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[bookmark: _Toc216043737]Introduction
[bookmark: _Toc216043738]Scope of the report
This report intends to analyse the importance of risk management in manufacturing engineering. Specifically, the use of Root Cause Analysis (RCA) and how effective the method is in identifying the fundamental underlying reason why a problem has occurred. 
[bookmark: _Toc216043739]Importance of understanding risk management
In the manufacturing engineering sector, effective risk management is crucial in ensuring people, equipment, and the environment are protected from potential danger due to system failure. Risk management is essential in minimising production downtime and improved product quality and reliability, in turn, resulting in less monetary outgoings and enhancing competitiveness in the market. 
[bookmark: _Toc216043740]Aims and objectives
The aim of this report is to discuss the importance of risk management in the manufacturing sector and assess the types of tools that businesses can use to mitigate risks. This report will also comprise an RCA of the Grenfell Tower fire, discussion on the methodology used to conduct the RCA, providing justifications for the RCA rankings, and proposed mitigation to prevent the issues from reoccurring.
[bookmark: _Toc216043741]Literature review
[bookmark: _Toc216043742]Risk management in manufacturing
For businesses in the manufacturing sector, to ensure they are not left behind by competitors, they must incorporate some form of risk management to spot and mitigate faults before they arise. In the workplace, safety is the number one priority; whether that be safety of employees, machinery or the environment. Conducting risk assessments, including hazard identification and risk ranking, enables prioritisation of risks and implementation of controls such as Job Safety Analysis to reduce potential accidents and create safer working conditions (Kusrini, et al, 2020). Risk management is also important in manufacturing supply chains, it ensures risks are identified and addressed early in the supply chain which improves overall performance (Kern, et al, 2012).
[bookmark: _Toc216043743]Tools used in risk management
There are a variety of tools at the disposal of businesses that can be incorporated into their routine to mitigate risks. The main tool this report will consider is RCA, a systematic process aimed to identify underlying issues and causes of problems within an organization or system impacting process performance to enable effective problem resolution (Chan, 2017). Another method used to manage risk is GERT, this is a graphical review technique that uses Failure Modes and Effects Analysis (FMEA) to build a 3D early warning system used to manage risk during product development; the model uses simulations to spot risk control points to help manufacturers address risks at an early stage (Desheng Dash, et al, 2010). Manufacturing businesses may also opt to use Decision Support Systems to help identify risks; this system is computer-based, and it improves decision making by looking at risks wholistically in the design and production process. It suggests ways to reduce or avoid risks and helps managers to choose the best action to improve quality and efficiency (Akbar, et al, 2024).
[bookmark: _Toc216043744]Legal and ethical considerations
When it comes to risk management, there are ethical and legal considerations that must be made. Businesses must consider the IMechE Code of Conduct for Professional Engineers; this is a set of ethical standards, behaviours, and obligations that all members must follow. According to the IMechE Code of Conduct, engineers have a duty to assess hazards and risks before and during design, construction, and operation, and mitigate them where possible (IMechE, 2024). Additionally, all businesses in the UK must follow the Health and Safety at Work Act 1974. Section 2 of the act states that employers have a legal duty to ensure the health, safety, and welfare of employees at work (so far as is reasonably practicable) (GOV, 1974). Therefore, employees must consider risk management to identify hazards, assess the likelihood and severity of harm and select suitable control measures.
[bookmark: _Toc216043745]Case Study – Grenfell Tower Fire
June 14, 2017, the twenty-four storey residential block of flats known as Grenell Tower was engulfed by flames and smoke due to an electrical fire starting in Flat 16 on the fourth storey, resulting in 72 deaths (Reina and Wright, 2017). The fire spread vertically up the building’s external wall, which consisted of aluminium composite material (ACM) cladding panels containing polyethylene, combined with polyisocyanurate (PIR) insulation. This combination of combustible materials allowed flames to spread up the building’s facade and into flats through openings in the wall system (windows) (Mitechener, 2018). There were many factors which led to the tragedy as well as the poor external wall design, including faulty evacuation procedures, inadequate extinguishing equipment, single stair-core and poor compartmentation (Mitechener, 2018). The RCA in Section 3 aims to identify the root causes that led to the issues above and provide recommendations to ensure these issues are resolved, therefore, reducing the building’s susceptibility to fire.
[bookmark: _Toc216043746]Root Cause Analysis
[bookmark: _Toc216043747]Methodology
When conducting an RCA, the main aim is to identify the failures of the system and determine what the root causes are causing the system to fail. Once system failures and root causes have been identified, the severity, occurrence likelihood and detection ratings are to be issued on a scale of 1-10, which will be multiplied together, thus, giving the Risk Priority Number (RPN). The next step in the method is to recommend mitigation measures that can be implemented to minimize the risk of system failure; in doing that, each action must be delegated to a responsible person whose duty is to ensure the actions are attended to within the recommended time frame. The final step to conducting an RCA is to provide the process or function with revised severity, occurrence and detection ratings following remedials being carried out, thus, giving an updated Risk Priority Number.
[bookmark: _Toc216043748]Justification of ranking
The first identified issue, the use of a highly combustible cladding material known as aluminium composite material (ACM) with a polyethylene core. The severity of this issue was rated 10 (out of 10) as this material is known to burn rapidly and enable vertical fire spread threatening life of those within the flats on floors above. The cladding was installed in 2016. Around this time, combustible cladding was wrongfully very common, however, since the event of Grenfell, much more stringent guidance has come into force such as PAS 9980 meaning combustible cladding on buildings of this height (67m) is prohibited. Therefore, an occurrence rating of 6 has been applied. The detection difficulty was rated an 8 out of 10, these materials are not easily detected, they require specialist surveys such as Fire Risk Appraisal of the External Walls to be conducted by a competent fire engineer. As a result of the above, the Risk Priority Number was calculated to be 640, the combustible cladding should be prioritized as a critical safety issue. See Figure 1 below showing severity, occurrence and detection ratings pre and post mitigation of external cladding.
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[bookmark: _Ref216040257]Figure 1. Selway, H. Graph showing severity, occurrence and detection rating pre and post mitigation. Dated 07.12.2025.
The presence of combustible insulation in the wall system such as polyisocyanurate (PIR) insulation is also a major contributor to fire spread within cavities, therefore, a severity rating of 10 is justified. The contribution to fire spread largely depends on the types of cladding and cavity barriers used in the wall system. As an isolated function, the contribution is moderate if installed in the correct system, thus, an occurrence rating of 5 is issued. The detection rating assigned was 8 out of 10, due to the insulation being hidden behind the cladding meaning the only way to correctly identify is to conduct intrusive investigations. The RPN is deemed 400, a high rating however slightly lower than that of the cladding.
Throughout Grenfell Tower, the installation of cavity barriers was either poor, or non-existent meaning fire and smoke can spread freely up the building’s external wall cavity compromising the flats on higher storeys; meaning a severity rating of 10 is justified. Poor cavity barrier installation is frequent in the UK, therefore, an occurrence rating of 7 is assigned. Similarly to the insulation, cavity barriers are hidden behind the cladding system making it difficult to assess the installation of them unless intrusive inspections are carried out by a competent fire engineer; a detection rating of 7 has been assigned due to this. The overall RPN is 490, cavity barriers are vital in wall systems such as Grenfell so should be mitigated as a high priority. 
The next issue identified was the stay-put evacuation strategy. The severity was rated a 9 as it puts occupants at significant risk if there are other failures such as compartmentation issues, however, if compartmentation is adequate, a stay-put strategy is adequate. As the failure of a stay-put evacuation strategy largely depends on the state of the compartmentation, the occurrence rating is a moderate 5. The detection rating is 6 as failure only becomes apparent through inspections of specialized fire engineers. As a result, the RPN rating is 270 meaning it is lower than the previously mentioned functions, however, it still requires attention as risk to life can be severe.
The last issue identified was the stair-core. The severity rating is 9 as the poor compartmentation at Grenfell meant there was poor access for firefighters and residents to escape the building. The occurrence rating is 5 as this is very common among high-rise buildings as the sufficient compartmentation usually means there is no issue. The single stair core is easily identifiable, however, the issues that lead to this being a concern are not, such as compartmentation which requires intrusive investigations, thus a detection rating of 5 is issued. Therefore, the RPN rating is 225 as this can be easily mitigated through sufficient compartmentation.
[bookmark: _Toc216043749]Proposed mitigation
The RCA also involves recommending actions to decrease the risk of failure. It is recommended that there is a full removal of all ACM cladding panels to be replaced with a non-combustible cladding material; this will minimize the risk of external fire spread, protecting the lives of the occupants of upper storey flats. Similarly, the combustible PIR insulation is to be replaced with a non-combustible insulation to remove the fuel source for fire within concealed cavities. For cavity barriers, a full survey is to be carried out by a competent engineer to ensure the right remedials are carried out in areas lacking sufficient fire breaks. The evacuation strategy is to be revised, the compartmentation is to be adequately assessed, and a competent fire engineer is to assess the correct evacuation policy, whether that be simultaneous evacuation or stay-put to ensure residents are safe in the event of a fire. The stairwell is to be adequately protected with 120 minutes fire resisting walls to ensure smoke or fire does not enter the shaft and there is safe egress and access for firefighters and residents.
[bookmark: _Toc216043750]Conclusion
To conclude, the investigations and RCA show that risk management is vital in ensuring the safety of people, equipment and the environment. The RCA carried out to the Grenfell Tower demonstrates how effective the method is in identifying issues and assessing the importance of them by assigning a Risk Priority Number. Had an RCA been carried out to Grenfell Tower’s fire safety systems, the 2017 tragedy would have resulted in far fewer fatalities and less damage to the property.
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Appendix A – Personal Development Plan
Personal Development Plan
Name – Harvey Selway
Degree – Mechanical Engineering BEng 
Previous Qualifications – BTEC Level 3 Aerospace Engineering
Previous Experience – 1 year experience as an apprentice fire engineer producing technical reports for residential and industrial buildings such as Fire Risk Appraisal of the External Walls, Fire Strategies, Building Safety Cases, Fire Risk Assessments, Fire Door Surveys and Compartmentation Surveys.
	Long Term Goals (5 to 10 years)

	My long term goal is to become a chartered engineer and gain as much experience in the industry as possible to hopefully become a lead engineer within my company and pass my knowledge on to the next generation of engineers coming through.

	Short Term Goals (0 to 5 years)

	My short term goal is to gain my BEng Mechanical Engineering degree that I am currently studying towards with a first class honours. I will then look to move on to completing a masters in fire engineering. In this time, I will be gaining valuable experience on site working on various building types gaining a better understanding of the fire safety systems installed.

	Goal
	Objective
	Resources Required
	Measurement
	Target Date

	Achieve BEng Mechanical Engineering degree
	Complete my degree with a first class honours and apply my engineering principles to fire engineering problems.
	Support of lecturers, study materials, in person lectures.
	Successful completion of assignments and exams.
	4 years

	Gain practical  experience in fire engineering projects
	With the help of senior engineers, complete surveys such as  Fire Risk Appraisal of the External Walls, Fire Strategies, Building Safety Cases, Fire Risk Assessments, Fire Door Surveys and Compartmentation Surveys.
	On the job training, site visits, access to project files.
	Complete projects and get peer review feedback on how I did.
	On-going with yearly review.



	Build competence in fire modelling and engineering software.
	Learn to use software’s such as FDS, PyroSim, Pathfinder and AutoCAD.
	Software licenses, internal training and online courses.
	Ability to produce models independently and logged CPD hours.
	2 - 4 years

	Become a Chartered Engineer
	Meet the experience requirements, build my portfolio and demonstrate competence.
	Mentor support, IFE Guidance and CPD.
	Successful application.
	10 years

	Become a Lead Fire Engineer.
	Take responsibility for strategies, mentor junior staff and manage clients.
	Leadership training and exposure to projects.
	Assigned as Lead Engineer on projects.
	7 – 10 years






[bookmark: _Toc216043753]Appendix B – Root Cause Analysis of Grenfell Tower Fire Provisions
[image: A grid of white paper with black text

AI-generated content may be incorrect.]
image2.png
10

0

External Cladding System

Pre-mitigation

mSevl mOccl mDetl mSev2 mOcc2 mDet2




image3.png
‘Action Results

c
s 0 [} R
1 . Current il s]o]o|Rr
. . . . e Potential Cause(s)/ < e P ! Responsibility and Target
Process / Function Identified Issue | Potential Effect(s) of Failure, a " ; Controls Recommended Actions) y ! elcle|rP
v 2 Mechanisnts o Failure| ¢ betors metven) : N Completion Date Actions Taken elele ]
s 22|22
|election of combustivie| Removal of combustible cladding| pesponsipiity of building owner / | Cladding removal and fagade
Use of highly combustible and replaced vith non-
PR cladding in Building fagade e ‘manager vith reguiator surveys complete resuting in
External cladding n asamm?":’:m Rapid external fire spread | ;o Materials / refurbishment. . insulation in place. s 540 | ad d'f““ I“S' al e’""":’e e |overseeing. Target of 1-2months | dramatic reduction inriskof | o | 5 | 5 | g
system leading to fatalities Design Inadequate product Visual inspections lonal measures SUCh as i€ | 1, jnsta interim controls and 1-2 | vertical fire spread and compliant
composite material (ACM) breaks. Mandatory testing /
i moyetion core performance only o e years for full replacemin of |  with new legisiation, therefore,
polyetnyl ‘assessment certification for cladding cladding improved resident safety.
materials
|Selection of combustibie| Testing of insulation Replace the combustible Gavity barrers wil
Use of combustiole | L ation insulation in however was not nsulation with a non combustible | Builing owner and competent | S8V PATIESIL
insulation within the . Materials / refurbishment. tested for how the insulation and install cavity | contractors delegated task to partme Vst
Insulation canactas afuel source if | 10 5 8 | 400 toprevent rapid firespread | 5 | 3 | 3 | 45
external wall system such Design Inadequate product whole wall build up. barriers to compartmentalize the | determine nsulation used. 1-2
exposed to fire vertically and reduce the risk of
as PIR insulation performance would perform in a wall system to prevent rapid fire | years to install new insulation
concealed fire spread
assessment e spread
No / poorly installed barriers|
within cavities allow smoke m"'xm‘::"';'se'::’r:ed SUNVey the Wall SyStem, [epair | o o rkmanship| | COMPartmentation restored
Missing or poorly installed | and fire to easily spread up Construction / pet Limited inspections poorly installed cavity barriers 9 kmanship | e aning fire could not spread
Compartmentation 10 upon completionand | 7 7| 490 of contractors. 6 - 18 to install as 4| s |3 |3
cavity bariers the wall system and info maintenance had taken place and install new cavity barriers across compartments and floors
poor workmanship when cladding must be removed
buidings through openings where required freely.
installing
such as windows.
Residents are well aware of
actions to take in the event of a
Smoke entering flats where Ensure compartmentation is | Buiding owner and fire service.
Evacuation poi Sﬂ{,z:"g"l:‘a:ml’";":'m residents have beentoldto| o Emergency | 26"9 e reliance 5 | umteamspections | | ;o | adequateandthere s clear | Evacuation strategy istobe | ™™ ?5;’:'5"'5 wil ":a'e;‘;s'ay alalalae
policy o ‘:";m" |stay until further notice from| response com " ation had taken place communication between fire | assessed by a competentfire | _PY! ": . "’f st '°| - an "'ﬁ
partme fire service: partme service and residents engineer. cannot reely travel through the
buiding as there vill be adequate
comparimentation
Limited access for fire
service in the event of a Atthe time of
fire. Poor compartmentation construction, guidance Ensure compartmentation is | _Building owner. As mentioned | q.\s 2o agequately protected
Compliant with adequate and stairs are | above, a buiding of this size (67
The tower only comprises | led to smoke and entering Emergency | documents allowed for allowing safe egress and access
Egress and access ° 5 |gudanceattnetime | 5 | 225 |considered firefighting stairs and| metres), it would take up to 2 5|5 |4 |10
one stair-core single stair core meaning response buidings of Grenfell for fire service and residents in
of construction Correctly protected with 120 | years to adequately restore

fire service had difficulties
gaining access to upper
floors.

height to have only one
escape stair

‘minutes fire resistance

compartmentation

the event of a fire.





image1.jpeg
Prifysgol Cymru

x‘;;.“ Y Drindod Dewi Sant
Q %

University of Wales
Trinity Saint David




