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Summary 

In this paper the general theory of designing maintenance concepts is enhanced to develop a 

practical method to determine maintenance concepts for architectural systems. These 

maintenance concepts are llsed to determine long term maintenance budgets. 

The new method has been applied in practice for a hospital building. The experiences 

gathered from this first test demonstrate that a realistic maintenance budget can be 

determined in a practical and uncomplicated manner. 

page 2 



1 Introduction 

Many large companies and institutions utilize buildings for their own use because 

"production facilities" must be protected and conditioned or simply because offering 

buildings for rent is their primary source of income. 

The use of architectural systems (=AS's) such as buildings, bridges, roads, statues, etc. 

creates a need for maintenance of these AS's. Especially, larger institutional owners of AS's 

seem to pay little attention to the estimation of future expenditures for maintenance. Too 

often, required maintenance jobs are postponed too long with the result that additional 

expensive maintenance is required due to secondary damage. An AS maintenance budget 

based on estimated maintenance activities is needed to be able to anticipate when 

maintenance activities are due. Estimating future maintenance expenditures requires a 

systematic analysis of what maintenance operations are needed and when they should be 

carried out; i.e. a maintenance concept must be determined in the first place. 

At the Eindhoven University of Technology (EUT) a framework has been developed by Gits 

[1], in which maintenance operations are determined systematically. Based on the properties 

of elementary failure processes, elementary maintenance rules are determined. Depending on 

organizational and governmental regulations these rules can be clustered and evaluated in 

order to get a complete maintenance concept for a technical system. The theory of designing 

a maintenance concept has been applied in several situations in industry successfully. 

Although the general theory of designing maintenance concepts is applicable for any type of 

technical system one may expect that AS's deserve special attention in view of our intention 

to estimate future maintenance expenditures, which, in turn can be used to determine a 

maintenance budget. 

In this paper the general theory of designing maintenance concepts especially for AS's will be 

refmed ' . 

First of all, some major characteristics of AS's will be discussed. These characteristics of 

AS's allow a very flexible approach in designing maintenance concepts and consequently 

flexible maintenance budgets can be determined. Finally, a case study will be presented to 

In order to fully understand the reasoning in this paper, the reader should be familiar with the general 
theory of designing maintenance concepts. 
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illustrate how maintenance concepts can help in achieving flexible maintenance budgets for 

AS's. 

2 Characteristics of architectural systems 

From a technological point of view AS's2 differ quite a bit from pure mechanicaVelectrical 

systems (=MES's). It goes without saying that their design and maintenance requires very 

different technological and aesthetical knowledge areas. But most important, the areas of 

application for AS's and MES's differ greatly. Most MES 's are closely related to the primary 

function of an organization, whereas AS's have more or less supportive functions. These 

supportive functions largely determine the way we look at AS's from an industrial 

engineering point of view. 

1) AS's may have multiple different supportive functions 

MES's can have many different failures with different properties, but the majority of 

them have a direct impact on the primary function the MES has been designed for. All 

efforts in maintenance are predominantly directed towards their primary function. As 

contrasted with MES's, AS's can have many different primary functions. E.g., a family 

house not only facilitates protection from the physical environment, but also provides 

living, sleeping, working and aesthetical functions. Very often these functions are 

closely related to each other. Modification or maintenance with respect to one function 

also influences the other functions. Concentrating on singular failure processes in 

isolation may result in undesirable results. 

2) AS's have a long life-span 

Generally, AS's are designed regardless a particular life-span in mind. Practically, this 

means that the intended period of use is indefinite. On the other hand, manufactures of 

MES's do have a particular limited life-span in mind, which is normally derived from 

considerations on the estimated period of sound economical exploitation of the MES's. 

Within AS's, MES's can be built in. E.g. elevators in buildings. These MES's follow the traditional 
path of designing maintenance concepts. 
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Although an AS has not been modified for a long period of time the functions may 

change quite radically. E.g., a building where workers assemble cars, may be used as a 

warehouse for automobile parts in later years. Some functions become less important 

and others become more important. A critical evaluation of a maintenance concept 

should be carried out whenever functions change. 

3) AS's have sometimes very long MTTF's 

Many MTTF's (=mean time to failure) are expressed in terms of decades rather than 

hours or weeks. It is very likely that before some long term failures can occur, functions 

will change, which in turn will result in different failure types. Only basic structural 

elements of an AS, such as concrete pillars in multi-floor buildings, may have an 

unchanged maintenance concept during their lifetime. 

It is quite common to modify AS's when actually maintenance is needed; i.e. new 

functions become effective at a time when older obsolete functions have failed. 

4) It is sometimes difficult to determine when a failure occurs 

Of course, evident failures appear in AS's just as they appear in MES's. E.g. broken 

windows, leaking roofs, etc. are examples of evident failures. For evident failures it is 

usually quite clear when maintenance is needed. But in many situations, failures are 

related to abstract functions where detoriation can be quantified but objective norms 

prescribing the exact moment of failure don't exist. Sometimes it is even impossible to 

quantify the detoriation process it self. Human experience is needed to assess and to 

predict those types of failures. Consequently, it is very likely that different persons (with 

different interests) will end up with different judgments. E.g. the head of family who 

rented a house from a landlord usually has a different opinion then the landlord about 

when the house should be repainted. Quantifying the detoriation of aesthetical functions 

is of no use and thus there is no objective norm for an aesthetical "failure" like dirty 

wallpaper. On the other hand, the number of light bulbs which have failed in a room is 

an excellent quantitative parameter for describing the detoriation of the "illumination 

function", but then again one has only a rough indication how many bulbs are needed to 

enable people to read a newspaper without eye-fatigue. 
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In conclusion to these observations, it is clear that there is a limited potential for applying 

objective techniques such as statistical analysis in order to estimate time to failure and the 

failure rate. The validity and reliability of the data are questionable in many situations. 

Fortunately, it is not always necessary to have precise data. In many situations failures do not 

have very serious consequences, at least not in terms of environmental or personal hazards, 

and they occur very gradually. Determining what failures are to be dealt with and when they 

do occur is more a matter of policy rather than calculation. 

J. Using the theory of designing maintenance concepts 

The observations in the previous section do not invalidate the basic structure of the theory of 

designing maintenance concepts, but some refinements of existing theory are required for our 

goal of determining maintenance budgets. The refinements should address the following 

Issues: 

• Since AS's have long life-spans a mechanism is required to deal with a change of 

functions in time. 

• The ambiguity of some failures could be used to redefine failure modes, intervals and 

maintenance rules within acceptable limits according to situational preferences or 

budgetary constraints. 

• It is necessary to evaluate maintenance concepts not only after a certain period of use, but . 

also when maintenance has triggered a modification. 

• All other "normal" failures should follow the regular theory of designing maintenance 

concepts. 

To cope with these issues a new procedure has been developed. Essentially, the basic steps of 

designing maintenance concepts have been embedded in this new procedure. The new 

procedure will be discussed in the remaining paragraphs of this chapter. 
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II The strategic maintenance plan 

During the life-span of AS's primary functions do not change gradually in time. Normally, in 

situations of changing ownership or a reorganization of company activities or similar 

fundamental changes in activities may cause a change of primary functions of an AS. 

Decisions concerning the long term use of AS's are taken on a strategic management level. 

On this strategic level financial consequences of the long term use of an AS are of great 

importance. The strategic decision making could be enhanced substantially if management 

would have an overview of the expected maintenance expenditures for a given period of use 

estimated 
expendi
tures 

I 
period A period B 

time 

Figure I. Two different time-frames of use and their maintenance expenditures. 

of AS's. 

In order to determine such an overview the following decisions must be made by the strategic 

management: 

1) a (preliminary) plan of use of AS's must be determined. 

The purpose of this plan is to decide what main functions an AS (= what missions) will 

have within well defined time-frames. Because in each period the AS has different 

functions the AS also must have different maintenance concepts. In practice this means 

that at the end of each subsequent period the entire maintenance concept of an AS has to 

be evaluated. Based on the maintenance concept, which prescribes when and what 

maintenance has to be carried out, an estimation of the expected levels of maintenance 
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expenditures can be determined for each time frame and evaluated by the strategic 

management (see figure I). 

2) A team (= the Me-team), which is responsible for the definition of failures must be 

formed. 

First of all, it is important to determine what people or representatives can be helt 

responsible and capable in defining (ambigue) failures. The owner, the financial planner, 

the users, the inhabitants, politicians, etc. may get involved in defining failures, 

weighing their consequences and to decide upon the required maintenance operations. 

1.2 Determine the maintenance concept for a time frame 

The design of maintenance concepts for AS's follows the general theoretical procedure, 

which includes the following steps: 

1) Decompose the AS technically 

2) Identify potential failures 

3) Estimate failure consequences 

4) determine the failure behavior 

5) determine an effective and efficient maintenance rule for each identified failure 

6) cluster maintenance rules 

Step 1: Decompose the AS technically 

In order to analyze failures properly the maintenance concept theory prescribes to identify 

singular failure processes only, to rule out any superposition of failures which may lead to 

wrong conclusions. 

To be able to recognize singular failure processes it is usually insufficient to look at entire 

AS's carrying a multitude of functions. A functional decomposition of AS's into low level 

components narrows the view to singular functions and their possible failure processes. 

In general, the decomposition of AS's requires specialistic building engineering knowledge. 

Step 2: Identify potential failures 

The identification is not a technical (building engineering) matter only. Subjective 

deficiencies are only visible or perceived by users or other non-technical persons who have 
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some authority ( i.e. the MC-team) to assess the AS's state. It is important to know, that 

because of personal preferences it is very likely that di fferent failures may be identified even 

though the AS's are technical identical and are exposed to similar environmental conditions. 

In situations where many users can be involved in this process it is practical to select 

representative users who will identify potential failures in accordance with technical experts. 

Preferably, the process of identification of failures should be a real "team" activity, where the 

users have the initiative to recall past experiences concerning AS failures if they already use 

the AS for some time. Experienced maintenance people playa vital role in situations where 

users have little or no experience with AS's at all. They can also provide some guidance in 

this identification process by supplying a list of low level building components to be scanned 

through systematically by the MC-team for potential failures. 

Step 3: Estimation of failure consequences 

The idea behind the estimation of failure consequences is to get to know what failures are not 

important and therefore failure based maintenance (FBM) will be acceptable, or on the other 

hand if failures do have serious consequences the potential use of used based maintenance 

(UBM) or condition based maintenance (CBM) have to be explored. Failure consequences 

comprise of three components: 

• capacity (manpower, tools, etc.) and materials required for the maintenance operations; 

• environmental consequences; 

• consequences related directly to the failed function for the users. 

Usually it is not too difficult to estimate what direct maintenance cost have to made if a 

certain failure occurs, but for the environmental consequences and the consequences of not 

performing the intended function for the users it can be quite difficult. E.g. the required 

maintenance operations for correcting a leak in the roof are not difficult to estimate and 

environmental consequences are negligible, but what is the negative effect of wet spots on 

the floor? Again, subjective and consequently personal preferences of users determine the 

outcome of the valuation of consequences. Depending on the type and use of an AS also 

financial and legal specialist input may be needed in the MC-team, specifically for this step. 

step 4: Determination of the failure behavior. 
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Observations show that it can be very difficult in some situations to use statistical techniques 

to detennine the key parameter for failure behavior, the failure rate. Lack of data due to long 

failure intervals or subjective failure measurements make hazard plotting techniques useless. 

In such situations, again the MC-team, i.e. users and maintenance people have to estimate the 

failure rates and the MTTF's. 

Step 5: Search for a failure-predicting property 

In order to assess the potential of CBM -rules at least a so called failure predicting property 

must be found and nonns must be defined to signal warning and fatal levels. Building 

expertise is needed to explore if suitable physical properties can be used to predict failures. 

Currently, building experts agree that in most situations failure predicting properties can be 

detennined relatively easy. 

Step 6: Determination for effective and efficient maintenance rules 

Detennining what elementary maintenance rules and consequently what maintenance 

operations are needed is a strictly technical matter. If there are options, selection will be 

based on economical considerations as well as on convenience related issues of the users of 

an AS. Especially, CBM will be a preferred maintenance rule since it offers the potential to 

prevent failures totally and yet to minimize the loss of user functions. 

step 7: Clustering of elementary maintenance rules 

Generally speaking, in this step there are no important theoretical differences with the 

general theory. But practically, in case most maintenance operations are to be perfonned by 

outside contractors, clustering may provide the owner of the AS a better bargaining position 

with contractors. 

1.3. Estimatin2 future maintenance activities 

Essentially, we will use the initiation of the maintenance rules prescribed by the maintenance 

concept as a function of use for an extrapolation of future maintenance activities. Although 

single maintenance rules may be grouped into maintenance packages, which have to be 

carried out all at once, for our extrapolation logic each individual maintenance rule will be 
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needed. Since UBM, FBM and CBM are initiated differently, each maintenance rule requires 

a specific extrapolation teclmique. 

Extrapolation of UBM rules 

The UBM maintenance rules are extrapolated simply by setting a start date of the UBM 

cyc1e3 and from then on next startdates for this UBM rule are set by adding its maintenance 

time interval to the previous startdate. In case UBM intervals are not expressed in the 

time-parameter but some other parameter, an estimation of the intensity of use is needed for 

time conversion. 

Example: 

Suppose that a UBM rule prescribes to repaint an outside wall after every 600 days of sun. At 

the location of the building (surmy California) there are 300 days of sunshine per year on 

average (=intensity of use). This means that every 600/300 = 2 years the wall should be 

repainted. 

In case a high accuracy of the forecast of UBM operations is desirable it may be needed to 

make a correction for situations when the failure has occurred before the UBM-operation has 

been initiated. It depends on the consequences of such a failure occurrence how a correction 

should be made. 

In our example of repainting the outside wall every 2 years we may assume that the 

UBM-rule is effective in 95% of all times the UBM-rule would be initiated. Furthermore, we 

assume that if the paint is peeling off (i.e. the failure has occurred) the only consequence 

would be to start repainting inunediately after discovery, to prevent further damage. 

Actually, we have to carry out the same maintenance operations as the UBM-rule prescribes, 

but sooner than expected. A correction of the initial forecast is needed if we think that one 

accelerated repaint job every 20th year of use ( 5 out of 100 times UBM is ineffective) would 

effect the total forecast of expenditures seriously. The management could decide, quite 

conservatively, to add 1120th of the cost for the repaint operation to every extrapolated 

UBM-initiated repaint job. 

Extrapolation of CBM rules 

CBM-rules are more difficult to extrapolate than UBM-rules, because the CBM-rule actually 

consists oftwo activities: 

In case a UBM rule is a part of a maintenance package, the cycle of the package is relevant for 
extrapolation. The same accounts for the CBM rule in the next section. 
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1) An inspection has to performed in certain intervals, and 

2) in case the warning level has been reached a repair activity should be initiated. 

The actual condition monitoring activities (type 1) can be dealt with similarly to the 

UBM-rules, but certain assumptions are to be made about the chances of initiating a repair 

activity. 

For the sake of simplicity, we will treat both types of activities separately. Type 1 activities 

are treated just like UBM-rules, but of course, without any accuracy corrections. Type 2 

activities are extrapolated by using the MTTF's of the failure. The MTTF can be a 

statistically calculated parameter or, as in most cases simply an estimation by the MC-team. 

The MTTF estimation is used as if it was an expected repair interval of type 2 activities. 

Again, the extrapolation calculation is the same as for type I activities, without any 

corrections and only repair activities with respect to primary damage are extrapolated. We 

would like to prevent the actual failure and therefore secondary damage repairs, if any, don't 

occur. 

The idea behind the suggested extrapolation technique is that a good CBM-rule is able to 

prevent the occurrence of the failure by triggering the maintenance repair activity in time, but 

close to the actual moment of failure if we would perform no inspections at all and just let 

the failure occur. 

Estimating FBM rules 

The estimation ofFBM activities are often most difficult. In most cases, FBM rules were 

chosen because there is no way to apply CBM or UBM. To make the best of it in such a 

situation is to analyze the FBM rules more closely. The reason why FBM was chosen in the 

first place now becomes important for an estimation. The following two categories are 

distinguished: 

1) Consequences of failures are small; 

2) UBM and CBM are ineffective or inefficient; 

The fust category may seem not too important, but many small failures can add up to 

substantial cost consequences. In many situations the only way out is to make an estimation 

for a lump sum for the entire AS for all FBM-initiated operations together per year. The 
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second category provides information for an extrapolation, since at least some estimation of 

an MTTF must be available. MTTF's are used for an extrapolation by using intervals of 

initiation as if it were UBM-rules without any accuracy correction. 

3.A Determining a maintenance budget 

If all maintenance activities and their estimated times of initiation have been determined it is 

necessary to put prize tags on each maintenance activity. For each time-frame a distribution 

of the estimated expenditures can be compiled and evaluated. In case, the estimated 

expenditures are considered too high in some periods, the cause can be analyzed and possibly 

corrected by adjusting the maintenance concept. E.g. one could decide to alter the expected 

or calculated intervals for maintenance initiation and see how the expenditures change after a 

recalculation has been performed. 

In order to perform these "What-if' calculations quickly the use of spreadsheets or a 

dedicated program is highly recommended . 

.4 The case: a psychiatric hospital 

The method presented in the previous sections has been applied for a psychiatric hospital. 

Since the amount of data is excessive and the purpose of this case description is to illustrate 

the concept, only small sets of typical data will be shown. The final plot of the expected 

maintenance expenditures however is based on the full set of data, but no actual values are 

printed in order to protect sensitive information. 

This case study was carried out by only one researcher, without the aid of an Me-team. But, 

whenever possible potential users, maintenance staff, contractors, the management and 

financial specialists have been consulted. A systematic maintenance concept was not 

available when the research project started and the hospital was still under construction. 

Therefore an initial maintenance concept has been designed and evaluated with respect to its 

resulting maintenance expenditures for a decade of uninterrupted use. Sometimes financial 

records on maintenance of similar hospital buildings and the building plan were used as a 

backup source to enhance the accuracy of estimations. 
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4.1 The management policy 

When the research project started the first interviews with the management of the hospital 

(the "strategic management team") revealed some important policy indications, which can be 

summarized as follows: 

Estimated time of use: 

• Casco - unlimited life-time, no modifications are expected in the future. 

• partition-walls - within 10 years no modifications have been planned. 

• household effects - will be replaced within a few years. 

Characteristics of the AS in use: 

• the design is multipurpose building; 

• occupants: 60 beds, 60 per~;onsfor night care; 

• rooms for day-care, livingrooms, rooms for activities: 120 persons including 60 persons 

for care taking; 

• office, surgery, consulting-room, kitchen: 40 persons per day; 

• external rooms, bathrooms, internal rooms in genera!.' varying intensity of use during a 

day 

Level of performance: 

• For the next 10 years the current level of performance must be maintained; cleaning is 

most important; 

• Decline of the aesthetics is expected, but has to be prevented whenever possible; 

Time allowance for maintenance operations: 

• Maintenance can be carried out at any time of the day, but any interruption of the 

care-taking process for more than 8 hours is unacceptable. 

Maintenance staff: 

• All maintenance activities are contracted out. 

Safety and environmental protection: 

• No conditions for safety and environmental protection have been specified. 

Available maintenance budget (determined by the government).· 

• The budget for maintenance expenditures is afunction of the number of installed beds. 
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Maintenance rules preferences: 

• 
• 

There is a preference for CBM rules; 

UBM rules are acceptable for failures which require cleaning jobs as a maintenance 

operation. 

• FBM rules are to be applied if UBM and CEM are ineffective. 

The management of the hospital has no intentions to change the main function of the AS in 

the future, which means that we have to design only one maintenance concept for the entire 

hospital building for an unlimited time-frame. 

ArchH.cIYIJ'V,I,m 

~ 
~ 

---

S\lb - Sybultem (component) 

PH 

~ 
~ 

~ 
L------=---J 

Figure 2. A partial decomposition of the hospital building 
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4.2 Identification of potential failures 

A list of about 300 identified potential failures for the hospital building was produced by 

careful analysis of the hospital building by the researcher himself. In table 3 failures are 

listed with respect to external windows. In order to identify the carrier of each failure, the 

entire hospital building has been decomposed and coded according to the Dutch ST ABU and 

the NL-SFB coding standard ( table I shows an example of this coding scheme and in figure 

2 a partial decomposition of the hospital building is presented). 

Code Description 

924 Surgery (NL-SFB) 

924(43) Workmanship floor (NL-SFB) 

924(43) 41 Tiles (STABU) 

924(43) 41.1 Paving-tiles (STABU) 

924(43) 41.11 Ceramics (STABU) 

924(43) 41.11-a Ceramic paving-tiles on a (STABU) 
stony sub-soil 

If needed it is possible to add specific codes and descriptions of 
materials: 

924(43) 41. II-a. 11 Tile (STABU) 
type: d.h .g. 
manufacturer: Mosa 
quality: first rate 
size: I 00 * I 00 mm 

Table 1. An example of the decomposition of the ST ABU coding system. 

Next, the consequences of the identified failures were evaluated. Essentially, the severity of 

failure consequences determines whether to assess the effectiveness of UBM and CBM 

maintenance rules. Expressing the consequences of failures in quantitative terms only like 

money is not possible, because qualitative factors like safety and environmental side effects 

also contribute to negative consequences of failures. The relative importance of failures has 

been estimated by determining the levels of importance qualitatively. These levels of 

importance were approved by the users and the maintenance staff. (see table 2). 
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Level of importance of a failure 

types of failure factors of importance 
consequences 0 1 2 

interruption of use =< 4 hours > 4 hours & =< 8 hours > 8 hours 

decrease of quality no yes -
negative side-effects no yes -
Table 2. Criteria for scaling the importance of failures measured by their consequences. 

1.3. Detennining maintenance concept parameters 

In table 3 all relevant data concerning individual potential failures have been summarized. 

Elementary failures can only be related to components on the lowest level of decomposition. 

Potential failures and their behaviour 

STABU code Component Size Failure MTTFI FR2 FI3 RI4 

90(31)30.30.00-A.29 aluminium 272 m2 dirt 6 I E 2 
window-frames & 
doors 

90(31)30.30.00-A.29 aluminium 272 m2 abrasion 12 I E 2 
window-frames & 
doors 

90(31 )46.11112/13 glaze 632 m2 dirt 3 I E 4 

90(31)46.11112/13 glaze 632 m2 burst 12 (?) C E 2 

90(31)46.11112/13 glaze 632 m2 defect putty 60 I H 0.4 

90(31 )46.111 12/13 glaze 632 m2 condensation 60 I E 0.2 

93(45)40.37.l1-A.22 sprayed plasterwork 104 m2 fade 36 I E 1 

93(73)47.97.90 kitchen 1% of out-of-fashion 144 C E 0.16 
volume 

I MTTF = (estimated) Mean time to failure in months 
2 FR = Failure rate (I = increasing, D = decreasing, C = constant failure rate) 
3 FI = Failure identification ( H = hidden failure; requires inspection for identification, E = evident 
failure; failure is identifiable immedeatJy after its occurence without further inspection) 
4 RI = Relative importance of failure consequences 

Table 3. A partial list of potential failures of the hospital building. 
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In this case, the maximum level of detail of a decomposition has been reached when 

elementary failures can be related to the smallest components, which are still coded by the 

ST ABU system in the building plan. 

The maintenance crew was asked to look for any potential failures for each "lowest 

decomposition level" component and to make an estimation for the MTIF. For most failures 

this approach provided relative consistent data given the fact that precise estimations are 

irrelevant due to the subjective nature of most of the identified failures. Some failures were 

identified solely because of certain statements which were listed in the strategic maintenance 

plan, but they were not perceived as failures by the maintenance crew or future users. 

STABU code Component Failure emr Operation Maint. interval 

90(31 )30.30.00 aluminium dirt UBM clean 6 
-A.29 window-frames & 

doors 

90(31 )30.30.00 aluminium abrasion CBM inspection/ 12 
-A.29 window-frames & repair 

doors 

90(31)46.111121 glaze dirt UBM clean 3 
13 

90(31 )46.111121 glaze burst FBM replace 12 
13 

90(31 )46.111121 glaze defect CBM inspection/repair 60 
13 putty 

90(31 )46.111 121 glaze condensati FBM replace 60 
13 on 

93(45)40.37.11 sprayed plasterwork fade CBM inspection/paint 36 
-A.22 

93(73)47.97.90 kitchen out-of-fas UBM replace 144 
hion 

Table 4. Effective elementary maintenance rules and their expected intervals of initiation. 

Changing interior decorations once in three years to adapt to new trends in fashion can be 

interpreted as a failure of interior decorations, although the changing of decorations itself is 

in fact a modification. 
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After the identification of failures has been completed suitable elementary maintenance rules 

have been selected. Fortunately, for most failures all three maintenance rules are effective 

options. Selecting a maintenance rule then was merely a matter of following preferences 

listed in the strategic maintenance plan, i.e.: 

• UBM for all failures which require cleaning operations; 

• FBM for all failures which have a constant failure rate (no failures with a decreasing 

failure rate were identified) ; 

• CBM for all other failures . 

Table 4 shows a part of the identified failures together with the selected elementary 

maintenance rules. 

Some maintenance operations require a special setup facility such as rolling-scaffolding or 

ladders. In this case, these setup activities are rather insignificant in terms of resource 

requirements, additional plruming and financial demand. Clustering and grouping of 

maintenance operations can be performed opportunistically in cases when maintenance 

operations are grouped and contracted out all at once to a contractor. Contracting out larger 

amounts of maintenance operations definitely will enable the hospital management to 

establish cheaper contracts. But in this case situation, the researcher wasn't in the position to 

negotiate with contractors in this matter, and therefore these positive cost effects couldn't be 

determined. 

All that is needed now in order to make a budget extrapolation, is to determine costs for each 

type of maintenance operation. 

4.4 Detennining a maintenance budget 

The extrapolation of the maintenance rules was performed straightforward, since all 

initiations were expressed directly in time units. The cost of each extrapolated maintenance 

rule was estimated by using standardized price tables of Misset [2]. 

In figure 3 the results of the extrapolation based on the estimations and assumptions made in 

the initial maintenance concept have been visualized in a barchart. 

The management of the hospital building depends entirely on governmental funding with 

respect to the costs made for operation and maintenance of the hospital building. In general, 
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governmental budgets do not allow for strong yearly fluctuations. A smoothed estimation of 

maintenance expenditures suits ideally the inflexible state budget policy. 

Figure 3 shows that if the current maintenance concept is to be applied it is expected that in 

1997 and in 2002 expenditures are well above the average expenditures. In order to smooth 

the expected expenditures the causes of the overshoot must be analyzed. In figure 4 the costs 

of maintenance operations shows that the maintenance costs of external rooms, corridors and 

offices contribute significantly to the estimated cost overshoot in 1997 and in 2002. 

To change the estimated cost pattern the maintenance concept had to be reviewed. The 

easiest way to change the cost consequences of a maintenance concept is to change 

maintenance intervals as far as the potential failure consequence will allow. 

After this first correction of the maintenance concept, the hospital management still was not 

satisfied with the cost extrapolation. They concluded the general (average) cost level was 

about 50% higher than the available governmental budget would compensate for. 

Consequently, the maintenance concept had to be reviewed again. The following adjustments 

were made in this situation: 

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

year 

-Total costs -Avera e costs 

Figure 3. The expected maintenance cost levels if the initial maintenance concept would be 

applied. 
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1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

year 

-90 EXTERNAL ROOMS 18ii91 CORRIDORS, STN~ ~:::::921 OCCUPANTS~:::::922 ROOMS FOR DAY-CA 

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

year 

_923 OFFICES 1IIII!924 SURGERY :::,:::925 ROOMS FOR ACnVl ;,::,926 CONSULnNG-ROOMS 

III J. J,!! J. Ill] 
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

year 

_93 KITCHEN Si11194 BATHROOMS :::::~99 INTERNAL ROOMS 

Figure 4. An analysis of the expected cost overshoot 

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

year 

• before reviewing liliiii after reviewing 

Figure 5. The results of an evaluation of the maintenance concept parameters of the partial 

AS "Room of patient activity". 
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1) Remove maintenance operations. 

Some failures caused a decrease in aesthetics only and were considered oflesser 

magnitude. The failure consequences were regarded as nil and therefore it is decided that 

no maintenance operations are needed. 

2) Invest in improvements. 

In some cases it is wise to modify parts of the building as soon as a need for 

maintenance arises. An investment in better materials is justifiable if it reduces the need 

for maintenance in the long run. The extrapolation technique allows to estimate 

maintenance expenditures to make a trade-off between maintenance and modification. 

3) Review the maintenance concept parameters. 

Some maintenance intervals could be extended (sometimes up to 50% longer). Due to 

the subjective nature of many failures, extensions of maintenance intervals is more or 

less a matter of increased inconvenience. To demonstrate how much slack is available 

due to "subjective failures" the results of a review of the maintenance concept for a 

partial AS are presented in figure 5. 

4) Negotiate with contractors as soon as the hospital building is operational 

The strategic maintenance plan states that all maintenance activities should be carried 

out by contractors. A maintenance budget based on the extrapolation of maintenance 

activities can also be used to make long term contracts with contractors. Instead of 

calling in contractors on a day by day basis only, now larger volumes of work in well 

plannable proportions reduces planning overhead and risks for both parties and therefore 

contracts should be cheaper. 

After a few iterations the budget was considered to be a reasonable tradeoff between the 

required maintenance service level and the available (projected) financial means. 

j, Conclusion 

In this paper an approach has been presented which is aimed at achieving realistic and 

acceptable maintenance budgets for AS's. The maintenance concept plays a vital role in 

determining a maintenance budget because it enables the management not only to identify 
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potential future cost overruns, but also to assess alternative countermeasures well ahead of 

eventual failure occurrences. 

The traditional method of extrapolation of past expenditures to determine a budget cannot be 

applied for new AS's where no financial history exists . A systematic assessment of the 

reasons why expenditures are needed can be performed neither. 

The formation of an MC-team may seem unnecessary at first, but if conflicting opinions 

between members of the team or between the team and the management arise, there is always 

time to arrive at some sort of mutual understanding. In fact, the new approach gives every 

member the ability to assess the effect of his opinion with respect to failures and the 

weighing of their consequences and eventually what maintenance operations may be needed. 

The case study revealed that especially the management and the future users of the hospital 

appreciated this new approach. 

The researcher performed all (re)calculations by hand, which is quite cumbersome, but 

acceptable for a first try-out. For practical use of this method, especially when large AS's 

with many potential failures are to be analyzed the sheer amount of (re)calculation requires a 

special designed computer program. 

Further long term testing of the new approach is recommended to evaluate the performance 

of the proposed extrapolation techniques in terms of robustness, estimation errors and 

practicality. 
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