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[bookmark: _Toc203737941]System Description
The AJAX is a British armoured fighting vehicle designed primarily for reconnaissance and combat support roles. It is intended to replace the older CVR(T) family of vehicles in the British Army [1]. The vehicle is powered by a diesel engine and built on a tracked chassis, providing high mobility across a range of terrains, including rough and urban environments.
It is equipped with a turret-mounted 40mm cannon, coaxial machine gun, and has a number of possible loadouts supporting a GPMG and Javelin ATGM system [2], [3].
The vehicle is operated by a crew of three to four personnel, depending on the variant. It has integrated communications systems to enable effective coordination with other units on the battlefield. Additionally, AJAX incorporates modern sensors and surveillance equipment to gather intelligence and enhance situational awareness [4].
Designed with modularity in mind, the AJAX platform can be adapted for various roles, including command and control, electronic warfare, and engineering support [4].
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This report provides an ALARP (As Low As Reasonably Practicable) justification for the hazard associated with the movement of the AJAX armoured vehicle. The AJAX is a 38-tonne tracked reconnaissance platform operated by the British Army, designed for tactical mobility across varied terrain [3]. Its weight, bulk, and operational environment present a significant hazard of injury or fatality during vehicle movement phases, particularly in transit, deployment, and maintenance areas.
[bookmark: _Toc203737948]Hazard
The movement of a heavy tracked vehicle such as the AJAX introduces several hazards in both controlled environments, such as garrisons and workshops, and operational settings, including training grounds and urban terrain. One significant risk is the potential for crushing incidents involving personnel who are in close proximity to the vehicle. There is also a risk of vehicle collisions, which may occur due to limited visibility from the operator’s position or as a result of driver error. The vehicle's high centre of gravity and tracked design also create a risk of rollovers, particularly when operating on uneven ground or steep slopes. Additionally, there is a hazard of entrapment, this is where a person becomes caught, trapped, or pinned by part of the vehicle due to it moving.
[bookmark: _Toc203737949]Risk
Pre-control, the risk is estimated to have a severity of risk at ‘major’ and a likelihood of ‘possible’, putting the overall risk rating at high. This high risk rating necessitates the application of risk mitigation to reduce it to an ALARP level.
[bookmark: _Toc203737950]Control Measures
To mitigate the risks associated with the movement of the AJAX armoured vehicle, several control measures have been implemented. All vehicle operators must be trained and certified to ensure they have the skills and awareness needed to operate safely in both static and operational environments. The vehicle is equipped with 360-degree cameras and proximity sensors to enhance situational awareness and reduce collisions or crushing incidents, particularly in low-visibility areas, in line with ISO 5006:2017 standards on operator field of view [5].
Vehicle operating areas are clearly marked with designated zones to keep personnel and equipment at a safe distance during movement. Spotters or marshallers, trained according to HSE HSG136 guidance, are routinely used to guide drivers in confined or high-risk areas [6]. Audible alarms activate automatically when the vehicle reverses, alerting nearby personnel to the hazard.
Personnel working near the AJAX during movement receive training on vehicle handling and situational awareness, with operators now instructed to ensure competency in all conditions, despite  The mandatory use of personal protective equipment (PPE), including high-visibility clothing and protective footwear, further reduces injury risk [7]. Together, these measures have significantly lowered incident likelihood and helped maintain the hazard at an ALARP level.
Control measures were selected following the hierarchy of risk control and guided by regulatory requirements, industry standards, and available technologies. Ministry of Defence regulations, notably the Defence Land Safety and Environmental Regulations, mandate a systematic hazard mitigation approach aligned with Defence Land Safety and Environmental Protection standards [8]. Industry best practices, including HSE HSG136 on workplace transport safety and ISO 26262 on functional vehicle safety, informed the design and implementation of these controls [5], [9].
The AJAX platform benefits from emerging digital technologies that improve visibility, proximity detection, and operator awareness, offering advances over legacy systems like the CVR(T). When assessing reasonable practicability, controls were evaluated based on their cost, complexity, and ease of implementation relative to their risk reduction benefit. Only measures providing clear, proportionate risk reduction were adopted.
[bookmark: _Toc203737951]ALARP
To demonstrate that the residual risk associated with heavy vehicle movement has been reduced to a level that is As Low As Reasonably Practicable (ALARP), two key factors were evaluated: the effectiveness of the implemented controls and the principle of reasonable practicability.
[bookmark: _Toc203737952]Control Effectiveness
Following the implementation of control measures, the risk level was reassessed. The severity of potential harm remains high, given the possibility of major injury, and is therefore rated at Major. However, the likelihood of such an event occurring has been reduced to Rare, due to the effectiveness of the controls. This results in a revised risk rating of Medium, which falls within a tolerable range. The integration of multiple independent and complementary controls, such as improved visibility systems, certified operators, and clearly defined movement procedures, has significantly reduced both the likelihood of an incident and the potential for personnel exposure.
[bookmark: _Toc203737953]Reasonable Practicability
An assessment was also carried out to determine whether the selected measures met the criteria of reasonable practicability, in line with the definition of ALARP [10], [11]. As an example, the installation of 360-degree situational awareness systems represents a capital cost of approximately £50,000 per vehicle. However, this is considered proportionate when weighed against the potential for preventing fatal incidents. Similarly, investment in enhanced training programmes and the consistent use of movement marshalling offers high effectiveness at a relatively low ongoing cost.
Overall, the time, effort, and financial resources required to implement these controls were deemed reasonable when considered against the scale of risk reduction achieved. This judgement satisfies the legal and regulatory requirement that risks be reduced so far as is reasonably practicable [11].
[bookmark: _Toc203737954]Discounted Controls and Justifications
As part of the ALARP assessment, several potential control measures were considered but ultimately discounted on the grounds of being either grossly disproportionate or not reasonably practicable in the current context.
[bookmark: _Toc203737955]Fully Autonomous Vehicle Movement
Although full vehicle autonomy could theoretically eliminate the need for personnel to be near the AJAX during movement, thereby removing the associated hazard entirely, this option was discounted. Current autonomous technologies do not offer the level of reliability required for unsupervised operation of heavy military vehicles in complex and unpredictable terrains. Furthermore, the legal and regulatory frameworks for autonomous military mobility are not yet established. Integration costs are estimated at over £20 million per vehicle, with an extended timeframe required for testing and validation. In this case, the cost and uncertainty are grossly disproportionate to the potential benefit at this stage. As such, the option has been deferred pending the future maturity of autonomous OME systems.
[bookmark: _Toc203737956]Remote Monitoring of Driver Inputs
Biometric sensors, such as eye-tracking and fatigue-monitoring systems, were considered to reduce operator error. However, testing under simulated operational conditions revealed significant reliability issues, including false positives and system faults in harsh environments. Due to their limited effectiveness and potential to disrupt operations, this option was judged not currently practicable, with the cost-benefit analysis not supporting implementation.
[bookmark: _Toc203737957]Reinforced Pedestrian Barriers in Forward Operating Areas
The use of reinforced barriers to separate vehicles and personnel was considered for deployment areas. However, the mobile and dynamic nature of military operations makes such barriers impractical, as they could obstruct vehicle manoeuvrability and delay response times. As a result, fixed barriers were deemed operationally infeasible and not reasonably practicable for AJAX.
[bookmark: _Toc203737958]Maintaining ALARP Status
To ensure that the risk associated with heavy vehicle movement remains at an ALARP level over the lifecycle of the AJAX platform, a programme of continuous review and improvement has been established. This approach incorporates ongoing incident analysis, periodic reassessment of risks, and consideration of emerging technologies and control measures [10], [12].
[bookmark: _Toc203737959]Continuous Improvement
All vehicle movement incidents are reported under RIDDOR and formally investigated to identify systemic issues like procedural gaps or training needs, enabling timely corrective action [13]. A technology watch also monitors advances in autonomous navigation and biometric monitoring, with their suitability for AJAX regularly reassessed as these technologies develop.
[bookmark: _Toc203737960]Periodic Risk Reassessment
Risks associated with vehicle movement are subject to formal review during scheduled annual safety audits, as well as prior to any major deployment or operational shift. These reviews are conducted in line with the lifecycle safety management requirements set out in the Defence Land Safety and Environmental Regulations [8]. Near-miss reporting and feedback from vehicle crews and support personnel are also used to inform updates to standard operating procedures, ensuring that lessons learned are incorporated into future operations [12], [13].
[bookmark: _Toc203737961]Emerging Controls for Future Consideration
Several potential controls are under evaluation for future use. Wearable proximity alarms, which alert operators and nearby personnel to unsafe distances, are being trialled and may be adopted if costs and reliability improve. Lightweight deployable ground markers, intended to quickly set up exclusion zones in the field, are also being tested and considered for future implementation.
[bookmark: _Toc203737962]Conclusion
The movement of the AJAX armoured vehicle presents a serious hazard due to its mass and operational complexity. A structured risk assessment process has been followed, using MOD, HSE, and ISO frameworks to select a package of controls that are effective, integrated, and reasonably practicable.
While certain advanced or emerging technologies were reviewed, they were discounted as grossly disproportionate or currently impractical. The residual risk level is tolerable, and the justification for ALARP has been demonstrated. The system will continue to be monitored, and potential new controls will be revisited as technology matures.
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Haz ID Hazard Possible AccidentPossible Causes Severity Likelihood

Control ID

Major Injury Crushing during 

manoeuvring; poor 

visibility; reversing errors

4 – Major C - Possible 

Minor Injury Tripping near vehicle; 

small bumps or impacts 

from moving parts

2 – Minor B - Likely

Death Pinch/crush during turret 

unexpected movement; 

failure of sensors

5 – Catastrophic E - Rare

Major Injury Impact with rotating 

parts during operation; 

partial entrapment

4 – Major D - Unlikely 

Major Injury Crushing fingers or limbs 

due to rapid closure; 

failure of door dampers

3 - Moderate C - Possible 

Minor Injury Abrasion, bumps, or 

pinches from door edges; 

trips over door steps

2 – Minor B - Likely

Major Injury Hearing loss or acoustic 

trauma from sustained 

loud noise

4 – Major C - Possible 

Minor Injury Fatigue, headaches, or 

reduced concentration 

from vibration exposure

2 – Minor B - Likely

Death Accidental detonation 

during handling or 

storage

5 – Catastrophic D - Unlikely 

Major Injury Burns, blast injuries from 

misfires or partial 

explosions

4 – Major D - Unlikely 

HAZ-006 High Voltage Systems Major Injury Electrocution from 

exposed wiring; failure to 

isolate system during 

maintenance

4 – Major D - Unlikely  CTRL-006

Death Fire or explosion during 

refuelling or leaks

5 – Catastrophic D - Unlikely 

Major Injury Burns from small fires or 

fuel spills

4 – Major C - Possible 

Major Injury Chemical burns or 

injection injury from 

leaks

4 – Major E- Rare 

Minor Injury Skin irritation or eye 

splash

2 – Minor E- Rare 

HAZ-009 Ergonomic Strain – 

Crew Positioning

Minor Injury Musculoskeletal strain 

from poor seating or 

awkward postures

2 – Minor B - Likely CTRL-009

CTRL-008

CTRL-001

CTRL-002

CTRL-003

CTRL-004

CTRL-005

CTRL-007

HAZ-008 Chemical Exposure – 

Hydraulic Fluids

HAZ-004 Noise and Vibration

HAZ-005 Ammunition Handling

HAZ-007 Fuel and Flammable 

Materials

HAZ-001 Heavy Vehicle 

Movement

HAZ-002 Moving Parts – Turret 

System

HAZ-003 Moving Parts – Doors 

and Hatches
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Major Injury Impact from hot shell 

casings or fragments

4 – Major C - Possible 

Minor Injury Burns or abrasions from 

hot casings

2 – Minor C - Possible 

Death Accidental firing due to 

procedural failure or 

trigger mishandling

5 – Catastrophic D - Unlikely 

Major Injury Injuries from unexpected 

discharge in training or 

maintenance

4 – Major C - Possible 

Death Enemy gunfire, IED blasts 5 – Catastrophic C - Possible 

Major Injury Non-fatal wounds 4 – Major C - Possible 

Major Injury Severe burns from hot 

barrels, exhaust, or 

engine components

4 – Major E- Rare 

Minor Injury Mild burns or discomfort 2 – Minor E- Rare 

CTRL-010

CTRL-011

CTRL-012

CTRL-013

HAZ-011 Negligent Discharge 

(ND)

HAZ-012 Hostile Fire – Being Shot

HAZ-013 Heat – Hot Surfaces & 

Components

HAZ-010 Projection Hazard – 

Weapon Discharge 

Debris
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Control ID Control Description

CTRL-001

Heavy Vehicle Movement Controls:  

Use of trained, certified operators; installation of 360-degree cameras and proximity sensors; clear vehicle 

movement zones marked; use of spotters; audible alarms during reversing. Training in vehicle handling and use 

of safety PPE.

CTRL-002

Moving Parts – Turret System:  

Safety interlocks and automatic lockouts during maintenance; physical barriers and guarding around turret 

mechanisms; warning signage; emergency stop buttons; routine maintenance inspections and operator training 

on safe operation protocols.

CTRL-003

Doors and Hatches:  

Hydraulic dampers to slow closing speed;pinch-point guards; regular functional checks; use of soft-close 

mechanisms where possible; signage to warn of crush risks; crew training on safe operation and communication 

when opening/closing doors or hatches.

CTRL-004

Noise and Vibration Controls:  

Use of soundproofing and damping materials within crew compartments; provision and mandatory use of 

hearing protection devices; scheduled breaks to limit exposure; monitoring noise levels to comply with health 

standards; ergonomic seating to reduce vibration impact.

CTRL-005

Ammunition Handling:  

Strict ammunition handling protocols; storage in certified blast-resistant containers; comprehensive training in 

handling procedures; regular inspection and maintenance of storage compartments; emergency response plans 

for ammunition-related incidents; PPE use.

CTRL-006

High Voltage Systems:  

Clear labelling of high-voltage components; insulation and protective covers for wiring; periodic electrical safety 

audits; training for all personnel working near electrical systems; emergency shut-off mechanisms.

CTRL-007

Fuel and Flammable Materials:  

Use of anti-static materials; bonding and grounding during refuelling; dedicated refuelling areas with fire 

suppression systems; regular leak detection inspections; crew training on spill response; safe storage compliant 

with hazardous materials regulations.

CTRL-008

Chemical Exposure Controls:  

Use of sealed hydraulic systems; spill containment trays; PPE including gloves and eye protection; clear 

procedures for leak detection and clean-up; training on chemical hazards; emergency eyewash and shower 

stations accessible in maintenance areas.

CTRL-009

Ergonomic Controls:  

Adjustable seating and controls to fit range of crew sizes; periodic ergonomic assessments; crew training on 

posture and correct manual handling; implementation of rest breaks; use of anti-vibration gloves if necessary.

CTRL-010

Projection Hazard Controls:  

Use of protective shields and blast curtains around weapon discharge areas; crew training on weapon firing 

protocols; mandatory use of protective equipment; clear safety zones established during firing exercises; regular 

weapon maintenance to prevent malfunctions.

CTRL-011

Negligent Discharge Controls: Strict weapon handling and trigger discipline training; 

use of safety catch and firing interlocks; routine checks and maintenance of firing mechanisms; implementation 

of weapon accountability and control procedures; supervision during live-fire activities.

CTRL-012

Hostile Fire Protection: Vehicle armour compliance with required protection standards; use of active protection 

systems (APS) if applicable; crew ballistic PPE; tactical movement training to minimise exposure; rapid medical 

evacuation plans; situational awareness technology.

CTRL-013

Heat Hazard Controls: Insulation of hot surfaces; warning signs and labels; mandatory use of heat-resistant 

gloves when handling barrels or casings; training on heat risks; cooling periods after firing; provision of tools to 

handle hot items safely; design ventilation to dissipate engine heat.
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Hazard ID Hazard Description Pre-Control Risk Estimate (S x L) Controls & Mitigations Post-Control Risk Estimate (S x L)

HAZ-001 Heavy Vehicle Movement 4 – Major × C – Possible = High

CTRL-001 – Certified operators, 

reversing alarms, proximity sensors, 

PPE

4 – Major × E – Rare = Medium

HAZ-002 Moving Parts – Turret System 5 – Catastrophic × D – Unlikely = High

CTRL-002 – Safety interlocks, barriers, 

E-stops, training

5 – Catastrophic × F – Incredible = Low

HAZ-003 Moving Parts – Doors and Hatches 3 – Moderate × C – Possible = Medium

CTRL-003 – Dampers, pinch guards, 

functional checks, crew training

3 – Moderate × E – Rare = Low

HAZ-004 Noise and Vibration 4 – Major × C – Possible = High

CTRL-004 – Hearing protection, 

damping, exposure limits

4 – Major × E – Rare = Medium

HAZ-005 Ammunition Handling 5 – Catastrophic × C – Possible = High

CTRL-005 – Blast-proof storage, 

training, PPE, inspection

5 – Catastrophic × F – Incredible = Low

HAZ-006 High Voltage Systems 4 – Major × D – Unlikely = Medium

CTRL-006 – Labelling, insulation, 

training

4 – Major × E – Rare = Medium

HAZ-007 Fuel and Flammable Materials 5 – Catastrophic × C – Possible = High

CTRL-007 – Fire suppression, anti-

static gear, inspections

5 – Catastrophic × E – Rare = Medium

HAZ-008 Chemical Exposure – Hydraulic Fluids 4 – Major × D – Unlikely = Medium

CTRL-008 – Sealed systems, PPE, 

containment trays

4 – Major × F – Incredible = Low

HAZ-009 Ergonomic Strain – Crew Positioning 2 – Minor × B – Likely = Medium

CTRL-009 – Adjustable seating, posture 

training

2 – Minor × D – Unlikely = Low

HAZ-010

Projection Hazard – Weapon Discharge 

Debris

4 – Major × C – Possible = High

CTRL-010 – Blast shields, PPE, crew 

spacing

4 – Major × D – Unlikely = Medium

HAZ-011 Negligent Discharge (ND) 5 – Catastrophic × C – Possible = High

CTRL-011 – Safety training, supervision, 

interlocks

5 – Catastrophic × E – Rare = Medium

HAZ-012 Hostile Fire – Being Shot 5 – Catastrophic × C – Possible = High

CTRL-012 – Armour, APS, tactical 

training, PPE

5 – Catastrophic × D – Unlikely = High

HAZ-013 Heat – Hot Surfaces & Components 4 – Major × D – Unlikely = Medium

CTRL-013 – Gloves, signs, ventilation, 

training

4 – Major × F – Incredible = Low


