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Managing Risk in Storage Racking
Systems

Introduction

Storage racking systems are a critical
component of modern warehousing and
logistics  operations.  Although often
perceived as static infrastructure, racking
systems are structural assets that are
continuously exposed to dynamic loads,
mechanical interaction, and environmental
influences.
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When failures occur, the consequences can SR : ‘\
be severe, resulting in injury, loss of life, significant stock damage, and prolonged
business interruption.

Racking collapses are rarely caused by a single catastrophic event. Instead, failure
typically arises from a combination of minor impacts, progressive deterioration,
operational misuse, and weaknesses in inspection arrangements. This document
explores the key risks associated with storage racking systems, explains common failure
mechanisms, and outlines practical principles for managing racking safety in operational
environments.

Storage racking risk

Storage racking is designed to carry significant vertical and horizontal loads while
maintaining tight tolerances for stability. Unlike fixed building structures, racking systems
operate within active environments where interaction with material handling equipment
(MHE) is routine. This creates inherent risk even where systems are correctly designed
and installed. Key characteristics influencing racking risk include:

« Dynamic loading as pallets are placed and removed

« Vehicle interaction, particularly forklifts operating in confined aisles
« Variable loading patterns, often driven by operational pressures

« Cumulative damage, which may not be immediately obvious

« Dependence on correct use, inspection and maintenance

As a result, racking safety must be managed as an ongoing process rather than a one-off
design or installation exercise.

|



M AVIVA

Structural failure mechanisms

Structural failure can arise from a range of factors, including beam dislodgement due to
inadequate locking mechanisms, damage to uprights most commonly from impact, or
deficiencies in anchorage systems, among other causes. In most cases, these failures are
not sudden; rather, they often develop gradually over time as damage accumulates and
structural integrity is progressively compromised. Racking systems are particularly
sensitive to localised deformation, especially in uprights where even minor damage can
significantly reduce load-bearing capacity and increase the risk of progressive collapse.

« Overloading and load mismanagement
Overloading is a primary contributor to failure and may arise from exceeding design
limits, uneven load distribution, inappropriate pallet types, or changes in stored goods
without reassessment. Even modest overloads can significantly reduce safety
margins, particularly where structural elements have already been weakened.

« Impactdamage
Vehicle impact is widely recognised as the most common cause of structural
degradation in racking systems. Upright columns, bracing members and beam
connectors are particularly vulnerable. Damage may include:

« Visible deformation or bending
« Micro-fractures within steel sections
« Loosening of beam connectors or floor fixings

Importantly, low-level or repeated minor impacts may not appear immediately serious
but can progressively undermine structural capacity, leading to sudden collapse under
normal loading.

« Progressive deterioration
Racking systems are subject to long-term degradation through corrosion, fatigue, and
environmental exposure. Changes in floor condition, such as settlement or damage,
can also affect alignment and anchorage performance. As deterioration is gradual, it
is often overlooked until safety margins have been significantly reduced.

Design, installation, and modification risks

The safety performance of a storage racking system is highly dependent on correct
design and installation. Even where a system has been appropriately specified for the
intended loads and operating environment, poor installation can significantly undermine
its structural integrity. Common issues include incorrect alignment, missing or inadequate
bracing, insufficient floor fixings, or failure to install components in accordance with the
system design. These deficiencies may not be immediately apparent but can reduce
load_bearing capacity and increase susceptibility to collapse, particularly when combined
with impact damage or overloading.

Risks also arise where installation is undertaken without appropriate technical oversight
or where design information is incomplete or misunderstood. Floor condition, tolerances,
and load_bearing capacity play a critical role in overall system stability, and failure to
account for these factors during installation can compromise anchorage effectiveness
and long_term performance. As a result, even minor deviations from installation
requirements can have disproportionate effects on structural behaviour.
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Walkthrough areas beneath racking create both structural and operational risks.
Removing lower bracing to allow access reduces the strength and stability of the system,
placing more stress on the remaining components. These zones also experience higher
pedestrian and equipment traffic, increasing the chance of accidental contact and
damage. Without proper reinforcement and clear separation controls, walkthrough
sections can become weak points, making the racking more vulnerable to damage and
progressive failure.

Effective racking design must account for external influences beyond storage loads, for
example the integration of fire protection systems such as in-rack sprinkler systems,
where full consideration of the weight of water-filled pipework is crucial for ensuring the
structural integrity of the racking system.

Operational pressures frequently lead to unauthorised alterations once a racking system
isinuse. These may include changes to bay dimensions, the addition or removal of beams,
or repurposing racking to accommodate different pallet sizes or load characteristics.
Such modifications often occur without reassessment of the original design assumptions
and can introduce load paths, stresses, or instability that the system was never intended
to accommodate.

The mixing of components from different systems or manufacturers presents a further,
often underestimated, risk. Although components may appear visually compatible,
variations in steel grade, section profile, connector design, and load capacity can
fundamentally alter system behaviour. Similarly, attempts to repair damaged structural
components through straightening, welding, or heating can permanently weaken the
material and mask defects that would otherwise prompt replacement. Collectively, these
practices erode the reliability of the original design and significantly increase the risk of
failure.

Effective management of installation, design and modification risks therefore requires
strict control over system changes, clear governance arrangements, and the involvement
of competent technical specialists whenever alterations are proposed. Maintaining design
integrity throughout the life of the racking system is essential to ensuring ongoing safety
and resilience.
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Operational and Environmental Influences

« Housekeeping and layout

Effective housekeeping and well-considered layout are fundamental controls in
reducing the risk of racking damage. Poorly organised storage areas increase the
likelihood of vehicle impact, as operators are forced to manoeuvre in congested or
obstructed aisles with reduced visibility. Clear, consistent layout design, supported by
defined traffic routes, adequate aisle widths, and segregation of pedestrian and
vehicle movements significantly lowers the frequency and severity of impact events.

o Competent MHE operators

Competent MHE operators are more capable of maintaining precise vehicle control,
understanding load stability, and operating within the spatial constraints of racking
systems, thereby reducing the likelihood of impact events. Training also reinforces
awareness of the structural sensitivity of racking, encouraging early reporting of
damage and adherence to safe loading practices. In contrast, inadequately trained or
inexperienced operatives significantly increase the probability of both minor and
critical damage, often contributing to the cumulative degradation that precedes
structural failure.

o Temporary or agency MHE operators

The use of temporary or agency MHE operatives introduces an elevated risk profile in
part due to the lack of site-specific familiarity. These operators are often less
accustomed to the layout and traffic flows increasing the likelihood of positioning
errors and low-level impacts. In addition, shorter tenure can reduce accountability
and underreporting of minor damage, allowing defects to go unaddressed. Without
robust induction processes and supervision, reliance on transient labour can
significantly increase the frequency of racking damage and contribute to the
accumulation of latent structural risk.

o Operationaldemands

Peak operational periods, such as seasonal demand surges, are often associated with
a heightened risk of racking damage due to increased throughput pressures and
reduced operational tolerance. Higher volumes typically lead to intensified MHE
activity, tighter turnaround times, and greater likelihood of deviations from safe
handling practices, including rushed loading and reduced spatial awareness. These
conditions are frequently compounded by the introduction of temporary labour and
extended working hours, which can further degrade consistency in safe operation.
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« Physical protective devices

Physical protection measures, such as upright guards, play an important role in
mitigating impact damage to racking systems. These devices act as a sacrificial
barrier, absorbing and deflecting low-level collisions from MHE before the primary
structural members are affected. Given that upright sections are particularly
vulnerable to deformation, even minor protection can significantly reduce the
likelihood of structural compromise. While such measures do not eliminate the risk of
impact, they provide a cost-effective layer of defence, helping to limit damage
severity.

o Weights and Safe Working Loads (SWL)

Clearly defined SWL limits on racking, combined with accurate knowledge of pallet
weights and contents, are fundamental to maintaining structural integrity. Without
visible and enforced load parameters, there is a heightened risk of overloading or
uneven load distribution, both of which can significantly reduce the capacity of racking
components, particularly beams and uprights. In practice, variability in pallet weights,
especially where goods are repackaged or inconsistently loaded, can lead to
unintentional exceedance of design limits. Ensuring that SWL signage is prominent and
that operators understand and verify load weights is essential.

« Reporting

Underreporting of impact damage is a significant contributor to racking failures in
operational environments. Minor collisions are frequently perceived as
inconsequential and therefore go unreported, particularly where there is production
pressure or a lack of clear accountability. However, even low-level impacts can
introduce structural weaknesses such as deformation of uprights or loosening of
connections which reduce the load-bearing capacity over time. Without effective
reporting and escalation processes, this damage accumulates unnoticed, increasing
the likelihood of progressive failure and, ultimately, more severe collapse events.
Establishing a strong reporting culture is essential to ensuring that early-stage damage
is identified, assessed, and addressed before it develops into a critical risk.

« Active monitoring

Technology that can detect and record impact events in real time, provides immediate
visibility of occurrences that may otherwise go unreported. This enables prompt
inspection and intervention. Active monitoring helps prevent minor damage from
developing into structural weaknesses. In addition, the data generated can support
trend analysis, identifying high-risk locations or behaviours within operations. Active
monitoring provides a valuable layer of assurance, strengthening both damage
detection and accountability.
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« Environmental factors

Environmental factors can have a material influence on the performance and longevity
of storage racking systems. Extreme temperatures, especially in cold storage, can
make steel more brittle and vulnerable to damage on impact. High humidity or
corrosive conditions can also speed up deterioration, particularly where protective
coatings have been damaged.

In addition, the nature of stored products may introduce contamination risks for
example, chemical residues or spillages that can weaken structural components or
degrade flooring, affecting anchorage stability. Equally variations in floor conditions
due to things such as moisture ingress can also lead to settlement or misalignment,
further increasing stress within the racking structure.

Additionally, maintaining appropriate thermal comfort for MHE operators is important
for sustaining concentration and reaction time, as exposure to heat or cold stress can
impair attention, increase fatigue, and lead to a higher likelihood of handling errors and
racking impact, ultimately affecting overall operational safety.

o Picking procedures

Picking procedures have a direct and often overlooked influence on racking safety.
Repetitive picking at lower levels can lead to uneven load distribution, particularly
where pallets are partially emptied and not reconfigured or removed, as it increases
the potential for beam deflection and instability. High-frequency picking environments
also increase the likelihood of accidental contact with structural members. Well-
defined picking procedures supported by appropriate equipment, clear sequencing,
and training are therefore essential to maintain load integrity and minimise inadvertent
damage to the racking system.

Inspection and Damage Classification

A structured inspection regime is a critical control for managing the integrity of storage
racking systems. Given that most failures develop progressively rather than as a result of
a single event, regular inspection provides the primary mechanism for identifying early-
stage damage before it escalates into a structural risk or loss event.

Inspection regimes

An effective inspection framework should operate on multiple levels, combining routine
operational checks with more formal, periodic assessments:

. Continuous operator awareness
MHE operatives and warehouse staff should be trained to recognise visible signs
of damage during daily activities. This includes reporting impacts, or obvious signs
of physical damage. Employers should strive for an environment in which
employees feel confident and at ease reporting concerns, coupled with formal
processes for follow-up inspections and, where necessary, corrective actions.

. Regular visual inspections (Person Responsible for Racking Safety)
Nominated and trained individuals appointed to carry out scheduled inspections,
the frequency of which should be risk-based and aligned to the operational profile
of the site. The objective is to identify visible defects and confirm that previous
issues have been addressed, ensuring accurate records are maintained
throughout.
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. Periodic technical inspections
At defined intervals, a more detailed inspection should be undertaken by a
competent individual with specific knowledge of racking systems. This inspection
should assess structural condition, installation compliance, and any changes to
loading or configuration.

The effectiveness of any inspection regime depends on consistency, competence, and
clear documentation, ensuring that identified defects are tracked through to resolution.

Damage Classification

Not all racking damage presents the same level of risk. A formal classification system
allows organisations to prioritise corrective action based on severity and potential
consequence. A typical risk-based approach categorises damage into three levels:

. Low severity
Minor cosmetic damage or very slight deformation that does not immediately
affect structural performance. These issues should be recorded and monitored
but may not require urgent repair.

. Intermediate severity
More noticeable deformation or damage that could impair structural capacity if left
unaddressed. This level requires planned corrective action within a defined
timeframe, often combined with load or usage restrictions until repairs are
completed.

. Highseverity
Significant damage that compromises structural integrity, such as heavily
deformed uprights, dislodged beams, or failed connections. Immediate action is
required, including unloading the affected area and isolating it from use until
repairs are undertaken.

For damage classification to be effective in an operational setting:

. Clear criteria must be defined so that staff can consistently assess severity

. Reporting processes should be simple and accessible to encourage compliance

. Escalation protocols must ensure that high-risk damage triggers immediate
response

. Record-keeping systems should track recurring damage trends and high-risk
locations

A significant risk arises where repeated minor damage becomes accepted as normal. This
normalisation can erode safety margins, mask deterioration, and create a false sense of
security. Preventing this requires a strong reporting culture, visible management
commitment, and timely corrective action.
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Summary

Racking safety should be treated as an ongoing management process rather than a
one_time design activity, as systems are continuously exposed to operational use,
environmental conditions, and cumulative damage.

Failures typically arise from a combination of factors such as impact damage,
overloading, gradual deterioration, and poor control of installation or modifications,
rather than a single event.

Effective risk management starts with appropriate design, carefully controlled changes,
and due consideration to operational and environmental influences. Crucially, a strong
reporting culture, combined with regular inspections, and timely corrective actions are
needed to prevent minor damage from becoming accepted and developing into more
serious structural risks.

Checklist

A generic Racking Safety Checklist is presented in Appendix 1 which can be tailored to
your own organisation.
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Specialist Partner Solutions

Aviva Risk Management Solutions can offer access to a wide range of risk management
products and services at preferential rates via our network of Specialist Partners.

For more information please visit:

Aviva Risk Management Solutions - Specialist Partners

Sources and Useful Links

« Health and Safety Executive - www.hse.gov.uk **

o Storage Equipment Manufacturers' Association Ltd - SEMA Homepage

« National Fire Protection Association - NFPA | The National Fire Protection
Association

** Contains public sector information published by the Health and Safety Executive and
licensed under the Open Government Licence.
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https://www.nfpa.org/
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Additional Information
Relevant Loss Prevention Standards include:

o Workplace Transport Safety

To find out more, please visit Aviva Risk Management Solutions or speak to one of our
advisors.

Email us at riskadvice@aviva.com or call 0345 366 6666.*

*The cost of calls to 03 prefixed numbers are charged at national call rates (charges may
vary dependent on your network provider) and are usually included in inclusive minute
plans from landlines and mobiles. For our joint protection telephone calls may be
recorded and/or monitored.

"


https://static.aviva.io/content/dam/document-library/risk-solutions/workplace_transport_safety_lps.pdf
https://www.aviva.co.uk/risksolutions/
mailto:riskadvice@aviva.com

Appendix 1 — Racking Safety Bl AVIVA
Checklist

Location

Date

Completed by (name and

signature)
Racking Safety Y/N Comments
1. Has the risk associated with dynamic loading, vehicle

interaction, and cumulative damage within the racking
environment been formally considered?

2. | Are the potential structural failure mechanisms,
including impact damage, connection failure, and
anchorage issues, understood and communicated?

3. | Are controls in place to prevent overloading, including
clear understanding of load limits, pallet types, and
load distribution?

4. | Are processes in place to ensure that changes in
stored goods or pallet configurations are assessed
against original design assumptions?

9. | Isthe risk of impact damage from MHE minimised
through layout design, traffic management, and
operator practices?

6. | Are repeated low-level impacts identified, reported,
and addressed before cumulative damage
compromises structural integrity?

7. | Are environmental and deterioration factors, such as
corrosion, fatigue, and floor condition, regularly
assessed and managed?

8. | Does the racking design account for external
influences, including fire protection systems,
suspended services, and additional imposed loads
such as water-filled pipework?
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Racking Safety

Are installation practices controlled to ensure correct
alignment, adequate bracing, and effective anchorage
to the floor slab?

Y/N

M AVIVA

Comments

10.

Are modifications to racking systems strictly
controlled and subject to technical review to ensure
continued design integrity?

1.

Is mixing of components from different manufacturers
or systems prevented unless verified as technically
compatible?

12.

Are operational controls such as housekeeping, aisle
layout, and segregation of pedestrian and vehicle
routes effectively maintained?

13.

Are MHE operators trained, competent, and aware of
the sensitivity of racking structures to damage?

14.

Are risks associated with temporary or agency
operators managed through induction, supervision,
and monitoring?

1.

Are operator conditions, including fatigue and thermal
comfort, considered to maintain concentration and
reduce handling errors?

16.

Are physical protection measures, such as upright
guards, installed and maintained where appropriate?

17.

Are safe working load (SWL) limits clearly displayed
and consistently adhered to?

18.

Is there a positive reporting culture where all racking
damage, including minor impacts, is reported and
acted upon?

19.

Are systems in place to detect, record, and analyse
impact events and damage trends?

20.

Is a structured inspection regime in place, including
operator awareness, regular visual inspections, and
periodic technical assessments?

13
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Racking Safety Y/N Comments

21. | Are individuals responsible for inspections competent,
clearly assigned, and operating at defined
frequencies?

22. | Are inspection findings consistently recorded, tracked,
and followed through to completion?

23. | Is a risk-based damage classification system in place
to prioritise corrective actions?

24. | Are damage assessment criteria clear and consistently
applied across the operation?

25. | Are reporting processes simple, accessible, and
effective in encouraging compliance?

26. | Do escalation protocols ensure that high-risk damage
triggers immediate isolation and corrective action?

27. | Are records used to identify recurring damage
patterns and high-risk areas within the facility?

28. | Is the risk of normalisation of damage actively
identified and managed within the organisation?

29. | Does management demonstrate visible commitment to
maintaining racking safety and enforcing corrective
actions?

30. | Are all elements of racking safety management—

design, operation, inspection, and culture—integrated
into a cohesive risk management approach?

14
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Please Note

This document contains general information and guidance only and may be superseded and/or subject
to amendment without further notice. Aviva has no liability to any third parties arising out of ARMS’
communications whatsoever (including Loss Prevention Standards), and nor shall any third party rely on
them. Other than liability which cannot be excluded by law, Aviva shall not be liable to any person for
any indirect, special, consequential or other losses or damages of whatsoever kind arising out of access
to, or use of, or reliance on anything contained in ARMS’ communications. The document may not cover
every risk, exposure or hazard that may arise, and Aviva recommend that you obtain specific advice
relevant to the circumstances.
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