Analyzing Life Cycle Costs of
Building Maintenance

The framework was validated such that considering a
BMD that is established and updated as guided in the
framework at the item, building and item level would yield
sufficient data for LCC using the economic measures of PV
and AEV.

The following table 4.1 shows a typical database at the
building’s item level as adopted and modified from [4].

Referring to table 4.1, a typical BMD at the item level
would contain for each maintenance work details there are
two main details which are used for LCC of building
maintenance which are the actual cost and dates of payment.

Applying the formulae by [4] given as follows;

(DP, - D) + Z;‘:Z(Dp(n) ~DPy
n

) (1)

AVerage ACUM/PM =

Where:

Average cycle UR/PM is the frequency of occurrence of
unplanned or planned maintenance and DP is the date of
payment for the particular maintenance work.

A life cycle cost analysis of maintenance works can be used
to project the timing of future maintenance works basing on the
value of the average cycle of UR/PM obtained using egn. 01.

The average actual costs of planned and unplanned
maintenance can also be obtained using the formular adopted
from [4].

E — Equipment
DP — Date of payment

DMA — Description of maintenance activity

Whereby;

Zinzl (AC(]_) +.o..... AC(n)
n

Average ACUM/PM =

Where; ACywmpwm is the actual cost of either planned or
unplanned maintenance and n is the respective number of
times they have occurred.

Life cycle costs of maintenance for planned and unplanned
maintenance for a given building item can then be obtained
using either the PV or AEV approach.

Using the PV approach, the life cycle costs of maintenance
can be calculated as follows.

y Average AC
PV of ACUM/PM = Zi:l (1 d);JM/PM
+

Where: PV of ACympem is the Present value of projected
Actual costs of either planned or unplanned maintenance,
d is the discounting rate and y is the respective number
of years in a given period of analyzing life cycle costs of
maintenance.

As adopted from [5], the present value of actual costs of
planned or unplanned maintenance can then be converted to
their annual equivalent costs using the formular below.

PV of ACum/em
(1+d)’ -1

Similarly, using the equations (01) and (02), the elemental
and building’s cycles average cycles and costs of unplanned
and planned maintenance can be obtained and enable a
LCC analysis at the elemental or building level respectively.

Therefore, using the economic measures of PV and AEV,
the framework was validated as its use would provide a
building maintenance database with sufficient data for LCC
of maintenance.

@)

AEV of UM/PM =

(4)
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4.4.2. Validation of the Framework by Experts

A total of 9 Questionnaires were sent to experts from
Avrdhi, NHC and MNH. 6 of the questionnaires were delivered
by hand and 3 of them through google forms. Out of the 6
questionnaires delivered by hand 5 of them were returned
and 3 out 3 questionnaires sent via google forms received
responses.

The questionnaires for validation consisted mainly of three
parts which were

i) Demographic profile of the respondents
ii) Specific validation questions
iii) General validation questions

4.4.3. Demographic Profile of the Respondents

The respondents were asked about their position in the estate
or facility management department, working experience,
professional background and their highest level of education.

The following table 4.2 shows the profile of the respondents.

All of the respondents were either estate officers working
within the estate departments or facility management directorate
of their respective public institutions. 6 out of 8 respondents
had a professional background in Quantity Surveying and 2
of them were architects. Since all of experts who respondent
had professional background in either Architecture or
Quantity Surveying and all of them were working professionals
within the estate or facility management directorate of their
respective public institutions, their responses were used for
validation of the framework since they met the criteria set for
validation.

4.4.4. Specific Validation Results

On the part of specific validations questions, respondents
were asked how they agree with each aspect of the BMD and
the four stages as proposed in the framework. Results are as
shown in table 4.3 that follows.

Table 4.2. Profile of respondents

S/No Position Profession Experience Level of education
1 Estate officer Quantity Surveyor Between 5-10 years Master’s degree
2 Estate officer Quantity Surveyor Below 5 years Bachelor’s degree

Quantity Surveyor . R
3 Facility Management Quantity Surveyor Between 5-10years Bachelor’s degree
4 Estate officer Quantity Surveyor Below 5-10 years Bachelor’s degree
5 Estate officer Architect Below 5 years Bachelor’s degree
6 Estate officer Architect Below 5 years Bachelor’s degree
7 Estate officer Quantity Surveyor Below 5 years Bachelor’s degree
8 Estate officer Quantity Surveyor Below 5 years Bachelor’s degree
Table 4.3. Specific validation results
. t
Aspect as proposed in the framework Mean S a’.‘df.“d
deviation
Breaking down the BMD into building, elemental and component level 4.50 0.535
Establishing a BMD containing building information concerning age, height,
- - 4.50 0.756
gross floor area, location and use of the building.
Establishing a BMD containing building information concerning maintenance 463 0518
plans, operational and maintenance manuals and condition survey reports ' '
Carrying out periodic condition surveys for updating the information concerning
5 " 4.50 0.756
the building condition
Annual update of the planned and unplanned maintenance cost at the building level | 4.25 0.707
Annual of the planned and unplanned maintenance cost at the elemental level. 4.25 0.707
Establishing building item database containing data on the specification of the
BMD material and the date of installation 4.25 0.707
Annual update of the building item maintenance history detailing for each
maintenance activity the type of maintenance, description of the maintenance 4.50 0.535
activity and the quantity of the work done.
Annual update of the building item maintenance history detailing for each
. . s . 4.75 0.463
maintenance activity the material, time, labour and equipment used.
Annual update of the building item maintenance history detailing for each
- - - 4.38 0.518
maintenance activity the actual cost incurred
Annual update of the building item maintenance history detailing for each
maintenance activity the date of completion and the date of payment for 4.00 0.756
the work done.
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Aspect as proposed in the framework Mean Stagdgrd
deviation
Updating the building item’s specifications and the date of installation in
4.50 0.535
case of a replacement work.
Reviewing of the BMD on the specification of the building item 4.38 0.518
Reviewing the BMD on the maintenance plans and the maintenance and
. A 4.29 0.488
Stage 1 operational manuals for the building item
age
g Reviewing as built-drawings 4.00 0.816
Cat_egorlzatlon of the maintenance work into either planned or unplanned 457 0535
maintenance
Stage 2A REVIE'W 'the condition survey reports and retrieve details on the defect’s 475 0.463
description, extent and cause.
Tracking data on the material, labour and time used during the execution of the
- 4.25 0.707
maintenance work.
Filling in the maintenance form the description of the maintenance activity 4.38 0.518
Filling in the maintenance form the total material, time, labour and equipment
4.25 0.463
used for the work
Filling in the maintenance form the actual cost and total quantity of the
- 4.25 0.707
maintenance work done
Filling in the maintenance form the date of completion and the date of payment
- 4.38 0.744
for the maintenance work done
Filing in the maintenance form the specification of the new material in case of
413 0.641
replacement
Carrying out field inspection to identify the building defect 4.38 1.408
Stage 2B Report on the description of the building defect 4.25 1.035
age
g Report on the extent and the cause of defect 4.50 1.069
Report the recommended action 4.25 1.389
Tracking of data on the material, labour and time used during the execution
. 4.25 0.707
of maintenance work
Filling in the maintenance form the type and description of the work done 4.63 0.518
Filling in the maintenance form the total material, time, labour and equipment
4.25 0.463
used for the work
Stage 3 Filling in the maintenance form the actual cost and total quantity of the
- 4.50 0.756
maintenance work done
Filling in the maintenance form the date of completion and the date of payment
- 4.00 0.000
for the maintenance work.
Filling in the maintenance form the specification of the new material in case
4.29 0.488
of replacement.
The type of maintenance and description of maintenance activity 4.67 0.577
The materials, labour and time used for each maintenance work 4.57 0.535
Stage 4 Actual cost and quantity of work done for each maintenance work 4.43 0.535
The date of completion and the date of payment for each maintenance work 4.14 0.690
The specification and the date of installation of the new material in case of
. 4.43 0.535
a replacement action.
Table 4.4. Results from the respondents on the general validation questions
SIN Item Mean Standard deviation
The application of the proposed framework will yield sufficient data for life
1 . ST . 4.50 0.535
cycle costing of public buildings in Tanzania
The proposed framework is applicable for collection and reporting of
2 - - LT . 4.63 0.518
maintenance data in public institutions in Tanzania.
The proposed framework is adaptable to the maintenance practices of the
3 A . 4.38 0.744
public institutions in Tanzania.
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Table 4.5. Results from the respondents on the weaknesses, strength and recommendations on the proposed framework

Also, there is a lot of information that
could take time to collect and handle.

Respondent Weakness of the framework Strength of the Recommendations
no. framework
The mechanism of storing and Much information Creating software to store and
rocessing data was not mentioned. i i
1 p 9 regarding maintenance process all Data of the proposed

was captured to give the

- . framework.
realistic analysis.

Proposed framework will not give an
2 option of technological advancement
especially in Building materials.

It can be improved easily when
used as information for
software applicable to keep
Maintenance Database for each
Building items/ elements for
Maintenance planning.

It provides valuable
information for Building
Maintenance to be
adopted and Budgeting.

of maintenance data.

3 NIL NIL NIL
4 NIL NIL NIL
5 NIL NIL NIL
6 NIL NIL NIL
7

NIL NIL NIL

| still see difficulties in the collection Itwill prqwde reference

8 for maintenance of NIL

buildings in Tanzania.

All of the aspects as proposed in the framework had mean
scores ranging from 4.00 to 4.75 referring to the scale of
interpretation as shown in table 4.3 it implies that the experts
either agreed or strongly agreed to all the aspects as proposed
in the framework. Since all aspects of the framework had
mean scores above 3.41, they were all retained in the validated
framework.

4.4.5. General Validation Questions

Experts were asked on their opinions regarding the
applicability and adaptability of the framework. There were
also asked concerning the weaknesses and strengths of the
framework and their recommendations on how the framework
could be improved. Tables 4.4 and 4.5 show the results.

Referring to the scale of interpretation as shown in table
3.1 The mean scores ranging from 4.38 to 4.63, reveal that
the experts strongly agreed that the framework is applicable,
adaptable and will yield sufficient data for life cycle costing,
of public buildings in Tanzania.

The weaknesses of the proposed framework as outlined by
experts no.1 and 8, both lie in the fact that the framework
proposed a detailed collection of maintenance data required
for LCC however it did not provide a means by which such
information could be managed. Therefore, in response to the
weaknesses as pointed out by the experts, the validated
framework proposed the use of a CMMS integrated with
BIM for each public institution in Tanzania as a means of
collecting and managing building maintenance data for LCC.
The CMMS in the framework is meant to function as A
means by which maintenance work orders in the institution
could be issued and the corresponding information filled in
and stored. Whereas the BIM is meant to function as a means
by which a digital building object for each building of the

institution collected through the CMMS can be stored,
managed and updated continuously to form a building
maintenance database for LCC.

5. Conclusions

The practice of LCC is dependent on the data available [4].
Lack of detailed information greatly affects the accuracy of
its results. Tanzania lacks a centralized source of building
information upon which operational and maintenance data
for LCC can be accessed [26]. A study of the cases UDSM
and MUHAS revealed that the main factor that hinders
availability of maintenance data for LCC is decentralization
of data in the estates. Despite, there being efforts to collect
and report data as maintenance activities are carried out, the
data collected and reported is dispersed and as a result the
estates lacked maintenance databases for LCC.

Due to this, a framework was developed addressing
decentralization of data by providing a means by which a
building maintenance database for LCC can be established
and outlining stages through which maintenance data can
be collected and reported in order to continuously update
the database to constitute a reliable source of data for LCC of
public buildings in Tanzania.

The framework was validated by experts from NHC,
MNH and Ardhi university whereby experts strongly agreed
that the framework is adaptable to public institutions in
Tanzania and that its application would yield sufficient
maintenance data for LCC. Therefore, the study recommends
the adoption of the framework in public institutions in
Tanzania for collection and reporting of maintenance data.
Furthermore, the study recommends there to be an adoption
of CMMS among public institutions in Tanzania.
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BUILDING
DATABASE(BMD)

MAINTENANCE

Building level

There should be an established BMD
managed BIM mtegrated CMMS
contamning information abeut: (i) Age
()GFA (ui) Height (iv) Number of
floors (v)Use (vii)Location (vi)
MP(s) () O&M  manuals
(vilD)CSP(s) denved from peniodic
condition surveys.

There should be perodic condition
surveys to constitute data for PM and
there should also be an AMP
updating the PM and UM costs for all
the elements ufﬂﬁe bulding

Elemental level

At this level there should be an AMP
updating the PM and UM costs of all
the building items of a particular
building element

A

Building item level

At the building item level there
should be an established database
about :(1) Specification of the item
and date of installation of the item
There should also be an anmmal
update of the bwldmg item
mamntenance history denved from the
AMP prepared in stage 4. The update
should include the following details
maintenance activity: (1) The type of
maintenance work done either PM or
UP (i) The defect DEC (ufDMA
(W)TQW (WMT.L and E used
()ACHDC (viu)DP and (1x) The
5&D of the renewed building item in
case of RC.

AC — Actual Cost
AMP — Annual Maintenance Report

BMD - Building Maintenance Database

BIM- Building Information Modelling
CS5P — Condition Survey Feports

Stage 1: Set up of a mamntenance form (MM} for a bulding 1tem

On eccwrrence of maintenance work for each building item a maintenance form
using the CMMS. Prior to execution of the maintenance work there should be a
review of the BMD on the MP(s), O&M manuals, as built drawings, location
and the specification of the item.

If the work 15 under PM go te stage 2(A) and if it 1s under UM go to stage 2(B)

h 4

k4

Stage 2(A). Collechon of data on Stage 2(B): Camy out

planned mamtenance work

inspection

Feview the CSP to refneve details on the
defect’s DEC and the recommended

action.

a) Camy field inspection to
identify the defect then fill in
the maimtenance form the

Execute work and each day track data on defect’s DEC and the

the MT, T. L and E used.

Upon completion of the work fill in the
maintenance form the total MT, T, L and
E used for the work and also fill in the
DMA, AC. TQW. DC and DF. In case of
EP there should alse be a report on the

specification of the new material

recommended action.

¥

Stage 3: Collection of data on unplanned
maintenance

During the execution track dataon M, T, L and E
used for the work.

Upon completion of the work fill m the
mamtenance form the total MT, T, L and E used
for the work and also fill in the DMA, AC, TQW,
DP and DC. In case of RC there should also be a
report on the S& D of the new matenial

Stage 4: Annual mamtenance report of the data collected

building item in case of EC.

Compile the MMs of a given year for pertaming to a particular bulding item and
prepare an AMP specifying for each mantenance activity:(1) The type of
mamtenance work done either PM or UP (1) The defect DEC (u)DMA (v)TQW
(v)MT, T. L and E used (\)AC (viz)DC (vii)DP and (3x) The S&D of the renewed

The AMP should then be used to update the BMD at the building item level.

CMMS- Computerized Maintenance Management System

DC- Date of completion

DEC- Description, Extent and Cause
DP - Date of payment

E- Equipment

L- Labour

MP — Maintenance Plans

MT- Material

0&M — Operation and Mamtenance Manuals
PM — Planned Maintenance

RC - Replacement

T - Time

TQW — Total Quantity of Work
UP — Unplanned Maintenance

LIDMA- Location of the Item and Description of the Maintenance

Activity

Figure 2. Validated framework for collecting and reporting maintenance data for LCC of public buildings in Tanzania
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