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ABSTRACT

This paper looks at service life prediction andnpiag based on a combination of condition
assessments and the application of a servicer@digtion methodology using the stochastic Markov
Chain with Neuro-Fuzzy Artificial Intelligence (Sece Life Prediction Beyond the ‘Factor Method’ -

11DBMC Best Paper Award) to quantify changes indtioon over time.

The model, which considers the seven modifyingdiectof the ‘Factor Method’ for service life
prediction as well as the age and current condiifotine building or component to calculate changes
in condition over time, enables the calculatiortypiical degradation curves for a variety of builglin
and component types in various physical and operatienvironments. These curves are used to
predict the remaining service life, assess the ctffeness or appropriateness of the current
maintenance regime or level, do life cycle plannaigl develop pro-active strategies to prevent
premature failure or reduced service life.

The application of the service life prediction natblogy in combination with condition assessments
is illustrated with four case studies on an actearning environment building, a university campus
and four multi level office buildings.

KEYWORDS

Condition assessment, Service life prediction csirve

! Asset Management Strategist, Melbourne, AUSTRALdNannmcduling@gmail.com




Johann McDuling

1INTRODUCTION

The objective of this paper is to illustrate thee usf a condition-based service life prediction
methodology to provide asset managers with betfierfned options and strategies.

A Service Life Prediction model [McDuling et al Z&]J0s used to predict changes in condition over
time and produce Service Life curves for a buildongcomponent. By plotting the assessed current
condition of the building or component on thesevesr the remaining service life can be predicted
and better informed asset management options eatégies can be developed.

The Service Life Prediction model is based on alination of the Markov Chain and Neuro-Fuzzy
Artificial Intelligence, and the seven modifyingctars of the ‘Factor Method’ [ISO 15686-2:2001]
for service life prediction, as well as the age andent condition of the building or component to
quantify changes in condition over time.

This application of condition assessments in cowatidm with service life prediction is illustrated
with three case studies.

2CONDITION ASSESSMENTS

A five-point colour-coded rating system is use@s$sess the percentage of the asset in each conditio
category as illustrated in Table 1 below.

Table 1. Condition assessment criteria.

Rating Condition  Action Required (Tﬁf;e:slrggti}: ) Maintenance Type
Excellent  Preventative Maintenance % of asset ind@imn 5 Normal
4 | Good Condition-based Maintenance % of asset in {iond} Maintenance
3 |Fair Repairs % of asset in Condition 3 Backl
2 |Poor Rehabilitation % of asset irl Condit'ic.)n 2 Maiifen%?]ce
Very Poor _Replacement % of asset in Condition 1

Assessing the percentage of the asset in eachtwondategory enables the quantification of the
extent of maintenance backlog and development mdition profiles as illustrated in Fig. 1 below.
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Figure 1. A typical condition profile, showing the percentdagf the building in each condition
category. The extent of maintenance backlog amdor2d.5%.

The average assessed condition of the profile gn Fis 3.64 (‘Fair’). If a single rating was apguli
the building’s condition would be assessed as 4#du3) and the small percentages in Condition 1
(‘Very Poor’: 2.9%) and 2 (‘Poor’: 7.3%), with highlevels of associated risk, would not be visible
to decision-makers and consequently overlooked.
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3 SERVICE LIFE CURVES

A Service Life Prediction model [McDuling et al Z80ds used to quantify changes in condition over
time and produce Service Life curves for a buildimg component. The model is based on a
combination of the Markov Chain and Neuro-Fuzzyiffgitl Intelligence, the seven modifying
factors of the ‘Factor Method’ [ISO 15686-2:200df &ervice life prediction, as well as the age and
current condition of the building or component taqgtify changes in condition over time [McDuling
2006].
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Figure 2. Generic service life curves showing the predicteaihge in average condition over the
design life of the asset for various levels of naiance, assuming high quality (4) of materialftabr
and workexecutiona high level (4) of design, slightly aggressi8g éxternal and internal climates
and a less favourable (4) to slightly aggressiyeofierational climate using a rating scale sintibar
the condition rating scale in Tab. 1.
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Figure 3. Predictecchanges in the condition profile over the desigmdif an asset. The area below
the blue curve represents the percentage of tlee iasE€xcellent’ and ‘Good’ condition.

According to De Sitter's Law of Fives [Vanier 200@acklog maintenance (repairs, rehabilitation
and replacement/renewal) can cost 5 to 25 times tian normal maintenance. The objective of
strategic asset management is therefore to maximésarea below the blue curve (i.e. the percentage
in ‘Excellent’ and ‘Good’ condition requiring normaaintenance) within limitations. The area above
the curve represents the percentage of the aggéting backlog maintenance.
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The generic service life curves in Fig. 3 are usedevelop asset management strategies by changing
the horizontal axis to a time scale and selectimg appropriate design life of the building or
component, condition threshold and rehabilitationemewal strategy as illustrated in Fig. 5 below.
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Figure 4. Service life curves illustrating condition thresthalarget envelope and targeted
rehabilitation age assuming a design life of 60 yea

The condition threshold is the minimum acceptaloledtion, while the target envelope is defined by
the area between two maintenance level curvestanddiected condition threshold, as illustrated by
the shaded area in Fig. 5 above.

The appropriate maintenance strategy is determbyedhe decision to rehabilitate or renew the
building during its design life or not (investmesitategy) and the selected condition threshold. The
objective of a strategy not to rehabilitate or rende building during design life is to achieve a
service life that exceeds the design life. The tgpasset, design life, degradation and presenvatio
factors [ISO 15686-2:2001] and obsolescence nesedtalbe considered.

Depending on the condition threshold selected raegy not to rehabilitate or renew the building
during its design life will require a higher mainénce level at a higher maintenance cost compared t
a rehabilitation strategy. A higher condition threlsl requires a higher level of maintenance at a
higher cost during the asset’s service life.

In the event of a rehabilitation strategy, a higb@ndition threshold means a shorter service Iifeé a
requires an earlier or possibility more than orferteshment during the asset’s design life, bua at
lower cost per refurbishment. This could be a gstwategy for investment portfolios where retaining
high profile tenants prepared to pay for premiumoatmodation is an objective, or where technical,
functional or financial obsolescence could be ssmeration.

A lower condition threshold means a longer seriifeeand will require later or no refurbishment,tbu
at a higher refurbishment cost. If the building @ition is allowed to deteriorate below the threshol
the risk of losing existing or failure to attra@wmtenants increases.

To prevent that the average condition of the bodddeteriorate beyond the condition threshold,
planning for the rehabilitation should ideally $tawo to three years before the condition reaches t
threshold level. By doing regular and consistentdition assessments and plotting the assessed
condition on the service life curves, maintenantanmers can get early warning and start their
planning in time before the condition has a negaitwpact on the performance of the building.
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4 CASE STUDIES
4.1 Active learning environment building (Australia)

The first case study looks at a 26-year-old adlidagning environment building with an aggressive
operational environment where students are traimddiilding trades such as bricklaying, plastering,
tiling and stone masonry. The building has a langeistrial/factory area as well as offices, leatgri
rooms and ablution facilities. It has a gross flacea of 8,375 fmand an estimated replacement cost
of Au$ 11,900,000. The assessed average conditithe duilding is 3.64

The required maintenance budget, as shown in #ab&dow, is based on the assessed condition of
the building and a maintenance cost model, whicig;med with De Sitter's Law of Fives [Vanier
2000] and based on the estimated replacement ttst building or component. This methodology is
similar to the parametric approach of NASA to estiendeferred maintenance [NASA 2003].

Table 2. Condition-based maintenance budget (Au$) required.

Normal M aintenance

Preventative  Condition-based Allowance for Total for
Maintenance Maintenance Unplanned Normal
(Condition 5) (Condition 4) Maintenance Maintenance
Assessed Condition* 1.45% 74.04% 75.49%
Budget Required  $ 148,773 $ 176,240 $ 89,264 $ 414,277
% of Budget Required 9.51% 11.26% 5.70% 26.47%
Backlog/Deferred Maintenance
Repairs Rehabilitation Replacement TBC;[S](ILC:;
(Condition 3) (Condition 2) (Condition 1) !
M aintenance
Assessed Condition* 14.34% 7.31% 2.86% 24.51%
Budget Required  $ 341,306 $ 435,102 $ 374,145 $ 1,150,553
% of Budget Required 21.81% 27.81% 23.91% 73.53%
Estimated Total Maintenance Budget Required $ 1,564,830

* 9% of building in each condition category weightegised on estimated replacement cost.

Table 4 illustrates the consequences of backlogteaance and De Sitter's Law of Fives: 24.51% of
the total building requires backlog maintenancejctvhamounts to 73.53% of the total budget
required.

4.1.1 Maintenance Options

Option 1 provides for the allocation of availabiedls to the maintenance categories based on the
ratio of budget required per category to total idgquired (as shown in Table 4 above), i.e. 9.51%
of the available budget is allocated to prevengataintenance. This method, the ‘Balanced
Approach’, ensures that funds are also allocateBraventative Maintenance and not just Backlog
Maintenance. If an amount of $650,000 is allocdieded on the ‘balanced approach’ the average
condition will improve to 4.20, which is on the tepd of the target envelope in Figure 6 belowiii.e.
will take $650,000 allocated based on the ‘balanapdroach’ to change the condition from the
bottom to the top of the target envelope. This witlirease the current estimated remaining service
life from two years to 12 years.
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Option 2 provides for the eradication of all Coraditl (‘Very Poor’) and Condition 2 (‘Poor’) and
requires $809,247. This will improve the averagedition to 3.97 and the estimated remaining
service life of nine years.

Option 3 provides for the eradication of all maim#ace backlog and will require $1,150,553 to
improve the condition to 4.26, and will add 12 aiddial years to the estimated remaining service
life.

Option 4 provides for total refurbishment, whichllwequire $1,277,245 to improve the average
condition to 4.79 and extend the estimated remgigarvice life to 24 years.

4.1.2 Option comparison
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Figure 5. Average assessed condition of an Active Learningrenment Building with predicted
changes in condition for four maintenance optig®iaing continuation of the current maintenance
regime.

Table 3. Option Comparison.

Cost per Cost per 1%
Budget  Additional additional % Improve- improve-
required Service Life Service Life ment in ment in
Option and Strategy  (Au$) (years) year Condition condition  condition
L. Balanced budget ¢ g5 g 10 $65000 420  1538%  $42,250
allocation
2. Eradication of ] 0
'Poor' & Very Poor" $ 809,247 7 $ 115,607 3.97 9.07% $ 89,262
3. Backlog $1,150553 12 $95879 426  17.03%  $67,549
eradication
4. Total $ 1,277,245 22 $53,057ENCI  31.59%  $ 40,428

refurbishment

Graph 1. Predicted change in condition profile for varioyions.
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From Fig. 6 the estimated Remaining Service Lifevis years.
4.2 Six academic hospitals (South Africa)
This case study of six academic hospitals in Sifitica illustrates the value of regular and

consistent condition assessments. The conditiagsas®ents were undertaken between 1996 and
2005.
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Figure 6. Six Academic Hospitals.

Hospital A illustrates the consequences of too longrvals between condition assessments and has
reached the end of its service life only 30 yedtsrat has been commissioned. The maintenance
level of this hospital was clearly too low and #heras no change in the maintenance regime after the
first assessment. In contrast, Hospitals B, D, B B&nclearly showed a positive reaction to the
condition assessments by the improvement in thaidition to fall within the target envelope. In
view of the growing demands created by changeseddical and nursing technology and the risk of
obsolescence, Hospital C and F may have bettertemgince strategies.

4.3 Univer sity campus (Australia)

The average condition and age of two sets of usityebuildings are shown in Fig 1 below. The first
set of buildings, numbered from 1 to 26, is acaddmildings with a condition threshold of 3.5 and a
target condition envelope between Normal and Highinténance Levels. The second set of
buildings, numbered from 27 to 51, is student agoodation with a condition threshold of 4.0 and a
target condition envelope between High and VeryhHitpintenance Levels.
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Figure 7. Average condition and age of buildings on a unitgisampus.
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4.3.1 Building Set Number 1 — Academic buildings

Although building numbers 1, 2, 4, 5, 6, 7, 9, 1Q, 12, 19, and 22 and 25 all comply with the
condition and maintenance targets, their remaisenyice life varies between three and eight years,
and a strategic review of these buildings shouldubdertaken as soon as possible. The average
condition of building numbers 3, 20 and 24 are Wetioe condition threshold of 3.5 and should have
been already rehabilitated or replaced. Building ®hich falls above the target envelope, was
refurbished some time ago and has an estimatedniexgaervice life of ten years. Building 14 has
just been refurbished and based on the assumpt@nthe current maintenance regime will be
continued, has an estimated remaining servicefif#0 years.

Building numbers 8, 10, 13, 15, 16, 17, 23 and &5al below the target envelope, which can be
attributed to a number of factors, such as a teolével or quality of maintenance, quality of work
execution, materials and design, and operationak@mment. These buildings are storage and
workshop buildings and it is to be expected tha kevel of maintenance would be lower
compared to the academic buildings. Of concermvedver building numbers 15 and 23 that both
showed a relatively fast rate of deterioration attiough their condition is still well above the
applicable condition threshold of 3.5, a detailecgWwI-through’ assessment by experts should be
undertaken as soon as possible to establish tise ¢authe accelerated degradation. Building 15,
which is four years old, has an estimated remaisgmgice life of six years or a total service life
of only ten years.

4.3.2 Building Set Number 2 — Student accommodation

An important source of income for Australian Unsities is international students and in order to
attract these students Universities need to proygded accommodation. Buildings providing
accommodation for students are therefore refurbistre an annual basis and a higher condition
threshold and target envelope apply to these mgidiThe condition assessment was done just after
these buildings have been refurbished at the bagjrof the academic year before the students took
occupation, which explains why the condition oflBing numbers 34 to 39 and 43 to 45 are above
the target envelope.
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