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This Report has been prepared solely for use by the party which commissioned it (the 'Client') in connection with the 
captioned project. It should not be used for any other purpose. No person other than the Client or any party who has 
expressly agreed terms of reliance with us (the 'Recipient(s)') may rely on the content, information or any views 
expressed in the Report. This Report is confidential and contains proprietary intellectual property and we accept no 
duty of care, responsibility or liability to any other recipient of this Report. No representation, warranty or undertaking, 
express or implied, is made and no responsibility or liability is accepted by us to any party other than the Client or 
any Recipient(s), as to the accuracy or completeness of the information contained in this Report. For the avoidance 
of doubt this Report does not in any way purport to include any legal, insurance or financial advice or opinion. 

We disclaim all and any liability whether arising in tort, contract or otherwise which we might otherwise have to any 
party other than the Client or the Recipient(s), in respect of this Report, or any information contained in it. We accept 
no responsibility for any error or omission in the Report which is due to an error or omission in data, information or 
statements supplied to us by other parties including the Client (the 'Data'). We have not independently verified the 
Data or otherwise examined it to determine the accuracy, completeness, sufficiency for any purpose or feasibility for 
any particular outcome including financial. 

Forecasts presented in this document were prepared using the Data and the Report is dependent or based on the 
Data. Inevitably, some of the assumptions used to develop the forecasts will not be realised and unanticipated 
events and circumstances may occur. Consequently, we do not guarantee or warrant the conclusions contained in 
the Report as there are likely to be differences between the forecasts and the actual results and those differences 
may be material. While we consider that the information and opinions given in this Report are sound all parties must 
rely on their own skill and judgement when making use of it. 

Information and opinions are current only as of the date of the Report and we accept no responsibility for updating 
such information or opinion. It should, therefore, not be assumed that any such information or opinion continues to be 
accurate subsequent to the date of the Report.  Under no circumstances may this Report or any extract or summary 
thereof be used in connection with any public or private securities offering including any related memorandum or 
prospectus for any securities offering or stock exchange listing or announcement. 

By acceptance of this Report you agree to be bound by this disclaimer. This disclaimer and any issues, disputes or 
claims arising out of or in connection with it (whether contractual or non-contractual in nature such as claims in tort, 
from breach of statute or regulation or otherwise) shall be governed by, and construed in accordance with, the laws 
of England and Wales to the exclusion of all conflict of laws principles and rules. All disputes or claims arising out of 
or relating to this disclaimer shall be subject to the exclusive jurisdiction of the English and Welsh courts to which the 
parties irrevocably submit. 
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Executive Summary 

Principal Message 
The seven predominantly RAAC hospitals (the RAAC 7), as a result of the remediation programme, 
can remain open beyond 2030. However, the need to deliver the replacement hospitals as soon as 
feasibly possible remains. The RAAC remediation programme for the RAAC 7 hospitals has and will, 
once completed, reduce the majority of risks of RAAC plank collapse, protecting patients and staff 
from the greatest risks. However, between 1% and 6% of RAAC planks are inaccessible and while 
plank locations are known and have risk mitigation strategies in place, their inaccessibility and lack of 
remedial works means such planks will continue to present a risk.  

Continuing to operate these hospitals is operationally costly; all 7 are considered to perform poorly 
and the performance benefits to be realised through the Hospital 2.0 design won’t be realised until 
they are replaced. The need to deliver the replacement hospitals as soon as feasibly possible 
therefore remains a high priority. 

 

Introduction  
This report, commissioned by the Department of Health and Social Care (DHSC) and prepared by 
Mott MacDonald Ltd, provides an assessment of the seven NHS hospitals constructed almost entirely 
of Reinforced Autoclaved Aerated Concrete (RAAC) panels and planks. The hospitals - collectively 
known as the “RAAC 7” - were built between 1970 and 1983 and are now planned for replacement as 
part of the New Hospital Programme (NHP).  

These hospitals were envisaged to be replaced by 2030. This report evaluates the condition of RAAC, 
infrastructure risks, and operational implications of continued use of the RAAC 7 hospitals past 2030. 
The report considers short term (2030 + 1-3 years), medium term (2030 + 4-6 years) and long-term 
(2030 + 6-10 years) timeframes. This report provides suggested additional remediation and mitigation 
strategies to support these timeframes. 

RAAC is a lightweight concrete material used extensively in mid-20th century construction. It is now 
known to present significant structural risks, particularly due to poor installation and poor 
maintenance.  

This report identifies that over 80,000 RAAC roof planks are present across the RAAC 7 hospitals, 
with varying levels of structural remediation installed. While some hospitals are nearing the end of 
their remediation programmes, others still have works to complete.  

This report confirms that, with appropriate mitigation and sustained maintenance, the RAAC 7 
hospitals can remain operational beyond 2030. The report notes that without full replacement, the 
compounded effects of structural and infrastructure degradation significantly elevates operational and 
clinical risks. 
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1 Report Objectives 

The Department for Health and Social Care (DHSC) defined the following objectives to be achieved, 
which have shaped the content and purpose of this report: 

• For each of the seven RAAC hospital sites (RAAC 7) included within the New Hospital 
Programme (NHP)1, determine the following based on the assessment of RAAC condition and 
other structural elements, backlog maintenance risks (high and significant) as well as planned and 
current mitigations, the remaining expected life of:   
a. The whole hospital site, and   
b. A reasonable area-by-area breakdown of each hospital site (e.g. building by building).  

  
• Establish whether there are additional mitigation works that could be put in place to extend the 

sufficiently safe use of the whole hospital site or areas of the hospital site, and the associated 
costs of doing so.  
 

• Set out the clinical operational impacts on the running of the hospital and the associated costs, 
of opening the replacement hospital after the estimated life of the current hospital site or 2030, 
whichever is sooner.  
 

• Define, describe, and assess options for a phased approach to replacement at a programme 
and individual site level to minimise risk from RAAC plank failure, operational impact, and 
other backlog maintenance risks (high and significant).  

  

 
1 New Hospital Programme: plan for implementation - GOV.UK 
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2 Introduction  

This independent report provides a strategic review of the seven 
whole RAAC Hospitals currently included in the New Hospital 
Programme (NHP). It includes an analysis of the seven hospital 
sites, assessing their current structural and RAAC condition, 
critical infrastructure, backlog maintenance, and clinical 
operational continuity risks. The assessment is structured around 
four key objectives and is intended to inform future decision-
making for safe continued use of the facilities, mitigate risks, and 
plan for any phased infrastructure renewal or replacement.  

2.1 Report Structure 
This Report and its Appendices is organised according to the objectives detailed in Section 1. The 
report is set out in the following structure: 

2.1.1 Main Summary Report 
The Summary Report provides analysis of the RAAC 7 Hospital sites. It highlights key themes and 
insights into the current condition and outlines possible programmatic-level mitigations based on the 
assessment.  

This report is structured as follows:     

• Section 3 - RAAC Hospital Sites  
– This section sets out the contextual background to the seven “RAAC Hospital” sites.  

• Section 4 - Background to RAAC 
– This section provides a summary commentary of RAAC planks and panels. 

• Section 5 - Objective 1 
– This section addresses the first objective, considering the remaining life of the RAAC 7 

hospitals, including a holistic assessment of RAAC condition, fabric and critical infrastructure 
risks. 

• Section 6 - Objective 2 
– This section outlines any recommended additional mitigation works beyond those already 

considered to support continued safe operational use of the hospital sites.  
• Section 7 - Objective 3 

– This section provides a summary of the clinical operational impacts across the RAAC 7 hospital 
sites.  

• Section 8 - Objective 4 
– This section describes options for a phased approach for replacement of the RAAC 7 hospitals 

considering risk reduction and clinical impacts. 
• Section 9 – Overall Conclusion  

– This section provides a summary conclusion against each of the four objectives.  
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• Appendices 
– Supporting information has been included as Appendices, including a glossary of terms. 

detailed information relating to the RAAC, and costing methodologies.    
 

• Individual Hospital Site Reports 
– Separate reports for each hospital have been developed as Annexe’s to this report.  These 

reports follow a consistent structure, providing in-depth assessment specific to each hospital.  
 
These include reports for:   
 
○ Queen Elizabeth Hospital (QEH), Kings Lynn  
○ James Paget University Hospital (JPUH), Great Yarmouth 
○ West Suffolk Hospital (WSH), Bury St-Edmunds 
○ Hinchingbrooke Hospital, Huntingdon 
○ Airedale General Hospital, Keighley 
○ Leighton Hospital, Crewe 
○ Frimley Park Hospital, Frimley 

2.2 Terms of Reference 
This report does not define site-specific works or programmes through its identification of proposed 
works or interventions. Instead, it aims to provide indicative orders of magnitude in terms of activity 
and estimated cost required to maintain effective functionality towards 2030 and beyond.  

Should any of the proposed mitigation and recommendations be progressed, a detailed assessment 
would be necessary to fully evaluate their feasibility, associated risks and potential opportunities 
associated with their implementation.  
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4 Background to RAAC 

4.1 Background to RAAC 
RAAC is a form of lightweight precast planks and panels produced offsite and widely used within the 
UK between the 1950s and 1990s. RAAC elements were most commonly used in roof structures 
(planks), but examples also exist in floors, and in both load-bearing and non-load-bearing internal and 
external walls (panels).  

RAAC planks and panels typically comprise 600mm wide sections spanning between 2.4m to 3.6m, 
although longer spans have been noted in some instances. The panels vary in thickness from 100mm 
to 250mm, typically 125mm within the RAAC 7 hospitals. The supporting structures vary between on-
site (in situ) cast concrete, precast concrete, steelwork frames and load-bearing masonry. The RAAC 
installations within this report are primarily supported on precast concrete frames. 

4.2 The History of RAAC Risks  
In the 1990s, the Building Research Establishment (BRE) reported degradation of RAAC school roofs 
resulting in sagging planks, water ponding and leaks.   

Following the collapse of RAAC roof planks in two schools in 2018/2019, the Collaborative Reporting 
of Safer Structures (CROSS, formally known as the Standing Committee of Structural Safety 
(SCOSS)) issued an alert that RAAC planks should be checked regularly for signs of failure, including 
creaking sounds, cracks, and dust.  

This led to the establishment of the Institution of Structural Engineers (IStructE) RAAC study group 
who have provided guidance on inspection and structural risk evaluation for RAAC planks.  

In 2019 NHS England (NHSE) wrote to all Trusts asking them to review their estate for RAAC planks 
and panels. Seven hospitals where a large proportion of the site’s estate was identified as comprising 
RAAC were classed as ‘whole RAAC hospitals’. Subsequently the capital programme, with funding to 
support risk mitigation and eradication, was stood up in April 2021. 

Studies commissioned by the NHS and IStructE have identified inherent manufacturing and 
installation defects within RAAC planks that may result in the strength of those planks being 
significantly less than expected by the designers and manufacturers at the time of construction. The 
risk is particularly focused on the location of transverse reinforcement to the ends of planks which has 
been found to vary significantly from the as intended position and, based on NHS led research, can 
result in a 50% reduction in shear capacity. 

The limitations of RAAC can be found within Appendix C - RAAC Background Information. 

4.3 Degradation of RAAC 
No published data is available for the longevity of RAAC or remediated RAAC. However, the 
constituent parts - steel reinforcement and Autoclaved Aerated Concrete - have good durability within 
dry inert environments.  

However, there are mechanisms that may affect the long-term performance of RAAC, primarily related 
to water ingress. Historic and recent testing has confirmed that water ingress and the saturation of 
RAAC results in a reduction of strength and increase in weight of RAAC components.  

The steel reinforcement in RAAC is protected by coatings. Any coating will have defects and will 
degrade over time. This leads to unprotected steel exposed to the environment. If sufficient moisture 
is present it will rust, and expand, causing spalling of AAC material. This can lead to a reduction in 
RAAC panel or plank strength. 
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As the roof waterproofing ages, instances of localised breakdown may become more frequent. 
Traditionally this leads to an increasing need for patch repairs until a point where full re-roofing is 
considered. The fragile nature of RAAC and the works involved in full waterproofing reroofing may 
aggravate the condition of RAAC. Furthermore, within a highly serviced hospital site, the failure of 
increasingly aged water systems and infrastructure may expose RAAC to increased moisture.  

Under a constant loading, materials will deform over time, i.e. creep. The Building Research 
Establishment (BRE) noted that creep was higher in highly stressed RAAC planks – with inadequate 
reinforcement or increased loading such as that from re-roofing leading to additional creep of planks. 
The increased deformation associated with creep increases cracking, failure of finishes, water 
ingress, water ponding and an increase stress at bearings.  

Fatigue relates to crack propagation under cyclic loading or deformation. Fatigue in RAAC is not well 
understood. Under cyclic loading steel can lose bond to the surrounding concrete. This has been 
identified as a cause of failure at one hospital site.  

Cyclic movement that occurs in the building (e.g due to temperature variations) could lead to planks 
moving on their bearings and causing local damage to planks and finishes. The effects of this are yet 
to become significantly apparent but may be exacerbated with increasing fluctuations of extreme 
temperatures.  

The lack of reliable data suggests continued inspection is required to monitor for changes of condition 
that may impact on the assumed stability of the constituent materials of RAAC planks. The inspection 
regime being more frequent than other construction products that are better understood. 

4.4 2022 “RAAC 5” Report 
In March 2022 Mott MacDonald was commissioned to review the ongoing revenue and risk 
implications of RAAC within five of the seven whole RAAC hospital sites in England that were not part 
of the original New Hospital Programme (NHP) but have subsequently been included.  

The 2022 RAAC 5 report noted that estimates of remaining life of RAAC panels and planks with 
mitigation and failsafe in place could require hospitals to close around 2030. The report 
also acknowledged that only the removal of RAAC or replacement of the hospital fully reduces the 
risks associated with RAAC: both structural and operational and acknowledged the challenges with 
the replacement of these hospitals by 2030. The report also concluded that when considering the life-
cycle cost of replacement vs retain and manage, replacement of the hospitals presented better value. 

Since the 2022 RAAC 5 report and the commitments to eradicate RAAC, further research has been 
undertaken. This research has highlighted that the primary risk with RAAC planks / panels is 
systemic, i.e. a result of the design, manufacture and installation impacting on the end-bearing of 
planks / panels. Secondary effects due to creep / displacement and water-ingress exacerbate the 
end-bearing risk. 

4.5 Commentary on the 2030 Timeframe for RAAC  
The 2030 timeframe was initially established in 2020, following the 2018 / 2019 SCOSS (now 
CROSS) reporting of the RAAC school failures. At the time of this estimation (by others), the 2030 
date was approximately a decade (10 years) into the future.  

This timeframe was considered reasonable to plan and deliver a replacement hospital as early as 
possible and to minimise the time carrying the risks of maintaining the existing RAAC installation. This 
was given the absence of extensive remediation efforts and the limited understanding of RAAC.  

The most recent of the RAAC 7 hospitals was completed in circa 1982. The 2030 estimate is also 
considered a reasonable projection based on an assumed 50-year design life and the condition of the 
RAAC planks and panels at the time of first inspection. 
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Since 2018/2019 (SCOSS REPORT), 2020 (projection of 2030 date) and 2022 (RAAC 5 report) 
significant remediation work has been undertaken across the seven RAAC hospitals, complemented 
by NHS backed research and an inspection and maintenance programme.  

Detailed investigations and interventions have substantially improved the understanding of risk factors 
associated with RAAC, enabling more considered risk assessments. Consequently, the possibility of 
extending the projected timeframe for the RAAC beyond 2030 can now be considered, contingent 
upon continued maintenance and monitoring and acknowledging the residual significant risk of un-
remediated planks.  

4.6 DHSC RAAC Eradication Programme 
At the time of writing, RAAC remains a significant concern within NHS infrastructure, but progress is 
being made toward its eradication. 

The UK Government’s 2025 Infrastructure Strategy outlines a clear and fully funded commitment to 
eradicating RAAC from within the NHS estate.  This strategy includes the complete replacement of 
seven hospitals most severely affected by RAAC within NHP, alongside ongoing monitoring, 
mitigation and phased removal efforts across other NHS facilities4. 

As part of NHP, the RAAC 7 hospitals were scheduled for replacement by 2030. This commitment 
was made in the wider context of the Government’s commitment to build 40 new hospitals by 20305. 
Since this commitment, the Government has reviewed NHP and organised delivery into consecutive 
waves of investment as part of the plan for implementation.  

The RAAC 7 hospitals are all part of wave 1, with expected construction start dates between 2027-
2029 and commitment that these schemes will ‘proceed at pace’6.   

 
4 CP 1344 – UK Infrastructure: A 10 Year Strategy 
5Five major hospitals to be rebuilt as part of over £20 billion new hospital infrastructure investment - GOV.UK 
6 New Hospital Programme: plan for implementation - GOV.UK). 
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5 Objective 1 – Remaining expected life 

Objective Aim:  
For each of the 7 hospital sites determine, from assessment of 
RAAC condition and other structural elements, backlog 
maintenance risks (high and significant) as well as planned and 
current mitigations the remaining expected life of:   

A. The whole hospital site, and   
B. A reasonable area-by-area breakdown of each hospital site 

(e.g. building by building). 

Summary Response:  
The RAAC 7 hospitals have undergone significant RAAC remediation. By 2030 all RAAC 7 hospitals 
are expected to have completed their roof plank remediation works in accordance with their 
remediation strategy, which addresses the majority of the RAAC planks. 

Alongside direct RAAC remediation works, all RAAC 7 hospitals continue with supporting 
maintenance measures focused on keeping RAAC planks in a dry, well-managed environment to 
reduce the potential for water ingress and associated risks. 

With physical remediation in place, there is little mechanism for on-going deterioration of RAAC 
planks. The constituent materials used to create RAAC planks and panels remain stable when 
appropriately managed with interventions such as improving end-bearings, mitigating water ingress, 
and reducing applied loading.  

Despite best efforts in surveying and remediation it is expected that for each of the RAAC 7 hospitals 
planks may remain un-remediated, and in some instances not visible, on completion of the current 
remediation strategy. The positions of such planks have been identified at each site and it is 
estimated there are between 1% and 6% un-remediated planks depending on the site.  

This is not unexpected given the complexities of remediating RAAC planks within an operational 
hospital environment. The areas that may remain will be distributed throughout the hospitals, typically 
within highly serviced areas such as main corridors and the circulation space within departments 
(including theatres, inpatient wards and outpatient areas), and, in particular for the best-buy hospitals, 
main kitchens.  

In the absence of direct remediation to the inaccessible planks, other mitigation approaches have 
been implemented and will continue to be required to manage the associated risks. Trusts will need to 
continue to risk assess RAAC planks and determine appropriate measures to ensure risks remain as-
low-as-reasonably-practicable 

With ongoing management and maintenance, it is expected that RAAC planks and panels may 
technically remain serviceable beyond 2030 and in the long-term (2030 + 10 years).  

This assumes no change in environmental condition or changes in our understanding of RAAC 
occurs, and that fabric repairs and infrastructure maintenance, to prevent leaks continues. Note that 
this does not apply to those planks that cannot be remediated which may present a high-risk of failure 
over-time without continued management. 
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The modular standardised nature of the best-buy hospitals is highlighted by the above comparison, 
with similar departments impacted by the RAAC roof construction. 

Similarly for Leighton and Airedale, comparison can be drawn between sites. 

The arrangement of the hospitals means that most of the planks are located above inpatient ward 
spaces. This is not surprising as with both the best-buy and Poulson hospitals inpatient spaces are 
located at the upper floors. This equates to circa 35,000 planks located above inpatient wards, 
according to the data collected. 

The distribution of planks for the entire population is shown below, combined for all of the RAAC 7 
hospitals. 

Figure 5.2:  Total Number of Planks across RAAC 7 Hospitals 

 

The best-buy arrangement also locates theatres and ICU spaces at upper floors and as such these 
are impacted by RAAC planks. This has proved problematic in the remediation of these hospitals, with 
phasing and decant facilities being required to enable access. Outpatient and emergency 
departments at ground floor and therefore remain unaffected by RAAC planks.  

Theatres and associated corridors are difficult to access for surveying, with some of the best-buy 
hospitals still holding un-surveyed planks in these areas. This is discussed later.   

5.2 RAAC Condition 
The condition of the RAAC installation across the RAAC 7 hospitals varies.  

5.2.1 Plank Categorisation 
The surveying and plank categorisation system for each hospital varies, depending on the consultant 
employed and when surveys were commenced. 
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To enable like-for-like comparison, all RAAC roof plank data has been converted to align with the 
IStructE further guidance risk rating system. The methodology for aligning the results is described in 
Appendix C. 

Within this alignment exercise, full-span-support remediated planks are defined as a separate 
category and inaccessible planks considered high-risk. A summary is provided below (based on the 
data provided by the Trusts). 

 Figure 5.3: IStructE Plank Status Per Site 

 

The location of the high and high critical planks has been mapped against location for each of the 
RAAC 7 Hospitals. This is provided below in figure 5.4. A large proportion of the RAAC planks are 
located above adult inpatient ward spaces, therefore a significant proportion of high-critical and high 
risk planks remain above these areas. 

The challenges with access to theatres and maternity spaces is also highlighted in this data set, with 
these clinical spaces also having a high proportion of high-crtical and high risk planks.  
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Figure 5.4: Plank by Location and Site 

 

 

5.2.2 Inaccessible Planks 
Surveying and installing remedial works within an operational hospital environment is challenging. All 
RAAC 7 hospital Trusts highlighted this during the site visits and interviews. 

Despite best efforts, it is expected that for all the RAAC 7 Trusts, at the conclusion of their 
remediation programme, there will remain identified planks that do not have any form of remediation 
installed or in some instances have not been fully surveyed.  

The data for such planks is reported differently between hospital Trusts making processing of the 
precise locations challenging. However, from the datasets provided, inaccessible planks are typically 
located within highly serviced areas such as the circulation spaces within departments including 
operating theatre and inpatient ward areas.  

Estimates have been confirmed with each of the RAAC 7 as outlined in table 5.3 
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5.3 RAAC Remediation 

5.3.1 Approach 
All Trusts have undertaken remediation to mitigate the risks associated with RAAC roof planks, with 
two also applying remediation to RAAC wall panels. 

There is a variance in the methodology used for remedial works across the RAAC 7 hospitals linked to 
the Structural Engineering advisors employed. 

In all instances, remedial works adopt the latest codes of practice (England); namely Eurocodes 0 to 
5. The minimum design life for general building structures within BS EN 1990 is 50-years and each 
consultant has confirmed that this has been applied - subject to assumptions of good maintenance 
and repair. This design-life applies to the remedial works only; the existing primary frame and RAAC 
planks do not have this same design-life.  

Trusts have installed full-span-support comprising of a secondary support frame located below the 
RAAC planks, connected back to the primary frame. Full-span-support frames are formed in either 
steel or timber or a hybrid of both materials, depending on the consultant designing the remedial 
works. 

Photo 5.1 – Full span support using hybrid of steel and timber (left) and end-bearing support 
using timber sections (right) 

  
  

Risk reduction / remediation strategy for each hospital depends on the balance between initial 
disruption and ongoing surveying requirements. 

Two Trusts, Hinchingbrooke and James Paget Hospitals, have adopted an end-bearing support 
strategy only, with full-span-support only installed where it is deemed necessary (e.g. for high-risk 
planks). Latterly this approach at James Paget Hospital has been adapted; installing full-span-support 
to clinical areas.  

Adopting either full-span-support or end-bearing support with targeted full span support are 
considered equally valid risk reduction strategies. However, this influences the residual risk that 
remains and leads to increased surveying (annual) in the period between completion of remediation 
and removal of the existing hospital (when compared to other hospitals’ approaches). 

For hospitals applying end-bearing only, that introduction of further full-span-support may be required 
in the future should planks degrade. The end-bearing structure has been designed to sustain future 
full-span support to allow this future adaption – however it is noted that this will require additional 
funding and result in further disruption. 
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Hinchingbrooke and James Paget have also adopted a different approach to remediation of north-light 
roofs, part of the best-buy template design, adopting to not remediate these panels with end-bearing 
or full span support.  

Photo 5.2 – End-bearing support using timber sections 

 
 

During the course of this study the lack of remediation of the north-light roofs has been challenged 
and further investigation by the hospital’s RAAC consultant is being undertaken with an expectation 
that end-bearing support will be required. This will result in further remediation works, and consequent 
clinical and operational disruption. This additional remediation is not expected to impact on already 
completed remediation woks however it is noted that this will require additional funding and result in 
further disruption. 

For two of the best-buy hospitals, West Suffolk and Queen Elizabeth Hospital, investigations by the 
hospital’s RAAC consultant and a corrosion protection specialist determined that the load-bearing 
external walls required extensive remediation using sacrificial anode cathodic protection – applied to 
the embedded reinforcement.  

The remaining best-buy hospitals plan to continue ongoing visual surveys of their load-bearing walls 
to identify defects and maintain the applied finishes to mitigate water ingress and deterioration. This 
maintenance strategy is not a concern, and it is not expected that remaining hospitals will adopt full-
scale cathodic protection measures. Some isolated remedial measures may be undertaken. 

The RAAC plank remedial works for each hospital has been combined within additional supportive 
measures to reduce risk, particularly of water ingress. These include re-roofing and repair to existing 
roof finishes, installation of new access walkways and in some instances removal of existing building 
services. 

5.3.2 Completion of Remediation Programme 
The remediation programme for each of the sites has varied significantly depending on the site-
specific risk assessments undertaken. The table below shows the estimated current stage of 
remediation at the time of writing. This has been based on the data provided by each Trust and 
updated to reflect the interviews undertaken. 
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5.4 Remaining Life Expectancy 
It is not possible to present a specific lifespan or life-expectancy for RAAC planks or panels. There 
has been no formal research into the longevity of RAAC in either the un-remediated or remediated 
state. However, there is equally no information or research to show that the constituent materials used 
in RAAC plank or panel construction are unstable over time.  

AAC is widely used in blockwork across the UK construction industry and demonstrates strong 
durability characteristics.  

Steel reinforcement bars will corrode under atmospheric conditions and the AAC does not provide the 
same protective barrier to corrosion that normal concrete would do. For this reason, the reinforcement 
is coated. Studies, identified within Appendix C, highlight the impact that corrosion of reinforcement 
would have on typical un-remediated RAAC plank capacity. Where planks are remediated, the impact 
of corrosion on the structural capacity is much less. 

The BRE and SCOSS reports note that in instances where RAAC has remained dry and adequately 
protected, the reinforcement exposed during demolition works has generally been in good condition. 
This has been witnessed recently during demolition works of panels.  

Based on current knowledge of the materials used in RAAC construction, this suggests that, if the 
planks remain in an inert dry environment, there is no reason the materials should degrade. However, 
the lack of reliable data suggests continued inspection is required to monitor for changes of condition 
that may impact on the assumed stability of the constituent materials of RAAC planks. The inspection 
regime being more frequent than other construction products that are better understood. 

Where roof planks within the RAAC 7 hospitals have been subjected to full remediation, there is a 
significant reduction in risk. The residual risk is of spalling of AAC should water ingress be sufficient to 
produce corrosion and expansion of the reinforcement. 

For RAAC roof planks where only end-bearing support has been installed, there is a reduction in 
residual risk. However, it remains possible that planks will displace / creep further and full remediation 
may be required over-time – particularly if water-ingress is prevalent.  

Water ingress is likely to be a significant challenge for the longevity of RAAC plank structures. 
Although all structures are impacted by water-ingress, the specific vulnerabilities of RAAC planks 
associated with the manufacturer and installation, can increase risks of local failures – such as 
spalling. Ongoing maintenance and potential upgrades to drainage systems may be required; 
particularly guarding against the impacts of climate change.  

This ongoing maintenance and management of RAAC extends to infrastructure, in particular wet-
services mounted above RAAC planks. Domestic water systems are typically in poor condition; for 
example, Queen Elizabeth has multiple incidents of legionella associated with the poor condition of 
water storage tanks, Frimley has twice-weekly meetings to review legionella issues and Airedale 
hospital reported issues with pin-hole leaks within their pipework.  Leaks are also a pervasive issue 
across the hospitals, with roof-mounted pipework posing a particular risk to RAAC planks 

With ongoing management and maintenance, it is expected that RAAC planks and panels may 
technically remain serviceable beyond 2030 and in the long-term (2030 + 10 years). However, this 
does not apply to those planks that cannot be remediated which may increasingly present a risk of 
failure over time. 

This timeframe assumes that no water ingress, change in environmental condition or changes in our 
understanding of RAAC occurs. Fabric repairs and infrastructure maintenance to prevent leaks will 
remain critical to achieve longevity of planks. 

Given the management approaches taken by the RAAC 7 hospitals, this statement is considered 
applicable to all of the RAAC-7 hospitals with no significant differences identified.  
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operating in a mains failure off the generators, the electrical demand will be low and therefore would 
not significantly reduce secondary power available to clinical services. 

The overall risk of impact on RAAC from infrastructure failure is considered relatively low. 

5.5.3 RAAC Mitigation and Infrastructure Access  

The RAAC plank remedial measures used across the hospitals mean services are either already 
installed below or dropped below structural elements, other services are mounted above the 
steelwork, but clear access was maintained in all examples observed. Various services are now 
supported from the new support beams installed to remediate RAAC; the relocation of services 
supports away from RAAC panels directly aids in de-loading. Smaller items, particularly conduits, are 
still supported from RAAC panels though loading would be minimal with access still attainable. 

Where mechanical services have been relocated from RAAC roofs and into courtyards, plant 
replacement will require specialist access equipment. For larger items of equipment this could extend 
to heavy lifting cranes with extended booms.  

For mechanical services that have been retained on the roof, the replacement of any item of 
equipment above RAAC impacted roofs would need to be restricted to the load-limitations of the 
designed remediation works, not the RAAC panels. If the replacement item equipment exceeds the 
remediation design loads, then additional reinforcement will be required adding time and cost to the 
works. Where possible, consideration should be made to locating any replacement equipment away 
from RAAC roofs.   

The servicing of any mechanical services equipment retained on the RAAC roof needs to be 
undertaken in accordance with the RAAC management plan.  

5.5.4 RAAC and services installations 

The presence of RAAC impacts ongoing upgrades such as installation of new pipework or IT 
infrastructure. The lack of resilience within the floor, roof and wall systems means the majority of any 
new penetrations will require remedial works and trimming, increasing the cost of such works.  

There are also additional complexities with obtaining appropriate fire certification for standard passive-
fire protection measures which are untested through RAAC walls and floors. 
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7 Objective 3 – Clinical Operational Impacts 

Objective Aim: 
Set out the clinical operational impacts on the running of the 
hospital and the associated costs, of opening the replacement 
hospital after the estimated life of the current hospital site or 2030, 
whichever is sooner.  

Summary Response: 
The RAAC 7 hospital Trusts are all progressing to completing remediation before 2030. All hospitals 
have a well-planned programme of works, although some sites have yet to remediate all high-risk 
departments (e.g. Critical Care at James Paget). 

These remediation works have been effectively managed, they have been disruptive, often requiring 
multiple relocations of clinical services – placing pressure on operational efficiency and sometimes 
impacted clinical spaces. 

It is not possible to quantify accurately the operational impact that the presence of RAAC has had 
within the RAAC 7 hospitals. However, all hospitals currently run at a deficit and are subject to 
increased oversight by the NHS, under the NHS Oversight Framework. 

Once remediation is complete, the services will be able to operate ‘as normal’. However, unlike 
hospitals not impacted by RAAC, the RAAC 7 will continue to face constrictions by the remediation 
works and under ongoing disruption associated with routine inspections of the RAAC planks, panels 
and remediation works.  

The hospital staff have shown commendable resilience throughout the remediation works, with many 
lessons learned and shared.  However, this resilience may face increasing pressure if the timeline of 
the new hospitals extends beyond the current projects, underscoring the importance of maintaining 
momentum of the hospital replacement programmes. 

Although remediated, RAAC will still be present in these hospitals. There remains an adverse impact 
on staff and patient confidence from the knowledge that RAAC is still present. This is not quantifiable.   

In addition to RAAC related challenges, the hospitals also face ongoing potential risks from ageing 
critical infrastructure, primarily those systems which are essential to clinical operations e.g. 
Emergency Generators. Unlike RAAC related disruptions, these infrastructure failures would be 
unplanned and pose a greater operational risk. It is noted that such infrastructure issues are not 
unique to the RAAC hospitals.  

Systems risks exist in the East of England where neighbouring hospitals that could support during an 
unplanned event are equally subject to RAAC and infrastructure risks.   
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7.2 Clinical Quality 
The newest of the RAAC 7 hospitals is over 40 years old. Collectively, they all suffer a range of 
insurmountable issues with their layout, adjacencies, and functional content, including: 

• Undersized wards, generally less than half the size of an equivalent modern ward (e.g. NHP 
Hospital 2.0 standard). 

• Lack of adequate storage space. 
• Compromised privacy and dignity, particularly in ward areas, with six-bed bays with no ensuite 

sanitary provision. 
• The management of infection risk is severely hampered by the low availability of single bedrooms 
• The multi-bed configuration and more general issues pose challenges for gender segregation (e.g. 

patients needing to cross ward corridors to access sanitary facilities). 
• Facilities that are not configured for modern healthcare, necessitating ‘bolting on’ additional 

facilities, disrupting clinical flows and wayfinding – for example, the designs pre-date MRIs, CTs, 
Interventional services, widespread use of day surgery, etc. 

• Clinical challenges stem from inherent flaws in the basic design of the hospitals, and the difficulties 
of delivering modern medicine – e.g. undersized rooms and limited storage.  

• Remediation works and presence of RAAC has resulted in some clinical compromises – for 
example, around the treatment of heavier patients in some first-floor departments, or the 
constraints on equipment use (e.g. hoists at Queen Elizabeth Hospital). 

The inherent design and configuration challenges are not unique to the RAAC 7 hospitals. However, 
the RAAC 7 hospitals have the added complication of the ongoing inspection programme for RAAC 
adding a further level of risk and uncertainty.  

Any further delay to the replacement of these facilities will compromise the benefits that will be 
realised by Hospital 2.0 hospitals delivered by the New Hospital Programme – the programme 
business case predicted a benefit cost ratio of more than 3:1 and it is therefore paramount that they 
are replaced without further delay. 

7.3 Operational Impacts of RAAC Monitoring  
Regular inspections are recommended for RAAC installations. These inspections are specific to 
RAAC hospital sites given the lack of reliable data on the longevity of RAAC. The inspection is more 
frequent and detailed than surveys for non-RAAC hospital sites and therefore have increased 
operational impacts, particularly in departments that operate 24 hours (removing the option of ‘out of 
hours’ inspection).  

The frequency varies depending on the remediation approach employed, ranging from annual to 3-
yearly inspections. 

Typically, inspections are well planned, therefore associated temporary disruption could be aligned 
with scheduled routine maintenance and deep cleaning activities to minimise impacts; for example in 
theatres. Unplanned inspections may occur should a reportable event occur, such as a roof leak; 
these would lead to unplanned disruption. 

Based on engagement with the Trusts, the table below outlines key operational and timing impacts of 
RAAC monitoring on a department basis. These impacts have been equated to loss of revenue costs 
per day using a range of metrics, including published NHS standard costs (e.g. for inpatient bed-
days). The costing methodology is set out at Appendix D. 

Note these costs are for planned inspection only; any identified further remediation would be in 
addition (see below).  
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7.5 Lessons Identified and Knowledge Sharing 
Managing the RAAC remediation process has identified key lessons, which can be applied to any 
similar future disruption or incident. The lessons are common across the RAAC 7, and the knowledge 
gained could be shared across the wider NHS.  

The key lessons identified can be summarised as follows: 

• The importance of joint working, to enable services to plan for any disruption. 
• Learnings around how to adapt services to work around disruption, including changing clinical 

timetables; this has given the Trusts greater resilience and operational flexibility that has 
become second nature.  

• The importance of communication – particularly internally between departments – has been 
shown, with the sites reporting the benefits of dialogue between clinical, operational and 
estates teams. 

• Identified points of contact has been shown to be key; all Trusts now have clear routes for 
dialogue and management of the RAAC programme (‘knowing where to turn for help’); in 
addition, the 4 Trusts in the East of England now benefit from a dedicated NHSE team. 

Experience of managing the RAAC disruption has enabled the Trusts to manage significant 
operational challenges. Whilst not an easy process, the learnings are valuable and we recommend 
that this learning is shared with the wider NHS, to:  

• Inform future remediation planning, where required, 
• Strengthen strategies for ongoing inspection and maintenance, 
• Ensure any potential disruption is minimised for patients and staff, 
• Reflect the depth of organisational learning and resilience developed through the programme, 
• Support wider resilience against service disruption. 

These insights include:  

• Decanting preferred over in-situ remediation 
– While logistically complex, decanting was widely seen as the safer and less disruptive option. It 

significantly reduced exposure to noise, dust, and safety risks compared to maintaining 
operations during live remediation, particularly in sensitive areas like maternity and theatres.  

• Collaborative working is essential 
– Effective and less disruptive remediation was consistently underpinned by close collaboration 

between estates, clinical, and operational teams. Clear and consistent communication was 
repeatedly cited as essential to maintaining safety, morale, and operational continuity.  

• Standardised decant processes improved efficiency 
– Trusts that adopted a structured, repeatable approach to ward or bed bay decants experienced 

smoother transitions and reduced disruptions. Standardisation helped streamline planning and 
execution, particularly during high-pressure periods.  

• Balancing competing pressures 
– Trusts faced the ongoing challenge of balancing RAAC remediation with other financial and 

operational demands, including staffing pressures, infrastructure upgrades, and winter capacity 
planning.  

As well as these shared themes, individual Trusts also demonstrated flexibility and innovation in 
addressing site-specific challenges. Some key examples include: 

• Post-remediation adaptation at QEH 
– Reduced ceiling heights post-remediation interfered with the use of hoists. The Trust introduced 

lower beds to mitigate this, which in turn required new manual handling protocols to address 
emerging risks.  
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• Catering model shift at JPUH  
– To maintain food services during remediation in catering areas, the Trust transitioned from a 

fresh cook model to chilled prep. While this introduced operational complexity and some 
dissatisfaction, it ensured continuity of service.  

• Out-of-hours remediation at West Suffolk 
– To preserve surgical throughout, the Trust scheduled weekend theatre sessions and prioritised 

cases. This approach helped mitigate delays cause by infrastructure constraints and Acro prop 
installations.  

• ICU decant strategy at Airedale  
– The ICU was relocated to a new space not adjacent to Theatres or Diagnostics, which enabled 

critical remediation works to proceed without compromising patient safety. 

The common key themes emerging from the review are summarised below. 
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Figure 7.1: Key Operational and Management Observations  

 

 

 

 

 











Mott MacDonald | RAAC Strategic Planning 
Assessment of the RAAC 7 Hospitals 
 
 

58 | P a g e  
 

 

Background to Objective 4 Response 

8.1 Background 

8.1.1 Mitigations and Strategic Considerations 
The earlier sections of this report have outlined a set of mitigations for each of the RAAC 7 hospitals. 
These include structural interventions, RAAC plank remediation using end-bearing and full-span 
support systems, protective coatings for RAAC wall panels, and targeted surveys of the primary 
structural frame.  

Critical mechanical and electrical infrastructure upgrades have been identified within individual site 
reports to address risks associated with ageing systems, single points of failure, and limited resilience. 
These measures are designed to reduce the likelihood of structural or service failure and to extend 
the safe operational life of each hospital until full replacement facilities can be delivered.  

Mitigations are not a long-term substitute for modern, purpose-built healthcare environments. The 
presence of RAAC, combined with outdated layouts and infrastructure nearing or exceeding its design 
life, presents ongoing challenges to service delivery, patient safety, and staff wellbeing.  

There remains a strong strategic rationale for exploring opportunities to accelerate the delivery of new 
hospital infrastructure particularly through the early replacement of high-risk or high-impact 
departments. 

8.1.2 Rationale for Early Phase Delivery 
The scale and complexity of the risks identified highlights that a phased approach to hospital 
redevelopment may offer a pragmatic and risk-informed solution. By delivering specific departments 
or functional areas of the future hospital ahead of the main build, Trusts can reduce operational risk, 
improve resilience, and begin to realise the benefits of modern healthcare environments sooner.  

Phased delivery can also support service transformation by enabling new models of care to be piloted 
in modern facilities, (see section 8.2.4). For example, early delivery of ambulatory care or diagnostics 
hubs could support a shift toward same-day treatment and reduce pressure on inpatient beds. This 
approach has already been adopted at James Paget Hospital where the concept ward is being used 
to trial new single room working practices. 

8.1.3 Site and Infrastructure Dependencies 
The feasibility of early-phase delivery is highly dependent on the location and configuration of the 
proposed new hospital. Many services, particularly those involving emergency care, surgery, or critical 
care, require close proximity to other departments and cannot be delivered in isolation.  

For these services, early delivery would only be viable if the new hospital is located adjacent to the 
existing site, allowing for shared infrastructure, staffing, and patient flows. Without this proximity, the 
operational risks, and inefficiencies of splitting services across sites may outweigh the benefits of 
early delivery. 

Standalone delivery is contingent on the availability of suitable land, free from existing buildings or 
constraints, and with access to essential utilities. Enabling works such as power upgrades, drainage, 
and road access may be required before construction can begin. These factors must be carefully 
considered in the planning process, as they can significantly affect the cost, timeline, and viability of 
early-phase projects. A clear understanding of site conditions and infrastructure requirements is 
essential to avoid delays and ensure that early delivery is both practical and cost-effective. 
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8.1.4 Opportunities for Community-Based Services 
There may be opportunities to relocate certain services away from the acute hospital site altogether 
and into community settings. This approach aligns with the NHS Fit For the future; 10-year health 
Plan for England9, which emphasises integrated care and a shift toward out-of-hospital services; 
moving towards a neighbourhood Health Service model.  

Services such as diagnostics, outpatient consultations, and rehabilitation are particularly well-suited to 
community delivery, where they can be more accessible to patients and reduce demand on the main 
hospital estate; supported by a digitally by default approach. 

Relocating services into the community can also support broader system goals and NHS 10-year 
Health Plan goals, such as reducing health inequalities, improving patient experience, and enabling 
more proactive and preventative care and locating care as close to patients homes as possible. 

This approach requires careful coordination with primary care, community providers, and local 
authorities to ensure that facilities are appropriately located, staffed, and equipped. It also requires 
investment in digital infrastructure and care pathways to ensure continuity of care across settings. 
Where feasible, neighbourhood-based delivery should be considered as part of the early-phase 
strategy, particularly for services that do not require acute hospital infrastructure. 

8.1.5 Capacity and Integration Considerations 
While early-phase delivery offers clear benefits, it also places additional demands on local teams - 
both clinical and non-clinical teams. Designing and delivering interim facilities while simultaneously 
planning for a full hospital replacement requires significant capacity, coordination, and leadership. 
Trusts must ensure that they have the resources and governance structures in place to manage both 
workstreams effectively, without compromising quality or delaying progress. 

Early phases should be developed as part of the overall hospital redevelopment strategy, with shared 
design principles, infrastructure, and delivery teams. This integrated would ensure that early 
investments contribute to the long-term vision and avoid duplication or misalignment.  

The cost-benefit of early delivery must also be carefully assessed. In some cases, the time required to 
plan, procure, and construct early-phase facilities may mean they become operational no sooner than 
the main hospital, particularly if enabling works are complex. In such cases, early delivery may not 
offer the intended benefits and could risk delaying the overall programme if not carefully managed. 

8.1.6 Fast-Track Delivery and Standardisation 
To maximise the benefits of early-phase delivery, early developments should use the standardised 
H2.0 layout, modular construction techniques, and pre-approved design templates. This 
standardisation should be simplifying procurement, reduce design risk, and support consistency 
across sites, particularly where multiple hospitals are being redeveloped under the New Hospital 
Programme (NHP). 

However, for certain departments, a standardised approach may not be appropriate or available. 

 

  

 
9 https://www.gov.uk/government/publications/10-year-health-plan-for-england-fit-for-the-future 
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is little available space – meaning removal of parking, decant, demolition and rebuild is 
the most likely phasing strategy. 

The phased redevelopment could commence at the south-east of the site to allow 
patient facing activities (outpatients and diagnostics) to benefit from new development. 
Small pockets of surface parking to the north of the site could be used for non-patient 
facing spaces. 

A substantial field exists to the north. The ownership of this is not known but could be 
explored for decant parking facilities. 

 

The approach to progressive redevelopment should be review by each of the RAAC 7 hospital Trusts 
and design teams. 
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9 Objectives Conclusions 

9.1 Objective One 
For each of the 7 hospital sites determine, from assessment of RAAC condition and 
other structural elements, backlog maintenance risks (high and significant) as well as 
planned and current mitigations the remaining expected life of:   

A. The whole hospital site, and   
B. A reasonable area-by-area breakdown of each hospital site (e.g. building by 

building). 

The lack of reliable data suggests continued inspection is required to monitor for changes of condition 
that may impact on the assumed stability of the constituent materials of RAAC planks. The inspection 
regime being more frequent than for other construction products that are better understood. 

The RAAC 7 Trusts have undertaken significant remedial works and their programmes are due to 
complete by 2029 at the latest. These remedial works have reduced the significant risks associated 
with RAAC across the RAAC 7. 

It is not reasonably practicable to remediate all RAAC planks for all sites. Upon completion of the 
current remediation programme, it is estimated that between 1% and 6% of planks will remain un-
remediated depending on the site. These planks may present an increasing risk of failure over time 
without ongoing risk management and reduction. Trusts should satisfy themselves that they have 
identified the location of such planks, have considered the risk and impact of plank failure and 
implement risk management and reduction measures to minimise the risk and impact of potential 
plank failure.  

Infrastructure across the sites is significantly degraded, with many systems already beyond their 
design life. For all sites, electrical infrastructure is being addressed under planned maintenance, 
alongside continued monitoring and management of legacy systems. 

The mechanical infrastructure at many of the sites is in poor condition and significant investment will 
be required to ensure they remain in operation or replaced. Due to the age of the infrastructure, 
issues exist such as ventilation systems not complying with HTM’s, overheating, and water systems 
subject to Legionella issues and leak. Leaks may directly impact the longevity of RAAC planks. 
Without continued investment - particularly in areas where failure poses a substantial risk to the 
building fabric. 

Despite these challenges, with ongoing management and maintenance, it is expected that RAAC 
planks and panels may technically remain serviceable beyond 2030 and in the long-term (2030 + 10 
years). However, practically costs and risks are expected to increase as RAAC planks and panels are 
retained beyond 2030 and in the medium term (2030 + 6years). This statement is applicable to all 
departments containing RAAC planks. 

It is therefore recommended that the replacement of the RAAC hospitals continues as a priority. 

Key Message: 

• RAAC remediation has stabilised the risk – but not eliminated it. The hospitals can operate 
safely to 2030 and beyond – but with conditions.  

• Mechanical infrastructure is a critical weakness. 
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9.2 Objective Two 
Establish whether there are additional mitigation works that could be put in place to 
extend the sufficiently safe use of the whole hospital site or areas of the hospital site, 
and the associated costs of doing so. 

The RAAC 7 hospitals have had significant investment, in excess of £500m, as part of the RAAC 
remediation programme and other emergency funding streams; mitigating some of the most 
significant risks across each of the hospitals.  

A further circa  is expected to complete the RAAC remediation works to 2030 bringing the total 
for RAAC remediation to circa . 

These costs are set to rise with a potential further  in the medium term (2030 plus 4-6 
years). 

All Trusts have progressed at pace to complete the remediation by 2029/ 2030, in line with the 
originally targeted RAAC hospital redevelopment / removal timeframes. 

Continued funding and management will be required to mitigate the compounded effects of ageing 
infrastructure and residual RAAC risks upon completion of the RAAC remediation programme.  

Whilst RAAC remediation across the RAAC 7 hospitals has addressed immediate structural risks, 
continued and additional mitigation measures will be required to ensure safe and sustained operation 
through to hospital replacement. These measures span both physical interventions, such as roof 
repairs, access walkways and additional structural supports, and non-physical management 
strategies, including ongoing inspections, risk assessments and dedicated RAAC oversight teams.  

Mechanical infrastructure presents the greatest challenge, with many systems already 
underperforming and requiring significant investment to avoid service disruption. Electrical systems, 
though more stable, still demand resilience improvements. The implementation of these mitigations is 
expected to reduce the risk of unplanned downtime and infrastructure failure, lowering the overall risk 
to hospital longevity beyond 2030.  

In the Short-term (2030 plus 1-3 years), these works may be considered as continued maintenance, 
surveying and vigilance. In the Medium-term to Long-term (2030 plus 4 – 10 years) enhanced 
maintenance and equipment replacement may be required – particularly for mechanical systems. 

Key Message: 

• Significant investment has already been given to reduce risks. 
• Delays to hospital replacement increase cost and risk.  
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9.3 Objective Three 
Set out the clinical operational impacts on the running of the 
hospital and the associated costs, of opening the replacement 
hospital after the estimated life of the current hospital site or 2030, 
whichever is sooner.  
The Trust staff and their contractors have responded to the considerable challenges of maintaining 
operational service delivery during the remediation process in a highly professional manner. The 
close teamwork between operational staff, estates and contractors has been a common theme across 
all seven sites, and a lesson for the wider NHS on how to deliver challenging projects. 

On the completion of the RAAC remediation across the RAAC 7 hospitals, it is considered that the 
hospitals may continue to deliver services to patients despite the presence of RAAC, provided the 
fabric of the building is maintained and RAAC planks and panels are routinely inspected, and further 
remediated implemented as required. Trusts also must deal with ageing infrastructure, outside of the 
challenges of RAAC mitigation.  

Despite the success of the RAAC remediation programme, the hospitals still face the ongoing 
challenges of degrading infrastructure, ageing and increasingly acute patient population, and the 
configuration issues inherent in the outdated current hospital designs - limited single bedrooms, 
under-sized rooms, etc.  

Any further delay to the replacement of these facilities will compromise the benefits that will be 
realised by Hospital 2.0 hospitals delivered by the New Hospital Programme – the programme 
business case predicted a benefit cost ratio of more than 3:1 and it is therefore paramount that they 
are replaced without further delay. 

RAAC concerns followed on from the COVID pandemic, the last few years have been a highly 
stressful time for staff, patients, and visitors alike. Unsurprisingly, therefore, one common single 
message that was consistently repeated across the sites is that the new hospitals represent ‘the light 
at the end of the tunnel.’ 

The combined residual uncertainty and risk resulting from the presence of RAAC and infrastructure 
remains – particularly where there remains inaccessible RAAC planks. Therefore, early replacement 
of these hospitals remains a priority. 

Key Message: 

• The hospital trusts have responded to considerable challenges, but see the new hospitals 
as the light at the end of the tunnel. 

• Remediation is not a substitute for replacement.  
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9.4 Objective Four 
Define, describe and assess options for a phased approach to 
replacement at a programme and individual site level to minimise 
risk from RAAC plank failure, operational impact, and other 
backlog maintenance risks (high and significant). 
Remediation works have bought time but are not considered a substitute for renewal. Continued 
investment in maintenance, risk management, and infrastructure resilience is essential to safeguard 
patient safety and service delivery.  

There is opportunity to reduce short to medium term risk through targeted early-phase delivery of 
selected departments. Services such as Outpatients, Pathology, CSSD and Catering could be 
suitable for early delivery, particularly where adjacency requirements are minimal. These departments 
can be delivered as standalone units, provided they are aligned with future hospital masterplans and 
there is suitable existing infrastructure capacity to support the additional loads.  

A focus on a Neighbourhood Health Service, with Outpatient and Diagnostic activity being located 
close to home would also support phased development – moving activity away from the acute hospital 
sites. This aligns the UK Government’s NHS Fit For the future; 10-year health Plan for England10. 

Critical services such as theatres, intensive care units, and maternity require co-location with other 
departments and are not suitable for isolated early delivery.  

Phased development needs to consider a Value for Money (VfM) assessment, determining whether 
and how the overall programme of works would be impacted and if this realises gains in efficiency / 
delivery. The replacement approach would need to deliver facilities quicker than the current New 
Hospital Programme plans / timeframe. Re-evaluating the existing New Hospital Programme plans to 
consider an alternate phased approach would likely be disruptive and cause delays at this stage, 
negating the benefits of phasing.  

Should the delivery of the new hospitals under the New Hospital Programme be delayed beyond the 
current construction timeline set out in in the New Hospital Plan for Implementation (construction 
expected to start between 2027-2029) phasing opportunities should be reconsidered. 

Key Message: 

• Delivery of the new hospitals should be prioritised over phasing, but this should be 
reevaluated if delays are expected 
 

  

 
10 https://www.gov.uk/government/publications/10-year-health-plan-for-england-fit-for-the-future 
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9.5 Lessons Learnt 
The discovery and remediation of RAAC within the RAAC 7 hospitals highlights several lessons 
learned that may be considered for future programmes although there is no suggestion that there is 
‘another RAAC’ system at present. The key lessons are as follows:  

Remediation vs replacement: the RAAC remediation works may be considered sunk costs (and 
embodied carbon), with remediation being removed as part of demolition of the overall hospital. 
Acceleration of replacement of hospitals would reduce ‘sunk costs’ for future programmes. 

Identification: the lack of understanding of construction methods used to construct our existing NHS 
hospital buildings has meant identification of RAAC impacted hospitals has taken time. Gathering 
existing building data in advance would support ongoing management of the existing hospital estates. 

Condition: this report identified a range in condition data and maintenance approaches across the 
RAAC 7 hospitals. This highlighted that existing 6-facet survey systems and risk assessment process 
do not always adequately capture the structural risks that may exist. Consideration to a review of the 
6-facet survey, in particular facet 1, may be beneficial. 

Divergence: the divergence in approaches between surveyors / engineers across the RAAC estate 
led to variance in approaches taken across the RAAC 7 hospitals. A consistent approach across 
surveying, remedial works and data capture would be beneficial for future programmes. 

Information: this study identified delays between data capture, assessment and reporting. This can 
leave Trusts without the latest guidance on management of their estate. Data capture guidance, 
including timeframe KPIs, would be beneficial in future. 

9.6 Holistic Summary 
The seven predominantly RAAC hospitals (the RAAC 7), as a result of the remediation programme, 
can remain open beyond 2030. However, the need to deliver the replacement hospitals as soon as 
feasibly possible remains. The RAAC remediation programme for the RAAC 7 hospitals has and will, 
once completed, reduce the majority of risks of RAAC plank collapse, protecting patients and staff 
from the greatest risks. However, between 1% and 6% of RAAC planks are inaccessible and while 
plank locations are known and have risk mitigation strategies in place, their inaccessibility and lack of 
remedial works means such planks will continue to present a risk.  

Continuing to operate these hospitals is operationally costly, all 7 perform poorly and the benefits to 
be realised through Hospital 2.0, won’t be realised until they are replaced. The need to deliver the 
replacement hospitals as soon as feasibly possible therefore remains a high priority. 
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A.2 Service Line Rationalisation 

 

Service line rationalisation e.g. ED, neonatology etc. 
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A.3 Assessment of Early Delivery of Whole Departments 
To support an early delivery, each department has been reviewed to assess the suitability of its 
clinical services for early-phase delivery. This assessment considers a range of factors, including the 
presence of RAAC above the department, the condition of supporting infrastructure, operational 
dependencies, and the potential for standalone delivery.  

A.3.1 Adult Inpatients   
RAAC is present in many adult inpatient areas, making them a high priority for early intervention. 
Inpatients are typically the largest service by area; hence they bear a higher proportion of the RAAC 
risk. 

Wards are often located in older parts of the estate with significant structural and infrastructure risks. 
Delivering new inpatient accommodation as part of an early phase could not only significantly reduce 
operational risk but could also improve patient experience and support modern models of care – for 
example, H2.0 wards are planned as 100% single beds, with benefits to privacy and dignity, gender 
segregation and infection control.  

Inpatient wards do have some key adjacencies, including theatres, urgent and emergency care 
(UEC), and critical care. While a standalone inpatient facility is feasible, it would require robust 
physical links, such as covered walkways or service tunnels, to ensure safe and efficient patient 
transfers. Without these connections, the ability to manage deteriorating patients or post-operative 
care would be compromised. 

A.3.2 Intensive Care Unit (ICU)   
ICU services are typically located at the heart of the hospital due to their critical role in supporting a 
range of patients, both planned and unplanned. Although many current ICUs suffer from RAAC, the 
key inter-dependencies between ICU and other services (particularly Theatres, ED, and Imaging) 
means that ICU is not suitable for standalone delivery.  

Phased delivery is limited unless it is part of a broader redevelopment that includes adjacent essential 
services. ICU requires highly specialised infrastructure, including medical gases, ventilation, and 
continuous monitoring systems. Any attempt to deliver ICU early would need to ensure adjacency to 
diagnostics, theatres, ED, and inpatient wards, which is difficult to achieve without full co-location. 

A.3.3 Urgent and Emergency Care (UEC)   
Although RAAC is not typically present in UEC areas, the department’s operational model relies on 
rapid access to ICU, theatres, maternity, and inpatient wards. UEC is not suitable for standalone 
delivery due to the high volume of patient movements and the need for integrated clinical pathways.  

Phased delivery is challenging unless it is part of a larger redevelopment that includes adjacent 
services. Delivering UEC in isolation would risk fragmentation of emergency care and compromise 
patient safety. The department also requires robust infrastructure for imaging, triage, and 
resuscitation, which are difficult to replicate in a temporary or standalone setting. 

A.3.4 Maternity & Birthing Unit   
RAAC is present in many of the hospitals’ maternity departments (including antenatal and postnatal 
wards, maternity theatres, triage, and the neonatal unit (NICU)).  

Many current hospitals operate with standalone maternity services; however, the NHP model typically 
involves locating maternity theatres within the main theatre unit. Any standalone unit would need to 
incorporate dedicated theatres and NICU, and would need to be externally accessible 24/7, and have 
access to UEC. Consideration would also be needed for access to ICU for the rare events where the 
mother suffers serious complications (although theatre recovery can act as a proxy environment). 
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The complexity of these interdependencies means that while early delivery is possible, it must be 
carefully integrated into the wider hospital redevelopment. The emotional and clinical needs of birthing 
patients also require a calm, well-supported environment, which may be difficult to achieve in a 
fragmented estate. 

NICU services are intricately linked to maternity and birthing units, particularly for high-risk births. 
RAAC is present in many NICU areas, and while early delivery is moderately suitable, standalone 
delivery is only feasible if maternity services are also relocated.  

NICU requires specialist infrastructure and environmental controls, including temperature regulation, 
infection control, and emergency access. Its effectiveness depends on proximity to birthing suites and 
paediatric support. Therefore, NICU should be considered for early delivery only as part of a 
combined maternity and neonatal phase. 

A.3.5 Outpatients   
Outpatient services are among the most suitable for early and standalone delivery, although generally 
RAAC is not prevalent in outpatient areas. Provided the service range is appropriate, and access to 
diagnostics and imaging is provided, outpatient services are potentially suitable for standalone 
facilities. These could be off-site or on the hospital perimeter, potentially as part of a wider ambulatory 
care hub.  

If integrated with diagnostics and imaging, it could significantly reduce pressure on the main hospital 
and align with system-wide goals for community-based care. Outpatients also offer opportunities for 
digital innovation, such as virtual consultations and self-check-in, which can be more easily 
implemented in a new-build environment. 

Relocation of some activity offsite would align with the UK Governments 10-year plan for England 
(July 2025)13. 

A.3.6 Paediatric Inpatients   
RAAC is present in paediatric inpatient areas, and whilst it is feasible to incorporate paediatric wards 
in early phase delivery, it is not suitable for standalone delivery. Paediatric services require adjacency 
to theatres, UEC, and outpatient clinics.  

Children often require multidisciplinary care, and the need for family-friendly environments and 
safeguarding considerations further complicates standalone delivery. Early phase would need to 
ensure these adjacencies are preserved, and the design would need to accommodate play areas, 
family accommodation, and specialist equipment. 

A.3.7 Sterile Services (CSSD)   
There is potential for CSSD as an early-phase and standalone department. Although RAAC is present 
in limited areas, CSSD can be relocated to a separate facility provided it maintains reliable supply 
routes to and from theatres and outpatient procedure areas.  

A standalone CSSD could also serve multiple sites if designed with sufficient capacity and logistical 
support. This would reduce risk in the existing hospital and support future flexibility. The facility would 
need to meet strict infection control standards and be integrated with the hospital’s logistics and 
tracking systems. 

 
13 https://www.gov.uk/government/publications/10-year-health-plan-for-england-fit-for-the-future/ 
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A.3.8 Theatres   
Theatres are not suitable for standalone delivery due to their essential adjacencies with ICU, UEC, 
and inpatient wards. RAAC is present in many theatre areas, making them a priority for replacement, 
but they must be delivered as part of a broader clinical service spectrum.  

Theatres incorporate not only the actual theatres themselves, but also essential accommodation 
including recovery areas, and they have significant storage needs. Any standalone development 
would need to encompass the entire patient pathway, including pre-procedure (Day of Surgery 
Arrivals), and relevant staff support including staff change.  

Phased delivery is possible but must be carefully sequenced to avoid disrupting emergency and 
elective surgical pathways. Any early delivery would need to include associated support spaces and 
ensure continuity of surgical services. 

A.3.9 Catering (Kitchens)   
Catering services are suitable for early and standalone delivery. RAAC is present in many kitchen 
areas, and relocating catering to a new facility could reduce risk, although the supply pathways and 
logistics would require careful planning.  

A standalone kitchen would require robust infrastructure for food delivery, waste management, and 
compliance with hygiene standards. It must also be able to serve multiple departments efficiently, 
including inpatient wards, maternity, and staff areas.  

The facility could however support future flexibility, such as centralised production for multiple sites or 
services (e.g. nursing homes). 

A.3.10 Physiotherapy   
Physiotherapy services are well-suited to early and standalone delivery. RAAC is present in some 
areas, and relocating physiotherapy could improve access and reduce risk.  

These services could be integrated into a wider outpatient or rehabilitation hub and may require 
adjacency to diagnostics and inpatient wards for continuity of care. A standalone facility could also 
support community-based rehabilitation and reduce demand on the acute site. Design considerations 
should include accessibility, therapy spaces, and equipment storage. 

A.3.11 Endoscopy   
Endoscopy is highly suitable for early and standalone delivery, particularly for planned ambulatory 
procedures. RAAC is not typically present in endoscopy areas, and the service can operate 
independently with appropriate support from CSSD and pharmacy.  

Emergency endoscopy would still need to be provided in theatres, but a standalone elective unit could 
reduce pressure on surgical capacity and improve patient flow. The facility would need to include 
recovery areas, decontamination rooms, and appropriate patient pathways. 

A.3.12 Pathology   
Pathology services are suitable for early and standalone delivery, especially for non-urgent sample 
processing. RAAC is present in limited areas, and a new facility could be located on or off-site.  

However, urgent testing (e.g. hot labs) would still need to be maintained on-site or within close 
proximity. A standalone pathology hub could also serve multiple hospitals, improving efficiency and 
resilience. The design would need to accommodate specialist equipment, sample tracking, and 
secure storage. 
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A.3.13 Pharmacy   
Pharmacy services are suitable for early delivery, with moderate potential for standalone operation. 
Inpatient pharmacy must remain close to wards, but outpatient dispensing could be relocated to a 
retail-style unit.  

Aseptic pharmacy services, if provided, would need to maintain links to oncology and other clinical 
services. Standalone delivery is feasible for outpatient and retail functions, but inpatient and aseptic 
services require careful integration. The facility would need to meet regulatory standards for storage, 
compounding, and distribution. 
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C. RAAC Background Information  

C.1 Background to RAAC Expanded 
Typical characteristics of RAAC are outlined below: 

Strength: RAAC panels typically have a compressive strength of around a sixth of traditional concrete. 
This is reflected in its flexural, shear and tensile strengths. 

Density: RAAC is significantly less dense than traditional concrete, typically a quarter of the density. It 
is also less dense that water, meaning in its dry state it can float. 

Bond: The low strength of the AAC material and the use of smooth coated reinforcement means there 
is little to no bond between the reinforcement and the AAC material. This means that transverse 
anchorage reinforcement is required to mobilise the strength of longitudinal reinforcement and provide 
the flexural and shear strength. 

Reinforcement: AAC gives little corrosion protection to the embedded reinforcement, meaning bars 
were coated to provide initial corrosion protection.  

Permeability: AAC is highly permeable, so cover to the reinforcement does not protect against 
environmental conditions in the same way as with traditional concrete.  

Elasticity and Creep: the aerated nature and lack of coarse aggregate means that RAAC panels 
experience a greater degree of creep and long-term deflection when compared to traditional concrete. 

Roof Planks: RAAC Flat Roofs 

Wall panels – load-bearing and non-loadbearing infill panels. 

C.2 2030 Statements 
Following the related SCOSS alert in May 2019, the individual Trust Structural Engineering advisors 
have been asked to provide an estimate of residual life of the RAAC installations. Quotes are included 
below. It should be noted that these came from a single engineering consultancy that at the time was 
providing services to 3 of the Trusts. 

“For the extended period (potentially up to 2045/2050) the integrity of all of the RAAC panels is 
uncertain and it should be assumed that the panels will not be in a serviceable condition. Therefore, 
all RAAC panels need addressing.” 

“In response to the SCOSS Alert, an extensive review of the panels at West Suffolk Hospital has been 
undertaken. The construction of the two hospitals is identical and with the hospitals of a similar age, 
the panels are in a similar structural condition. The result of the assessment was that the future 
serviceable life is unlikely to extend beyond 2030 and in the interim the introduction of failsafe support 
is a reactive and proactive manner needed.” 

“With the management plans being developed, the risks can be kept under review but based on the 
recorded condition it is now considered that without structural strengthening works, a serviceable life 
span of the buildings beyond a 5-to-10-year period is unlikely. It should therefore be planned to 
replace the building by 2030.” 

“The report [2018/2019] concluded that the prediction of the future life of the building is difficult due to 
the lack of information about RAAC panels. However, if a “Do Nothing” approach is followed, the 
panels could possibly become weakened and unsafe in a 10-year period i.e. by 2030.” 
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“The condition of the roof panels was investigated in 2010 and have been subject to ongoing 
consideration since that time.” 

“The roof has been recovered over much of the hospital since 2010 and insulation laid to falls has 
been added. These actions help to remove excess weight off the roof from ponding water and keeps 
the panels dry but other deficiencies remain.” 

“At the time of the commencement of the re-roofing it was estimated that the works may extend the 
life of the structure for a about a 20-year life (i.e. to about 2030).” 

C.3 RAAC Surveying Approaches 
The consistency of RAAC surveying across the RAAC 7 hospitals vary significantly depending on the 
appointed consultant. While all sites aim to align with the Institution of Structural Engineers (IStructE) 
2023 guidance, the methodologies, inspection frequencies, and data recording practices differ, which 
impacts the comparability and reliability of risk assessments across the estate. 

 
 

 
 

 
 

 
 

  

 
 

 
 

 
 

 

 
 

 
 

 
 

The variation in RAAC surveying methodologies across the RAAC 7 hospitals presents challenges in 
standardising risk assessments and comparing data. While Castons and WSP semi-align approaches, 
GCE’s methodology diverges significantly. All surveying approaches pre-date the IStructE further 
guidance (2023) - however, the methodologies all identify the risk factors associated with the planks 
in line with this guidance, namely water ingress, cracking, and displacement. 

The critical bearing assessments for planks have generally been undertaken separately to the regular 
plank surveying. Therefore, the plank data collected does not generally consider transverse 
reinforcement / bearing risk for each plank. In most instances separate bearing investigations and risk 
assessments have been undertaken and applied to the entire installation of planks. This approach is 
not considered unreasonable given the challenges with locating transverse reinforcement for each 
plank, and aligns with the IStructE guidance on investigating RAAC planks  

 



Mott MacDonald | RAAC Strategic Planning 
Assessment of the RAAC 7 Hospitals 
 
 

77 | P a g e  
 

 

C.4 RAAC Longevity 

C.4.1 Degradation 
All construction materials, regardless of type, are susceptible to degradation when subjected to 
prolonged water ingress or exposure to aggressive atmospheric conditions. This includes commonly 
used structural materials such as timber, steel, masonry, and concrete. The extent and rate of 
degradation are influenced by the material properties, the nature of the exposure, and the criticality of 
the affected structural element. 

For example, water ingress at the bearing of a primary timber beam into a solid masonry wall can lead 
to rot and structural compromise. In contrast, corrosion of reinforcement in a non-structural concrete 
mullion, while undesirable, may have limited structural implications. Therefore, the impact of 
degradation must be assessed in the context of the material's role within the structural system. 

The longevity of any structural system is closely tied to the maintenance of protective finishes and 
detailing. These finishes—whether coatings, membranes, or sealants—serve as the first line of 
defence against environmental ingress. Their deterioration can accelerate the degradation of the 
underlying structural components. This principle applies universally across materials and systems. 

Reinforced Autoclaved Aerated Concrete (RAAC) is not unique in its sensitivity to environmental 
exposure. Like other materials, its performance is contingent on: 

• Appropriate specification for the intended environment 
• Effective detailing and protection 
• Ongoing maintenance 

There have not been extended studies on the longevity or lifespan of RAAC. However, Statements 
suggesting a fixed 30-year lifespan for RAAC, as occasionally reported in media or professional 
commentary, are not supported by technical evidence. The Institution of Structural Engineers within 
their RAAC Frequently Asked Questions (FAQs), suggest the following: 

“We are aware of these statements, and they are misleading. We believe they relate to 
correspondence exchange in The Structural Engineer, (which is the IStructE magazine) in 1995, there 
is no specific data that we can point to that supports the stated 30-year lifespan. 
 
If manufactured correctly, installed correctly, and appropriately maintained (for example no 
overloading and managing water ingress) throughout its in-use life then RAAC should perform 
comparably with similar materials. 
 
The lifespan of RAAC will depend on how it was manufactured, constructed, and maintained, 
including whether there has been any water ingress, as this can add to the dead weight, induce 
corrosion of the steel reinforcement, and weaken the strength of the AAC. 
 
The risk of sudden failure can stem from RAAC planks with inadequate bearing (support) length. It is 
therefore important that the bearings of the RAAC planks are inspected and measured.” 

As demonstrated in recent assessments, RAAC planks in service for over 60 years have shown 
limited structural degradation, particularly where protective measures have been maintained. 
Corrosion of embedded reinforcement, while a concern due to RAAC’s porosity, has been shown to 
result in modest section loss over decades—typically not sufficient to compromise structural integrity. 

C.4.2 AAC Degradation 
Autoclaved Aerated Concrete (AAC) has been used for nearly 100 years and has demonstrated 
durability across diverse climates and chemical environments.  
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AAC is chemically stable due to the formation of Tobermorite, a well-crystallized calcium silicate 
hydrate (C-S-H) phase formed during autoclaving. This mineral is less reactive than the calcium 
silicate hydrate in traditional concrete, making AAC more resistant to chemical degradation such as 
carbonation and sulphate attack under normal conditions. 

One of the primary concerns for AAC is its resistance to freeze-thaw cycles. Its closed, spherical pore 
structure and low capillary suction means AAC typically resists frost damage well. However, if the 
material becomes saturated—due to hydrostatic pressure, prolonged exposure to rain, or poor 
drainage—freeze-thaw damage can occur. In such cases, the 1970s Siporex Design Manual 
highlighted the need to provide a protective coating that would resist rain penetration but remain 
permeable to water vapour. 

AAC shows moderate resistance to chemical attack. It is vulnerable to strong acids and acid-forming 
gases, which can degrade the calcium silicate hydrate phases. Organic acids tend to be more 
aggressive than inorganic ones. However, AAC is generally unaffected by alkaline substances and 
many organic solvents, which may temporarily reduce strength but do not cause permanent damage. 
Again, protective coatings are adopted in chemically aggressive environments. 

AAC is susceptible to shrinkage and cracking when exposed to high concentrations of carbon dioxide, 
such as in fermentation rooms or fruit storage facilities. While this does not compromise structural 
integrity, it may affect appearance and surface performance. Sulphur dioxide, especially in humid 
conditions, can also lead to slow degradation. In such environments, gas-proof coatings are essential 
to maintain durability. Note that sources of sulphur dioxide and excess carbon dioxide within a 
hospital setting are likely to be exhausts from fossil fuel burning.  

AAC has excellent thermal insulation and is non-combustible, withstanding temperatures over 
1200°C. This makes it highly durable in fire-prone environments and contributes to the longevity of 
buildings. 

Due to its inorganic composition and high pH, AAC is initially resistant to mould, fungi, and pests, 
which supports its long-term durability in various environments. The pH will reduce over time meaning 
this resistance reduces.  

To summarise: 

• AAC is durable under normal conditions but requires protection in aggressive environments. 
• Proper design, detailing, and surface treatment are essential to maintain long-term 

performance. 
• External treatments and coatings are critical in harsh conditions. 

Reference 
Autoclaved Aerated Concrete – Properties, Testing and Design by S. Aroni et al 

 

C.4.3 Reinforcement Corrosion 
Unlike traditional concrete, RAAC is highly porous and lightweight which makes it lack the dense 
matrix that typically provides a protective barrier for embedded steel reinforcement (Institution of 
Structural Engineers, 2023). This characteristic raises concerns about the vulnerability of steel 
reinforcement within RAAC and the rate of corrosion, especially in environments where airborne 
pollutants and moisture are present.  

To mitigate this, reinforcement bars within RAAC are usually coated; however, the effectiveness and 
longevity of these coatings can vary depending on the type of coating used and the exposure to 
contaminants. Also, it is possible that coating degradation may accelerate corrosion processes (BRE 
Group, 2022).  
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Andrade et al[xiv] cross references the Rodriguez paper and states:   

“The experience on real structures [Rodriguez et al] has confirmed the ranges of values previously 
recorded in laboratory experiments. In general, values of corrosion rates higher than 1mA/cm2 are 
seldom measured while values between 0.1-1mA/cm2 are the most frequent. When the steel is 
passive very low values (smaller than 0.05-0.1mA/cm2) are recorded.”  

Corrosion current densities can be converted into depths of penetration via the Faraday equation. 
1mA/cm2 is approximately 10 microns per year for Iron. 

Given RAAC is not as dense and significantly more porous than reinforced concrete these rates are 
likely to underestimate the corrosion of steel reinforcement in RAAC. It is considered that the actual 
corrosion rate may be conservatively represented by that of atmospheric corrosion of steel, noting this 
is likely to be higher than that found in RAAC as although the pore structure is more open than 
concrete, it will provide some protection compared to atmospheric corrosion.  

ISO 9223 contains dose response formulae that allow the first-year corrosion rate of steel to be 
calculated based on environmental values. Exposure to sulphur dioxide (SO2); a pollutant known to 
exacerbate atmospheric corrosion, is a key environmental contributor to corroding steel. This is most 
prominent when other external conditions (high relative humidity and temperature changes) 
contribute. The interactions between these variables can be quantified using a dose-response 
function, as described in ISO 9223 (International Organisation for Standardisation, 2012). ISO 9223 
provides a framework for estimating corrosion rates of metals based on environmental exposure 
categories and pollutant levels. The general form of the dose-response equation for the first year of 
the corroding rate for e.g. carbon steel is:  

𝑟𝑟𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 1.77 𝑃𝑃𝑑𝑑0.52  exp(0.020 𝑅𝑅𝑅𝑅  + 𝑓𝑓𝑆𝑆𝑆𝑆) + 0.102 𝑆𝑆𝑑𝑑0.62  exp(0.033 𝑅𝑅𝑅𝑅  +  0.040 𝑇𝑇) 

Where: 

𝑟𝑟𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =  𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 

𝑇𝑇 =  𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  

𝑅𝑅𝑅𝑅 =  𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 ℎ𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑎𝑎𝑎𝑎 𝑎𝑎 %  

𝑃𝑃𝑑𝑑 =  𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑖𝑖𝑖𝑖 𝑚𝑚𝑚𝑚/𝑚𝑚2𝑑𝑑𝑑𝑑𝑑𝑑 

𝑆𝑆𝑑𝑑 =  𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑐𝑐ℎ𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑖𝑖𝑖𝑖 𝑚𝑚𝑚𝑚/𝑚𝑚2𝑑𝑑𝑑𝑑𝑑𝑑 

𝑓𝑓𝑆𝑆𝑆𝑆 = 0.150 (𝑇𝑇 − 10) 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝑇𝑇 ≤ 10𝑜𝑜𝐶𝐶;  𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒  − 0.054 (𝑇𝑇 − 10) 

In this study, sulphur dioxide levels were obtained using the UK Government’s Emissions Interactive 
Map (https://naei.energysecurity.gov.uk/emissionsapp/ ), while average temperature and relative 
humidity data were sourced from the UK Met Office.  

These datasets were compiled into a comparative table to identify the average temperature and 
relative humidity of sites. ISO 9223 calculations were then used to estimate the corrosion rate for steel 
reinforcement at each site. These corrosion rates were subsequently translated into projected loss of 
steel over time and visualised using a curve graph to identify long-term degradation trends.  

The analysis revealed considerable variations across the different hospital sites, with James Pagett 
Hospital recording the highest sulphur dioxide concentrations at 1.947 tonnes / square km / year. The 
highest annual average humidity was 82% and the highest annual average temperature was 10.5oC. 
As this was the worst case this was used to evaluate the effects of temperature and humidity on the 
anticipated corrosion.  

External RAAC panels were considered to corrode using mean external temperature and humidity. 
The sensitivity to humidity was assessed by including rates at 10% higher and lower relative 
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humidities. Internal corrosion was assessed based on the same sulfur dioxide levels, but 
temperatures of 20 oC, 25 oC and 30 oC and relative humidities of 50% and 70%. 

The collated output showing the likely depth of penetration is shown in the figure below. 

Chart C.1: Likely Depth of Corrosion Penetration  

 

As can be seen the highest corrosion rate predicted using the dose response equations would result 
in reduction of radius of 450 microns (0.45mm) over 120 years. IF this represented uniform corrosion 
around the reinforcement bar circumference this would equate to a typical 8mm diameter 
reinforcement bar reducing to circa 7mm diameter reinforcement bar. This represents a reduction 
from 51sqmm to 38sqmm, equalling 25% reduction. 

Considering when a majority of the RAAC 7 hospitals were constructed circa 60years ago, the 
corrosion is estimated as 250 microns (0.25mm). This would equate to a residual reinforcement 
diameter of 44sqm (14% reduction). 

For a typical 5” (125mm) RAAC roof plank with 4No 8mm diameter reinforcement bars spanning 12’ 
(3.6m), and using the methodology set out in BS EN 12602, the corrosion of reinforcement would 
represent a reduction of 23% of the bending capacity and 10% of the shear capacity, with a 
corresponding impact on stiffness.  

However, this reduction in capacity would be within the Factor of Safety (for loading and materials) of 
well manufactured and well installed RAAC planks on good bearings. We are aware that there is a 
significant variance in panel manufacture and installation meaning this cannot be relied upon. 

For fully remediated planks, with full span support, the applied stresses are significantly reduced, circa 
10% when compared with the normal bending stresses and within the allowable stresses of the 
reduced capacity RAAC panels. 

Where end-bearing only is installed, the panel bending stresses remain as described above and 
therefore corrosion would impact the bending capacity (as noted above). 

The impacts are described in the graph below: 
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Chart C.2: Bending Stresses  

 

Based on the above, reinforcement corrosion is not considered to present a significant structural 
concern for fully remediated will full span support RAAC planks. Reinforcement corrosion for planks 
with end-bearing support only would present a higher risk – with a reduced factor of safety against 
failure. 

For unremediated planks, the impacts of corrosion would significantly reduce the factor of safety 
against failure and present a much higher risk. 

Typically, it is considered that corrosion products represent circa 6-8 times the volume of the base 
material; for the 0.25mm this would equate to circa 1.8mm. This may be accommodated in part within 
the voids that can surround the reinforcement. – therefore, corrosion may be present without visible 
defects being noted. 

It should be noted that areas of RAAC adjacent to areas treated with salt to prevent icing are at risk of 
higher corrosion rates due to the presence of chlorides. Where coatings have been applied and 
maintained chlorides should not have penetrated the RAAC and so do not present a corrosion risk.  
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C.4.4 Structural degradation mechanisms 
Deflection of a RAAC plank supported at both ends is a function of the load applied and the structural 
properties of the plank. For deflection to increase either the load changes or the structural properties 
change. 

There are two main causes of long-term structural changes, creep, and fatigue. 

Creep is an increase in deflection over time under a constant applied load. As unreinforced AAC has 
been used as load bearing blockwork for a significant period of time, there is published information on 
creep of AAC. BS EN 1355:1997, Determination of creep strains under compression of autoclaved 
aerated concrete or lightweight aggregate concrete with open structure. BS EN 12602 contains creep 
classes for RAAC and a design approach to consider creep. Creep is generally considered a long-
term phenomenon, which operates on a logarithmic scale, and it seems unlikely that it will cause 
structural issues over the next ten years.  

Fatigue is a phenomenon more associated with metals but occurs in concrete and is likely to occur in 
RAAC. Deterioration due to fatigue is typically associated with progressive cracking caused by 
repetitive loading of loads lower than that required to produce a structural failure. Microcracks form 
and as further cycles are applied, they combine. It has not been studied widely in RAAC, but where 
panels are subject to repeated loading it seems a possibility that a fracture plane could develop at the 
level of reinforcement due to the differences in structural properties of AAC and reinforcement. This 
results in an increased risk of spalling and a reduction in effective panel depth, which would also 
increase deflection. This may be associated with one of the failures identified, where a panel subject 
to repeated loading degraded. It is unlikely to affect RAAC that has been fail-safed, as the repeated 
loading would be transferred into the failsafe system, and the failsafe’s typically limit deflection 
preventing further crack propagation. 

C.4.5 External Factors 

C.4.5.1 Ongoing Maintenance 

Poor maintenance significantly compromises the long-term performance and safety of RAAC planks.  

Without regular inspection and repair, surface coatings designed to prevent moisture ingress and 
chemical attack can deteriorate, allowing water, pollutants, and gases to penetrate the planks. This 
increases the risk of saturation, reduction in AAC strength and corrosion of embedded reinforcement. 

This will require ongoing capital investment to maintain weathering finishes and prevent water ingress. 

C.4.5.2 Climate Change 

By 2035, climate change is expected to significantly alter rainfall patterns in England. Under the most 
likely scenario the mean annual temperature across northern Europe is anticipated to rise by 1.1 
degrees, and average annual rainfall is anticipated to increase by 3%. 
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One of the most notable changes will be in the winter months, which are projected to become milder 
and considerably wetter. This increase in winter rainfall is likely to lead to more frequent and intense 
rain events. 

In contrast, summers are expected to become drier overall. The general trend points toward reduced 
average rainfall during the warmer months, however, when rain does occur in summer, it is likely to 
come in shorter, more intense bursts.  

These sudden downpours can overwhelm drainage systems and increase the risk of ponding at roof 
level and potential for roof leaks. 

C.5 RAAC Data Accuracy 
This study has identified some challenges in the collection and reporting of RAAC plank data. These 
are described below: 

C.5.1 Alignment with IStructE Reporting 
The alignment of RAAC survey data with the Institution of Structural Engineers (IStructE) guidance 
varies across the RAAC 7 hospitals, reflecting differences in consultant methodologies and data 
interpretation, as described above. 

While some of the Trusts have undertaken an exercise to align their data collection with this 
framework, this is not always the case, and a majority maintain their risk assessments based on pre-
IStructE methodologies and additional works are required to adopt a unified approach. 

This variance reduces comparability across sites and may hinder national benchmarking going 
forward. For the purposes of aligning the data across the seven hospitals, we have in some cases 
made our own assessment of panel risk using the latest guidance from the IStructE. 

C.5.2 Incomplete or Limited Data 
Data received from the seven hospitals has arrived in several formats, including PDF plans, excel 
trackers and reports. Every effort has been made to collate this information into one place; however, 
several assumptions have been made in this process: 

• In some cases, limited information was made available on the remediation status of RAAC panels. 
In the case of Frimley Park Hospital, for example, comments made in the received tracker 
mentioned that steel supports had been added to some or all of the underside of the panels. In this 
case, the panels have been counted as remediated in our data. 

• Estimates for panel counts at each hospital differ between reports from the Trusts and the tracker 
data received. This variation may result from updates as new information clarifies areas previously 
believed to contain RAAC roofs, which may made of other materials, or from different methods 
used to estimate panel numbers. The panel counts in our dataset are derived from the raw tracker 
data provided by each Trust. 

• Data received from the Trusts, in some cases, did not give data on the condition of end bearing 
supports or panel deflections. This could have led to inaccuracies in panel rating based on data we 
have not received. 

C.5.3 Real-time Data 
A significant operational challenge encountered across the RAAC 7 hospitals is the time lag between 
the physical surveying of RAAC elements and the subsequent classification and reporting of risk. This 
delay is particularly pronounced in Trusts where the surveying and risk assessment responsibilities 
are split between building surveyors and structural engineers. The separation of these roles 
introduces a multi-stage process that can delay the timely identification and mitigation of high-risk 
RAAC elements. 
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o Phased working 
o Implications associated with working in a live environment 

 
• Operational Dependencies: Some costs are contingent on operational decisions, such as the 

timing of decants, sequencing of works, and availability of access to clinical areas. 
• Assumed Lifespans: Maintenance and replacement cycles are based on assumed asset 

lifespans and may vary depending on actual usage, environmental conditions, and 
unforeseen deterioration. 

• Risk and Contingency: No explicit contingency has been included for unknown risks, latent 
defects, or changes in scope. A separate risk allowance should be considered in financial 
planning. 

• Works, infrastructure or backlog related works, already completed as a part of the RAAC 
remediation, have within these cost assumptions.  

• We have assumed that risk cannot be eradicated and the cost impact of completing 
remediation works on the following areas would be far outweigh the risk of further works being 
completed: Clinical Support Service (Pathology, CSSD, Pharmacy). 

• Assumed sufficient area for contractor site set up and cranage / hoists adjacent to works 
area. 

• Assumed temporary services (e.g. electricity, water) are available for contractor to connect 
into within 15m of site compound. 

• All MEP costs are estimated based on an assumed technical specifications and number of 
items that will be required to replace. 

• It is assumed that during replacement of the Generator there should be sufficient temporary 
backup power, and as such a Temporary Hire Cost for 2 x 750 KVA generator is added for 1 
week. 

• For AHU’s, it is assumed that during the long-horizon works and medium-horizon works we 
are reusing the existing ductwork. No allowance has been made for replacement for the 
same. 

• For Electrical LV Distribution Board, UPS, it is assumed that during the long-horizon works 
and medium-horizon works we are reusing the existing cables. No allowance has been made 
for replacement for the same. 

• The estimate includes a 15% uplift for subcontractor prelims, as it is assumed the work will be 
subcontracted to a MEP contractor from a main works contract.  

• For MEP items the estimate includes a 15% uplift for risk, as the scope is high-level. 
• The confidence for this estimate is a Class 5 +50% / -20% in accordance with the AACE 

guidance. AACE cost ranges are applicable solely to the accuracy of estimating a defined 
scope and do not account for cost impacts of ongoing design development or changes in 
scope. 

Data Reliability: The estimates rely on data provided by the Trust and third-party surveys and 
benchmarked cost information. Any inaccuracies or omissions in source data may affect the validity of 
the cost projections. 

D.3.2 Definitions 
The costs are presented as follows: 

• Capital costs refer to one-time, upfront expenditures incurred to acquire, upgrade, or extend 
the life of physical assets. In the context of the RAAC remediation and infrastructure works at 
HH, capital costs typically include: 

o Structural remediation works (e.g. RAAC panel replacement or reinforcement) 
o Infrastructure upgrades (e.g. replacement of electrical switchgear, boilers, or chillers) 
o Installation of new systems or equipment (e.g. generators, ventilation units) 
o Major refurbishment or construction works 
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• Operational costs refer to ongoing, recurring expenses required to maintain and operate the 
hospital’s infrastructure and services. These include: 

o Routine maintenance and servicing of equipment (e.g. HVAC systems, fire alarms) 
o Regular inspections and surveys (e.g. RAAC panel condition monitoring) 
o Minor repairs and replacements (e.g. painting, re-sealing, component swaps) 
o Management and administrative activities related to estates and facilities. 
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