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Introduction
The AJAX Armoured Vehicle is a family of six tracked, all-terrain, digitally enabled fighting vehicles developed by General Dynamics UK for the British Army. Designed to replace the ageing CVR(T) fleet, AJAX represents the Army’s first fully digitised platform, integrating advanced sensors, modular armour, and a 40mm CTAS cannon to deliver transformational capability in reconnaissance, command, and support roles.
The AJAX programme includes six variants built on a standard base platform:
· Ajax – Reconnaissance and strike
· Ares – Armoured personnel carrier
· Athena – Command and control
· Argus – Engineer reconnaissance
· Apollo – Repair
· Atlas – Recovery [1]
Each variant supports specific battlefield functions, contributing to the Army’s Future Soldier vision of a digitally networked force. The platform offers enhanced lethality, survivability, mobility, and ISTAR (Intelligence, Surveillance, Target Acquisition, and Reconnaissance) capabilities. [2]
Despite its promise, the AJAX programme has faced significant challenges, including excessive noise and vibration, integration delays, and manufacturing defects, which have impacted crew safety and operational readiness. As of 2025, deliveries of operationally deployable AJAX vehicles have resumed, with full operating capability expected between 2028 and 2029. [3]
The programme is the largest UK armoured vehicle procurement in over two decades, valued at £5.5 billion for 589 vehicles, and is central to the Army’s modernisation strategy. [3]




	Haz ID
	Hazard
	Accident
	Cause
	Severity
	Likelihood
	Risk Class
	Controls/Mitigations
	Likelihood
	Severity
	Risk Class

	HZ01
	Structural Integrity failure
	Hull Breach or collapse during an off-road manoeuvre or under fire
	Misaligned welds and poor QA.
Inconsistent hull dimensions
	Major
	Possible
	High
	Control 1: Automated Ultrasonic Weld Inspection – Use of phased-array ultrasonic testing to detect internal weld flaws.

Control 2: Radiographic testing – X-ray imaging of crucial joints to verify weld penetration.

Control 3: Third-party QA Audits – Independent inspections by MOD-accredited assessors.

Control 4: Rejection Policy – Non-compliant hulls are rejected or reworked before integration. 
 
	Rare
	Moderate
	Low

	HZ02
	Reduced Ballistic Protection
	Penetration by small arms or an IED during patrol or in combat
	Uneven hull geometry will affect the armour fit and deflection angles
	Severe
	Unlikely
	Medium
	Control 1: Ballistic Testing – Hull Batches undergo live-fire testing against STANAG 4569 threat levels.
Control 2: Armour Retrofitting – Modular appliqué armour added to compensate for geometric inconsistencies.
Control 3: Digital Hull Mapping - 3D scanning used to verify armour fit and alignment

	Rare
	Moderate
	Low

	HZ03
	Integration Delay
	Turret or drive train misfit during assembly
	Non-standard hull dimensions complicate the subsystem installation
	Moderate
	Possible
	High
	Control 1: CAD-based Tolerance Modelling – use of digital twins to simulate subsystem fit.
Control 2: Dummy hull trials – Physical mock-ups used to validate turret and drive train installation.
Control 3: Rework protocols – Defined procedures for correcting dimensional errors before final assembly.
	Rare
	Minor
	Low

	HZ04
	Amplified Vibration
	Crew Injury, such as joint pain, fatigue or nausea, during prolonged patrols and operations
	Structural flaws amplify vibration through the chassis
	Major
	Likely
	Medium
	Control 1: Suspension Tuning – Adjustments to torsion bars and dampers to reduce vibration transmission.
Control 2: Vibration-dampening seats – Seats with integrated shock absorbers and ergonomic design.
Control 3: Hull Reinforcement – Structural bracing added to reduce flex and resonance.
	Unlikely
	Moderate
	Medium

	HZ05
	Fire Suppression Misalignment
	Fire suppression system fails to activate or misfires
	Hull geometry interferes with sensor layout or nozzle placement
	Major 
	Unlikely
	Medium
	Revalidation of suppression layout
STANAG 4317 compliance testing
	Rare
	Moderate
	Low

	HZ06
	Weight imbalance
	The vehicle could roll over or have poor handling during manoeuvres
	Uneven weight distribution from hull defects
	Major
	Possible
	High
	Control 1: Centre of gravity analysis – Computational modelling to assess rollover risk
Control 2: Dynamic stability testing – Field trials on slopes and uneven terrain to validate handling
Control 3: Recalibrate the suspension – Adjustments to balance load across axles.
	Unlikely
	Moderate
	Medium

	HZ07
	Reduced Maintainability
	Extended downtime or failed field repair
	Inconsistent hull specs complicate the part replacement and/or alignment
	Moderate
	Possible
	Medium
	Control 1: Standardised repair templates – Modular repair kits designed to accommodate hull variation
Control 2: Field engineering support teams – Deployments of specialist teams to assist with complex repairs.
Control 3: Digital Maintenance Records – Use of AJAX’s onboard diagnostics to track hull-specific issues.
	Unlikely
	Minor
	Low
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1. [bookmark: _Toc203724004]Introduction
This report presents a detailed ALARP justification for Hazard HZ07-1: Structural Integrity Failure in the AJAX Armoured Vehicle Programme. The hazard concerns the potential for catastrophic failure of the vehicle hull or structural components, which could result in injury to personnel, loss of mission capability, or compromise of operational safety. The justification demonstrates that the risk has been reduced to a level that is As Low as Reasonably Practicable (ALARP), in accordance with UK legislation, MOD policy, and industry good practice. [1]

















2. [bookmark: _Toc203724005]Hazard Overview
2.1 [bookmark: _Toc203724006]Hazard Description
The hazard of structural integrity failure in the AJAX armoured vehicle programme stems from significant manufacturing defects identified in early production batches. These defects include:
Inconsistent hull dimensions: Sections of the hull were found to be of varying lengths, and in some cases, the sides were not parallel.
Substandard welding: Welds lacked uniform penetration and alignment, raising concerns about fatigue resistance and load-bearing capacity.
Misaligned mounting points: Turret rings, suspension mounts, and internal fixtures were not consistently positioned, affecting subsystem integration.
These issues were particularly prevalent in the first 100 hulls manufactured in Spain, though subsequent batches also exhibited quality concerns. The defects were not purely cosmetic—they posed real risks to the vehicle’s ability to withstand battlefield loads, absorb blast energy, and maintain structural coherence during off-road manoeuvres. [2]
The hazard is exacerbated by AJAX’s role as a digitally integrated reconnaissance platform, which places high demands on structural stability to support sensors, weapon systems, and crew safety. Unlike legacy platforms, AJAX’s modular architecture and high-speed mobility require precise hull geometry to ensure subsystem alignment and survivability.
If left unaddressed, structural failure could result in:
· Hull breach or collapse during transit or combat
· Turret detachment due to misaligned rings or weld fatigue
· Suspension failure from uneven load distribution
· Crew injury or fatality due to compromised protection
These risks are magnified in high-threat environments, where AJAX is expected to operate under sustained fire, over rough terrain, and in extreme weather conditions.
2.2 [bookmark: _Toc203724007]Risk Classification
The initial risk classification for this hazard was based on the following criteria:
· Severity: Major – A structural failure could result in serious injury, loss of vehicle, or mission failure.
· Likelihood: Possible – Given the documented defects in early hulls and the operational demands placed on the platform, failure was considered plausible under stress.
This placed the hazard in the High-Risk category before control implementation.
Following the introduction of enhanced quality assurance protocols, non-destructive testing, and structural modelling, the risk was reclassified as:
· Severity: Moderate – While the consequences remain serious, the likelihood of complete structural failure has been significantly reduced.
· Likelihood: Unlikely – Improved manufacturing oversight and inspection reduce the probability of undetected defects entering service.
This results in a Medium Risk post-control classification, which is acceptable under ALARP principles when supported by ongoing monitoring and review.
The reclassification is supported by:
· Ultrasonic and radiographic weld inspections 
· Finite Element Analysis (FEA) to simulate battlefield loads 
· Laser scanning and CAD validation of hull geometry
· Material traceability and batch rejection policies 
These measures collectively reduce the likelihood of structural failure and ensure that any residual risk is managed within the MOD’s safety framework. [3] 






3. [bookmark: _Toc203724008]Control selection and implementation
To mitigate the risk of structural integrity failure, a multi-layered control strategy was implemented across the AJAX programme. These controls span design validation, manufacturing assurance, and operational monitoring:
Enhanced Non-Destructive Testing (NDT)
· Ultrasonic Testing (UT): Phased-array ultrasonic testing is used to detect internal weld flaws, including lack of fusion and porosity.
· Radiographic Testing (RT): X-ray imaging of critical joints ensures weld penetration and alignment.
· Application: These methods are applied to all hulls during production and acceptance testing, in line with BS EN ISO 17636-1 and Def Stan 02-886. [4]
· Impact: Reduces the likelihood of undetected weld defects entering service.
Finite Element Analysis (FEA)
· Purpose: Simulates battlefield loads, blast effects, and torsional stress on hull structures.
· Tools Used: LS-DYNA and Altair OptiStruct were employed to model dynamic deformation and fatigue.
· Application: Validates hull design against operational stressors and identifies weak points before production.
· Impact: Ensures structural resilience under combat conditions. [5] 
Material Traceability System
· Function: Tracks the origin, batch, and certification of all structural steel and weld filler materials.
· Compliance: Aligns with ISO 9001 and MOD Procurement Framework.
· Impact: Prevents use of substandard or unverified materials in hull construction. [4]
Hull Geometry Validation
· Method: Laser scanning and CAD overlay are used to verify dimensional conformity of hulls.
· Application: Identifies misaligned panels, turret rings, and suspension mounts.
· Impact: Ensures subsystem integration and load distribution are within design tolerances. [6]


Fatigue Life Monitoring
· Technology: Embedded strain gauges and accelerometers track stress cycles during operation.
· Data Use: Inputs are used to predict fatigue failure and inform maintenance schedules.
· Impact: Enables proactive intervention before structural degradation occurs.
















4. [bookmark: _Toc203724009]Reasonable Practicability Assessment
4.1 [bookmark: _Toc203724010]Time, Trouble and Cost
	Control
	Time
	Trouble
	Cost
	Risk Reduction
	Practicable?

	NDT
	Moderate
	Moderate
	Moderate
	High
	Yes

	FEA
	Low
	Low
	Low
	Medium
	Yes

	Traceability
	Low
	Low
	Low
	Medium
	Yes

	Laser Validation
	Moderate
	Moderate
	Moderate
	High
	Yes

	Fatigue Sensors
	High
	Moderate
	High
	High
	Yes



All selected controls were deemed reasonably practicable, with no significant disproportion between the cost and the safety benefit. [1] [7]
4.2 [bookmark: _Toc203724011]Legislative Compliance
Health and Safety at Work Act 1974: Requires risk reduction “so far as is reasonably practicable”.
Management of Health and Safety at Work Regulations 1999: Mandates suitable and sufficient risk assessments.
JSP 815 & SMP07: Require ALARP demonstration for all safety-related hazards in MOD programmes.





5. [bookmark: _Toc203724012]Discounted controls and gross disproportion
5.1 [bookmark: _Toc203724013]Discounted controls
	Control
	Description
	Reason for Rejection

	Full hull rebuild
	Replace all hulls from early batches 
	The cost exceeds £600 million. 

	Robotic Weld Rework
	Automated re-welding of suspect joints
	High capital cost

	Composite hull retrofit
	Replace steel hulls with composite materials.
	Requires a complete redesign, as it disrupts integration with the turret and drivetrain.



5.2 [bookmark: _Toc203724014]Cost-benefit analysis 
Using the HSE’s Value of Preventing a Fatality (VPF) (£1.7M), none of the discounted controls provided proportionate benefit (HSE, 2001):
· Full Hull Rebuild: £600M cost vs. <£20M in risk reduction.
· Robotic Rework: £150M investment for marginal weld improvement.
· Composite Retrofit: £400M cost with uncertain survivability gains.
These options were rejected under the Edwards v. National Coal Board (1949) precedent, which defines gross disproportion as the threshold for ALARP (As Low As Reasonably Practicable) decisions. [8]





6. [bookmark: _Toc203724015]Future ALARP review strategy 
6.1 [bookmark: _Toc203724016]Monitoring and audit
Maintaining ALARP status for structural integrity hazards in the AJAX armoured vehicle programme requires a robust, multi-layered approach to monitoring, auditing, and feedback. The following mechanisms are in place or under development to ensure that residual risks remain controlled throughout the vehicle’s lifecycle.
Structural Health Monitoring (SHM)
AJAX incorporates embedded sensors, including strain gauges, accelerometers, and vibration transducers, within critical hull components. These sensors enable:
· Real-time data collection on stress cycles, deformation, and fatigue indicators.
· Predictive maintenance by identifying early signs of structural degradation.
· Trend analysis across vehicle fleets to detect systemic issues.
SHM systems are aligned with NATO guidance on military asset monitoring and draw on best practice from the aerospace and wind energy sectors. The MOD is exploring the integration of AI-based analytics to enhance fault prediction and reduce false positives.
Annual Safety Case Review
In accordance with JSP 815 and POSMS SMP07, each AJAX variant undergoes an annual safety case review. This includes:
· Revalidation of hazard logs and risk matrices.
· Assessment of control effectiveness, including NDT and fatigue monitoring.
· Review of incident reports and maintenance records from field units.
The review is conducted by Defence Equipment & Support (DE&S) in collaboration with the Senior Responsible Owner (SRO), Defence Science and Technology Laboratory (DSTL), and the Defence Safety Authority. Findings are used to update the safety case and inform future capability drops. [1] [7]
User Feedback Loop
The AJAX programme now includes a formal user feedback mechanism, implemented in 
· Front-line personnel to report structural anomalies, repair challenges, or integration issues.
· Feedback aggregation via digital reporting apps and structured debriefs.
· Rapid escalation of safety concerns to DE&S and the Capability Safety Team.
This loop ensures that “shopfloor” insights—often overlooked in earlier phases—are now central to safety governance. It also supports continuous improvement and fosters a culture of psychological safety that encourages the reporting of concerns.
Independent Audit and Assurance
· Third-party QA audits are conducted on hull manufacturing and weld integrity.
· DSTL oversight ensures scientific rigour in fatigue modelling and control validation.
· MOD Safety Advice Letters are issued when new risks are identified, triggering formal reassessment.
These audits provide an external check on the effectiveness of controls and ensure transparency in risk management. [1]
Data-Driven Risk Reassessment
· Fleet-wide data from SHM systems is analysed quarterly to identify emerging trends.
· Digital twins are used to simulate structural performance under evolving operational profiles.
· Lessons learned from trials and field deployments are fed back into the hazard assessment process.
This data-driven approach ensures that ALARP status is not static but evolves with operational experience and technological maturity. [9]






7. [bookmark: _Toc203724017]Conclusion
The hazard of Structural Integrity Failure (HZ01) in the AJAX armoured vehicle programme has been reduced to ALARP through a combination of enhanced inspection, digital modelling, and traceability controls. All selected measures meet the test of reasonable practicability, and discounted options were rejected based on gross disproportion. The ALARP status will be maintained through ongoing review, sensor-based monitoring, and consideration of emerging technologies.
This justification aligns with MOD policy, UK legislation, and industry good practice, and supports the safe deployment of AJAX within the British Army’s Future Soldier framework.
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