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Abstract — Facilities management (FM) has a significant growth since last two decades as a new and 
exciting profession that embraces many essential parts of the built environment. Emphasis on early 
involvement of FM in the design stage to deliver of an efficient building; which is easy and cost-effective 
to maintain for the occupants. Present days, maintainability turn into foremost concern and 
unprecedented challenges for the project team as building projects are getting much more complex and 
difficult. However, lack of considering FM at early design phase has become a potential issue to increase 
the operation and maintenance budget, premature aging and dilapidation. Thus, this paper explores the 
consideration of direct involvement of FM knowledge and experience in early design is found useful for 
the improvement of cost effectiveness in long term perspective, and subsequently the aim of this paper to 
investigate the impact of design issues towards easily-maintainable building projects at post-occupancy 
stage and providing the actual avenues to integrate FM in design development process. Therefore, a 
critical analysis of the literature has been carried out to identify the potential errors of design at post 
occupancy stage. The paper critically analyses the current approach of building design; and explore the 
contributions of FM knowledge during the design phase. Based on the study of literature, it has been 
established that majority of the maintenance issues at using stage is design originated problems; mainly 
architectural, structural, mechanical, HVAC, and plumbing and sanitary. The involvement of the FM 
knowledge and experience at design process will contribute to reduce major repairs and alterations in the 
lifespan of the building. 
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I. INTRODUCTION 

A holistic view of the topic facilities management (FM) has gradually developed as a new career over the 
past 15–20 years everywhere in the global and evolved into construction discipline since late 1980s [1]. It seems 
at reaching higher facility that is straightforward to run, maintain and manage. This new topic attempt to 
represent an elevated attention of the significance of the building operation and maintenance. This is avital part 
inside FM however the scope has emerged as broader and includes use of buildings in both the short and long 
term. FM is observed on the pre-operations level to peer how early involvement can create effective operations, 
reduce maintenance cost, end customers pleasure whilst also presenting higher facility that is good-looking and 
end user friendly. “FM at the design stage will add value to the facility by ensuring less “rework”, emphasising 
value for money, efficient control of the team work”. As a result, FM decisions in the early design stages of 
building projects are very important for enjoying long life better services in cost effective way. Numerous 
studies have attempted to explain that the early involvement of FM all through the design development and 
review stages on building project offers for avoiding the re-occurrence of design errors than also reduce the 
maintainability cost of building projects at post occupancy stage ([2], [3]). 

Traditionally, design process is separated from construction, operation, maintenance, and facility services 
provision. Those detachment of design from the post design procedures create a number problem, for example, 
lack of constructability, operability, maintainability and serviceability, for designed facilities. In the most recent 
two decades, it is obvious that there been an expanding integration of design and construction in the developed 
country, like as U.K. construction industry[1]. Generally, there would two approaches about “integrating” 
design and construction, one is “design-build delivery method”[4], and another “early contractor involvement” 
in the process of design [5]. “Design-build practices” decrease constructability issues [6]. On the other study[7], 
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“early contractor involvement” incorporates construction learning and experience into the design methodology 
so that project performance can be improved along with improvement of constructability. 

Generally, in building development process different groups of individuals are included towards different 
phases for smooth progress of work. For an example, a consultant will be included with an extend starting with 
project briefing stage to handover stage, while a contractor is designated at the contract phase what's more 
proceeds up to post completion phase. To addition, there would numerous experts for example, such that 
architects, engineers, quantity surveyors, also different group of suppliers, contractors, and so on, who are 
appointed in different phases of a building project. In common way, in the accepted practice, these sets of 
individuals would not answerable after commissioning of building. Nevertheless, this finished building needs to 
be maintained adequately for its design existence. This part is assumed control eventually by a FM professional 
who will be named throughout alternately after commissioning of the building, in common practice. 

A number of study conclusively revealed that, after commissioning of a building, the principle role of a FM 
personnel is the change of this physical item into a suitable, reasonable and habitable built environment for the 
owner and end user ([8], [9]). In particular, this condition should be maintained through the lifespan of building 
services. In this procedure, fruitful facility management reliably relies on the cost adequacy of its 
maintainability procedure. These “cost-effective” choices might be commenced from early design development 
stage for proficient maintainability of the facility ([10], [11]). Maintaining a building structure can turn into a 
costly and complex due to design complexity[12]. Furthermore, [13] and [14]concluded that these higher 
budgetary building cost components for maintenance have started from the early design development and 
construction phase. 

However, in a published paper [15]described FM is typically thought to be a post construction service, and 
the contribution of FM as a key part of design process has regularly been absent or negligible, best case 
scenario. Different research endeavours have been made in the developed nation to investigate how to 
incorporate design outline with operation, facility maintenance, and service provisions. Subsequently, the 
significance of early FM integration has been perceived by researchers, professionals and practitioners. As 
indicated by [16], managing the building in proper way is the core responsibility of the FM—both their building 
facilities as well as services—and subsequently there is a need to support more prominent attention on applying 
their ability to building design. Correspondingly, [17]stated that FM ought to figure out how to function with 
architects and designer and the other way can better fulfil customers and end user’s expectations. 

Previously FM was considered as caretaking job like old fashion, moving around the office with repairing 
tools, supervising the renovation works and monitoring the level of cleanliness. However, interestingly, this is 
contrary to a study conducted by [18], FM has recently moved from “the boiler room to the board room” and 
represents a Fig. 1 shift of FM from 1900s to present. In a different study, [19] examined FM should represents 
both in operational and strategic levels. Several studies provide in-depth analysis of the work of FM integration 
and highlights the FM should be introduced at the early design development phase of building project rather 
than being called upon at the commissioning and post occupancy stages([14], [1] and [20]). 

 

 
 

Fig. 1: Paradigm shift in facility management[18] 
 

In-depth analysis of work revealed that, in the construction industry early maintainability issues was not 
measured as typical practice, until recent[11]. This has been heightened various maintainability issues of the 
building projects. Along these lines, in a different study [1], highlighted that FM integration within the project 
design process to decrease such potential maintainability problem which thus curtail the maintenance cost in 
effective way. Furthermore, in another study[21] demonstrated that FM has next to no control (i.e. around 4%) 
amid the phase of post occupancy to decrease maintainability issues and flaws happening from design errors, 
while designer can take control (i.e. around 84%), over the minimization of these issues, with the support of FM. 

Reference [22] argued that integration of FM knowledge and experience at the early phase of the design 
process would upgrade the execution of the building projects and has been recognised as an appropriate 
proficient to sustainable building project. On the other way, FM is in a vital position to oversee each and every 
action in design process and enhance the co-ordination of different group in project development 
[23].Integration of FM in design process is mostly connected with FM knowledge and subsequently optimize 
the estimation of FM value in all phases of the design phase. However, recent developments in FM have 
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heightened the need for identifying the critical issues that control FM from representing FM value in the 
strategic level of the design process.  

So, maintainability need for lifetime of a typical building and those needs be more effectively addressed 
(reduced/eliminated) at design stage and have to find an approach for a particular building be evaluated in 
respect of building’s maintain ability. This paper attempts to provide a more detailed investigation regarding the 
process of setting up a framework of cost effective parameters for integrating FM in design process to ease 
maintainable project that will be favourable FM professionals and different experts in the design team, also 
guides for a better understanding of cost parameters towards the obtaining of easily-maintained facilities 
through reducing the extent of maintenance cost issues that would possibly occur during the post-occupancy 
stage. Without a doubt, these study endeavours have added to the support of early FM inclusion all through the 
building design process. 

II. RESEARCH METHODOLOGY 

To achieve the cost-effective design parameters from the operation and maintenance phase to the design 
development team, the researcher has carried out numerous research related activities, including: 

 Addressing the substantial role of FM all over the life cycle of the building project 
 For figuring out the effects of design error cost on post occupancy phase an important literature 

overview was conducted. 
 Current building projects design method critically analysed. 
 Exploring the FM contribution throughout the design process and facilities operation and 

maintenance. 

Furthermore, wide-ranging literature review includes a widespread note receiving of any feasible references 
according to get the cost saving parameters, based totally on the conceptual evaluation approach. Since, as 
mentioned previously, there has been lack of studies on maintainability cost increasing element due to design 
errors that is deemed necessary for project development stage. For the purpose about figuring out the factors, 
applicable articles containing mention because of analysing into depth. This portion of the evaluation involved 
“differentiating and combining” the evidence collected[24].Importance was placed over which means regarding 
the phrases and not on the words itself. Henceforth, entire the recognized factors will be sorted in like categories 
no matter its description. This will be taken the use of “inductive coding technique”. The methodology portion 
additionally concerned the approach of getting ready qualitative information. As the aim of this study is to 
understand in deepness the various cost parameter identified by researchers out of a variety of field, therefore 
appropriate approach used to be content analysis. Content analysis is the just frequent approach when analysing 
texts[25].Therefore, this study also looked-for references to fulfilment factors without identifying so. 

A. Data Collection Procedures 

The data collection section for literature analysis concerned an in-depth inquire of dense foremost journals 
consisting of however not restrained to, as outlined below: 

 Architecture Science Review 
 Building and Environment 
 Building Research and Information  
 Engineering Construction and Architectural Management 
 Jordan Journal of Civil Engineering 
 Journal of Civil Engineering and Management 
 Journal of Construction Engineering and Management 
 Science and Technology for the Built Environment 

Other than the mentioned above, the subsequent databases additionally have been searched; Emerald, Web 
of Science, ASCE Online Library, Science Direct in addition Taylor and Francis Online. Collectively, many 
more journals be situated according to the field from above mentioned database. 

Furthermore, for searching used keywords were identified by authors preliminary literature review. Also, 
the articles were choice from journals to that amount had been peer-reviewed or else scholarly. However, the 
proper decision of the articles used to be based about the researcher’s choice since analysing the article abstract 
then title. Prospective articles will be prioritized if contain some records indicating the research related cost 
factor. 

III. EFFECTS OF DESIGN ON FACILITY OPERATION AND MAINTENANCE 

Facilities operations and maintenance covers all that wide range of services required to ensure that the built 
environment will accomplish the jobs for built and designed facilities. Previous research conclusively been 
shown that operations and maintenance commonly incorporates the everyday events vital for the building and its 
frameworks and equipment to accomplish their proposed jobs[26]. Expansion of operation and maintenance cost 
can be credited to inadequate design[27].The Building Research Establishment in England directed an overview 
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of building failure pattern and their interference and found that 58 percent of the imperfections have started from 
defective design[28]. Defects in building design put a tremendous load on the working for whatever remains of 
its next operational life and no compensation can fulfil this one. In such circumstances, [29,108]demonstrated 
the responsibility cannot be ignored by the respective designer. 

In any case, it appears that the designer is constantly free from any of his design related errors once the 
building has been finished and given the authentication for resident using. Only the worst cases, the designer 
must be sued if a noteworthy mishap happens, or the major failure happens in building subsequently of the 
designer carelessness. Another study [30]attempted to describe that “architects in the United States have 
historically been bound by comprehensive legal requirements and responsibilities for the building design. They 
are legally obligated to safeguard the public health, safety, and welfare”. In addition, architects need to provide 
great emphasis to produce fruitful designs for their client through inputs of the building systems. 

Significance of such expert collaboration would strengthening the design output in the design method[31]. 
Consistent with above findings [27]indicated that, arrangement of satisfactory structural design, enlisting of 
qualified architects and design practitioners, and arrangement of adequate points of interest in construction 
drawings could be enhanced building maintenance system. As shown in Fig. 2, after getting the guideline from 
decision and briefing phase the conceptual set of drawings is prepared by the architectural design team. Then, 
these drawings are headed to the other professional members of the design team for various input. Thereafter 
integrated FM check the maintainability of the combined output from the others design team members through 
his accumulated experience from facility operation and maintenance. If it fulfils the maintenance criteria, then it 
submitted for final draft by the architect, or otherwise, it sends back to the respective professionals for further 
modification. While FM show, the positive response regarding maintainability criteria, the integrated design 
output passes to the architectural design team for final working drawing and to be continued at construction 
stage. Some concerns raised about maintainability, that impacts of the choices made amid the plan stage would 
have extensive consequences for future building maintainability cost[32]. 

 

 
 

Fig. 2: Design modification flow in integrated design team [33] 
 

Making arrangements for maintenance should be started during design stage and proceed all through the 
life-span of the building. These days, FM faced large number of continuous and expensive building performance 
issues at the post-construction stage for operation and maintenance. Previous studies attempted to explain that 
the decision adopted in planning and design development phases have a substantial cost effect on the future 
performance of the building throughout of the design life ([21],[31]). The suggested feedback from the FM 
group to the integrated design team assists to escape redundancy of operation and maintenance issues that 
happen amid the useful building design life. 

Quality of design and construction decisions are main contributor for measuring the building performance. 
According to [34] shortfall in the building performance originated from inadequacies in design and construction 
which great reflection can be observed on the maintenance level of building design life. Building life cycle 
depends on the two vital criteria “design and maintenance” of building process is analysed by [35].By reducing 
design and construction defects substantial amount of maintenance expenses can be decrease [36]. Building 
maintainability cost positively and negatively affected by design decision made at design stage. In this manner, 
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there is a need to consider potentials of FM at the design phase to avert unplanned maintenance cost during post 
occupancy. 

IV. IMPORTANCE OF INTEGRATING FM DECISIONS AT EARLY DESIGN PHASES 

The life cycle of a construction project can be broken down into seven major phases was investigated by 
[37] and [1] and stated “inception, through briefing and feasibility, design, tender and construction preparation, 
construction, commission and handover, to occupancy that covers operation, maintenance, and services 
provision represented by the FM profession”. “Inception, briefing/ feasibility, and design” are threesome 
commonly considered as early design phase as shown in Fig. 2. 

Key strategy of FM is concentrated on comfort to the building occupants at affordable and reasonable 
budget. The relationship between FM and design phase has been widely investigated that if FM introduces 
during the early design phase, the so-called “proactive” FM can get the general control towards taking right 
choices for cost effective maintainability approaches[38]. FM experts enriched with their immense store of 
practical skill and experience and receive the operational and maintenance opinion from end users, are 
phenomenal contributions for the design professionals to develop “highly maintainable” buildings. In this 
manner, FM could be the “pathway” for giving such opinion and for persuading designer to choose appropriate 
design decision to make life comfortable for all stakeholder. 

According to an investigation of Project Management Institute (PMI), compared with a post occupancy 
phase, the level of instability, threat and shareholder impact at early stage is substantially higher, but cost for 
changes during early stage is much lower ([39],[5]). 

Reference [40] has demonstrated that most choices are made during the early design phase and they affect 
later phase, for example construction and post-construction. In addition [41]presented a comprehensive review 
that “briefing provides strategic decisions, whereas design provides technical decisions and early design phase 
links strategic and technical decision”. Construction contractor and FM can be included during early design 
stage to stay away from improper design decisions[7]. FM comments highlight mistakes and failures of previous 
design and give motivation to the designer for more errors free design generation[42]. 

V. CONSIDERATION OF COST EFFECTIVE PARAMETERS IN DESIGN PHASE 

In the process of applying cost-effectiveness in maintenance cost of building facilities at design phase 
activities or elements assume an essential part. Generation of cost effective maintenance management method, 
need to identify most vital components or activities from maintenance cost analysis. From various facilities use 
and user ought to choose most relevant and basic element in considering cost- effective way. Appropriate 
facilities maintenance cost variables in design phase are identified based on critical review from available 
literature in the building maintenance. 

One study [43]identified eleven factors in three major groups that directly or indirectly involve in 
maintenance cost: design (civil, architectural, maintenance priority), person (consultant, contractor) and 
construction (drawing, materials, equipment, and specification). Apart from design and construction quality, 
[44]stressed external factors such as weather, surrounding environment, site ground condition ,and chemical 
effect. Building life cycle cost can be broken down as shown Fig. 3. At first level describes capital cost, 
operation cost, FM cost, renovation cost and disposal cost. Than FM cost elements classified into building 
system and non-building system. This building system elements include building frame, mechanical and 
electrical. Other studies broadly classified this involvement under design, construction, and maintenance 
knowledge ([21],[32]). 

               
 

Fig. 3: Cost components of FM ([45], [46]) 
 

According to relevant research study by [47] also found the following issues that heavily affect the building 
maintenance cost: existing structures, lack of contract and specifications details , climate, short time period, 
communication gap, inactiveness of all stakeholder,  and lack of practitioners. Furthermore, includes related to 
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knowledge and experience:  building location and shape, duration of response, types of repairing work, selection 
of  materials and techniques, Contractors’ and suppliers’ particulars, previous cost data, health and safety 
issues[48].A recent study [49]reviewed the literature from the period and described eighty four number factors 
affecting the building maintenance cost, summarised in eight major groups: project management, quality, 
participants in project, environment and site, time frame, monetary, health and safety and lastly others. Surveys 
conducted by [50]have shown that sanitary, electrical and safety and health issues are top three priority 
preference in maintenance work. 

Major contributing factors for the building maintenance have been identified by [51,108]design, materials 
and workmanship. Design issues include architecture, cracks or collapse originate from structural fault, 
mechanical electrical plumbing including acoustic, ventilation and fire protection. Stressed other factor such as 
lack of supervision and corruption. Previous study has pointed to some of the ways in which fifteen common 
maintainability issues were observed that increase the maintenance budget, among them water seepage lack of 
waterproofing errors was the most common[14]. Another twenty-six significant factors were established that 
commonly related at design phase and discussed with six major groups as listed: future maintenance necessities, 
involvement of FM in the design phase, availability of future maintenance, consider weather condition, consider 
future maintenance cost and adequate drawing detailing. 

A recent study included defects generating from design phase and construction phase influence the building 
maintenance cost[52]. Eleven design factors and sixteen construction factors are identified at design phase and 
construction phase respectively. He discovered faulty construction materials, lack of supervision, inadequate 
drawing specifications, short of quality control, architectural design defects[53]and ignoring maintainability 
issues at the design stage are the topmost issues affecting maintenance cost at post construction phase. 

FM would be face operability problem at post occupancy phase while a building project continues without 
having sufficient integration of design and operations planning, asserted by [54]. Previous one study has 
reported the detail of common design issues and operational issues at maintainability phase which could be 
resolved by integrating FM participation during early design phase[16]. These issues can be categorised the 
following major sub- headings as illustrated in Fig. 4: 

 
Fig. 4: Common operational issues ([54],[16]) 

 

In conclusion, FM would be face operability problem at post occupancy phase while a building project 
continues without having sufficient integration of design and operations planning. The summary of design 
related factors affecting the building maintenance cost identified through literature review is classified into 5 
groups present in the following tables. Table I is illustrated architectural design related issues, Table II 
explained structural design related issues. While Table III explained electrical design related issues, Table IV 
illustrated mechanical design related issues, besides that Table V clarified HVAC design related issues. 

VI. COMMON DESIGN ISSUES TO INCREASE MAINTENANCE COST 
 

Table I Architectural Design Related Issues Affecting Maintenance Cost 
 

  

Architectural Design Issues 

[2
7]

 

[5
5]

 

[5
6]

 

[5
7]

 

[5
8]

 

[2
1]

 

[5
9]

 

[1
4]

,[
60

] 

[1
1]

 

[6
1]

 

[6
2]

 

[6
3]

 

[6
4]

 

[6
5]

 

[6
6]

 

[6
7]

 

[2
9]

 

[6
8]

,[
69

] 

[7
0]

 

[7
1]

 

[3
1]

 

[3
1]

 

[7
2]

 

[7
3]

 

[7
4]

 

[7
5]

 

[7
6]

 

[7
7]

 

[5
2]

 

1 
Incomplete working drawing 
and specification           

  
     

 

2 
Inadequate working drawing 
details           

  
     

 

3 
Inability to maintain vertical 
riser for service shaft    


     

             

4 
Signs of stains and seepage 
around windows    

                
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5 
Specification of bellow-
standard quality tiles    


 
           

 

6 
Chipping around sharp wall 
edges        

            

7 
Non-availability of specific 
building materials in market 


 


     

 
   


 
  

8 
In appropriate selection and 
specification of materials    


 
          

 

9 
Difficult to reach and maintain 
fenestration 


 


         


   

10 
Plaster decay on external wall 
surface          

           

11 
Moisture and vapours pass 
through                



12 
Hard to move furniture and 
equipment due to the limited 
width and height of doors 

           


                   
           

13 
Unpleasant odour transmit due 
to inappropriate position of 
kitchen and toilets  


 


                                           

14 
Positioning of large window at 
elevation for solar    


 
             

15 
Signs of stains visible lack of 
ventilation    


   

          
 

16 
Paint peeling, flaking, 
blistering, biological attack 
and efflorescence 

    


                        


           

17 
Specify dark colour paint as an 
exterior finish 


     


   


        

18 Building shape and orientation    
 

From Table I among all architectural design issues, the most important challenge is “non-availability of 
specific building materials in market” when replacement is required at post occupancy phase. After that 
following three challenges, costly and substantial interruption to the smooth operation, are (1) specification of 
bellow-standard quality tiles, (2) inappropriate selection and specification of materials, and (3) paint peeling, 
flaking, blistering, biological attack and efflorescence. Moreover, among the category (1) incomplete working 
drawing and specification, (2) inadequate working drawing details, (3) moisture and vapours pass through, and 
(4) signs of stains visible lack of ventilation are next important challenge that increase unanticipated 
maintenance cost. 

Table II Structural Design Related Issues Affecting Maintenance Cost 
 

Structural Design Issues [2
7]

 

[5
5]

 

[5
7]

 

[3
2]

 

[7
8]

 

[2
1]

 

[5
9]

 

[1
4]

 

[1
1]

 

[6
3]

 

[2
9]

 

[7
9]

 

[6
9]

 

[7
3]

 

[5
2]

 

[7
0]

 

[7
5]

 

[7
2]

 

1 
Plaster crack at joint i.e. concrete-brick 
joints and wall-floor joints 

  
     



2 
Damaged underground pipes line due to 
ground settlement 

        


3 
Inadequate concrete cover causes rebar 
corrosion 

  
        

4 
Differential settlement generates cracks in 
floor slabs, walls, and tiles

         
5 Uncommon design and technology     

6 
Tile cracks, failure and fraction at fragile 
points 

  
    

7 
Moisture and dirt infiltration through 
expansion joints 

 
        



8 
Moisture penetration at beam-wall joints, 
walls, and ceiling-wall joints

 
       

9 Cracks in columns and beams   
10 Short time frame for design preparation  
11 Inadequate structural design  
12 Inaccurate geotechnical investigation  
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Table II demonstrate that “plaster crack at joint i.e. concrete-brick joints and wall-floor joints” is most 
challenging issues among all structural design related issues, would require costly repairs. The second most 
important issues is “uncommon design and technology” and followed by issues (1) damaged underground pipes 
line due to ground settlement, (2) inadequate concrete cover causes rebar corrosion, (3) tile cracks, failure and 
fraction at fragile points, (4) cracks in columns and beams, and (5) short time frame for design preparation. 
These challenges would eliminate or reduce by integrating FM knowledge at design phase. 

 
Table III Electrical Design Related Issues Affecting Maintenance Cost 

 

 Electrical Design Issues [8
0]

 

[8
1]

 

[8
2]

 

[5
7]

 

[5
9]

 

[8
3]

 

[8
4]

 

[8
5]

 

[2
9]

 

[8
6]

 

[8
7]

 

[8
8]

 

[8
9]

 

[9
0]

 

[2
8]

 

[9
1]

 

1 Exposed electrical cabling and loose connections                
2 Exposed plugs at open and wet places               
3 Short circuits in plug points          
4 Absence of grounding systems                  
5 Total power cut-off while fire              

6 
Convergence of low voltage cabling with high 
voltage cabling in the same ducts 

                                            

7 
Inappropriate placement for main boards and 
circuit breaker 

                          

8 Total power cut as of one fault              

9 Inadequate number and distribution of plug points                  

10 Incorrect Placement of light switches                

11 Flickering and blinking of fluorescent lamps                 

12 
Difficulties to reach high ceiling locations 
changing and cleaning fused light bulbs 

      
                          

 

As illustrated in Table III, top three challenges are “exposed electrical cabling and loose connections”, 
“short circuits in plug points”, and “inappropriate placement for main boards and circuit breaker”, these issues 
might potential damages to the electrical equipment, thus imposing expensive repair works. 

 
Table IV Plumbing Design Related Issues Affecting Maintenance Cost 

 

Plumbing Design Issues [9
2]

 

[5
7]

 

[5
8]

 

[3
2]

 

[7
8]

 

[2
1]

 

[5
9]

 

[1
4]

 

[1
1]

 

[6
3]

 

[9
3]

 

[6
6]

 

[6
7]

 

[5
0
] 

1 Inability to reach and maintain pipelines               

2 
Interrupt water supply during maintenance due to absence of 
shutoff valves 

                                   

3 Unable to reach sewer line for maintaining             

4 Corrosion of cast iron pipes            
5 Lack of ventilation vents propagate unpleasant odour               
6 Water leakage through walls or floors         
7 Water ponds on roofs lack of proper drainage system        


   

8 
Insufficient water supplies due to the inappropriate diameter of 
pipelines and head pressure 

                                   

9 
Moulds growth and stains on the façade due to the use of external 
drainage 

                                

10 Insufficient diameter causes low sewer drainage         



11 
Leakage through floor trap for improper waterproofing membrane 
type 

               
      

12 
Noise and turbulent flow in pipelines caused by inadequate 
diameter 

                                   

13 
Fungi and moulds growth at bathtub edges because of improper 
sealant type 

                                   

14 
Signs of cracks in plaster or tiles because of suspended water 
closets 

                                
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Table IV provides “water leakage through walls or floors”, “leakage through floor trap for improper 
waterproofing membrane type”, and “insufficient diameter causes low sewer drainage” as the top most issues of 
plumbing design affecting maintenance cost. 

 
Table V HVAC Design Related Issues Affecting Maintenance Cost 

 

HVAC Design Issues [9
4]

 

[8
0]

 

[9
5]

 

[9
6]

 

[5
7]

 

[5
9]

 

[9
7]

 

[9
8]

 

[9
3]

 

[6
7]

 

[9
9]

 

[1
00

] 

[1
01

] 

[1
02

] 

[1
03

] 

[1
04

] 

[1
05

] 

[1
06

] 

[1
07

] 

1 
Shortfall of the HVAC system for comfortable 
temperature 

 
         

 

2 
Poor indoor air quality that may cause infectious 
diseases and respiratory illnesses 


     


 


3 
Overheating of the building during maintenance 
and/or replacement 

 
 


     


4 
Water spillage from HVAC units’ absence of 
condensation drainage systems

  
         



5 
Noisy air-handling units because of improper 
insulation 




 
       

6 
Inability to reach chillers, cooling towers and 
condensers for maintaining 

 
         


7 Stains on false ceilings caused by leaky HVAC ducts   
8 Moisture condensation on walls and glass     

9 
Overcooling of the building caused by temperature 
fall during winter 


         

 

Table V indicates that “shortfall of the HVAC system for comfortable temperature”, “water spillage from 
HVAC units’ absence of condensation drainage systems”, and “moisture condensation on walls and glass” are 
foremost issues in HVAC design phase, these design errors would require costly repairs during the service of 
buildings. 

VII. CONCLUSION 

Early consideration of maintainability issues during the early design and review stages offer high level of 
comfort to end users, decreasing maintainability budgets plans, and in the end the life cycle expenses of the 
building project. This study attempts to investigate the impact of design issues towards easily-maintainable 
building projects at post-occupancy stage and providing the actual avenues to integrate FM in design 
development process. These design issues were synthesized upon review of the published international and 
national literature in the field of building system maintenance and professional practice. As the altering main 
structure and core services are difficult inherent at the life cycle of building usage period, it is feasible to 
consider probable design alteration at the early design stage with addressing all possible solutions. Thus, 
identified set of design issues in this paper may be considered by design professionals at design phase to 
eliminate, or at least reduce occurrence of unexpected maintenance issues as well as budget in buildings. Also, 
this study can be raised consciousness among all professionals in the built-environment community about the 
importance of the interaction and communication between the maintenance and design teams all the way 
through the design phase. Lastly, this study emphasizes on the significance of integrating FM experiences in the 
design phase in terms of decreasing cost involvement at building maintainability phase. 
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