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Outline of Review of Literature 

Introduction: 

Water supply infrastructure and the network designed for the water supply holds a key 

importance for its users. From the past, a number of methodologies are in practice to evaluate the 

performance of water networks. These methodologies are more inclined towards the prevention 

of harmful error prone processes, rather than focusing on the corrective actions against the 

causes of system failures. Block (2017) explained forensic based investigation as a tool which 

determines the root causes of the system failure which cannot be observed with the thorough 

analysis. The forensic methods are being used to evaluate the failures after the mishap has 

occurred, rather than earlier, thereby helping the health care centres in fabricating corrective 

measures more than preventive ones. Therefore, it is of utmost importance especially for health 

care centers where water quality holds a significant value to implement quantitative forensic 

tools, to counter the situations like growth of pathogens and other factors which affect the quality 

and water supply system performance in the health care centers. Kutylowska et al (2013) 

identified the factors like water quality variations and change in the nature of flow which control 

the failure causes of water supply systems. Debon et al (2009) illustrate the importance of new 

techniques to evaluate the performance of water supply systems as these systems contribute a 



larger value for its users.  Faiella et al (2018) describe the limitation of available methodologies 

for evaluating the water supply networks.  These sources highlight the causes of failures of water 

systems and then identifies the type of techniques to overcome the causes of failure to ensure the 

efficient water supply system. Studies carried out by Nemes & Bozikova (2013) focused on the 

growth of bacteria in the water systems of hospitals and the possible consequences of it. So all 

these primary studies, carried out till now about the failure causes and its type, either water 

quality based failures or water supply based failures, depend upon mentioned reasons which 

demand  for the application of forensic based method to counter the water system failures. 

Methodologies in practice against countering the causes of water supply failures are 

insufficient to maintain the performance of whole water supply networks in health care centers. 

Hence, techniques based up on qualitative and corrective actions should be implemented to 

ensure the performance of the water supply systems. According to Faeilla et al (2018) current 

techniques lack the approach of responsive behavior against failures and more focused on the 

prevention of systems. Moreover, Nemes & Bozikova (2013) in particular focused the 

implementation of evaluating tools on the problems like growth of pathogens and diseases 

caused by it in health care centers. These two resources support the dire need of new forensic 

tools to assess the performance of water systems in the health care centers. 

 None of the sources actually show the implementation forensic tools used to counter the 

water system failures in the health care centers which are actually the sub sets of the issues 

discussed in these sources. But all the studies discussed above show the significance of forensic 

analysis based tools to figure the primary causes of failures. Therefore, we are studying the 

implementation of forensic investigation based methods for the assessment of water supply 

failures in health care centers. 



 

 

1) Concept of Forensic Analysis 

Forensic based investigation is a technique to observe the failure causes of objects under 

study. In general spectrum forensic analysis is usually explained in terms of forensic based 

investigations. Methods and results accuracy depend upon the problem under consideration and 

the types of solution demands. Forensic analysis works with the system in usually a passive way 

but now a days modern development and advanced tools has emerged this field as a strong 

platform for providing framework for the future failures.  It also provides the framework for 

taking corrective actions for the future. Danon (2001) explained the application of forensic 

analysis to evaluate the environmental and ecological issues while Block III (2017) illustrated 

that forensic based investigation is a tool, when performed on medical devices will provide the 

clinical perspective of devices failure.  These two sources explained the application areas of 

forensics engineering in two different zones which are environmental and medical devices field. 

But both sources represent the significance of forensic engineering tools to map out the causes of 

issues. Edwards. D et al. (2008) took one step forward to explain the complexity of system 

dynamics in the construction projects and explained forensic investigations as a tool for legal 

proceedings. For the results to be presented as a document for legal consideration, it demands 

higher accuracy of results and the dependency level in resolving the construction issues. 

Furthermore, it also helps to provide the platform to avoid issues which can delay the project 

delivery time or violates the project scope. 

2) Failures of Water Supply Systems in Health Care Centers 



While focusing upon the failures a health care center faces, all the potential hazards such 

as chemical, biological, physical and radiological failures are considered water system failures 

apart from the generally known water source, water treatment & distribution and service 

connection &plumbing failures. Nemes and Bozikova(2013) mention about the types of water 

system failures as insufficient flocculation, contamination at the catchment zone, poor hygiene 

during repairs, emissions during accidents and so on, while Bigoni et al(2014) mention about 

stagnation time, aging of pipes, physical-chemical properties of the water supply and types of 

materials being examples of types of failures. In both the articles, there is a mention about the 

chemical properties such as pH, alkalinity, dissolved oxygen and total hardness and physical 

properties such as temperature, flow and velocity, few of the factors which the failures depend 

upon. Wagner. D et al. (1992) in extreme cold and warm weathers explained the process of 

deterioration of copper in the water distribution system. Wagner. D et al. (1992) built the 

narrative to explain this sort of corrosion in water distribution systems of health care centers as a 

three step process which includes corrosion induced by the already corroded part of the pipe, 

corrosion induced by the pit of water and corrosion of water by some external agents. This study 

strongly raises the objection on the performance of water supply pipes in the extreme cold and 

hot weather which itself suggest that the huge temperature variation is unfavorable condition for 

the copper to be considered as a material for manufacturing of water supply pipes. These factors 

when not in the safe and usual range tend to cause corrosion of the pipes, which is the biggest 

risk factor for water supply failure. Moreover, the process of corrosion is highly dependent on 

the types of pipes being used and the whole installation network of water supply pipes.  

3) Effect of water system failures on health care centers  



The water system failures affect the hospitals both in their daily processes as well as in 

the equipments which require water to function normally. Bigoni et al(2014) mentions about its 

need for water at the hospitals and the processes dependent upon it namely, drinking and food 

preparation, patients’ baths and personal hygiene, laundry services, flushing of toilets, fire 

prevention system, laboratory services, and cleaning, whereas, Rak and Cieslak(2010) talk about 

the failures from a general perspective by studying the process of how the consumer is at a loss 

due to a failure at the catchment area. Ashbolt. J et al (2014) illustrated the effect of generation 

of biofilms with in the pipe system and possible hazardous effects related to it among which top 

of the list is the production of E coli K12 bacteria which can cause the several water borne 

disease through water supply systems. These biofilms layer not only controls the water supply 

discharge but also can lead up to the severe biological changes in the body of the human which 

in turn can result in to DNA isolation problems. Ashbolt. J et al (2014) mentioned the sources for 

the E coli K12 which are potentially different sources in their kinds and should be considered to 

not to end up having in any water supply system to the community.  These all sources discuss the 

water system failures in term of supply and water quality failures which could start from the 

catchment area problems to the problems compromising the water quality based upon the 

bacteria like E coli K12. 



 

The above quantitative data suggest the strains already declared by EPA (Environmental 

protection agency) and other source traces from the dairy products. The above table shows the E 

coli based strains which leads to the biofilm formation and hence compromising the water 

quality and supply issues. 

4) Relationship between prevention of water system failures and health care centers 



It is imperative to know that water borne diseases in the hospitals can lead to the health 

situations for which the healthcare centers are actually operating. With Bigoni et al,(2014) 

stating that the most common health risk associated with drinking-water comes from fecal 

contamination, it is seen as Rak and Tchórzewska-Cieślak(2010) agree with them, as they too 

mention about fecal contamination, in the severity of threats list, topping the list with a point 

weight of 10, indicating that it a very dangerous risk factor. Lenz . Both the articles enumerate 

the main causes for water supply contamination in health care centers with microbiological 

contamination considered as the highest risk factor.  E et al (1986) explained the term of strain 

induced corrosion cracking (SICC) which is the result of different corrosion related phenomenon 

and can be considered in generating solution by changing the water supply conditions for the 

supply pipes and also by changing the thickness of the pipes.  While Nemes and Bozikova(2013) 

list the causes for water system failures in health care centers as new emerging diseases & 

pathogens, aging infrastructure and deliberate contaminants, Bigoni et al, (2014) focuses on the 

corrosion of water pipes, which is caused as a byproduct of the aging process. Both the articles 

include microbiological factors as the primary risk factors whereas Bigoni et al(2014) 

additionally includes chemical properties as well. These all sources relates the generation of 

biofilms in the water supply pipes due to bacterial based strains and thus leading to the 

inefficiency of water systems. Also, as Fakler et al(2007) explain the relationship of failures and  

health care centers, it is seen as an organizational and structural mismanagement which may be 

accentuated by unpredictable individual human failure as well. 



 

Lenz. E et al (1986) in his study generated the images to explain the strain induced corrosion 

cracking in water supply pipes and then figured out the parameters to be considered which 

involves to change the physical conditions of the pipe and the condition of the flow. 

5) Limitations of failure evaluation techniques 

Generally speaking the methods which are in practice to evaluate performance of water 

supply system only explain the actions to prevent the system from particular type of failures pre 

considered rather than suggesting the whole framework for taking responsive actions. Faeilla et 

al (2018) explained that methodologies currently being used are more often concerned about the 

preventive actions and less inclined towards taking the corrective actions in case of failure occurs 

while on the other hand, Debon et al (2008) highlighted there are some classical reactive 

strategies available to counter the situation but these techniques are not sufficient to maintain the 

performance of the water supply network. Block III (2017) ruled out the other techniques in 

tracking the instrumental failure of medical devices by building the narrative that forensic based 



investigation is a strong investigative tool to figure out the proximate causes of failure which can 

lead to the production of reports for devices designers so the companies can know much about 

the common types and causes of failures. So, for these failures to be identified correctly and for 

the future framework to take active actions against such kinds of failures highly require the 

methods based upon the forensic engineering investigations rather than conventional or classical 

methods available for corrective actions. 

6) Different Failure Evaluation Methods 

Currently, the method used to evaluate the failures is the conventional FMEA. FMEA is 

generally defined as “Failure Mode & Effect Analysis” which suggest that it seems to be a 

passive way of responding towards failure but in actual this technique is based up on the forensic 

investigative tools which cover the domain of not only outlining the causes of failures under 

study but also providing the framework which, if followed can encourage the concept of safe 

designs. Concept of Failure Mode & Effect Analysis is based up on the concept of risk 

evaluation and modern risk assessment techniques. There are a few investigation techniques such 

as healthcare focused approach of FMEA (HFMEA – Healthcare Failure Mode Effects Analysis) 

with human factor- focused (SHERPA - Systematic Human Error Reduction and Prediction 

Analysis) and system-focused (STAMP - Systems-Theoretic Accident Model and Processes) 

approaches, which are the ones to be used in the future for better evaluation results. While Rak 

and Cieslak (2010) define FMEA as a technique for determining the ways in which equipment 

can fail and the consequences of the failure on reliability and safety, Faiella et al(2018) defines 

HFMEA as a systematic risk assessment method derived from high risk industries to 

prospectively examine complex healthcare processes, showing the importance of the FMEA 

technique in healthcare units. According to Faiella et al (2018),SHERPA supports the study of 



human-based processes and STAMP-STPA improves the causal analysis. This statement is 

similarly mentioned by Rak and Cieslak(2010) by stating that the investigative methods are  to 

analyze the possibility of system failures in the design and production stages with SHERPA’s 

focus being on health care related failures. Lio. C et al (2011) explained the performance domain 

and area of application of traditional FMEA which he considered Failure Mode & Effect 

Analysis to be a technique which acts as a passive tool in highlighting the type of failures while 

performing the high standard medical operations. SHERPA is based upon the pure active 

technique rather than traditional FMEA which records responses after the failures and provide 

framework for future design issues. 

 

The above qualitative data was explained by Liao. C et al (2011) to show the comparison 

between FMEA and other techniques, which serves the same function other than only qualitative 

analysis. 

7) Viability of forensic analysis in the future  



Forensic Investigations are generally based up on the advanced set up to outline the 

causes of failure on the basis of which a network can be designed afterwards. Factor of safety for 

the design gets improved under forensic analysis so there is no further requirement left to invest 

a lot to improve the design for safety purposes. Debon (2008) explained that forensic proactive 

techniques predict the best measures to take for the reason these predictions are based upon 

actual risk models while Danon (2001) moved one step forward and explained that the forensic 

investigations are not only feasible for determining the type of damages that can occur but also 

the extent of damages under different conditions. These two researchers conclude the 

significance of forensic engineering tools but the proactive techniques are more cost effective in 

terms of avoiding the damages. 

 

8) Results  & Conclusion 

 

Forensic based investigation is an investigative tool to highlight the causes of 

water system failures. Health care centers do need the implementation of forensic 

based tool in different weather conditions to perform efficiently. Forensic engineering 

designs are free from the repetitive failure causes. Strain Induced corrosions in the 

water supply pipes of health care centers need forensic examination in order to map 

out the physical parameters of the pipes. Water borne diseases in the hospital are 

mostly the result of corrosion of pipes under different atmospheric conditions. 

Pathogens in the water supply system of hospitals should be pre traced before 

regulating the flow of water across the health care centers for multipurpose. FMEA 



can be applied as a strong forensic tool to identify the factors which compromise the 

performance of water supply pipes in health care centers. 
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