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PREFACE 

The Alan Johnston Partnership LLP have been appointed to undertake a structural review of all 

buildings within the hospital estate to identify the use of RAAC units in their construction. Following 

a discovery of such units in the laundry building and in phase 4, an inspection of the roof panels was 

undertaken. Based on historical maps, it is estimated that the laundry building was originally 

constructed circa 1970. Although the building use may have changed over time, it is currently used 

as a laundry processing/storage area for the hospital.  The phase 4 wards were constructed during 

the 1980’s and provide areas for patients and medical record storage. 

 

    

BUILDING LOCATIONS WITHIN THE SITE 

Both buildings have roofs constructed from Reinforced Autoclaved Aerated Concrete (RAAC), a 

construction which has been identified as problematic in certain circumstances and is subject to a 

checking instruction from the NHS. This report details the findings of the inspection carried out 10th 

December, and outlines various recommendations in managing the risks identified. A further 

inspection was undertaken on 7th January, the results of which are in the final section of this report.  

REINFORCED AUTOCLAVED AERATED CONCRETE 

Autoclaved aerated concrete is different from normal dense concrete. There are no coarse 

aggregates and the concrete is filled with chemically induced gas bubbles to reduce its weight. It is 

relatively weak and was used widely in the 1960’s -1980’s for roof construction. Many instances of 

sudden collapse have been attributed to RAAC, which has a useful lifespan estimated to be around 

30 years.  

In late 2019, the Local Government Association (LGA) drew attention to the potential structural 

issues surrounding RAAC roof planks and made recommendations relating to maintenance and 

N 

LAUNDRY 

Phase 4 
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inspection regimes. This was followed for a publication by the Standing Committee on Structural 

Safety (SCOSS) which highlights the findings of testing/case studies, refer to Appendix A. 

The common causes of failure were identified by the report are as follows: 

 Incorrect/insufficient cover to reinforcement 

 Creep (continued deflection over time) due to a low stiffness 

 Insufficient anchorage of reinforcement at support points 

 Water ingress and the associated reinforcement corrosion, particularly at support points 

 Failed waterproofing membranes 

 Insufficient bearing at supports 

STRUCTURAL ASSESSMENT METHOD 

Inspections were undertaken during normal daytime operation hours with assistance from the 

hospital estates department, the weather was particularly rainy and typical for the time of year.  

The inspection was visual, and allowed the general condition of the roof planks to be assessed 

collectively. The following signs of deterioration were checked for: 

 Excessive deflection 

 Signs of water ingress or rusting of reinforcement 

 Cracking 

 Spalling 

 Discolouration/staining 

The following criteria were also assessed: 

 Condition of concrete in areas of high shear (at supports) 

 Bearing width 

 Evidence of roof resurfacing or levelling works 

 Susceptibility of roof to unusual loading 

LAUNDRY ROOF INSPECTION 

The roof of the laundry building has a saw-tooth ‘North light’ profile, with planks laid to falls as well 

as being laid flat. The planks span between an arrangement of steel beams. Timber boarding is 

suspended from the steelwork and partially conceals the roof structure. Assisted by a mobile scissor 

lift platform, AJP were able to access the underside of the roof and inspect a limited number of 

RAAC planks. 

Although the timber panels were a hindrance to the inspection, the panels were sufficiently visible 

to allow several signs of deterioration to be identified as follows: 

 Excessive deflection due to creep 

 Discoloured and spalling concrete near to supports and roof cowl 

 Broken concrete at edges and fixing locations 

Refer to the images overleaf for further details. 
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NORTH LIGHT ROOF PROFILE 

 

 

  

GENERAL ARRANGEMENT OF FLAT ROOF AREAS 
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BROKEN CONCRETE AT FIXING LOCATION 

 

SPALLING CONCRETE AT SUPPORT 
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SPALLING OF CONCRETE NEAR ROOF COWL 

 

EXCESSIVE DEFLECTION 

These findings suggest that many of the panels are nearing the end of their useful life, and 

deterioration is light/moderate. The extent of the deflection of the horizontal planks which form the 

valley gutters is concerning. It will be necessary to undertake a more detailed inspection following 

the removal of the timber panels which prevent a clear view of the RAAC units.  

The units may will require full scale replacement with an alternative construction such as structural 

steel metal deck. Alternatively, it may be possible to prolong the building service life with the 

introduction of additional steelwork to reduce the current span of the planks by approximately 50%. 

UP 

LARGE DEFLECTION 
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The most appropriate option can be further developed once a more detailed inspection has been 

completed. 

Until further inspections have been undertaken, based on the low risk/occupancy of the building it is 

recommended that evacuation is considered in certain conditions. Due to the shape of the roof 

there is a risk of significant snow build up in the valleys during adverse weather. We would 

recommend that access to the building is restricted if there is a risk of significant snow fall which 

could lead to a build-up of snow in the valley gutter areas. Significant loading of the units could lead 

to collapse if their performance is compromised. There should be no access to the roof at any time 

until the planks have been replaced/resupported. 

PHASE 4 INSPECTION 

The roof in this area is pitched in all areas and finished with tiles. AJP were able to readily access the 

roof space and assess each RAAC unit without hindrance. The apparent signs of deterioration were 

very limited, none giving rise for concern. It is important to note that the tiled roof and associated 

waterproofing have failed in several key areas as follows: 

 Head of main access stair 

 Above the medical records store 

 Above the disused mechanical plant to the West of the main access stair 

It is recommended that these leaks are repaired as a matter of urgency to prevent water related 

damage. 

 

INTERNAL ROOF SPACE IN PHASE 4 
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MATERIAL STAINING DUE TO ROOF LEAK 

 

WATER INGRESS DUE TO ROOF LEAKING 
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WATER INGRESS AT HEAD OF PHASE 4 STAIR 

SUMMARY OF RECOMMENDATIONS 

Laundry store: 

 Prohibit access to the roof 

 Restrict building access if significant snowfall occurs 

 Remove as much timber boarding restricting view of the RAAC units as possible 

 Arrange a more detailed survey as soon as possible after the timber boarding has been 

removed 

Phase 4: 

 Urgently repair the leaks occurring in the areas described previously 

 Repair/replace any water damaged material (namely timber/boarding) 

ADDENDUM - ADDITIONAL INSPECTION OF LAUNDRY  

Following the removal of the timber boarding as described previously, a further structural 

assessment was made. It was noted that 10 no. units featured openings for vents and had been fully 

trimmed out with steel beams. This trimming steel will act to support the units and is preventing the 

excessive deflection. No remedial works are required where these vents exist. All other panels are 

deflecting excessively and require a central support in the form of a steel frame to reduce their span. 

The steel frame will connect to the existing trusses and roof beams. Drawings which detail these 

works explicitly have been produced and provided separately to this report (Drg 219-390-S-001). It is 
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recommended that a further inspection is undertaken 1 year following completion of these works to 

ensure no further deterioration has occurred.  

ADDENDUM 2 – FURTHER SURVEY OF PHASE 4 

In order to alleviate concerns regarding the potential for inadequate concrete cover in the roof 

panels, a covermeter survey was undertaken. The Hilti PS38 Multidetector was employed to assess 

concrete cover in various locations within the phase 4 roof space. Approximately 10% of the panels 

were tested using calibrated equipment to determine the range of concrete cover. 

The spacing and general arrangement of the reinforcement was found to be uniform in all panels 

tested. Cover was measured to be a minimum of 20mm and a maximum of 30mm, typical of precast 

concrete and giving no cause for concern. 

 

HILTI PS38 MULTIDETECTOR TAKING SITE MEASUREMENTS 
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Standing Committee on Structural Safety
SCOSS

FAILURE OF REINFORCED AUTOCLAVED 
AERATED CONCRETE (RAAC) PLANKS 

1. Who should read this Alert? 

Owners of schools and similar buildings dating from the 
1960-80s with flat roofs. Government Departments and Local 
Authorities who have schools and similar buildings in their 
asset portfolios. National Health Trusts, Dioceses/Parishes, 
building surveyors, architects, structural engineers, facilities 
managers and maintenance organisations may also be 
interested.

2. Background
In the 1980s there were many instances of failure of RAAC 
roof planks installed during the mid-1960s and a large 
proportion of such installations were subsequently demolished 
[1]. Several case studies revealed some primary deficiencies 
e.g. incorrect cover to the tension steel, high span-to-
depth ratio, insufficient provision of crossbars for providing 
anchorage for the longitudinal steel, failure in performance of 
roof membrane and rapid worsening of local corrosion of steel.

SCOSS and CROSS

In late 2018, the Local Government Association (LGA) and the Department for Education 
(DfE) contacted all school building owners to draw attention to a recent failure 
involving a flat roof constructed using Reinforced Autoclaved Aerated Concrete (RAAC) 
planks. There was little warning of the sudden collapse.

Although the failure was in a school, it is believed that RAAC planks are present in many 
types of buildings. This Alert is to emphasise the potential risks from such construction, 
most of which dates back to between the 1960-80s. Although called “concrete”, it is 
very different from traditional concrete and, because of the way in which it was made, 
much weaker. The useful life of such planks has been estimated to be around 30 years.

Pre-1980 RAAC planks are now past their expected service life and it is recommended 
that consideration is given to their replacement.

www.structural-safety.org              scoss@structural-safety.org         VISIT: EMAIL:

SCOSS

● Figure 1 
The 2018 roof slab collapse

https://local.gov.uk/information-reinforced-autoclaved-aerated-concrete-raac
https://www.structural-safety.org
mailto:scoss%40structural-safety.org?subject=SCOSS%20Alert%20-%20Failure%20of%20RAAC%20Planks
https://www.structural-safety.org/
https://www.istructe.org/
https://www.ice.org.uk/
http://www.hse.gov.uk/


It is known that RAAC was used for walls and it is possible that 
there were RAAC floor planks, but no failures of these have 
been identified in the present review.

BRE published an Information Paper in 1996 [1] which stated 
that excessive deflections and cracking had been identified 
in a number of RAAC roof planks and evidence of initiation of 
reinforcement corrosion was found. This was followed in 2002 
[2] with further information on performance issues, laboratory 
testing, and advice on inspection.

More recent investigations of externally exposed load bearing 
wall panels have found that corrosion was initiated even where 
the bituminous coating appears to have been visibly intact. 
Severe corrosion of the reinforcement embedded in RAAC 
wall panels bordering shower rooms and toilets has also been 
recently identified.

Concerns that had arisen with roof planks include:

•  Rusting of embedded reinforcement leading to cracking and 
spalling of the AAC cover;

•  Cracking, of varying degrees of severity, thought to 
be associated with moisture and temperature related 
movements in the planks;

•  Excessive deflections due to creep;
•  Floor and roof planks tending to act independently, rather 

than as a single structural entity. 

In some cases, the deflections had become appreciable, with 
span-to-deflection ratios in the order of 100. This could lead 
to:

•  ponding of rainwater, with the potential increase in the 
imposed loading, 

•  distress to certain types of waterproof membrane and 
associated finishes, and

•  water penetration sufficient to promote corrosion of the 
embedded reinforcement. 

SCOSS (Standing Committee on Structural Safety) also 
warned of the problem in the Twelfth Report of SCOSS 
in 1999 [3] (see Section 3.5 Reinforced autoclaved aerated 
concrete). Since then, there will have been deterioration, 
possibly effects from maintenance or refurbishment, or a 
change in environment, all of which can adversely affect long-
term performance.

Standing Committee on Structural Safety
Structural-Safety | SCOSS and CROSS
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I INFORMATION

What is RAAC?
 Autoclaved aerated concrete (AAC) is different from normal 
dense concrete. It has no coarse aggregate, and is made 
in factories using fine aggregate, chemicals to create gas 
bubbles, and heat to cure the compound. It is relatively 
weak with a low capacity for developing bond with 
embedded reinforcement. It was used in two main forms 
of structural elements; lightweight masonry blocks and 
structural units (such as roof planks, wall and floor units).

When reinforced (Reinforced AAC: RAAC) to form 
structural units, the protection of the reinforcement 
against corrosion is provided by a bituminous or a cement 
latex coating, which is applied to the reinforcement prior 
to casting the planks. The reinforcement mesh is then 
introduced into the formwork and the liquid AAC mix 
added.

● Figure 2 
A lump sample of AAC [1]

SCOSS warned of the problem in the 
Twelfth Report of SCOSS in 1999. Since 
then, there will have been deterioration, 
possibly effects from maintenance or 
refurbishment, or a change in environment, 
all of which can adversely affect long-term 
performance.

https://www.structural-safety.org/media/41897/142_12th_SCOSS_report_1999.pdf
https://www.structural-safety.org/
mailto:scoss%40structural-safety.org?subject=SCOSS%20Alert%20-%20Failure%20of%20RAAC%20Planks


3. Recent RAAC failures
In the case of the 2018 failure, there was evidence of shear 
cracking adjacent to a support and possible indications of 
tension reinforcement stopping short of the support. It was 
noted during investigation that the roof had been recently 
resurfaced. Also, the failure was at a time of hot weather, so 
there may have been a thermal influence.

In early 2019, SCOSS were informed of damage to RAAC roof 
planks at a retail premises. While the planks did not collapse, 
there were localised issues, including spalling of concrete, on 
a small number of planks that otherwise appeared in sound 
condition. In this case, the cause of the damage is thought to 
be water ingress, including at the location where a rainwater 
outlet had been previously installed and was subsequently 
infilled.

4. Risk assessment
Problems with RAAC roof planks have been known about 
since the early 1990s. In many buildings, the planks have been 
replaced with alternative structural roofs or the spans have 
been shortened by the introduction of secondary supports, but 
others will remain and may pose risks.

The partial collapse that occurred in 2018 was at a weekend 
so the school was fortunately unoccupied. In structural 
safety terms it was a near miss. Similarly, in the case of the 
Edinburgh School masonry collapse in 2016, this occurred 
in the early morning when no pupils were present. In either 
case, the consequences could have been more severe, 
possibly resulting in injuries or fatalities.

There is therefore a risk, although its extent is uncertain. The 
risk must be identified by locating buildings where RAAC 
planks are present and assessing their condition and structural 
adequacy. If there is doubt about the structural adequacy of 
the planks, then it is recommended that consideration is given 
to their replacement.

5. Identification/inspection of 
RAAC planks
There is no central register of buildings with RAAC roof planks 
(and/or floor and wall panels), so identification will depend 
upon local knowledge and individual inspections. There are 
consulting engineers who have worked on such buildings 
over the years and who have specialised knowledge of the 
problems and their solutions. The Institution of Structural 
Engineers may be able to help in locating these. There is 
a need to risk assess, suitably plan, and then develop a safe 
system of work for all identification and inspection work.

The steps for an owner/building manager to take in identifying 
RAAC planks would include:

•  Note that RAAC planks were used for the construction of flat 
roofs in the 1960-80s, so buildings (or extensions) pre-dating 
or post-dating this period are unlikely to be affected;

•  Ask whether any similar buildings in the area are known to 
have RAAC roof planks;

•  Access any records relating to construction to see if RAAC is 
mentioned, although an absence of identification on records 
does not exclude the possibility of the material being present;

•  If the construction type of a roof is not known and could 
potentially be RAAC planks, then the roof should be 
inspected, and measures put in place to manage the risk e.g. 
temporary propping of the roof.

The 1996 BRE Information Paper IP 10/96 - Reinforced 
autoclaved aerated concrete planks designed before 
1980 outlines a preliminary inspection procedure. This was 
to inspect the soffit of possible RAAC planks for indications 
of excessive deflection and to inspect roofs from above for 
signs of rainwater ponding. If these signs are present, then the 
structural roof planks may be of RAAC construction or it could 
be another form of construction that is not behaving as well 
as might be expected. Inspections from above should be done 
from a place of safety e.g. nearby vantage point, drone, mobile 
elevated work platform (MEWP) or scaffolding.

If planks are visible from the underside, then it is important to 
inspect these for warning signs which include visible cracks 
(particularly in the vicinity of the end supports), evidence of 
water ingress, rust staining or spalling. Consideration should 
be given to conducting a small intrusive drill sample to assist 
the inspection.

If it is suspected that RAAC planks are present, then an 
appropriately experienced Chartered Structural Engineer 
or Chartered Building Surveyor should be appointed when 
conducting identification and inspection work.

Standing Committee on Structural Safety
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In the case of the 2018 failure, there was 
evidence of shear cracking adjacent to a 
support and possible indications of tension 
reinforcement stopping short of the 
support.

https://www.structural-safety.org/media/397456/scoss-alert-inquiry-into-the-construction-of-edinburgh-schools-final-20-february-.pdf
https://www.istructe.org/
https://www.istructe.org/
https://www.thenbs.com/PublicationIndex/documents/details?Pub=BRE&DocID=98696
https://www.thenbs.com/PublicationIndex/documents/details?Pub=BRE&DocID=98696
https://www.thenbs.com/PublicationIndex/documents/details?Pub=BRE&DocID=98696
https://www.structural-safety.org/
mailto:scoss%40structural-safety.org?subject=SCOSS%20Alert%20-%20Failure%20of%20RAAC%20Planks


6. Managing RAAC planks
If RAAC planks have been identified, the steps for an owner/
building manager to take would include:

•  Conduct a risk assessment. The use of space beneath a 
roof will affect the risk assessment e.g. a classroom will be a 
higher risk than a store. If there is doubt about the structural 
adequacy of the planks and/or there is evidence of water 
ingress, then it is recommended that consideration is given 
to their replacement. The use of the space beneath the 
roof may need to be discontinued until the roof has been 
strengthened or replaced.

•  Consider the long-term plan for the RAAC roof. In some 
cases, the life span of the roof will have come to an end and 
replacement will be necessary. In other cases, it may be felt 
that regular inspection is merited and that records are kept 
so that the significance of any changes in behaviour can be 
readily assessed;

•  Check with maintenance staff, facilities managers, 
contractors and others who have access to the building to 
ask about roof ponding, roof leaks, cracks on the underside 
of flat roofs or other signs of deterioration;

•  Check with the same people about re-surfacing that may 
have taken place as this could affect the load on a roof. This 
includes checking if a levelling compound was used to re-
create the roof fall prior to replacing waterproofing;

•  Check the colour of the roof surfacing - if it is black then this 
may indicate enhanced sensitivity to thermal effects;

•  Ensure that all staff know to report any leaks, cracks and or 
other potential defect issues;

•  If there are sudden changes such as audible cracking sounds 
or greatly increased water ingress, or observable deflection, 
then the area should be immediately closed off. This would 
apply to any form of structure;

•  Any such observations could be warning signs and should 
merit expert attention from an appropriately experienced 
Chartered Structural Engineer or Chartered Building 
Surveyor.

As advised by BRE and modified by the experience of 
the 2018 collapse, additional steps for an appropriately 
experienced Chartered Structural Engineer or Chartered 
Building Surveyor to take would include:

•  Make an examination in accordance with the principles in the 
IStructE publication Appraisal of existing structures (Third 
edition);

•  Measure deflections where there is evidence of significant 
differential deflection between adjacent planks (20mm) or 
where there are excessive deflections (greater than 1/200th 
of the span);

•  Note any cracking on the soffits, check the condition of 
planks in the vicinity of the support, and the width of the 
support bearings;

•  In the light of the 2018 collapse, pay particular attention to 
any shear cracks near the supports;

•  Check for any signs of water penetration or reinforcement 
corrosion;

•  Use a covermeter to check the provision of transverse 
and longitudinal reinforcement and note any appreciable 
inconsistencies between planks. The transverse 
reinforcement is normally spaced closer towards the support. 
However, occasionally cut planks were used and therefore 
the spacing of the transverse reinforcement at the support 
would be greater. Therefore, the risk of insufficient provision 
of transverse reinforcement may be greater with cut planks;

•  Check whether tension reinforcement extends to the end of 
the visible planks;

•  Check whether tension reinforcement is present on the 
bottom of planks over continuous supports where sagging 
may occur due to thermal effects;

•  Consider what collapse mechanisms are possible before 
assuming that adequate warning will be given;

•  Confirm the composition of the planks by sampling and 
laboratory testing.

Standing Committee on Structural Safety
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If there is doubt about the structural 
adequacy of the planks and/or there is 
evidence of water ingress, then it is 
recommended that consideration is given 
to their replacement.

Warning signs

•  Significant cracking and disruption of the planks near the 
support;

•  Any planks have deflected more than 1/100 of the span, 
or a significant number of planks have deflections 
approaching this magnitude;

•  A number of the planks have very small bearing widths (less 
than 40mm);

•  The roof has been re-surfaced since original construction; 
This is particularly an issue if the load has been increased 
or the re-surfacing has a black finish and the previous 
surface did not;

•  There is significant ponding on the roof;
•  The roof is leaking or has leaked in the past.

https://shop.istructe.org/appraisal-of-existing-structures-third-edition.html?___SID=U
https://shop.istructe.org/appraisal-of-existing-structures-third-edition.html?___SID=U
https://www.structural-safety.org/
mailto:scoss%40structural-safety.org?subject=SCOSS%20Alert%20-%20Failure%20of%20RAAC%20Planks
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FEEDBACK 
If you have any comments or questions 
regarding this SCOSS Alert, please 
Submit Feedback.

@Structural-Safety

@structsafe

PRESENTATIONS
Structural-Safety are giving lunchtime 
presentations to organisations who are 
interested in learning more about the work 
that Structural-Safety (SCOSS and CROSS) 
do, including sharing examples of safety 
issues to learn from.

For more information contact 
events@structural-safety.org.

FOLLOW STRUCTURAL-SAFETY

 

EMAIL UPDATES
Sign-up to our mailing list for email updates 
from Structural-Safety, including the latest 
CROSS Newsletters, SCOSS Alerts and 
SCOSS Topic Papers.

Whilst SCOSS and Structural-Safety has taken every care in compiling this Alert, it does not constitute
commercial or professional advice. Readers should seek appropriate professional advice before acting (or not acting)
in reliance on any information contained in or accessed through this Alert. So far as permissible by law, SCOSS nor 
Structural-Safety will accept any liability to any person relating to the use of any such information.

Sight must not be lost of the fact that the 2018 collapse was 
sudden with very little noticeable warning. This is indicative 
of shear failure in cementitious materials and can only be 
protected against by knowing that there is sufficient shear 
resistance in the material, the reinforcement, or both.

In a reminder, the LGA and the DfE stated that the condition 
of all buildings should be regularly monitored, taking a risk-
based approach that gives due deliberation to the use of the 
building with consideration given to the possible impact of 
reduced maintenance.
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What is SCOSS?

SCOSS stands for Standing Committee on Structural Safety and 
was established in 1976 to maintain a continuing review of building 
and civil engineering matters affecting the safety of structures.

SCOSS collects data for public sources and CROSS reports on all 
aspects of the safety of structures.

If they consider that unacceptable risk exists or is likely to arise in 
the future, SCOSS then publish Alerts or Topic Papers to inform 
the industry of the risks identified.

All SCOSS publications are free to read on the Structural-Safety 
website>.
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that there is sufficient shear resistance in 
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