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ABSTRACT

Most condition assessments are mere snapshots in time that end up
gathering dust on a shelf because the value of consistent condition
assessments is generally underrated and seldom fully utilised. Condition
assessments should be the basis for management and maintenance
decisions in the built environment towards sustainable construction.

Subsequent to the 1995 National Health Facilities Audit of hospitals in
South Africa, condition assessments have evolved into a technology that
adds a new dimension to strategic management and maintenance of
buildings and related infrastructure. A five-point colour-coded rating system
has been developed and refined through experience gained during the
inital and follow-up assessments and sustained research and
development. Value addition include converting condition assessments into
condition-based maintenance  budgets, eradicaton of backlog
maintenance,  performance  assessment of effectiveness  of
maintenance/preservation interventions, and service life prediction.

This paper proposes a condition assessment system and process with
examples of value addition towards sustainable construction.

Keywords: Condition Assessment, Backlog Eradication, Maintenance
Budgets, Performance Tracking, Service Life Prediction.
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1. INTRODUCTION

In our quest to meet “the needs of the present without compromising the
ability of future generations to meet their own needs” (Brundtland Report,
1987), consistent and continuous performance measurement of building
materials and construction techniques is crucial to prevent the creation of
an unsustainable artificial environment at the expense of our natural
environment. Large volumes of natural and energy resources, many scarce
and/or non-renewable, are consumed and waste generated by the
construction sector during the life cycle of buildings, with a substantial
impact on the environment. Sustainable construction is seen as an initiative
by the building industry in response to this environmental impact towards
achieving sustainable development (Agenda 21).

Building performance can be measured in many ways, the most
common being condition. The building's condition “gives a measure of the
effectiveness of current maintenance programmes because it determines
the remaining useful life of components or systems and compares it with
the full economic life expected, given good maintenance. These estimates
become the foundation for establishing both the extent of deferred
maintenance and the required maintenance and repair programmes.”
(NRCC, 1993). According to Varnier (2001) a condition assessment survey
(CAS) “produces a benchmark for comparison, not only between different
assets, but also for the same asset at different times.”

Condition however changes over time as the physical and operational
environments impact on the building, and regular, accurate and consistent
condition assessments on a continuous basis are therefore required to
update current information, provide for maintenance work done subsequent
to the previous condition assessments and capture any significant changes
in condition before they can impact on the performance of the building.
Most condition assessments are however mere snapshots in time that end
up gathering dust on a shelf because the value of consistent condition
assessments is generally underrated and seldom fully utilised.

Central to a sustainable built environment is service life prediction,
which depends on the ability to quantify the degradation rate of building
fabric and components. Change in condition aver time is a commonly
accepted method to evaluate degradation (Morcous et al, 2003; CIB295,
2004; Lounis et al, 1998; and Madanat et al, 1995). According to CIB294
“an ability to understand what influences durability and service life of
materials, components and structures, to develop more durable materials
and components and to establish reliable methods for testing of durability
and for prediction of the service life” could contribute towards addressing
environmental problems in the context of sustainable development.

This paper proposes a condition assessment system and process with
examples of condition assessment value addition towards sustainable
construction.
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1. CONDITION ASSESSMENT SYSTEM AND PROCESS

The Queensland Department of Public Works in Australia (1999) defines
condition assessment as “the technical assessment of the physical
condition of an asset, using a systematic method designed to produce
consistent, relevant and useful information.” ... “The condition assessment
process for built assets should, as a minimum, rate asset condition,
determine the risks associated with letting an asset remain in that
condition, and identify maintenance work needed to restore to and retain
an asset in its required condition.”

Maintenance can only be effectively managed if the maintenance
demand is properly quantified, and Then (1995) pointed out that “the
quantification of maintenance demand is governed by the need to define
the gap between current condition and the desired condition”. The desired
condition or condition standard can and should be clearly defined.

One of the three objectives for Agenda 21 for Sustainable
Construction is “to create a global framework and terminology.” Central to
the achievement of this objective is the development and consistent
interpretation of common terminology, especially for performance
measurement, such as condition assessment ratings. A quick scan of
international practice (DEE, 1999; DPW Queensland, 1999; IRC, 1993:
Lounis et al, 1998; Madanat et al, 1995; and Morcous et al, 2003) reveals a
great number of rating systems and interpretations of condition
assessments. With the exception of roads and bridges, historical
performance data in the built environment is scarce and inconsistent due to
a number of reasons. One being the lack of common condition assessment
rating systems, which complicates benchmarking and data mining
unnecessarily.

1.1. System

Subsequent to the 1995 National Health Facilites Audit of hospitals in
South Africa, condition assessments have evolved into a technology that
adds a new dimension to strategic management and maintenance of
buildings and related infrastructure. A five-point colour-coded rating system
has been developed and refined through experience gained during the
initial and follow-up assessments and sustained research and
development.

A five-point scale proved to be the most effective. A three-point scale
is too coarse for reliable results, while a seven-point or more scale is too
fine and difficult for assessment staff to interpret consistently.

Colour adds another dimension to reporting by making reports more
user-friendly and accessible to non-technical users of the information.
Colour also makes graphic reports more effective and easier to interpret.

In Table 1 below, the proposed five-point colour-coded condition
assessment rating is shown.
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Table 1: Condition Assessment Ratings

CONDITION CONDITION ACTION REQ'D | [DESCRIPTION
EATING L —’ l
The component or building is either new or has recently been maintained,
Planned does not exhibit any signs of deterioration
Very Good Preventative
@nt&naﬂce
The component or building exhibits superficial wear and tear, minor defects,
Condition- minor signs of deterioration to surface finishes and requires
Good based maintenance/servicing. It can be reinstated with routine scheduled or
Maintenance unscheduled maintenance/servicing.
Significant sections or component require repair, usually by a specialist. The
. .component or building has been subjected to abnormal use or abuse, and its
Fair Repairs poor state of repair is beginning to affect surrounding elements. Backiog
maintenance work exists.
Substantial sections or component have deteriorated badly,suffered structual
damage or require renovations. There is a serious risk of imminent failure. The
Rehabilitation | |state of repair has a substantial impact on surrounding elements or creates a
potential health or safety risk.
The component or building has failed, is not operational or deteriorated fo the
extent that does not justify repairs, but should rather be replaced. The
Replacement condition of the element actively contributes to the degradation of surrounding
elements or creates a safety, health or life risk

Similar five-point colour-coded ratings have been developed for other
performance evaluation criteria, such as functional suitability and risk. The
above condition assessment ratings are also linked fo the related
maintenance actions and types as shown in Table 2 below.

Table 2: Condition Ratings and Related Maintenance Actions

ACTION
REQUIRED

RATING

CONDITION

"MAINTENANCE"
TYEE

[— ! Preventative

Maintenance

-

Condition-ba:
Maintenance

|Good |

sﬁl

Normal
Maintenance

=

| LRehabihtahun 1

Very Bad I Replacement

"Backlog”
Maintenance

1.2. Condition Assessment Process

Condition rating, as illustrated in Table 1 above, is an often-misunderstood
concept. The condition profile of a component, that is the percentage of the
component in various condition categories, will change over time. In other
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words, different portions of a component could be in different conditions at
the same point in time. Likewise, the extent of required maintenance
actions would range from preventative maintenance to condition-based
maintenance, repairs, rehabilitation and eventually replacement, increasing
in severity and cost. The correct way is to rate each condition category as
illustrated in Figure 1 below. In the example a single score would result in
an average condition of 4, while the actual average condition is 3.5. By
scoring each condition category small portions of a component in a bad
condition (e.g. 10% in Condition 1) is not lost in the process.

CONDITION Very Gaod Good Fair Bad Very Bad

ACTION REQ'D Planned Condition- Major Repairs  Rehabilitation Replacement
Preventative based
Maintenance Maintenance

CONDITION RATING

ASSESSMENT RATING

EXAMPLE

Figure 1: Field Assessment of Condition

2. APPLICATIONS, REPORTING AND VALUE ADDITION

Due to the high cost associated with condition assessments (Kleiner, 2001)
resulting mainly from the need for physical site visits, the assessment
ratings and process should be designed to make value addition possible.
Collecting data is only part of the process, how you use and interpret the
data is what counts. The following paragraphs provide illustrations based
on some case studies of typical applications and examples of value
addition.

2.1. Condition-based maintenance budgets

The added advantage of the proposed condition rating is illustrated in
Figure 2 below. The condition profile not only gives an insight in the actual
condition of the component or building, but it is essential for maintenance
budget calculations, because as the condition deteriorates the cost of the
maintenance action increases. In Figure 2, the maintenance of the 50% in
conditions 5, 4 and 3 will cost 4 times less than the 50% in conditions 2 and
1.
5 4 3 2 1 Avimans

DT

o
P
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Figure 2: Typical Condition Profile

Maintenance and backlogs funding requirements are determined by
the current condition offset against the current construction cost for a new
facility, i.e. the amount required to bring the existing facility up to an ‘as
new' condition. The maximum provision is current construction cost plus, in
the case of replacement, possible disposal or demolition costs.

Condition assessments are conducted at element or component level
and the maintenance, rehabilitation and replacement costs associated with
the maintenance actions related to the relevant condition ratings are
calculated as illustrated in Table 3 below. The suitability of the element or
component, the cause or reason for the current condition and the
associated risk are also provided.

Table 3: Condition-based Maintenance Budget — Element Level

=5 % | |
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BOOZ [ADMINISTRATION [SPACE FABRIC. Flaoms and Noor Inishes. 8 0 4001 D s R 2198 | R -|R 5080|R 7288
it Hooie v e
[AOMINISTRATION [SPAGE FABRIC. Fumbing [ D R 213|R 129 |R 1,038 | R 1,484
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Table 4: Condition-based Maintenance Budget — Building Level
CONDITION PR%
5 % ' 8 =
7 i 3 g = B £ & & =
£ £ i ol ¢ 5| & g & 3 g
= < i Y e S M z = E = E = =
z 3 il s (EE(3:| 2|3 Fel | 28 8uE | B
5 £ 4 £5 24|82 (88| 35| & 23 2935 So3 a‘gS
2 g £5 5 |:5|5¢8|= |3 | 522 | 553 @geg | 5ig
@ | Nama of Building = 83 6d |82 |38 |3 | & | FR% zax wo# | 23
B002 |ADMINISTRATION 278 R 14783 R zsai 3 s.nz['n 24474
B004 GENERAL WARDS R 3,169,093 858, 276 R 129172 R

3,sae| R 154,168 R 287,039

B008 | CONSULTATION /LAB/ [R ®a68 R 47260 R 185175]

R 3843772
| jmeceemion . [© : ] | =
B010 DOCTORS QUARTERS R 3,870,076 | 1101. X B $i R 73,474 R 24,338, R - R 97,813

ugl R 180,944 R 34,855 R 172586 R 388,385
86 | R -[R 3513 |R 358
|

1,050,000 | R 147,356 ‘ R 536.605' R 1,733,961

BOT4 [MATERNITY R 4,810,565 | 1238

B0Z1 |GARFORT R 3184 | 25

TOTAL FACILITY R 31,395.122| 8,102

In Table 4 above, the elements for each building are rolled-up to
provide the budgets at building level, which is then rolled-up further to
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provide the required budgets and associated condition profile at facility
level.

The cost of maintenance work increases as the condition deteriorates,
and this is the primary reason for the decaying built environment. Because
the demand for action is much higher in the case of backlog maintenance,
available funds are first allocated to these activities and due to the high
cost all the available funds disappear in backlog maintenance activities,
with very litle left for planned preventative maintenance. The
consequences of this are increased backlog maintenance (portions in
Condition 5 and 4 slipping towards 3, 2 and 1) and reduced service life of
existing buildings. The solution to this problem is to allocate available funds
(R1,027,421) in the same ratio as the required budget for maintenance
(60.6%) : rehabilitation (8.5%) : replacement (30.9%) as illustrated in Table
5 below, thus ensuring that funding is available for planned preventative
maintenance.

Table 5: Budget Allocation

|
| =

W e | o e E e =

Q. ] £ = z

Zz W < W L ET| i

.5 | 5.8 | 5.3 | i

Boz Fhe Ohg Loz

Eos | 203 J03 03

=20 Q Eoga ] a0g -l

| g =] ‘ =g =N} | o2

| oo o mx o mao oo

i T

TOTAL FACILITY| R 1,050,000 R 147,356 | R 536,605 l R 1,733,961

Budget Required, 60.6% 8.5% 30.9% 100%
Fund A]Iocation! R 622,155 | R 87,313| R 317,954 g R 1,027,421

2.2. Valuation of depreciated replacement cost for financial reporting

International Public Sector Accounting Standard (IPSAS) 17 prescribe the
use of depreciated replacement cost for financial reporting purposes and
this value is reflected in the asset register. The depreciated replacement
cost is defined as “the current cost of reproduction or replacement of an
asset less deductions for physical deterioration and all relevant forms of
obsolescence and optimisation.” (IVS GN No 8, 2005). In the calculation of
the depreciated replacement cost, the Valuer shall “assess the current
gross replacement cost of the asset ... and deduct allowances for physical
deterioration, functional or technical obsolescence, and economic or
external obsolescence.” The deduction of the condition-based
maintenance, rehabilitation and replacement budgets from the current
gross replacement cost provides for physical deterioration. In Table 4
above, the Estimated Current Construction Cost or current gross
replacement cost of the total facility amounts to R33,395,122, while the
total budget required to address the physical deterioration is R1,733,961,
giving us a depreciated replacement cost of R31,661,161 minus
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allowances for functional or technical obsolescence, and economic or
external obsolescence.

2.3. Performance evaluation and tracking

In Figure 3 below, condition profiles for two condition assessments of a
rural hospital in South Africa are shown. The length of the bars represents
the total floor area in square metres at the time of the assessment and the
coloured areas represent the floor area in the five condition categories.

Figure 4: Colour-coded site plans showing average condition of buildings
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Over the eight year period between 1997 and 2005 an additional
4,399 m” floor space was added (needs-backlog eradication), and most of
maintenance backlog was eradicated, as can be seen by the decrease in
the three areas on the right-hand end of the bar. The disappearance of the
dark colour (dark blue) on the left-hand end is an indication that no
preventative maintenance was done due to the focus on backlog (needs
and maintenance) eradication. This is a clear illustration of the
consequences of not doing preventative maintenance. With the addition of
4,399 m? floor space one would expect an increase in the percentage in
Condition 5 (dark blue). The average condition has changed from 3.94 in
1997 to 3.89 in 2005. In Figure 4 above the effects of the backlog
eradication, as well as the use of colour in graphical reports, are illustrated.
Please note that the colour-coding was changed between the
assessments.

During 1995 the South African National Department of Health
commissioned the CSIR to conduct a National Health Facilities Audit
(NHFA). The condition assessments of a large academic hospital
conducted during the 1995 NHFA are shown on the left-hand side in Figure
5 below in the format of a Condition Matrix. The columns represent the
floors and departments in each building, while the rows represent the
services or elements on each floor. Each element on each floor is coloured
according to the assessed condition rating. The four dark-coloured rows
indicate Condition 2 that requires replacement or upgrading. These dark-
coloured rows represent the fire services, steam reticulation, heating and
air-conditioning in the particular hospital.



CIB World Building Congress 2007

658

LR

BTIISATION
LTHLISATION
BESHE BETARILITY:

PHYSICAL, ENVIRDMMERTY
AR BUALITY

THEANAL GUALITY

LIGHT BLALITY
DPLRATIAG ENVIRINMTNT
RapETy

HIMSENEERING.

GEMERAL PERCEPTION
TR ARRD

i

INTERNAL BIVISINS: Didra
WAL FIKISIES: Melshes
FLEORE: Screrd

FIFIFDFL FAFOFL FATE

FREFIF4Fl  FRFSFEALT

FLOGRS, firchas

CENLINGS: Cumstewmbion

CLILAGS: Tisishes

PPN IS Cusbonrds |

FITSESs FIXTURES: Santbary

MEN-MEDITAL ERUIPNENT: Enlpmirst

SHIINECHIGG RERWINEE:
WATER SUPELY) Cela
WATER BT ot
FIRE SERVIEES: Bebection
FIRE SERVIES: appiinroes

CLECTRICAL Lighting
CEMRINICATIING Telenhone
COMMMICATIONS: Zall Syabis
VERTILATION. Meating
WENTILATION. Ventiiaticn
VENTILATION: Sitract
VENTELATEM: Mr—comitianing
BEITE G - CRRA B

Figure 5: Condition Assessment Matrices (1995 NHF Audit left & 1999 Audit right)
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A subsequent audit, which provided for additional components, was
conducted during 1999 as shown on the right-hand side in Figure 5 above.
The fire services, steam reticulation, heating and air-conditioning rows are
no longer dark, which indicate that these services have been replaced or
upgraded since the previous audit. The condition of the building fabric
however deteriorated between the assessments, which indicate a lack of
preventative maintenance during this period due to the focus on upgrade
and replacement of the mechanical services.

The condition profiles for a set of rural hospitals in South Africa
resulting from condition assessments in 1997 and 2005 are shown in
Figure 6 below. The average profiles are shown at the bottom of set. From
this illustration it can be seen that similar to the hospital in Figures 3 and 4
above, the focus was on backlog eradication between the assessments.

st b

Figure 6: Performance Tracking of Hospitals

The responsible government department responded to the 1997
assessment by addressing the backlogs (needs, standards and
condition/maintenance), with very little preventative maintenance, as
illustrated by the 2005 assessment. The focus has now shifted to the
implementation of a preventative maintenance programme to retain the
hospitals in the current condition within funding constraints.

2.4. Service Life Prediction

The global importance of and need for sustainable socio-economic
development demand an informed decision-making process from the built
environment. Resources and non-renewable resources in particular, should
be used as responsible and best possible to ensure optimum service life
and life cycle costs, which depend on the ability to quantify and predict the
changes in condition over time in any given physical and operational
environment. This can only be achieved if the change in condition is
monitored on a continuous basis to ensure appropriate and timely
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corrective actions, and develop a consistent and continuous condition
assessment database on condition changes over time for the improvement
of service life prediction models (e.g. “Factor Method”).

In Figure 7 below the condition assessments of a set of six academic
hospitals in South Africa are shown on a graph illustrating changes in
condition over time for different levels of maintenance based on a
Markovian service life prediction model for academic hospitals (Mc Duling,
2008).

I |

‘ oo

00

Average Condition

200

1.00 T
o 5 10 16 20 25 30 35

Age (Years)
== Very Low Maint Level Low Maint Level w+ Normal Maint Level High Maint Level ‘
= Very High Maint Level < Hospital A: 1975 O Hospital B: 1973 A Hospital C: 1980
| @ Hospital D: 1576 & Hospital E: 1873 @ Hospital F: 1880

Figure 7: Condition Assessment Results vs. Maintenance Levels (Mc Duling, 2006)

Definition of maintenance levels:
5— Very high’: Planned preventative maintenance forms the basis
of a regular maintenance programme
4 — ‘High': Planned and unplanned condition-based maintenance
3 — ‘Normal: Focus is on repairs and ‘so-called’ day-to-day
maintenance, planning focussed on routine tasks
2 — Low” Ad hoc repairs or replacements; Reactive maintenance, no
planning involved
1 — Very low’: No or very little maintenance, only absolutely essential
repairs or replacements (often with used parts)

From Figure 7 it can be seen that Hospital A has reached an average
condition of 3, the minimum acceptable performance level for an academic
hospital only thirty years after completion, which means its service life is
40% less than its design life of 50 years due to too low maintenance levels.
Regular and consistent condition assessments could have resulted in
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appropriateness of maintenance levels and implementation of suitable
corrective actions to prevent this loss of service life.

3. CONCLUSIONS

The performance of the built environment needs to be assessed on a
continuous basis to ensure sustainability. Condition assessments can be a
very powerful performance measurement tool provided that it is done on a
regular and consistent basis. Due to the relative high costs involved in
conducting condition assessments, the assessment system and process
should be designed to optimise the application of the assessment data
through value addition as illustrated above.
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