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ABSTRACT 

The cost of scheduled and unscheduled maintenance contributes to a significant 

portion of the whole life cost of high rise building.  However, such maintenance is 

essential to maintain the expected performance of the building throughout its 

lifespan and the related costs arise from several factors, including the building’s 

lifelong exposure to environmental factors as well as those due to design, 

construction and maintenance processes. The future maintenance requirements of 

buildings depend on the levels of risk associated with these factors as ignoring such 

risks results in high maintenance costs. As such, the analysis of such risks aimed at 

reducing future maintenance costs is of paramount importance from an early stage of 

a building project. 

This study addresses the above research problem by a framework based on risk 

analysis to forecast the level of maintainability by (1) deriving and quantifying 

maintainability risk domain, (2) quantifying maintainability and (3) developing a 

model.  

The derived maintainability risk domain consists of ten significant risk factors, 

extracted from 58 risk-causing variables/ issues. The significance and impact from 

these ten risk factors on maintainability were evaluated using data collected from 

thirty high-rise buildings which are of 10 or more storeyed high in Colombo 

metropolis. Field surveys and interviews were used for the collection of data which 

captured the existing maintainability issues in these high-rise buildings. The 

respective building managers, who are considered as substantive experts were 

interviewed to assess these risks factors.   

Maintainability was quantified using an indicator, “Maintenance Efficiency 

Indicator – MEI” which is the ratio between equivalent value of maintenance cost 

and equivalent value of initial construction cost. Maintenance cost was established 

using the past maintenance records and present maintenance cost needed to improve 

the existing performance of the building when it falls below the required level. The 

required level of the performance is derived using five performance mandates such 

as stability, tightness requirements, durability, tactile requirements and safety in use.   
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An ensemble neural network architecture that combines small, individually trained 

networks into a larger network is used to develop the model for this framework.  The 

ensemble architecture allows the individual expert networks to be representative of 

major components of the building.  This facilitated the network to be trained with 

limited data samples.  Furthermore, the structure is also capable of managing 

unforeseen correlations in input variables. The prototype used in this research uses 

four expert networks representing four building components; roof, façade, basement 

and internal areas. The final output of the ensemble network is used as an indicator 

of Maintenance Efficiency (MEI).  Data collected from the sample of 30 high-rise 

buildings is used to train these neural networks. Low error margins (<0.005) and 

generalization error (<0.05) of these neural networks indicate high level of accuracy 

in their predictions. 

The accuracy and validity of the proposed framework is tested using two case 

studies of high-rise buildings which were not used for training of the neural 

networks. A high-rise hospital building and a high-rise bank building are selected 

for these case studies. Validity of the proposed framework  is tested under different 

risk scenarios as follows, 

 Validation 1: Framework is used to forecast the MEI. These results are 

compared to the MEI computed based on actual cost data. 

 Validation 2: Framework is used to estimate changes required in the Risk 

inputs for a general improvement of the maintenance efficiency (MEI).  

These changes are compared with expert’s opinion on achieving the same 

goals. 

 Validation 3: Using the framework, risk input levels corresponding to the 

best possible maintenance efficiency are determined.  These values are 

compared with the belief elicited from experts. 

Hence the proposed framework is suitable for forecasting the level of 

maintainability of high-rise buildings and the MEI established from whole life 

maintenance cost is an effective measure to quantify maintainability of high-rise 

buildings. Further, maintenance efficiency can be improved by controlling and 
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managing the maintainability risks described by the ten risk factors identified in this 

research study. 

Keywords: Maintainability, Risk analysis, Buildings, Maintenance, Building 

defects. 
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